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GENERAL PREFACE 
This work is the result of an attempt to provide the student specialising in 

organic chemistry with a fairly comprehensive account of the subject; such 
an account as will serve as a guide during the final yeai's of graduation and 
during the first few years of post-graduate research or teaching. A manual of 
this character has b^n needed for some time ; one in which the various topics 
of organic chemistry are discussed at greater length than is possible in the 
usual student’s single volume text-book, but not so extensively as in the fully 
documented specialist monographs. This gap in chemical literature has to 
a limited extent been filled by Dr. A. W. Stewart’s “ Recent Advances in 
Organic Chemistry ”—an inspiring account of more recent progress in certain 
fields; the present work, to be completed in three volumes, is written with 
wider terms of reference. 

The present volume deals with the compounds of carbon with hydrogen, 
oxygen and the halogens. The second volume, now in active preparation, 
de«^ with organic compounds in which nitrogen, sulphur, phosphorus or 
metallic elements are present. Volume III is devoted to considerations of the 
more theoretical aspects of the science. The scope of the manual has no 
reference to syllabuses or examinations; the guiding principle of its composi¬ 
tion has been to include a discussion of all topics of organic chemistry, interesting 
to the practitioner of that subject, sufficient to enable him to obtain a working 
knowledge of the subdivision in question. 

A word of explanation is ne^ed in respect of the Appendices ; in some 
instances important subjects have been dealt with rather more fully than the 
systematic development of the main portion of the chapter allows. In other 
cases, a brief summary is given of topics which are of interest to an organic 
chemist, but which lie on the borderland of his subject. 

Beferences to original literature have been carefuUy selected ; they refer 
either to the first discovery of a substance or the earliest discussion of a topic 
or, again, to summaries or individual papers of importance. At the end of 
each chapter an appendix gives a list of books, reviews and summaries which 
may be consulted by those wishing to know more of the subject. These 
bibliographies are in no sense exhaustive, serving only to guide the reader to 
wider horixons; they make no attempt to usurp the proper province of the 
fully document^ monograph. 

I have consulted many standard works of reference, and have checked 
most of the primary sources, but owing to the present difficulties some secondary 
sources have, perforce, been used. I shall, therefore, be glad to hear of and 
to acknowledge any corrections which may usefully incorporated in subse¬ 
quent editions. 

It is with great pleasure that 1 acknowledge the considerable debt which 1 
owe to many of my colleagues in Loughborough; to Miss B. Fenwick, our 
librarian, for typing the dmts; to Dr. J. M. Connolly and Mr. E. Vero for 
reading the drs^fts and proofs; and to Dr. A. £. Dunstan for permission to use 
the table facing p. 80. 

G. M. D. 
L(m(fhbormgh, 

im. 
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CHAPTER I 

INTRODUCTION 

“ The Devil may write chemical textbooka, becaiiae every few years the whole 
thing changes. *’ 

—Bkrzei.ius. 

The study of organic chemistry is concerned with the elucidation of the 
structure of organic substances, with their synthesis, their transformations 
and reactions. Nature has elaborated countless organic types which serve as 
the raw materials of the organic chemist, and to these man has added a certain 
limited number of materials, such as coal-tar, which may be regarded as natural 
raw materials ‘ once-removed \ 

In the earl3^ phases of the (ivoluiion of organic chemistry, attention was 
focussed on the extraction of principles ; dyes from woods and berries ; medi¬ 
cinal products from similar sources ; essential oils from flowers and fruit ; 
sugar from the cane; starch from tubers ; tannins from barks and seeds ; 
this extracition motive has persisted right up to the present day, and still new 
types and materials are being wrung from natural materials by more searching 
examinations, witness the hormones, vitamins, auxins and similar bodies. 
Thus, a history of the study of plant juices shows the progressive extraction 
of sugars, bases such as betaines, and finally substances of the auxin type ; 
each step forward implies the recognition, isolation and characterisation of 
substances which are present in smaller and smaller proportions. There is, 
therefore, to be recognised a large array of individual chemical substances 
which ocom* in nature, or as the result of natural processes. The extraction of 
such substances in a state of purity constitutes a large section of chemical 
technology, one substance alone in some cases (e.g. sucrose) being responsible 
for a whole industry. 

The isolation of pure substances from natural sources leads logicall}^ to a 
study of their properties and simple reactions, and through them to the recog¬ 
nition of structurally related groups Thus, benzoic acid from natural gums, 
distilled with soda-lime, yields benzene identical wuth that from coal-tar ; 
benzene can be converted readily to aniline identical with that obtained by 
Unverdorben in 1826 from the destructive distillation of indigo ; benzaldehyde 
from the essential oil of almonds can be related easily to benzoic acid. In this 
way the knowledge that natural products form closely related groups kxi to the 
formulation, via the * theory of types of the products themselves and, once 
their structure had been established, to their sjuithesis from more readily 
accessible substances, either for the purpose of confirming the structural 
hypotheses, or, later, as a more economic method for their industrial produc¬ 
tion. Indigo is a case in point where the earlier synthesis established the 
structure, those devised later providing a cheaper and more convenient method 
of manufacture than the cultivation of the plant. 

During the investigations outlined in previous paragraphs, organic sub¬ 
stances not encounter^ in nature were frequently produced either as inter¬ 
mediates in tho synthesis of naturally occurring materials or in abortive 
attempts to obtain them. These substances often proved to have desirable 
properties, and to offer inducement to the investigators to prepare other members 
of the samie series, despite the absence of any natural counterparts. Examples 

1 
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are the discovery by W. H, Perkin (Senr.) of the simple aniline dyes in abortive 
attempts to make quinine, and the discovery of saccharin by Remsen and 
Fahlb^g. It was in this way that the organic chemists were tempted to enter 
fresh fields and to elaborate and investigate such substances as dyes, 83aithetic 
drugs and plastics having no natural occurrence. In some cases these fields 
have again in turn given rise to new industries, such as the ‘‘ artificial or so- 
called “synthetic ” dyes. It may be remarked in passing that the chemist 
should use care in employing the word ‘ synthetic \ which has two senses (a) as 
in the expression ‘ synthetic adrenaline winch is taken to imply a product 
produced artificially from simple sources, but which is in fact identical in all 
respects with the adrenaline found in nature, and (b) as in the term ' synthetic 
dye ’ or ‘ synthetic perfume ’ where the dye or perfume is built up by synthesis 
as an imitation of or even improvement on some naturally occurring product to 
which it may have no structural relation. It would be convenient to restrict 
the w^ord to the former use, but custom has sanctioned both usages. 

Two extensive fields, therefore, of synthetic organic chemistry exist, one 
concerned with natural products and the other with those products which have 
no natural counterparts. The two fields are, of course, closely interwoven, 
and it is not easy to get very far away from the structures so lavishly elaborated 
by nature ; highly condensed aromatic ring systems built up as dyestuffs are 
often not very far removed from steroid substances ; artificially prcxluced 
medicinal compounds frequently have structural similarity to natural sub¬ 
stances, and very few" organic types are not representtxl amongst natural 
products ; in fact, the field of purely synthetic types is getting gradually smaller 
—substances such as thiazoles, thought at one time to have only ac^ad(nru<*, 
interest, are discovered as parts of the vitamin B complex and of penicillin ; 
arylthiocarbimides occur in the natural oils of such plants as watercress and 
many crucifers ; and there must still be many substances yet to be isolatcMl 
and characterised in the biochemical field which will even further decrease the 

gap- 
Organic chemistry may therefore be divided as a subject for study into the 

following parts :— 
(1) The methods of extraction and structural elucidation of naturally 

occurring substances. 
(2) The reactions of these materials. 
(3) The transformation of the compounds of (1) into other types. 
(4) The theories arising from the study of organic substances. 

Thus, the organic chemist is provided with a limited number of raw materials, 
animal and vegetable tissues, sugar, starches, petroleiun, mineral carbonates, 
coal, alkaloids, sterols, fats, waxes, resins and terpenes, guano and wood from 
which, with the aid of simple inorganic substances, all his products must be 
prepared. This point must always be in front of the practical organic chemist, 
since all synthesised substances have ultimately to be obtained from these raw 
materials. 

This book has been written in three parts ; the first two volumes deal with 
the materials of the subject, the types of compounds met with in nature, how 
their structure has been elucidated, and how they and their analogues may be 
synthesised. The third volume deals with the reactions of organic chemistry, 
their mechanism and with special problems related to structure. This some¬ 
what arbitrary division causes certain diflSculties of arrangement, but it is 
presumed that the reader has already acquired some knowledge of the subject 
up to a standard represented by the late Professor Cohen’s “ Introduction to 
Organic Chemistry ” (which has been revised by Dr. Austin). Thus, for 
example, in dealing in this volume with many substances which show optical 
activity, it will be assumed that the reader possesses an elementary knowledge 
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of this phenomenon, although consideration of detailed problems of stereo¬ 
chemistry will be postponed to the third volume. 

The method of classification used in this volume is according to the types 
concerned, hydrocarbons are considered as one family, alcohols and phenols 
are discussed as members of the large family of hydroxyl compounds. Some 
(exceptions to this method of subdivision have been made in cases where a 
number of substances of very diverse chemical types have a strong secondary 
interest which draws them into a group. Thus, in the vitamin field considera¬ 
tion of the many diverse structures which play so large a part in nutritional 
biochemistry might well have been distributed among the chapters dealing 
with the respective ty^s, i.e., vitamin A to the unsaturated alcohols, vitamin 
Bj to the thiazoles, Bj to the azines, etc. It was decided to group such sub¬ 
stances together in Chapters IX to XI. 

No apology is made for the emphasis which, in this work, has been laid on 
the industrial applications of organic compounds, since it is felt that the 
Victorian hard and fast distinction between ‘ pure * and ‘ applied * science has 
disappeared, insofar as organic chemistry is concerned. Fundamental research 
is carried out in industrial laboratories in increasingly large measure, and the 
links between the University or Technical College laboratories and industry are 
much stronger than heretofore. The truth of the matter is that in the latter 
part of the nineteenth and the first de<?ade of the present century the ‘ lag ’ 
between academic research on this subject and its applications was enough to 
segn^gate ‘ pure ’ from ‘ applied ’ chemistry. This lag has now almost dis¬ 
appeared, and although the industrial laboratory distinguishes between ‘ long- 
iorm ’ and ‘ short-term ’ research, the older line of demarcation has nearly 
disappeared. 

The Literature of Organic Chemistry 

Nothing will ever bo attempted if all possible objections must first be overcome 

—Samuel Johnson. 

It has already been mentioned that the reader of this book will bo presumed 
to have an elementary knowledge of organic chemistry. This book will give 
him a working acquaintance with most of the ty’pes, reactions, properties and 
special topics of organic chemistry ; for further information on any topic of 
organic chemistry^ recourse must be taken to the literature of the subject. 

The literature of chemistry may be divided into the following groups:— 

(1) Text-books. 
(2) Monographs. 
(3) Scientific journals. 
(4) Technical journals, which may be, in turn, subdivided into (a) per¬ 

manent, and (6) ephemeral, 
(5) Dictionaries and compendia, such as those of Beilstein and Richter. 

Text-books of organic chemistry are compiled (by men somewhat resembling 
Dr. Johnson’s lexicographer!) for the instruction of students. Elementary 
text-books introduce the subject; intermediate works carry the reader further 
into it; and from advanced text-books the student may obtain a more ex¬ 
tensive ^asp of the topics and subdivisions of the subject. In no case does a 
text-book give a complete account of any one aspect of the subject, the most 
that can be done in the available space is to indicate, by frequent references, 
the main contributions which have been made. 

Monographs on more important subjects have been published in profusion ; 
in most cases they are a fairly complete record of the knowledge available up 
to their publication date, and many of general interest are referred to in this 
text. The monographs may be sub-divided into three classes 
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(а) Individual monographs, o,g., Cohn’s ‘ Carbazol Staudinger’s * Die 
Keten or Friedmann’s ‘ Sterols and related compounds 

(б) The American Chemical Society’s monograph series in which many 
topics of organic chemistry are exhaustively dealt with in excellently docu- 
iiiented summaries. Examples are “ The Chemistry of Natural Products 
related to Phenanthrene ” (Fieser), A.C.S. Monograph No, 70, and “ Organic 
Compounds of Mercury ” (Whitmore). 

A specialised type of monograph is the annual publication of “ Organic 
Syntheses ”, now in its twenty-fifth year. This had its origin in a short series 
of volumes published by the University of Illinois, each containing tested 
directions for the preparation of a variety of organic compounds; the idea 
proved so attractive that it was adopted on an international basis, and a volume 
is produced each year. Collective volumes containing the issues I to X and XI 
to XX are now available. An organic chemist wishing to prepare quantities 
of a substance, usually turns first to “ Organic Syntheses ” before going to 
the original literature. 

(c) A valuable series of monographs is that contained in “ Chemical 
Reviews ”, an American publication of great merit, in w^hich about fifteen to 
twenty subjects are treat^ annuahy in four or five issues. Most of the mono¬ 
graphs are historically complete and are documented. A similar and equally 
valuable series is that just commencf‘d by The Chemical Society as its 

Quarterly Reviews 
It may be emphasised that the monograph is not often used for the com¬ 

munication of original work, and is not necessarily complete, although most 
authors endeavom* to cover the whole' subject; it is, in essence, a summary 
of work done on a particular topic, and of the relevant theories ; it usually 
reflects the views of the author. The question of completeness is a vextxl one, 
and may be illustrated by consideration of a subject such as methylene blue. 
This might well be treated chemically as part of a monograph on thiazonium 
compounds, and whilst a monograph could be written dealing exhaustively 
with the chemical problems relating to the structure, synthesis and properties 
of this class of compound, it might fail entirely to deal with 

(a) Methylene blue as a bacteriological indicator ; 
(b) Methylene blue as a dyestuff; or 
(c) Methylene blue as a bactericide in medicine ; 

these topics being outside the field of the author’s concern. 
Purely scientific journals are publishc'd regularly by various learmxl societies 

for two purposes, (a) the dissemination of new^ knowiexige (original communica¬ 
tions), and (6) the cataloguing and summarising of contemporary publications 
(abstracts). 

Dealing first with original communications, we may take our own Journal 
of the Chemical Society and that of the American Chemical Society as examples. 
The purpose of such jouraals is to serve as a medium for recording new 
knowledge. A chemist who has discovered new facts, publishes them in such 
a journal that his colleagues may have knowledge of his discoveries. In sucli 
communications the full experimental details must be recorded in such a way 
that any competent chemist, familiar with the field, can repeat the work. 
Owing to the gieat cost of publication, authors of origmal papers must prune 
their descriptions and th6H)retical observations to a minimum, must strictly 
adhere to systematic nomenclature and many other conventions and abbrevia¬ 
tions. This makes the style of modem journals devoted to origmal com¬ 
munications very terse and condensed, calling for very close attention in reading; 
forty years ago W'. H. Perkin described a new compound as a substance 
of singular b^uty, separating from alcohol in long, pale yellow glistening 
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prisms, often reaching a length of several inches. On heating, the substance 
began to decompose at 224® C.” In modern journals this would become 

yellow prisms, from alcohol, decomp. 224® The consequence is that owing 
to the degree of compression used there is practically no trace of any char¬ 
acteristic style, and many original papers tend to become a somewhat bleak, 
even if valuable, record of experimental facts and conclusions drawn there¬ 
from.^ 

In this country, the publication of original chemical work has taken place 
mainly in the Journal of the Chemical Society, but the broadening of interest 
in biochemical and allied fields has not only led to the use of other journals, 
but has even stimulated the publication of additional journals. Thus, the 
Proceedings and Transactions of the Royal Society often contain important 
papers on chemical topics with a biological trend, whilst the Biochemical 
Journal has been founded to publish original biochemical research. Again, 
it was felt that the Journal of the Chemical Society was inappropriate for the 
publication of research dealing with applied chemistry, and a separate Society 
of Chemical Industry was formed with its own journal to deal with industrial 
chemistry. 

It is to be regrettini that in this country we have no journals comparable 
with the Annalen and Journal fiir Praktische Chemie^ in which lengthy and 
detailfxi papers can be published without undue condensation. 

As each country has its own set of scientific journals devoted to original 
records, the aggregate is very formidable, and wfiilst it was possible for the 
late Professor H. E. Armstrong, towards the end of last century, to claim 
truthfully that he read systematically the whole of current chemical literature 
(and to have read nearly all that had preceded it) it would now be impossible 
for any one person to read all the journals. This has led to a more active 
development of abstracting, a system by which a short precis of each original 
communication is prepared and published in classified groups. 

The earliest Abstracts w'cre the Pharmaceutisches Zentralblatt issued first 
in 1830, but in 1850 changed in title to Chemisches und Pharmaceuiisches 
ZerUralblaU, becoming in 1856 the Chemischeji Zentralblatt^ by which name it has 
been known since. It is, or was, a weekly paper. 

The British system of abstracts dates from 1849, when the Chemical Society 
commenced the publication of abstracts. A further system of abstracts of the 
Journal of the Society of Chemi<.^al Industry was commenced in 1882. It deals 
almost exclusively with topics of industrial interest. In order to avoid duplica¬ 
tion of abstracting and publication, both sets of chemical abstracts—those of 
the Chemical Society and of the Society of Chemical Industry—are now adminis¬ 
tered by a joint Bureau, which issues them as British Abstracts in seven 
sections:— 

A. I. General, Physical and Inorganic Chemistry. 
A. II, Organic Chemistry. 
A. III. Physiology and Biochemistry (including Anatomy). 
B. I. Chemical Engint^eringand Industrial Inorganic Chemistry, iiuiluding 

Metallurgy. 
B. II. Industrial Organic Chemistry. 
B* III. Agriculture, Foods, Sanitation, qtc. 
C. Analysis and Apparatus. 

The American Chemical Abstracts were commenced in 1907, and are now 
issued fortnightly (British Chemical Abstracts are issued monthly). Prior to 1907 
there was no satisfactory American abstracting system, the current Review of 
American Chemical Research ’’ (1896-1906) being only of limited scope. Prom 

‘ See Appendix for Abbreviations commonly used in British Chemical literature. 
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1907-1914 the American Chemical Abstracts left much to be desired, but they 
are now the most satisfactory system in the world, as they abstract practically 
all chemical literature. It should be note^ that an ' abstract ’ is not intended 
to do more than acquaint the reader with the scope of the pap(?r abstracted ; 
to indicate the main conclusions, and give an outline of the methods by which 
they were reached. The following abstract illustrates these points :— 

“ Formation of amides from nitriles by tlie action of hydrogen peroxide. 

L. McMaster and C. 11. Noller. J. Indian Chem. Soc.y 12, 652-65^1.—Data 
for optimum conditions for the Radziszewski reaction as detd. from 2-8 

expts. for 13 nitriles, using 3,6,12 and 30 per cent. H gOg in the presence or 
absence of EtOH are summarised. In general, the HgOg was added to a 
weighed amt. of the nitrile and sufficient 95 per cent. ale. to effect soln. 
was added (cf. Murray and Cloke, C. A. 29, 729®). The soln. was made 
alk. with %N NaOH and was kept at 60^^ for 4 hrs. The alk. mixt. was 
cooled, neutralised with H2SO4, evapd. and extd. with CHOI3 or crystd. 
from HgO. Conditions for the conversion of Et, Pr, Bu, wo-Bii, PhCHg, 
PhgCH, CHgiCPh, o.OgNCeH4, p-OgNCoH^, 
(CHg02)CeH3CH2 and o.02N(CHg02)CeH2CH2 nitriles into 49-6, 64-9. 
62-5, 56-5, 59*5, 69*0, 83-0, 80-4, 91-2, 93-0, 84-8, 97-4 and 85-4 per cent, 
yields of the corresponding amides, m. 80-81®, 114-6®, 104*1®, 135*4®, 
159®, 166-5®, 202-206®, 176-5®, 201-6®, 141-5®, 93-8®, 168-6® and 199*6® 
(all m.ps. corr.), are given (cf. Org. Synthesis, XIII, 94). H2O2 in 
conens. up to 30 per cent, has no effect on neutral solns. of EtCN or 
o-02NCeH4CN at temps, up to 100® when decomposed catalytlcally by 
MnOg, Co(OH)3 C02O3 or Ni^Oj. The OH ion is evidently necessary as 
a catalyst in this reaction.” 

—Am. Chem. Abstr., 1936, 30, 1736. 
In this abstract, the method is given, with yields and melting points of the 

products obtained ; references to several related communications an? also 
given. 

Indexes.—In the American series three indexes are published each year ; 
an Author Index, a Subject Index, and a Formula Index. The latter contains 
the formulae of all definite substances mentioned, in alphabetical order. The 
arrangement of all symbols within the formula is alphabetical, except in the 
case of carbon compounds, where C always comes first, followed immediately 
by H if present. Details of the method of arrangement will be found on page 
9936 of Vol. 30 (1936) of “ Chemical Abstracts This volume of abstracts 
also contains a complete list of the journals abstracted (2808 in number). 

In order to eliminate the labour of searching through many indexes, collec¬ 
tive Decennial Indexes were published in 1916, 1926, 1936 and 1946, in which 
the entries of the ten-year period are arranged together. The British Abstracts 
have similar indexes, save that more recently Quinquennial Indexes have been 
adopted to bridge the gap. The collective indexes of the three abstracting 
systems are shown in the table below:— 

British American Chemisches 
Chemical Ahstraots. Chemical Abstracts. Zentralhlatt. 

1841-1872 — 1870-1881 
1873-1882 — _ 

1883-1892 — 

1893-1902 — 1897-1901 
1903-1912 1907-1916 1902-1906 
1913-1922 1917-1926 1907-1911 
1923-1932 1927-1936 1912-1916 
1933-1937 1937-1946 1917-1921 

1922-1926 
1927-1931 

- 1932-1936 
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Technical journals are subdivided into two classes, the permanent which 
have a lasting value, and the ephemeral, the interest of which is mainly topical. 
Thus, the Journal of the Society of Chemical Industry already referred to is a 
‘ permanent * technical journal; there are many other journals of a similar, 
but more specialised nature, examples are:— 

1. The Analyst.—A monthly dealing with original communications concern¬ 
ing analytical problems. It also comprises a specialised abstract 
section. 

2. Journal of the Society of Dyers and Colourists.—A monthly dealing with 
topics relatcKi to the manufacture and use of dyes. It also has an 
independent abstracit section. 

3. Industrial and Engineering Chemistry.—Published by the American 
Chemical Society in three sections :— 
(a) News Edition. An ephemeral publication dealing with personal 

notes and news. 
(b) An Industrial Edition, dealing with the communication of original 

work of technical character. A unique publication in many 
ways, and of the highest value. 

(c) An Analytical Edition, a medium for original communications on 
analytical chemistry. 

4. The Journal of Organic, Chemistry.—Published under the auspices of the 
American Chemical Society for the more extensive type of original 
communications on organic chemistry, usually with documented and 
historical introduction ; an American analogue of the famous Anruilen 
of Liebig. 

5. Jmirnal of the Faraday Society.—For the publication of original work on 
physical chemistry, and its applications. 

6. The Industrial Chemist.—A monthly pajx^r dealing with topics of industrial 
interest, many of which are of permanent value. 

7. International Tin Research, etc., Bulletin.—Included in this list as an 
example of a technical publication published by an industrial research 
organisation. Its contents are often reprints from other journals, but 
ocx^asional original communications are included. 

In addition to the journals mentioned, there are many technical journals 
relating to branches of applied chemistry, such as rubber {Rubber Chemistry 
and Technology), pc^troleum {Journal of the Institute of Petroleum), metallurgical 
chemistry {JourTials of the Institute of Metals and of the Iron and Steel Institute) 
in all of which original work may be published. Further, there are numerous 
journals devoUxl to pharmaceutical matters, although little of permanent value 
is recorded, save in the Qxiarterly Journal of Pharmacy. Most of the journals 
referred to in the preceding paragraph have an independent abstracting system 
dealing only \vith those items likely to be of interest in their limited sphere. 

EpHEMEBAL JOtTBNALS 

General chemical day-to-day topics are dealt with by a variety of weekly 
and monthly papers, some of which, such as Chemistry and Industry and The 
Industrial Chemist have matter of more than ephemeral interest. Each sub¬ 
division of applied chemistry has its own ‘ trade ’ papers, such as Soap, The 
Cosmetic Industry, The Perfumery and Essential Oil Record, Flavours, The 
Manufacturing Chefnist, The Chemist and Druggist, Steel, The Citrus Industry, 
Oil and Colour Trades Journal, and many others. The use of ‘ ephemeral ’ in 
respect of such journals is no implication that they are without value (the 
Times is an ephemeral publication!); the trade papers are valuable for the 
dissemination of news, for the publication of personal views, discussion of topics 
of professional interest and a good chemist makes considerable use of them for 
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keeping his knowledge up to date ; even with careful revision, new methods 
take many years to get into the text-books, and the excellent summaries pub¬ 
lished in such papers as Chemistry and Industry^ the Industrial Chemist^ The 
Chemical Trade Journal, and The Chemical Age are rceonimendexi to the atten¬ 
tion of students. 

It is difficult to assign a class to publications sucli as Nature, a weekly 
journal devoted to the publication of news and reviews of progress in all branches 
of natural science, a paper which has b<x^ome the accepted medium of announcing 
discoveries of note, pending more extended (and much slower) publication in 
the usual channels. Such a journal is of more than usual value, and can be 
regarded by the stiuhuit as a sine qua non of his current reading. From it he 
will learn not only wiiat is taking placo of note in his own branch of science, 
but also will gain the broadening effect of learning the trend of progress in 
other sciences. An American counterpart of Nature is called Science. 

Journals in Languages other than English 

Each country publishes a group of papers similar in scope and character to 
those mi'iitioned, which have been so far either British or American, The 
German literature of chemistry is extensive, and contains in the Annalen 
(Liebig’s Annakn der Chemie und Pharmacie) one of the earliest journals dovotixl 
entirely to chemistry. It has been published regularly since 1832, and many 
historic papers slto recorded in its pages ; of later years it has boon dfwoted 
solely to organic chemistry, the editors encouraging the publication of compn^- 
hensive historical summaries leading up to new work. Since 1868 the German 
chemical journal (iorresponding to our J.C.8. or J.A.C.S. has been the Berichte 
der Deutschen Chemischen Oesdlscliaft, usually spoken of as ‘ the Berichte ’ or 
WTitten as Ber. ; many notable communications have been made in its pages, 
and it is an essential part of a chemical library. The Journal filr Praktische 
Chemie, which commencexi publication two years after the Annalen wm, in 
some senses, a rival of the latter journal, and although it was never quite so 
popular, contains much data of importance. Gt^rman scientists were among 
the first to publish specialised journals devoted to separate branches of pun^ 
chemistry. Thus, the Zeitschrift filr anorganische chemie, the Zeitschrift filr 
Elecirochemie, Zeitschrift fur Krystallographie and Zeitschrift fur Physikalische 
Chemie, all of which commenced publication towards the end of last century, 
are each devoted to the chemical topic indicated in the title. There is also a 
wide range of journals in German dealing with technical subjects. 

The most notable foreign journals (in addition to those already described) 
are :— 

Date of Commencement. Country. 

Helvetica Chirmoa Acta .... 1918 Switzerland 

Anncdes de Chkme et de Physique, (As Annates 
dc Chimie ...... 1790-1816 France 

became Annates de Chimie et de Physique 1816-1913 
onwards became two separate journals — 
Annales de Chimie and Annates de Physique) 1914 

Bulletin de la SoeiiU chimique de France , 1869 France 

Bulletin de la SocUti chimique de Bdgique 1887 Belgium 

BecueU des Travastx Chimiques des Pays-Bas 1885: Holland 

Anales de la Sodedad Espaitiola Fisioa y 
Quiimca ....... 1903 Spain 

QazzeUa CHvmica ItaUcma .... 1871 Italy 

Journal of the Bussian Physical Chemical 
Society 1869-1930 Pre-Revolution Russia 

Zhurndt Oboshehsi Khimii .... 1930 Soviet Russia 
ZhumaL FizuheeM KhimU ... * 1930 SovietfRussia 
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Dictionaries and Special Publications 

Up to the commencement of this century there had been many attempts to 
write complete “ Treatises ” on the subject of organic chemistry. Berzelius, 
in 1803-1818, wrote a treatise, and although he had been preceded by Bergman 
and many others, it is convenient to consider his treatise as the father of more 
modem works. WTien Berzelius died Gerhardt wrote (in 1853) his “ Traite 
de chimie organique ”, which is really a re-written form of the last French 
edition of Berzelius’ treatise. It is a pleasant readable summary of the know¬ 
ledge available at that time, and may still bo read with interest by the serious 
student of organic chemistry. It contains collected data on many unusual 
substances, some of which have been lost sight of in more recent times. The 
works of Berzelius and Gephardt laid the foundations on which later authors, 
including Gmelin, Beilstein and Rifihter, built. Attention may be directed to 
the monumental “ Traits de Chimie Organique ” conceived and edited by 
V. Grignard ; the work was projected in twenty volumes, of which fourteen 
had been publisht^ by 1945. The work is not a dictionaiy or reference work 
in the ordinary sense, but preserves the spirit of Gerhardt’s “ Trait6 ”, and 
provides a readabk^ and detaik^d study of the main topics of organic chemistry. 

In this country, onc^ of the earliest works of reference on organic chemistry 
was G(Drge Fownes’ Manual ”, published in 1847. Fownes was one of the 
earliest Professors of practical chemistrj’^ at University College, London, and 
published this work for the use of students. It proved a valuable and popular 
book, and was faithfully re-edited and kept up-to-date aftcT the death of the 
author by first H. Bence-Jon(^^8, A. W. Hofmann, and later by Henry Watts, who 
carried it through to the twelfth edition, published in 1877. Meanwhile, 
Watts had realised the need for a more comprehensive work covering as far as 
possible, all existing knowledge, and in 1863 there appeared his “ Dictionary 
of Chemistry and the Alli(»d Branches of other Sciences ”. The work proved 
immcxliately successful, and Watts carried it, with the aid of three periodical 
supplemimts, to a second tniition in 1872. After his death the dictionary was 
replaced by two compk^mentary publications, one (issued in 1888) edited by 
H. Foster Morley and M. M. Pattison Muir, under the title, “ Watts’ Dictionary 
of Chemistry, Ilevised and entirely Rewritten ”, and dealing with Chemistry 
only ; the other (issued in 1890) edited by Edward Thorpe, under the title, 
“ Thorjx^’s Dictionary of Applied Chemistry ”, dealing with the application of 
Chemistry to the Arts and Manufactures. Thorpe carried his dictionary 
through three editions. The third edition, completed in 1925, was brought up 
to date by the publication of a supplement (1934-1936) under the editorship of 
J. F. Thorpe and M. A. Whiteley, who also productxi the first six volumes of 
the present fourth edition (1937-1943), the completion of which is now in the 
hands of an Editorial Board, under the chairmanship of I. M. Heilbron. Thus 
from 1890 the editorial work of '' Thorpe’s Dictionary of Applied Chemistry ” 
has been carried on without a break by the professorial staff of the Royal College 
of Science, Imperial College of Science and Technology, London. 

The rapid growth of chemical science in modem times, particularly in 
Physical Chemistry and its application to industry, has called for some change 
in the scope of the Dictionary and, under the direction of the Editorial Board, 
a greater proportion of articles on Physical Chemistry is included in the present 
edition. 

Meanwhile, in 1877, Roscoe and Schorlemmer started the publication of 
their Treatise on Chemistry ” with Vol. I, “ The Non-metals ”, followed in 
1878 by ” The Metals Vol. Ill was to deal with organic chemistry, and was 
projected in about seven or more parts, six of which were issued between 1881- 
1892, when Schorlemmer died, and the remainder of the work was not pub¬ 
lished as originally projected, but was continued in the German edition by 
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J. W. Briihl of Heidelberg, with the publication of the Fiinfgliedrige hotero- 
cyklischen System ’’ published in 1898. By this time chemistry, especially the 
organic division, was advancing too rapidly for one single man, or any small 
group of men, to hope to cover all the ground in a general descriptive and 
detailed fashion, although the need for a comprehensive reference work was 
becoming more acute. 

The earlier efforts of L. Gmelin had resulted in the publication in 1819 of a 
“ Handbiich der Organischen Chemie during the revision of the fourth 
edition of which, in 1853, Gmelin died ; his “ Handbuch must be considered 
a progenitor of “ Beilstein Beilstein commenced the collection of data about 
1860, mainly for his own convenience in research, and only later conceived the 
idea of publication. During 1880-1882 the first edition of Beilstein ’’ 
appeared. Beilstein produced a second edition (1886-1890) and, of the third, 
1892-1899, he prepaid the main volumes, but in 1895, realising that the task 
of continuing the Handbiich ” was too much for a single individual, ho 
transferred his rights to the German Chemical Society, whose first task was the 
preparation of the four supplemeiitarv volumes and index, to the third edition. 
This task was completed by 1906 under the editorial supervision of Jacobson. 
Since that date the ‘ new * edition has been prepared, of late years, under the 
editorship of F. Richter, as a special activity of the Gennan Chemical Society. 

The purpose of Beilstein*8 “Handbuch der Organischen Chemie” was to 
catalogue systematically all known organic substances, with their physical 
properties, chemical reactions and preparation, and to furnish referenc^es to 
original literature. This book, and its subsequent editions, has become the 
chief reference work of the organic chemist, but Beilstein's original method of 
classification has been altered. That this would become necessary was recog¬ 
nised by the original author, and during 1907 Jacobson and Prager developed 
the new system which was published in one hundred and tliirty-thrt^e pages ; 
the old material of the 1906 edition was rearranged according to the new 
system (1908-1912), and the modem edition of Beilstein commenced publication 
in 1918 with Vol. I, and continued imtil Vol. XXVII was published in 1937. 
Vol. XXVIII (in two parts) is the Index, and Vol. XXIX is the Formula Index 
(a feature which was missing in the original edition and was supplied by 
Richter’s “ Lexikon der KohlenstoflF-Verbindungen ”). The literature up to 
January 1, 1910, is covered in the first set of twenty-sevem volumes, and that 
from 1910-1919 by a second set of volumes, each supplementary to one of the 
first series. A second supplement covering from 1920-1929 has been com¬ 
menced, but does not appear likely to be completed until 1950. A new, photo- 
lithographically reproduced, reprint of this edition of Beilstein has been pro¬ 
duced in America by Edwards Brothers, Inc., which has made this valuable 
work more readily available, and at approximately one-third of the original 
cost, which was about £250. 

Patent Literature 

Since data on organic chemical topics has been accumulated in industrial 
research, it is mentioned in the Patent Literature, often without reference 
elsewhere. This may necessitate a search in the Patent Office Abridgements, 
which, although aided by the Quinquennial Indexes and the fifty year Collective 
Index, 1860-1910, is still a difficult matter, as all entries in the Abridgements 
are made numerically. If the abridgement indicates that the patent is of 
interest, it is a simple matter to obtain the full specification. Since 1920, the 
American Abstracts have fully covered chemical patents, and a special search 
is not usually necessary. 

It may not be out of place to advise students not to place too much reliance 
on information abstracted from Patent specifications, which are occasionally 
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deliberately made misleading (a) by claiming more widely than is justified by 
actual experimental evidence, and (b) by focussing attention on methods known 
to give poor results. Thus, if a reaction is found to be satisfactory with aniline, 
0- and jp-toluidine as starting points, a claim may be made covering the use of 
all arylaminos. The argument used is that the reaction is one which appears 
to be applicable to all simple arylamines, and therefore as it has been shown 
experimentally to proceed for some of them, the claim may legitimately be 
extended to them all. Since the final specification for the Patent does not 
disclose which amines have been tried and which not, the student should avoid 
placing too much reliance on ubiquity. In the second case (6), attention is 
focussed on a method which, although workable, is not the best method ; thus 
a patent may describe in detail an example in which a condensation is effected 
in ‘ solutions of caustic alkalies and the example may describe the use of 
caustic soda of 10 per cent, strength ; the solution actually used industrially 
may be a 5 per cent, solution of caustic potash. The latter is an ‘ obvious 
chemical equivalent and as such is protected by the Patent. 

Fonngn patents not registered in Great Britain cannot be searched for in 
the Abridgements, but much valuable data concerning them is contained in the 
following :— 

(1) Friedlander—^ Fortschritte in der Teerfarbenfabrikation ii.s.w.’, com¬ 
mencing in 1877 and continuing until 1921, a series of thirteen volumes 
dealing with every G(‘rman specification on organic chemistry since 
1877. 

(2) Lange—‘ Die Zwischenprodukte der Teerfarbenfabrikation 1920. A 
systematic reference book of aromatic intermediates. 

(3) Winther—' Patenten der organischen Chemie 1877-1905. A ust^ful 
book (3 vols.) for earlier work. 

Making a literature search may be a lengthy or short operation according 
to the purj)08e and nature of the search. If simple physical properties are 
sought, Seidtdl’s “ Solubilities ’’ (first published in 1907, but re-issued in a 
new form in 1919, with a supplement in 1928) may give preliminary data; 
for melting or boiling point it is usually worth while trying Richter’s “ Lexikon ” 
or Heilbron’s “ Dictionary of Organic Compounds ” ; better known substances 
may be described from the physicochemical standpoint in Landoit and 
Bernstein’s “ Physikalische-Chemische Tabellen ” (1923). 

In organic chemical research it is frequently necessary to search for details 
concerning the preparation of a substance to bo used as a starting point. 
“ Organic Syntheses ” is usually consulted first, whilst the following reference 
w^orl^ often contain full preparative details. 

1. Vanino—Handbuch der praparative Chemie ” (2 vols.). 
2. Houben-Weyl—Die Methoden der organischen Chemie ” (4 vols.). 
3. Lassar-Cohn—‘'Handbuch derArbeitsmethoden der organischen Chemie ” 

(2 vols.). 
4. Abderhalden—" Biochemische Arbeitsmethoden 

Useful Information can still be extracted from Part III in six volumes of Roscoe 
and Schorlemmer’s “ Treatise ”, and Heilbron’s “ Dictionary ” frequently has 
a literature reference to a good method of preparation. Unless, however, the 
scope of the enquiry is very limited and the searcher has a shrewd idea as to 
where the requir^ information is to be found, it is better to make a systematic 
search. As an example of the method used and of the results to be expected, 
the substance “ phenyl mustard oil ” has been chosen, empirical formula 
C7H5NS. Little concerning the compound can be found in the ordinary text- 
boofaa; thus, in Whitmore’s “ Organic Chemistry ” (1937) the entry is 
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Thiocarbanilide, diphonylthiouroa (PhNH)2CS, m. 154®, a derivative of 
thiocarbonic acid, is readily made by boiling aniline with CS2. With 
HCl it gives phenyl mustard oil, phenyl isothiooyanate, PhNCS, b. 222®. 
This gives mixed thioureas with primary and secondary amines 

In Roscoe and Schorlemmer more detail is given up to the date of publication, 
1886, thus (Vol. Ill, Part HI, p. 221) 

Phenyl thiocarbimide or phenyl mustard oil, . N^CS.—Hofmann 
obtained this body by the distillation of diphenyl thlocarbamide 
(sulphocarbanilide) with phosphorus pentoxide and named it sulpho- 
carbanil or phenyl sulphocyaiiide.^ It may be more simply obtained 
by heating the tliiocarbamide with concentrated hydrochloric acid.^ 

NH . Cell, 

CS/ - CS-N . + NH^CeH^ 

Nil. 

It is also formed by the action of thiocarbonyl chloride, CSCI2, on 
aniline,'^ as well as by the direct combination of sulphur with phenyl 
carbamine,^ and when phenyl isocyanate is heated with phosphorus 
pentasulphide. ® 

It is a liquid witii a smell similar to that of ordinary mustard oil, boils at 
222®, and combines with ammonia and the uniiries to form thioureas. 
It also combines vrith alcohol to form ethers of thiocarbanilic acid 
(p. 224), 

“ When chlorine is passed through its solution in chlc roform, isocyanophenyl 
chloride, C^Hg. N = CCU. is obtained as a heavy yellow, pungent 
liquid, boiling at 211-212”. It possesses a very unpleasant pungent 
odour, and its vapour attacks the ey(‘s and mucous membrane. Dry 
silver oxide acts on it violently with partial carbonisation and forma¬ 
tion of phenylcarbimide.’^ ^ 

The entry in Heilbron’s ‘‘ Dictionary ” (1937) is :—• 

“ Phenylisothiocyanate 

CeHg . N : GS 
C7H5NS M.W. 135 

“Colourless liquid, F.P. —21®. B.p. 221®, 131*8®/63 mm., 120-121735 

mm., 95®/12 mm. Dj M477, Df M28S, D*4 M202, D^4' M061, 

1*64918. Heat of combustion Cv. 1019*0 Cal., Cp. 1020-3 CaL“ 

Dains, Brewster, dander, “ Organic SynthesesCollective Vol. I, 437 
give the following details of preparation :— 

“Phenyl Isothiooyanate 

CeHgNHg + CS2 + NH4OH-> CeH5NHCS2NH4 + HgO 
CfiHgNHCSgNH^ + Pb(N03)2-► CeH^NCS + NH4NO3 + HNO3 + PbS 

‘ 1. Procedure. 

“ In a 500-cc. round-bottomed flask (Note 1), fitted with a mechanical 
stirrer and surrounded by an ice-salt cooling bath, are placed 64 g. 

^ Hofmann, Jaiiresh,, 1858, 349. 
* Morz and Weith, Zeitschr. Chern,, 1869, 589. 
» Rathke. B., 8, 861. < Weith, ibid., 8, 211. 
* Michael and Palmer, Arner, Chem. Joum., 8,257. 
* Sell and Zierold, Ber., 7, 1228. 
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(43 C.C., 0-71 mole.) of carbon disulfide and 90 c.c, (1-3 moles.) of con¬ 
centrated aqueous ammonia (sp. gr. 0*9). The stirrer is started and 
56 g. (0*6 mole.) of aniline (Note 2) is run into the mixture from a 
separatory funnel at such a rate that the addition is complete in about 
twenty minutes. The stirring is continued for thirty minutes after all 
aniline has been added, and then the reaction mixture is allowed to 
stand for another thirty minutes. During this time a heavy j)recipitate 
of ammonium phenyl^thiocarbamate separates, and may even stop 
the stirrer. 

“ The salt is dissolved in 800 c.c. of water (Note 3), and transferred to a 
5-1 round-bottomed fiask. To the solution is added with constant 
stirring a solution of 200 g. (0*6 mole.) of lead nitrate in 400 c.c. of 
water. Lead sulfide separates as a heavy brown precipitate which 
soon turns black. The mixture is then ^stilled with steam into a 
r(‘cei\^(‘r containing 5-10 c.c. of 1 iV' sulfuric acid as long as any oil 
comes over (Note 4). About 2-3 1. of distillate is collected. The 
j)roduct is separated from the water and weighs 63-66 g. 

“ The oil is dried ovt^r a little calcium chloride and distilled under reduced 
pressure. The yield of phenyl isothiocyanate boiling at 120-121735 
mm. is 60-63 g. (74-78 per cent, of the theoretical amount. Notes 
5 and 6).” 

2. Notes. 

1. If the reaction is carried out in a beaker, so much ammonia is lost by 
volatilisation tliat the crystalline ammonium phonyIdithiocarbamate is 
not formed. Tlu? t<^mperature should be from 0-10° to avoid loss of 
ammonia. 

2. Ordinary te^chnical aniline was used in these experiments. 
3. The transfer of the salt to the 5-1. flask is (‘onveniently made by the 

addition of four successive 200-cc. portions of water to the flask con¬ 
taining the salt. 

4. The sulfuric acid is addtMi to react with any ammonia that may be 
carried over. Othtu*A\i8e the ammonia may react with the product to 
give phenylthiourea. 

5. Larger runs give somewhat lower ])ercentage yields ; thus 280 g. of 
aniline gives about 250 g. (61 per cent, of the theoretical amount) of 
redistill^ phenyl isothiocyanate. 

6. This reaction is a general method of preparation for aiyd isothiocyanates 
in yields of 50-75 per cent, of the theoretical amount. 

3. Mdliods of Preparation. 

“ Phenyl isothiocyanate can be prepared from tbiocarbanilide by the action 
of phosphorus pentoxided hydrochloric acid,^ iodine,* phosphoric acid,^ acetic 
anhydride,* and dilute sulfuric acid ; * and from ammonium phenyldithio- 
carbamate by the action of ethyl ehlorocarbonate,’ coppt>r sulfate,^»® lead 
nitrate,^ ferrous sulphate ® and zinc sulfate.^” 

Full details of the preparation are given in “ Organic Syntheses as indi¬ 
cated above. 

^ Hofmami, Jahre^ber., 1858, 349. * Weith and Mena, Z. Cketn., 1869, 689. 
•Hofmann, JBer., 1869, 3, 453 ; Rudncv, J. Rttss. Phys. Chem. Soc,, 1878, 10, 184. 
• Hofmann, Ber., 1882, 16, 985. Wornor, J. Oh^m. Soc., 1891, 69, 396. 
• Bly, Porkins and Lewis, J. Am. Chem. Soc., 1922, 44, 2896. 
’ Kaluasa, Monaieh., 1912, 83, 367, ® Losanitsch, Ber., 1891, 24, 3021. 
• Dains, Brewster and Olander, Univ. Kansas Set. Bull., 1922,13, I {C.A., 1923,17, 543). 
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Richter’s “ Lexikon ” has this entry :— 

“ CyHgNS (1) Phenylsenfdl (Thiocarbanil). Sd. 222" (B. 3, 772, 801 ; 6, 

211 ; 9, 1266 ; 11, 2267 ; 12, 1127 ; 14, 445, 108:i ; 15, 985 ; 19, 568 ; J. 1858, 

349 ; Z. 1869, 589 ; Am. 6, 258 ; J. r. 10, 184 ; Soc. 59, 327, 400, 548 ; J. Pr. 

[2], 32, 294 ; G. 16, 70—11, 388.” 

The ‘ II, 388 ’ is the reference to Beilstein (3rd Edition) which reads as 

follows :— 

ThhocarbanU (Phenylsenfdl) C7H5NS — . N: CS. B. Aus Thiocarbaiiilid iind 
PjOg (Hoffmann, J., 1858, 349). Beim Erhitzon von Thiocarbaiiilid mit koriceritrirtcn Salz- 
siiure (Weith, Merz, Z., 1869, 589). Aus CSCl, und Ariilin (Rathke, B., 3, 861). Btdin 
Erhitzen von Phenylisocyanid mit Schwofel (Weith, B., 6, 211). Boim Bohandoln oincr 
alkoholischen Losung von Thiocarbaiiilid mit Jod, nobon Triphenylguanidiii (Hofmann, 
B., 2, 453) und Anilin (Rudnew, J. der rwts. chem. QeselMiaJt, 10, 184). 3C8(NH • OgH5)2 * 
2J - 2CeH4 . NCS -f CHa^CeHslaNj . HJ + C.H5 . NH* . HJ S. Um dio Bildung von 
Nebenprodukten (Carbaiiilid u.s.w.) zu vermeidon, wendet man am liesten eine Bonzol- 
losung von Thiocarbaiiilid an (Rudnew). Beim Erhitzen von Phonylcarbonimid odcr von 
Phenylurethan NH(CeH5) . COj. mit P,Sft auf 160° (Michael, Palmer, Am., 6, 
258). ~ D. Mon erhitzt 1 Thl. Thiocarbaiiilid mit 2-3 Thin. Phosphors&urelosung (8|wc. 
Gew. ™ 1*7) I Stunde lang, bis das Sehaumen aufhort (Hofmann, B., 16, 986). Man 
kocht 5 Minuten lang 1 Thl. Thiocarbanilid mit 1 Thl. Essigs&ureanhydrid (VVeriKir, Soc., 
59, 400).~Nach Senfol riechende Fliissigkeit. Siedep.: 222°; spec. Gew. - - 1*135 bei 
15*5° (Hofmann). Siedep.: 95° bei 11-92 mm.; 117-1° bei 32-08 mm.; 121-0" bei 
37-3 mm. ; 131-8° bei 63 mm. ; 218-5° bei 760 mm. (Kahlbaum, Siedetemp. u. IJruck, 96). 
Siedep. : 219-8°, bei 748-8 mm. : spec. Gew. = 0*9398 bei 220°/4° (R. Schiff, B., 19, 568). 
vSiedep.: 220-1° (i.D.) bei 748*3 mm. (von 0°); spec. Gew. — 1-12891 bei 23-4°/4° ; Molok.* 
Brechungsvermogen = 76-48 (Nasini, Scala, G., 16, 70). Kupferpulvorent zeiht dein 
Phenylsenfole bei 200° Schwefel und erzeugt Bonzonitril. Salzsauregas, in eine Losung 
von Phonylsonfol in absoliitem Alkohol (oder in Isobutylalkohol) geleitet, spaltet Anilin al) 
(Pinner, B., 14, 1083). CeH* . N : CS 4- H,0 -- C^H^ . NH, 4- CSO. Schwefolwasserstoli 
wirkt, schon bei gewohnlichen Temperatur, iintor Bildung von CS^ mid Thiocarbanilid 
(Proskauor, Sell. B., 9, 1266). Zorfallt, beim Kochen mit Wasser, in COg, HjS und Thio¬ 
carbanilid (Bamberger, B., 14, 2642). Beim Erhitzen mit Eisessig auf 130° oritstehen 
Acetanilid, COS, und, bei Anwesenheit von Wasser (Werner, Soc., 69, 548), nuch /r-I)iphonyl- 
carbamid (Claus, Voltzkow, B., 14, 445-; Gumport, J. pr. [2] 294 ; C’ain, (k)hen, Sue., 

NH . CS 

59, 327). Verbindet sich mit SO3 zu C«H4<^ (Magatti. B., 11, 2267). OH . 

SO,. o 
erzeugt den Kbrper C7H3NS2O3, rieben wenig Ci4H,oN,83(8.11.). Beim Erhitzen mit PCI3, 

N 

im Rohr, auf 100° entstehen Isocyanphenylchlorid. das Thioanhydroderivat 

is 
und daneben PCI, und PSCI3 (Hofmann, B., 12, 1127). Verbindet sich direkt mit Am- 
moniak, Hydroxylamin und Basen zu substituirten Thiohamstoffen. Phonylsenfbl ver¬ 
bindet sich direkt mit Aminos&uren der Fettreihe (Glycin, Alanin), schon lx*im cnnfachf^n 
Zusammensohmelzen, zu Anhydriden von T3iiocarbamid8kuren. C4H5 . N(’ : S • 

! ^1 
NH, . CH, . CO,H -= C4H5. N . CS . NH . CH, . CO 4- H,0. Pieso Anhydride werden von 
alkoholischom Kali in Sauren iibergefuhrt, die aber, schon btn gewohulicher Tem])eratur, 
wieder in Wasser imd Anhydrid zorfallen. (Die Senfole dor Fettreihe verbinden sich ni(.*ht 
mit jenen Aminos&uren zu analogen Korpem), Mit Aminobenzofesaure vorbindt't sich 
Phenylsenfol siehr leicht zu Phenylthiocarbarainobenzbesaure. Verbindet sich mit Hydrazin 
N,H4 zu Phenylthiosemicarbazid C7H,N,8, reap. Hydrazindicarbonthiophenylamid 
C14HJ4N4S,. Alkoholisches Kali erzeugt Thiocarb^ilid und dann Carbanilid. Beim 
Erhitzen mit Alkoholen entstehen Thiocarbanils&ureester (Hofmann, B., 3, 772). Liuiert, 
mit AlCl,, Phenylsenfdlsulfid (C4H,NCS),S ; mit Benzol und AlCl, entstehen Thiobtmzanilitl 
und PhenylsenfOlsulfid. Mit Anisoi und AlCl, entsteht Thioannissauroanilid. Aldo- 
hydammoniak und Phenylsenfol s. Anilin und Aldehyde. 

Chlor, in eine Chloroformlosung von Phenylsenfol geleitet, erzeugt zunachst ein Chlorid 
(C^H^NSCi), und dann Isooyanphenylchlorid CjH,. NCCl,, neben wenig p-Chlorisocyan. 
phenylchlorid C,H4C1 . NCH^l,. Mit Brom entsteht, unter gleichen Verhaltnissen, das 
Broinid (C7H5NS . Br),. 

Ohhnd (CtHbNSCI),. B., Beim Einleiten von trocknem Chlor in eine LOsung von 
I Thl, Phenylsenfdl in 3 Thin, CBCl, (Bfelmere, B.. 20, 786), Sowie die LOsung schwach 
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gelblioh wird, l&sst man aie steheii und w&seht den, nach einiger Zeit gebildeten, Niedar- 
schlag mit CHCl*. Kryatallinisch. Schmilzt untar Zersatzung bei 150-160®. Auseerst 
leicht zeraatzlich. Wird durch Wasser odar Alkohol in HCl und Phenylsenfoloxyd zerlegt. 
Boi der Einwirkung von H^S, Kalilauge oder Natriumamalgam entsteht Diphenylthio- 
carbarnid CS(NH . CeHJ,. 

CeHj.NCv -SBr 
Bromid Ci4HioN,SjBr2 = . J5, Aus Phenylsenfdl und Brom 

C.Ha . NCV-SBr 

(Proakauar, Sell, B., 9, 1262). 3C.Hj . N: CS -f 2Br == Cj^HioNABr, -f . NC.- 
Tiof orango-rotho krystallinische Masse. In CHCl, sehr schwer loslich. Wird von Wasser, 
Alkohol und Essigsilure raach zorsetzt. Beim Kochen des Bromids mit Wasser entsteht 
eine Bam C4H4NO[ai4HioNjS8Br, + 5H,0 = C^H^NO + CeH^ . NH, -f 2HBr -f 3H*S -f 
200*]. Die Base krystallisirt (aus wiisserigem Alkohol) in Is^gen Nadeln, Schmelzp.; 
166®, Wenig Idslich in heissern Wasser, leicht in Alkohol. 

Bromide (C7H4NSBr),. B. Nach Helmers (B., 20, 789) entsteht beim Eintragen von 
10 g. Brom., geldst in 20 g. Eiaessig, in eine Losung von 6 g. Phenylsenfdl in 10 g. Eisessig 
daa Additionaprodukt CvHjNS . Br* in rothen Krystallen, das, achon an der Luft, Brom 
verliort und bei i~l stiindigem Erhitzon auf 100° den K6r{)er (C7H5NSBr)8 hinterlksst. 
Dioser ki’ystallisirt (aus heissoin Eisessig) in gl&nzeridon Bliittchen, die bei 190°, untor 
Zersatzung, schinelzen. Wird von Alkohol in HBr imd Phenylsenfoloxyd zerlegt. 

Oxyd Ci4HjoN||iS20 ™ (C7HjNS)j,0. B. Beim Auflosen von Phenylsonfolchlorid oder 
Plienylsonfdibromid in warmem Alkohol (Helmers, B., 20, 787).—Gelbe Nadeln (aus 
Weingeiflt). Schmelzp.: 118°. Liefert mit H^S Diphenylthiocarbamid CS(NH . CeHs),^, 

Verbind.tin{f O7H5NS2O5 -f- H,0 -= CS . N . CeH4 . SO,H -f H,0 (?). B. Aus Phenyl- 
senfol und OH . 80,01 (Pawlewski, B., 22, 2201).—Dieke Tafeln (aus Wasser). Schwer 
loslich in kochondem Wasser, fast unloslich in starkem Alkohol. 

Bhenylmnfohtd/id Oi4HioN,S3 (C5H5 . N: CS),S. B. Entsteht, neben der Base 
C^HfiNO, b<jim Kochen des Bromids Ci4HioN,SsBr, (s.o.) mit Alkohol oder Essigsaure 
(l*roHkauer, Sell, B., 9, 1264). Entsteht, neben Thiocarbonylthiocarbanilid und salzsaurem 
Triphonylguanidin, beim Erwannen von s-Diphenylthioharnstoff mit Benzol und C8CI, 
auf dem Wassorbade (Freund, Wolf, B., 25, 1463). Man verdampft zur Trockne und 
krystallisirt den Riickstand wioderholt aus heissern absol. Alkohol um. Ensteht, nel>en 
C^HftNSjOa, beim Eintropfeln von OH . SOjCl in Phenylsenfol (Pawlewski, B., 22, 2200). 
Beim Auskochon des Produktes rnit Wasser bleibt das Sulfid 0,4HioN,S3 ungeldst. Entsteht 
bei i stiindigem Kochen von 5 g. Phonylsonfol mit 5 g. AICI3 (Friedmann, G-attermann, B., 
25, 3520). — Tiefgell)e Nadeln (aus absol. Alkohol). 8chmelzp.: 156° (F., W.) ; 152° 
(P., 8.) ; 154° (F., G.). Lei(4it loslich in CS, und Benzol, sehr leicht in CHCI3. Schwer 
loslich in absol. Alkohol, leichter in Aeilior, in w^armem Eisessig, in CS, und Benzol. Wird 
durch Kochen mit EsHigvsS.uroanhydrid oder Anilin nicht ve»&ndert. Wird durch konc. 
Kalilauge in CO,, H,S, Anilin und Phenylsenfol zerlegt. 

In this extract the reader will recognise the references to original literature 
previously cited ; and although compressed, this account of the chemistry of 
phenyl mustard oil is nearly complete up to the date of publication. 

The latest edition of Beilstein contains in Vol. XII, and the first supplement 
to Vol. XII, the entries “ 12, 453 (261) which are given verbatim below :— 

‘ Thiokohlensaure-anil, Thiocarhanil, Phenylisothiocyanat, FhenyUtenfiU C7H5NS == 
C*Hs . N : CS. 

BUdung, 

Man fiigt tropfenweiso AiiUin zu eiiier Ldsung von Thiophosgen (Bd, III, 134) in Ather, 
bis die gelbe Farbe der Lbsung verschwunden ist (Rathke, A. 187, 218). Beim Erhitzen 
von Phenyiisocyonid (S. 191) mit Schwefel (Weith, B. 8, 211). Beim Erhitzen von Pheuyl- 
isooyanat (S, 437) oder von Phenylurethan (8, 320) mit Phosphorpentosulfid auf 160° 
(Michael, Palmer, Am. 8, 258). Neben anderen Produkten aus Phenylthioharnstoff 
(8. 388), Salzs&ur© und Natriumnitrit bei 3-5° (Haager, Doht, M, 27, 277), Aus Thio* 
oarbanilid {8. 394) durch Einw. von Phosphorpentoxyd (A. W. Hofmann, .7. 1858, 340) 
Oder von siruposer Phosphors&ure, von Chlorwasserstoff (A. W. Hof., J. 1868, 349 ; B. 
15, 985), konz. Salzs^ure (Merz, Weith, Z. 1869, 589), rauchender Salzs^uro (Weith, B, 8, 
210) Oder siedendem Essigs&ureanhydrid (Werner, 80c, 59, 399, 400; vgl. Hugershoff, B. 
82, 3649). Aus Thiocarbonilid beim Erw&rmen mit Aoetylchlorid auf 50° (neben Ace- 
tanilid und geringen Mengen N . N'>Diphenyi>aoetamidin, B. 248) oder beim Erhitzen mit 
Benzoylchlorid auf 160° (neben Benzanilid und Spuren von N . N'-Diphenyl-benzamidin, 
B. 273) (Dains, Am, Bee. 22, 192). Neben N , N'. N^Triphenyl-guanidin (B. 451) (A. W. 
Hof., B. 2, 453) und Anilin (Rudnew, J, der russ, chem: U^eUachaft, 10, 184 ; B. 11, 987) 
beim Behondeln einer siedenden alkoholischen (A. W. Hof., B. 2, 453) oder besser, um die 
Bildung von Nebenprodukten zu venneiden, einer benzolischen (Rud.) Lbsung von Thio- 
oorbonilid mit Jod, Beim Erhitzen von 1 Mol.-Qew. Thiocarbanilid mit 1 MoL-Qew. 
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Phenylisocyanat in Gegenwart von Benzol im geachlossenon Rohr auf 180®, neben Carbanilid 
(Goldschmidt, Meissler, B. 27,272). Boim Erhitzen von Carbodiphenylimid (B. 449) init CS, 
im geschlossonen Rohr auf 140-150° (Weith, B, 7, 1308). Neben N. Jsy. N'^-Triphenyl. 
guanidin, aus Carbodiphenylimid und Thiocarbauilid durch mehrstiuidiges Erhitzen im 

Olbade auf 160° oder bosser durch kurzos Erwfirinen dt^r BenzoUosung auf dem Wasserbade 
in Gegenwai^ von alkoh. Salzstiure oder Jodwasserstotfsaure (Weith, B, 2, 810, 813). 
Beim Erhitzen von S-MethybN . N'-diphenyl-isothiohamstoff {8. 460) mit Schwefelkohlen- 
stoff im geschlossenen Rohr auf 160°, nebon Dithiocarbanilsaiii-emethylester {8. 415) (Will, 
B. 15, 342). Neben Biraethyldisulfid {Bd. 1, 8. 291) beim Erhitzen von S . S'-Dimethyl- 
N . N'-dmhenyl-isotliiuramdisulfid {8. 464) im geschlossenen Rohr auf 100-130° (v. Braun, 
B. 55, 2264). Beim Erhitzen von N . N'-Diphonyl-benzarnidin (iS'. 273) mit CSa im gesch¬ 
lossenen Rohr auf 130-140°, neben Thiobenzanilid (Bomtlisen, .4. 192, 34). 

DarsteUung. 

Man erhitzt 30 g. Thiocarbauilid mit 120 g. konz. Salzsaure am absteigenden Kuhler, 
bis ca. 20 com. Flussigkeit zuriickgeblieben sind (Gattormann, Die Praxis des organischen 
Ghemikers, 12, Aufl. (Leipzig, 1914), 8. 218). 

Physikaliscfhs Eigenscha/ten. 

Farblose, nach Senfol riochonde Flussigkeit (A. W. Hofmann, J. 1858, 349). F,*-21° 
(korr.) (v. Scimeider, Ph. Ch. 22, 234), Kp,.*: 222° (A. W. Hof., J. 1858, 349 ; C.r. 47, 
423) ; Kp,«o: 221° (korr.) (Perkin, Soc. 69, 1204), 218-5° (Kahlbaum, Siedetemperatur und 
Druck in ihren Wechselbeziehungen (Leipzig, 1885), 8. 96); Kp74g.8: 219-8 (R. Schifi. 
B, 19. 668); Kp7*«.8: 220*1° (korr.) (xVasini, Scaia, (h 17, 69, 70 ; R, A. L, [4] 2, 620); 
Kp7ao‘4: 219° bis 219*2° (BoUe, Guye, C, 1905, i, 868); Kp^.^: 131-8°; Kpa^.j: 121*0°; 
KPai-oa * 117*1°; Kpn.^,,; 95° (Kahl, Siedotomporatur und Druck, 8, 96). Mit Wasscr 
unzersetzt destilliorbar (A. W. Hof., J. 1858, 349; C.r. 47, 424). 1) ^ M503; i M278 
(Walden. Ph. Ch. 55, 228) ; D/; 1*1477 (Per.. Soc.. 69, 1204) ; : 1*12891 (Na., Sea.); 

0*9398 (R. Schiff. B. 19, 568); : 1*1382; D% : 1.1314 (Per., 69, 1204). 
1.1400; D*»*8: 1*1148,* : 1*1000; D’**^: 1*0781; D^^*^**: 1-0493; 

1*0083 (BoDe, Guye, C. 1905, /, 868, 869), na*^*^: 1*63959; D64918; 
1*69938 (Na. Sea., G. 17, 70). MolekuJare Oberfl&chonspamuzng; Bolle, Guye, 0. 1905, 
/, 868. Oberfl&chenspannung imd Bixmendruck: Walden, Pk. Ch. 66, 393. Innere 
Reibung bei 0° und 25°: Wal., Ph. Ch. 55, 228. Molekuluro Verbrenimngswarmo l)ei 
konstantem Volumen; 1019*0 Cal., bei kon8t€uit6m Druck: 1020*3 Cal. (Berthelot, C.r. 
180, 445). Magnetisches Drehungsvermogen: Per., Soc. 69, 1244. Dielektr.-Konst.: 
Wal., Ph. Ch., 46, 179; Eggers, C. 1904, I, 1390. Elektrischos Leitvermogen: Wal.. 
Ph, Ch., 46, 179. 

Ckemisches VerhaUen. 

Einwirkung cmorganischer Reagenzien. Phenylsenfol gibt beim Kochen mit viel 
uberschiissigem Kupferpulver imter intermedi&rer Bildung von Phenyl isocyan id {8. 191) 
Benzonitril (Weith, B. 6, 212). Phenylsenfol wird von Aluminiuinarnalgam in Ather zu 
Thiocarbanihd und Methyhnercaptan r^uziert (Gutbier, B. 84, 2034). Schwcfelwassorstoff 
wirkt auf Phenylsenfol bei gewohnlieher Temperatur uiiter Bildung von CS, und Thio- 
carbanilid ein (Proekauer, Sell, B. 9, 1266). Leimt man Chlor in eina Losung von Phenyl- 
senfol in Chloroform bis zur SAttigung ein, so erhalt man Phenylisocyanid-dichlorid 
CjHs . N; CCl, {8. 447) (SeU, Zierold, B. 7, 1228 ; Nef, A. 270. 284). Bei dor Einw. von 
Chlor auf uberechiissiges Phenylsenfol in Chloroform entsteht ein chlorhaltiges Produkt 
(Krystalle, F; 150-160°), das durch Wasser oder Alkohol in HCl und Phenyl-phenylimino- 
disxilfazolidon (“ Phenyisenfoloxyd ”). 

CeHj.NcC- -N . C.Hj 
(Syst, No. 4445) zerlegt wird (Helmers, B, 20, 786; vgl. 

iS , S . CO Hantzsch, Wolvekamp, A. 831, 279). Boim Versotzen einer 
Ldsung von Phenylsenfol in dem 3-fachen Volumen Chlorofonn mit der gloichen Gewicht- 
smenge Brom in dem 3-fachen Volumen Chloroform erhielten Proakauer, Sell (B. 9, 1262) 
eine tieforangerot gef&rbte krystallinische Masse, die beim Kochen mit Alkohol oder 
Kisessig Phenyl-phenylimino-thion-disulfazolidin (“ Phenylsenfolsulfid ”) 

CA * N : C-N . CA 

(Syst. No. 4446) neben anderen Produkten lieferte. Helmers 8 . S . CS 
(B. 20, 788) erhiel bei dor Einw. von Brom auf Phenylsenfol in Chloroform odor Essigs&ure 
unter Ahnlichen Bedingungen nach intermedi&rem Auftreten einer roten krystallinischen 
Verbindung eine in hellgelben Bl&ttohen krystallisierende bromhaltige Verbindung vom 
Schmelzpunkt 190°, die beim Erw&rmen mit Alkohol in C^H^. N; C~-N . C^Hj 
Phenylphenylimitto-disulfazolidon (“ Phenylsenfdloxyd *’) I I 

S.S.CO 
(Syst. No. 4445) fiberging. Die Einw. von Brom auf Phonykenfdl in Chloroformldaung 
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in Gegenwart von wasfierhaltigem Methylalkobol ocler Athylalkohol fiihrt zur Bildung 
von 2*4-Dibrom-carbanijlsfturemethylester bezw. -ftthylester (Syst. No. 1670) neben einer 
germgoii Menge einer bei 192° schmelzenden, in tiefgelben Nadeln krystalliBierenden, 
sohwefelhaltigen Verbindung, die beim Kochen mit Alkohol in bromwasserstodsaures 
Phenyl-phonylimino-diflulfazolidon (Syst. No. 4446) iiborgoht (Fromm, Heyder, B. 42, 
3800 ; vgl. Freimd, Baohrach, A. 285, 196; Hantzsch, Wolvokamp, A, 881, 279). Lksst 
man eino mit Chlorwasserstoff goskttigte Ldsung von Phenylsenfol in absol. Athylalkohol 
o<ier Isobutylalkohol stehen, so scheidet sich allm&hlich salzsavires Anilin ab (Pinner, 
14, 1083). Phonylsenfai liefert boim Erhitzen mit Schwefel im geschlossenen Kohr auf 
260”260° 2-Thion-benzthiazolin 

(Syst. No. 4278) (Jacobson Frankenbacher, B. 24, 1405). Beim Leiten 
von Schwofeltrioxyddtaipfen iiber Phenylsenfdl entsteht die Verbindung 

C7HjO,NSj [S. 468) (Magatti, B. 11, 2267). Lftsst man zu Phenylsenfol in der Warme 
tropfenweise Chlorsulfonskure fliessen, so bilden sich wenig Phenyl-phenylimino-thion- 

. N : 0-N . C.Hs 
disulfazolidin | | (Syst. No. 4445) und eine Verbindimg C7H704NS| 

8 . S . CS 
{S. 459) (Pawlewski, B, 22, 2200). Chlorschwefel wirkt bei erhOhter Tomperatur auf 
idienylsf^nfol imter Bildung geringer Mengen Phenylisocyanid-dichlorid {S. 447) ein (A. W. 
Hofmann. B. 13, 9). Beim Erhitzen von Phenylsenfol mit PClj im geschlossenen Rohr 

yN\ 
auf 160° entst^ihen Phenylisocyanid-dichlorid und 2-Chlorbenzthiazol yC. Cl 

(Syst. No. 4195) (A. W. Hof., B. 12, 1127 ; 18, 8). Phenylsenfol liefert beim Erhitzen mit 
Wosser im gesclilossenen Kohr auf 150° (Cain, Cohen. Soc. 59, 328) oder beim Kochen mit 
Wtisser in Gegenwart von Alkalien (Bamberger, B. 14, 2642) CO„ H,S und Thiocarbanilid. 
Plienylsenfol verbindet sich direkt mit Ammoniak zu Phenylthioharnstod (5. 388) (A. W. 
Hof., ./. 1858, 349 ; C,r, 47, 424), mit Hydroxylamin zu N^-Oxy-N-phenvl-thiohamstoff 
(6\ 412) (E. Fischer. B. 22, 1934 ; Tiernann; B. 22, 1939 ; Voltmor, B. K 378 ; V. D. Kail, 
A. 288, 261). Aus aquimolekularcm Mengen Phenylsenfol und Hydrazinhydrat in Alkohol 
unter Kiihlimg entsteht 4-Phenyl.thio8eraicarbazid (B. 412) (Pulvermacher, B. 20, 2812 ; 
27, 615 ; vgl. Busch, B. 42, 4600). Beim Kochen von 2Mol.-Gew. Phenylsenfol mit 1 MoL- 
G<^w. Hydrazinsulfat und Natriiuncarbonat in w&ssrig-alkoholischer Losung auf dem 
Wosserbade bildet sich Hydrazin-N . N^-bis-thiocarbons&ure-anilid (B. 414) (Freund, 
Wischewiansky, B. 26, 288U). Beim Erhitzen von 1 MoL-Qew. Phenylsenfol mit 1 Mol.- 
Gew. roteru Quocksilberoxyd auf 170° bildet sich Phenylisocyanat (B. 437) (Kiihn, Liebert, 
B. 2^ 1636 ; vgl. A. W. Hof., B. 2, 455). Beim Erw&nnen von Phenylsenfol mit der gleichen 
Gewichtsmonge AlClg auf dem Wasserbade tritt der Genich nach Phenylisocyonid auf ; 
zerlegt man das hierlxii orhaltene Reaktionsprodukt mit Wasser, so erhalt man Phenyl- 

. N : C-N . CgH, 
phenylimino-thioii-disulfazolidin ('* Phenylsenfolsulfid *’) | I 

S . S . CS 
(Syst. No. 4445) (Friedmaim, Gattermann, B. 25, 3526 ; vgl. Ga., J. pr, [2] 59, 575). 

Ikdspic^le fur die Einwirkmig organischer Verbindungen. Phenylsenfol addiert sich an 
aromatisohe KohlenwasserstofJe oder Phenol&ther bei Gegenwart von AlCl* zu Thiocarbon- 
s&ure-anilidcn ; so z. B. entsteht mit Benzol Thiobenzanilid (B. 269), mit Anisol 4-Mothoxy- 
thiobenzoesaure-anilid (B. 503) (Friedmann, Gattermann, B. 25, 3625 ; Tust, Ga., B. 25, 
3628 ; Ga., J. pr, [2] 59, 572). Halogensubstituierte aromatisohe Kohlenwasserstode 
reagieron mit Phenylsenfol in (iegenwart von AlCl, moistens nicht sehr glatt, dogegen 
verlAuft die Reaktion mit halogensubstituierten Phenol4them sehr leicht; o-Chlor-anisol 
liefert z. B. Ijei gelindom ErwArmen auf dem Wasserbade 3-Chk>r-4-methoxy-thiobenzoo- 
s&ure-anilid (Ga., J. pr. [2], 59, 683), Beim Erhitzen von Phenylsenfol mit ges&ttigten 
einwertigan aliphatischen Alkoholen entstehen Thiooarbanils&ureester (Omdorff, Richmond, 
Am. 22, 458); z. B. mit Athylalkohol Thiooarbanils&ure-0-&thylester (B. 386) (A, W. 
Hofmann, B. 2, 120 ; 8, 772; Bamberger, B. 15, 2164 ; Fromm, B. 42, 1957). Thio- 
carbanilskure-O'&thylester entsteht nach R, Schiff (B* 9, 1316) auch aus Phenylsenfol 
beim Stahen mit alkoh. Kali bei gewOhnlioher Tomperatur, il^im Kochen mit alkoh. 
Kali wird Phenylsenfol in Thiocarbanilid und daim in Oarbanilid iibergefiihrt (A, W. 
Hofmann, Proc. Eoyal Soc. London, 9, 276), Bei der Einw. von Glycerin auf Phenylsenfol 
entsteht Thiocarbanilid (Tessmer, Volkmann, B. 18, 972; vgl. Omdorff, Richmond, Am. 
22, 470). Phenvlsenfol roagiert nicht mit Phenol, Hydrochtnon, Pyrogallol und nicht mit 
aromatischen Alkoholen wie Benzylalkohol unter BUdung eines Thiocarbanils&ureesters ; 
mit Phenol wird als Reaktionsprodukt nur Thiocarbanilid erhalten (Om., Rich., Am. 22, 
470, 471, 472 ; vgl. Rivier, Bl. [3] 85, 841). Aus Phenylsenfol und Mercaptanen entstehen 

X>tthiocarbanils4ureester, z. B. mit Athylmercaptan Dithiooarbanils&ureAthylester (B. 416) 
(A. W. Hof., B. 2, 120), mit Benzylmeroaptan Ditldooarbanils&urebenzylester (B. 416) 
(Fromm, Blooh, 22, 2213). 
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Phenylsenfol gibt mit Aldehydainmotiiak HN<( ^OII. CHj (Syst. No. 3796) 
\CH(CH3).NH/ 

in siedender alltoholischer Losimg (Dixon, Noc. IS3, 416 ; vgl. R. Schiff, B. 9, 667) oder 
beim Zusarnmenschmelzen (Dix, Soc. 61, 618 Anin.) eine Verbindung CnHjjNaS (Syst. 
No. 3796). Beim Erwarmon von Phenylsenfol mit Isovaleraldehydammoniak (Bd. I, S. 
686) in Alkohol wird eine Verbindung Ci7H,7N,S {S. 459) erhalten (Dixon, Soc, 53, 417). 
Bei schwachem Erwkrmen einer vordtinnten alkoholischon Lbsung von Phenylsenfol mit 
Benzalchloralammoniak (Bd. VII, S. 214) entstehen sofort Benzaldehyd, Chloral und 
Phenylthiohanistoff (R. Schifi, B, 11, 2166). Phenylsenfol gibt bei der Einw. von a-Ben- 
zaldoxim (Bd. ^^11, S, 218) in Toluol Thiocarbanilid ; dieses ontsteht auch bei der Einw. 
von /3-Benzaldoxim (Bd. VII, S. 221) auf Phenylsenfol (Pawlewski, B. 87, 168). Reaktion 
von Phenylsenfol mit Campheroxim: Paw., B. 87, 160. Beim Erhitzen von Phenylsenfol 
mit w-Brom-aeetophenon und Alkohol im geschlossenen Rohr auf 110® entsteht 2*Oxo-3, 
4-diphenyl-thiazolin CaHs . N-CO-S (Syst. No. 4279) (v. Walther, Griefenhagen, J, 
pr, [2] 75, 204). 

CeH,. C-- 
Beim Erhitzen von Phenylsenfol mit wasserfreier Essigailuro im geschlossencm Rohr 

auf 135—140® entstehen Acotanilid imd COS, mid bei Anwesenheit von Wasser ausserdem 
noch Carbanilid, H^S imd COj (Werner, Soc. 59, 644 ; vgl. Claus, Voltzkow, B. 14, 445 ; 
Gumpert, J. pr. [2J 32, 294 ; Cain, Soc. 59, 327) ; analog verlftuft die Reaktion mit Pro- 
pionsnure mit Ameisensaure wdrd neben Formonilid mid Carbanilid au(;h eine gfiringo 
Menge Thiocarbanilid erhalten (Wer.). Erhitzt man Phenylsenfol mit Chloressigskure auf 
125'’, so bildet sieh eine Verbindung (-gHgONCl vom Schraelzpimkt 134® (w'ahrseheinlicli 
Cl^loracetanilid) (Voltzkow, B. 13, 1680 ; Libermann, A, 207, 141 ; Claus, V., B. 14, 446) ; 
beira Erhitzen von Phenylsenfol mit Chloressigsfture auf 160® tritt Verharzung ein ; erhitzt 

man Phenylsenfol mit Chlorc’ssigsaure in Gegonwart von Alkohol odor Ather, so bildet 
/CO . CHj 

sich 3-Phenvl-2.4-dioxo-thiazolidm (“ Phenylsenfolglykolid ”) CeH5N<; | (Syst. 
^CO . S 

No. 4298) (Lieb, Vo., B. 13, 278 ; Lieb, A. 207, 140, 141). Beim Erwarmen von 
Phenylsenfol mit Dichloressigsfture entsteht Dichloracotanilid (S, 244) (Pawlewski, B. 32, 
1426). Phenylsenfol gibt beim Koehen mit Thioessigsaure Acetanilid (Paw., B, 82, 1126 ; 
vgl. Wheeler, Merriom, Am. Soc. 23, 298). Phenylsonfol reagiert mit salzsaurem Buty- 
ramidin (Bd. II, S. 276) in KalHauge unter Bildung von N-Anilmothioformyl-biityramidin 
(S. 400) (Pinner, Die Imido&ther und ihre Derivate [Berlin, 1892], S, 126); analog verlauft 
die Reaktion mit Oncmthamidin (Bd. II, S, 341) (Pinner, B. 28, 476). Phenylsenfol liedert- 
beim Erhitzen mit Benzoosaure Benzanilid (S. 262) (Krafft, Karstens, B. 25, 468 ; Fremidlor, 
Bl. [3] 31, 631). Durch Erhitzen von Phenylsenfol mit Benzoesauroanhytlrid auf 230® 
wird Di^nzoylanilin (S. 274) erhalten (Kay, B. 26, 2852). Beim Erhitzen von Phenyl- 
senfol mit Bonzoylchlorid auf 250® bis 300® entsteht in geringer Menge 2-Phenyl-benzthiazol 

(Syst. No. 4199) (A. W. Hof., B. 18, 17). Phenylsenfol vereinigt sich mit Benziminometbyl- 
ftther (Bd, IX, S, 270) zu N-Anilinothioformyi-benzimmomethylathor (S. 401), analoge 
Verbindimgen entstehen mit Benzimino&thyiather und Bonziminoisobutylftther (Wheeler, 
Sanders, Am. Soc, 22, 371, 372, 373). Phenylsenfol gibt mit salzsaurem Benzamidin (Bd, 
IX, S, 280) und Natronlauge N-Anilinothioformyll^nzamidin (S. 401) (Pinner, B. 22, 
1609), analog verlftuft die Reaktion mit 3-Nitrobenzamidin (Pinner, B. 28, 484). Phenyl- 
senfdl reagiert mit Benzamidoxim unter Bildung von Benzoe8aiire-[a)-ph0nyl-thioureid]- 
oxim (S. 401) (Kruger, B, 18, 1060), analog verl&uft die Reaktion auch mit p-Tolamidoxim 
(Schubart, B, 22, 2435) und asymm. m-Xylys&ureamidoxim (Oppenheimer, B, 22, 2448). 
Beim Vermischen der alkoh. Losungen von Phenylsenfol imd Benzhydrazid bildet sich 
4-Phenyl-l-benzoyl-thiosemicarbazid (S. 414) (Marokwald, Bott, B. 2Bt 2916). Phenyl¬ 
senfol gibt mit Thiobenzoes&ure auf dom Wasserbade CSj und Benzanilid (Wheeler, Merriam, 
Am. Soc, 28, 298). Beim Erhitzen von Phenylsenfol mit Malonsaure bilden sich Carbanilid, 
Acetanilid und COS (BOnech, O.r. 130, 922). Beim HlnzufOgen von Phenylsenfol zur 
cdkoh. LOsung von Natriummalons&ure-diitthylester wird Methan-dicarbons&uredi&thy- 
lester-thio^rbonsauroanilid (S. 316) erhalten (Michael, J. pr. [2] 85, 460, 461). Gibt 
mit Natriumcyanessigester in Alkohol Cyanmalons&ureftthylester-thioanilid (S, 316) 
(Ruhemann, Soc. 93, 626). Beim Erhitzen von Phenylsenfol mit Bemsteins&ure entsteht 

CH,. COv 
N-Phenylsuccinimid ^ CO^ ^ (Syat. No. 3201), mit Sebacinsaure Sebacin- 

sAurodianilid (S, 304) (B^n., C.r., 180, 922, 923). Phenylsenfol gibt mit der Natriumver- 

bindung des Carbamids&ure-athylesters in absoL Ather N-Phenyl-N'-carbathoxy-thio- 
hamsto^^ (S, 402) uiid die Natriumverbindung der Anhydrodiphenyldithiobiuretcarbonsaure 



INTEODXrCTIOK 19 

CgHj,. NH . CS . N—CO (Syst, No, 4298) (Ruliemaim, Priestley, Soc, 96, 465). Boim 

C.HjN:({!~S 
Kochen von Phenylsenfdl mit dem Silborsalz des Cyaiiamids in absol. Alkohol entsteht 

0>Athyl*N-phenyl-N'*oyan*i8ohamstoff (?) (S, 368) (Kiimpf, B. 87, 1682, 1684). Phenyl- 
serifol gibt mit Natriiimcyanamid, verteilt in Alkohol, und Isobutyljodid S-Xsobutyl-N- 
phonyl-N'-c3yani80thioharnstoff {S. 409) (Hecht, B. 25, 822). Boim jErwiirmen von 3 Tin. 
PhenyLsenfol mit 2 Tin. Guanidincarbonat auf lOO'* unttsr Ziisatz von absol. Alkohol 
entsteht N-Phenyl-N^-guanyl-thioharnatoff (6\ 403), nelx^n Thiooarbanil8&urO’0-tlthylestt3r 
{S, 386) (Bamberger, B, 18, 1681 ; 14, 2638 ; 15, 2166 ; vgl. auch Cramer, B, 84, 2602 ; 
Michael, J. pr. [2] 49, 42). Phenylsonfol gibt rnit S-Methyl-isothiohamstoff {Bd, HI, 
S. 192) S*-Methyl-Nc-phenylisociithiobiuret {S. 406) (Johnson, Bristol, Am. 80, 172). 
Phenylsenfol kondensiert sich mit Thioglykolsilure (Bd. HI, S. 214) zii Phenyl-rhodaninH^uro 
C.H,.N.CS.S 

j I (8vst. No, 4298) (Androasch, Zipser, M. 24, 600), mit Thiomilchsknre 
OC-CHg ‘ . N . CS . S 

(Bd. HI, S. 289) zu Mothylphenyl-rhodaninsauro ! I (Syst. No. 4298) 
OC-CH . CHg 

(And., Zi., M. 25, 178). Phenylsenfol reagiort bei langerrmi Stehen mit j3-Amirio-croton- 
sdnroathylester (Bd. HI, S. 664) untor Bildimg von ^-Imino-athylmalorisaure-athylosttjr- 
thioanilid (S. 635); bei erhohtor Temporatur entsbiht daneben Mothyl-phenvl-thiouraeil 
C.Ha, N . CS . NH 

I I (Svst. No. 3588) (Bohrend, Hesso, A. 829, 342 ; vgl. Beh., Mey(?r, 
OC . CH: C . CH3 

BiKrhholz, A. 814, 224). Boim Erhitzen von Phenylsonfol mit Diacetonitril (Bd. HI, S. 
660) auf 140 -150° wird /3-fAniIinothioformylimino]-butteraaure-nitril 

C^H,. NH . CS . N : C(CH3)CH, . CN 

(S. 406) erhalUm : analog verlauft die Reaktion mit Benzoacetodinitril (Bd. X, S. 681) 
(Hiibner, J. pr. f2) 79, 68), 

Mit aliphatischen Mono- und Dialkylaminen vereinigt sich Phenylsenfol zu den ent- 

sprechonden Thioharnstoffen ; z. B. mit Athylamin zu N-Athyl-N'-phenyl-thioharnstoff 
(S. 390) (Woith, B. 8, 1524), mit Dimothylamin zu N . N-Dimethyl-N'-phenyl-thioharnstofl 
(S. 390) (Dixon, Soc. 61, 538 ; Billeter, B. 28, 1685). Beim Schiittoln der unter Kiililung 
mit Phenylsenfol versetzt/cn bi^nzolischen Losung von y-Chlor-butvlamin (Bd. IV, S. 159) 

x:h(ch,) . Sv 
entsteht die Verbindung H2C<^ ^C: N . CgHj (Svst. No. 4271) (Luchraann, B. 29, 

NcH* —NH^ 
1430). Mit Anilin verbindet sich Phenylsenfol bei gelindorn Erwarmon zu Thiocarbanilid 
(A. W. Hofmann, J. 1858, 349 ; C.r. 47, 424). Beim Zusammengiessen molekularer Mengen 
fdienylsenfol und Methylanilin, auch in stark verdiinnter alkoholischer Losung, entsteht 
N-Methyl-N . NCdiphenyl-thioharnstoff (S. 420); orhitzt man Phenylsenfol mit Methyl¬ 
anilin im geschlossenon Rohr auf ca. 250°, so erh&lt man Thiocarbanilid und Diniethyl- 
aiiilin (G<3bhar(lt, B. 17, 2089, 2090). Mit Diphenylamin reagiort Phenylsenfol erst naeh 
raehrtagigem Erhitzen auf ca. 280° untor Bildimg einor geringen Menge Tripheiiylthioham- 
stoh (S. 432) (Gk)b., B. 17, 2092 ; vgl. auch B. 17, 3035). Phenylsenfol gibt mit N . N'-Di- 
pheuylguanidin (S. 369) in etwas Benzol in der Kalte N-Phenyl-NC(diph<3nyl-gaanyI)- 
thioharnstofl (S. 405) (Rathke, B. 12, 774). Aus N"-Amiao-N . N'-diphonyl-guanidin 
(S. 384) und Phenylsenfol in wenig Alkohol bildet sich 4-Phenyl-1-(diphonyl-guanyl)- 
thiosemicorbazid (6'. 414) (Busch, Bauer, B. 88, 1066). 2-MethyL4-phenyl-thiosomicar- 
bazid (S. 412) liefort beim Erhitzen mit Phenylsenfol auf etwa 100° 3-Methyl-2*5-bis- 

CHj. N-NH 
phenylimino-l , 3.4-thiodiazoltetrahydridi 1 1 (Syst. No. 4560) 

C.Hj. N: O—S—C : N . 
(Marckwald, Sodlaczok, B. 29, 2921), Beim Eintrogen von uberschiisHigem Phenylsenfol 

in die kalt/O alkoh. Losung des Athylendiamins bildet sich Athylen-bis-(<i>-phenyl-thio- 
harnstoff) (S. 406), analog verl&iift die Reaktion mit Trimothylendiamin (Lellmann, 
Wiirthner, A, 228, 234, 236). Phenylsenfol reagiort in alkoh. Losung mit der 5,quimolo- 
kularen Menge o-Phenylendiamin unter Bildung von N-Phenyl-N'-(2-amino-phenyl)- 
thioharnstoll (Syst. No. 1752); 2 Mol.-Gew. Phenylsenfol geben mit 1 Mol.-Gew. o-Phcnyl- 
endiam n in aikoh. Ldsung o-Ph©nylen-bis-(tu-phenyl-thiohamstoff) (Syst. No. 1752) ; 
analog verlaufon die Reaktionen mit m- und jo-Phenylendiomin (LoUmann, A. 221, 28 ; 
IjoII. WOrthner, A. 228, 199). Phenylsenfol reagiort mit /5-Oxy-athylamin (Bd. IV, S. 274) 
unter Bildung von N-{j5-Oxy-athyl)-N'-phenyl-thiohamstoff (S. 398) (Knorr, ROssler, B. 
86, 1280). Bei der Reaktion zwischen Phenylsenfol und Glykamin (Bd. TV, S. 305) in 

^ So fonmiliert auf Grund einer Privatmittoilung von Busch ; vgl. au(?h B., Holzmann, 
B. 34, 344 ; B., Limpach, B. 44$ 1573, 
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HO . CH, . [CH(OH],. CH-O. 
1 X!S siedender Pyrindinliisung entsteht die Vorbindiing 
CH,—NH/ 

(Syst. No. 4300) uad Thiocerbonilid (Roux, A. cn. [8] 1, 113; vgl. Maquenne, 
Roux, C. r. 184, 1501). Phenylaenfdl liefert mit Aminoacetal (Bd. IV, S. 308) N-Phenvl- 
N'-aoetelyl-thiohamstofif {8. 399) (Wohl, Marckwald, B. 22, 669). Aug Pheuylgoufbl imd 
Diaoetonamin (Bd. IV, S. 322) entsteht Methvl-[j8-(“'-pl'‘''*yl'tbiowteido)-i8obutvl]-k«toii 
tS. Zm (W. Traube, B. 27, 27ft); analog vorl&uft die Keakti^ mit Mothyl-(€-aminO'n- 
amyl)*keton {Bd, IV, S. 324) (Gabriel, B, 42, 1257) und Methyl-({-ammo-n-h6xyl)-keton 
(J8d. IV, S, 326) (Gabr., B, 42, 4065). Die Einw. von Phenyls^iyfdl auf salzsaures Glyko- 
samin {Bd, IV, S. 328) in Aceton in Gegenwart von NatrinmQi^bonat fiihrt zu der Vor- 
bindung HO . CH^ . [CH(OH)]3. C-NH\ 

1 >CS (Syst. No. 36S8) (Noulwrg, WoHl. B, 84, 
HC . NIC.H,)/ 

3843). .Beim Zusammenschmolzen von Glycin mit Phonylsenfol pntsteht 3-Plienyl-2-tliio- 
hydantoin . N—OS—-NH (Syst. No. 3587) (Aschim. B. 17, 424); amdog bi]()(4 

OC-CH, 
N'Phenylglycin {S, 468) beim Erhitzen mit Phonylsenfol auf 80° l-3*Di})htMiy]-2*thio- 

hydantoin (Syst. No. 3587) (Aschan, Ziiliacus, Of. Fi. 29, 165). Phenylsonfdl vt'rbindof 

sich mit Glycin&thylester in Athor zu Anilinothioformyl*glycin-athylest(?r {S. 405) (E. 

Fischer, B. 34, 439). Aus Phenylsenfol und Athylaminoacotonitril {Bd. IV, S. 349) in 

Chloroforrnlosung entsteht N-Athyl-N-anilinothiofonnyl-glycin-nitril (i.S’. 406) (Knoeverittgi'l, 
Mercklin, B. 87, 4092). Fiigt man zu Alonin, gelost in der Aquivalenten Mongo kon/.. 
Kalilauge, die &quimolekulare Menge Phenylsenfol in alkoh. Losung, so erhdlt man 
a-[a»-phenyl-thioumido]-propion8aures Kalium {S, 406) (Marckwald, Noumark, Stelznor, 
B. 24, 3280); beim Zusaminenschmelzon von Alanin und Phenylsenfol wird 5*Methvl-3- 
phenyi.2-thiohydantoin (Syst. No. 3587) erhalten (Aschan, B. 16, 1644 ; 17, 421) ; Phenyl* 
sonfol vorbindet sich mit d-Glykosaminsdure {Bd. IV, S. 522) in Acetonlosung boi Gogen* 
wart von Alkali zu N-Anilinothioformyl-d-glykosaminsaure {S. 406) (Nouberg, Wolff, 
Neui^in, B. 35, 4013). Phenylsenfol gibt mit Anthranibdure in alkoholischer, schwaoh 
alkalisoher L^ung 2-[ai-Phenyl-thiouroido]-benzoe8dure (Syst. No. 1897) (McCoy, Am. 21, 
146, 147), beim Erhitzen mit m-Amino-benzoes&ure im geschlossenen Rohr auf 100° 3«[ao 
Ph^^yh^ioureidoj-benzoesdure vom Zersetzimgspunkt 260-262° (Syst. No. 1905) (Aschan, 

Phenylsenfol verbindet sich bei gewohnlicher Temperatur mit Methylhydraziii zu 
2-Methyl-4-phenyl-thio6emicarbazid {S. 412) (v. Briining, A, 253, 11 ; Busch, Ophurnann, 
Walther, B, 87, 2321); analog verl&uft die Keaktion mit Hydrazinoessigsaure (Bd. IV, 
S. 556) (Traube, Hofia, B. 81, 168), Mit N. N'-Dimethyl-hydrazin {Bd. IV, S. 547) 
entsteht l*2-I)im0thyl-4-phenyl-thio8emicarbazid {S. 413) (Knorr, Kdhler, B. 3264). 
Phenylsenfol liefert mit Phenylhydrazin in Alkohol bei niednger Temperatur 2-4-Diphe>nyb 
thiosemicarbazid (Syst, No. 2037) (Marckwald, B, 25, 3106 ; Busch, Holzmomi, B, 84, 320) ; 
ohne Kuhlung entsteht vorwiegend 1, 4-Diphenyl-thioeemicarbazid (Syst. No. 2040) 
(E. Fischer, A. 190, 122 ; Busoh, B. 42, 4600). Mit Phenylhydrazin in ameiseiisaurcr odor 
essigsaurer alkoholischer Losung entsteht dagegen selbst bei hoherer Temperatur (50 ) 
vorweigend 2-4-Diphenyl-thiosemicarbazid ; in absol. Ather oder Benzol selbst bei 0° 
uberwiegend l*4-Diphenyl-thioaeinicarbazid (Busch, B. 42, 4599). Mit Benzalhydrazin in 
siedendem AJkohol wird 4-Phenyl-l-benzal-thiosemicarbazid {S. 413) orhalUm ; tmaJog 
verl&uft die ReaMion mit Salicylalhydrazin (Bd. VIII, S, 50) (Curtius, Franzon, B. 85, 
3236, 3237), Bei 20-24-stdg. Erhit^n Aquimolekularer Mengen Phenylsenfol und Aceton- 
phenylhydrazon (Syst. No. 1954) im Wasserbade entsteht l-Isopropyliden-2-4-dipheny|. 
thiosemicarbazid (Syst. No. 2038) (Vahle, B. 27, 1614). Bei 12.14-8tfig. Erhitzen von 
aquimolekularen Mengen Phenylsenfol imd a-Benzal-phenylhydrcwcin (Syst. No. 1958) im 
geschlossenen Rohr auf 176-180° wird die Verbindung cVH^ . N-N * (Syst. No. 

S(!:.N(C,h,).J.c,h, 
3876) gebildet (Vahle, B. 27, 1614). Phenylsenfol gibt mit N'-Formyl-N-phenyl-hydrazin 
(Syst. No. 2009) im geschlossenen Rohr bei 180° 2-4.Diphenyl.l.formyl-thiosemicarbazid 
(Syst. No. 2038) (Vahle, B. 27,1617). Beim Erhitzen von Phenylsenfol mit a-Semicarbazino 
propions&ure-Athylester (Bd, IV, S, 557) in Essigester entsteht MJreido-5-methyl.3-phenvl- 
2-thio-hydantoin 
CgHj, N--CS—N . NH . CO . NH, (Syst. No. 3587) (Bailey, Am. Soc. 26, 1012). Kocht 

! I man a-Hvdrazino-isobutters&ure mit 1 Mol.-Gew. 
OC-CH . CH, Phenylsenfol in wfissrig-alkoholischer LOsimg etwa 

20 Minuten, so erh&lt man l-Ammo-6‘6-dimethyl-3-phenyl-2-thio*hydantoin (Syst. No. 

* Zur Formulierung vgl. die nach dem Literatur-Schlusstennin der 4. Aufi. dieses 
Handbuches [1.1.1910] er8<mien©ne Arbeit von Busch, Schneider (J, pr, [2] 89, 314), 
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3587) (Bail., Am. Soc. 26, 1020). Kocht man a-Hydrazino-isobuttersAure mit einem 
ubarschuss von Phonyteenfol in essigsaurer Lbsung, so erMlt man die Verbindung 
CflHa. N—CS-~N . NH . OS . NH . C.H* (Bail., Am. Soc. 26, 1016). Beim Zusammen. 

I I bringen molekularer Mengen Phenylsenfol und 
OC-C(CH8)j N-Phenyl-hydrazin-N-ossigs&ure-athylester (Syst. 

No. 2044) entsteht l-[Capb&thoxy-rnethyl]-l*4-diphenyl-thio8emicarbazid (Syst. No. 2044) 
(Harries, B. 28, 1227). 

Phenylsenfol losst sich durch Einw. von Methylmagnesiurnjodid in &ther. Ldsung und 
nachfolgonde Behandlung des Reaktionsproduktes mit Wasser und verd. Schwefelstiure 
in Thioacotanilid {S. 245) uberfiihren ; in analogor Weise werden mit anderen Alkyl- und 
Arvl-niagneHiuraverbindungen die entsprechenden Thioacylanilide erhalten (Sachs, Loevy, 
B.^36, 586 ; B. 37, 875). 

Phenylsenfol verbindot sich mit x4thylenimin | ^NH (Syst. No. 3035) zu Athylen- 
imin-N-thiocarbonsaure-anilid (Syst. No. 3035) (Gabriel, Stelzner, B. 28, 2936), 
analog verliluft die Keaktion mit Trimethylonimin (Syst. No. 3036) (Howard, Marckwald, 
B. 32, 2035), Pyrrolidin (Syst. No. 3037) (Schlinck, B. 32, 955), Piperidiii (Syst. No. 3038) 

yCHj . CHg . CHax (Gebhardt, B. 17, 3039). Mit Athylen-trimethyleii-diamin 
^ ^ ^NH (Syst. No. 3460) in Alkohol gibt Phenylsenfol Athylen- 

OH2 - —.Civ trimethylen-diamiu-N . N'-6t«-[thiocarbons&ureanilid] (Syst. 
No. 3460) (Esch, Marckwald, B. 38, 761). Burch Vermischen von Losungen von Phenyl¬ 
senfol und 2-Methyl-gIyoxalin-dihydrid-(4*5) (Syst. No. 3461) in absol. Alkohol erh&lt man 
2-Mothyl-l-anilinothioforinyl-gIyoxalin-dihydrid-(4'5). (Syst. No. 3461) (Dixon, Soc. 69, 
34). 

UnivaruiluTif/ffprodukte ungewisser KonsUttUion axut Phenyhtcnfdl. 

Verbindimg CtHjOjNSj. B. Aus Phenylsenfdl und SO, (Magatti, B. 11, 2267).— 

KrysUiIle (aiis Benzol). F: 180-183° (Zers.). Unloslich in Wasser, Alkohol, Athor, 
Eisessig, leicdit Ibslich in siodondom Benzol, CHCl,, Nitrobenzol. Unloslich in SS-uren 
und Aikalion,—Winl durch Alkalien leicht entschwefelt, Zerf&Ut beim Erhitzen mit 
Wasser ini goschlosseium Rohr bei 100° in HjS, CO, xmd Sulfanilsaure. 

CeH, . N : C-N . C^H, 
Vorbinduiig C7H7O4NS,. B. Nel)on “ Phenylsenfolsulfid ” | ] (Syst. 
No. 4445) auH Phenylsenfol und Chlorsulfonsaure (Pawlewski, B. 8 . S . CS 
22, 2200). — Tafoln (aus Wasser). Schwer loslich in kochendem Wasser, fast unloslich in 
slarkem Alkohol. -Oeht bei 130° odor im Exsiccator in eine Verbindung C7H8O3NS2 fiber. 

.N(C.H,). CH[C4H,K 
Verbindung C17H87NJS — SC<!l ^NH (?). B. Beim Erwannon von 

Phenylsenfol imd Isovaleraldeyhd-^NH . CH[C4H3]-^ ammoniak (Bd. 1,686) 
in Alkohol (Dixon, Soc. 53, 417). — Nadeln (aus Alkohol). F : 152-163° (Zers.).’ 

Phenylsenfol reagiert mit Tri&thylphosphin (Bd. IV, S. 582) in Gogenwart von viel 
Ather Linter Bildung dor Verbindung (CjHjjjP-C: N . C4H5 (S. 463) (A. W. Hofmann, 
A. Spl. 1, 36 ; Htintzsch, Hibbert, B. \o/ 40, 1511). 

o 

BeUsiein, V'ol. 12, Supplement, pages 261-262. 

‘ ThiokohUtisdure-anil, ThiocarbanU, PhenylMothiocyancUe, PhenyUtenfbl C7H4NS = 
C4H5. N: CS {S. 463). B. Bildot sich leiclit aus den Salzen der Dithiocarbanils&iue, so 
beim Erwkrmeu dos sauren Kaliumsalzes mit Wasser (Rathke, B. IL, 960), beim Erw&rmen 
des Bleisalzes (M. Mayer, Fehbnann, C. 1910, II, 930; vgl. Heller, Bauer, J, pr. [2] 66, 
369), bei der Einw. von Chlorameisens^ureester auf das Ammoniumsalz (Wheeler, Dustin, 
Am. 24, 432 ; Androasch, M. 27, 1219). Durch Erhitzen von S-Trichlormothyl-N-phenyl- 
thiohydroxylamin C4H4, NH . S . CClj auf 125-130° (Johnson, Hemingway, Am. Soc. 
1865). Aus dem Phenylimid d€>8 Triphenylphorohins (CiHj),?: N . (Syst. No. 2272) 
in siedendom Schwefelkohleiistoff (Staudinger, J. Meyer, Helv. 2, 644). 

— Dar»t. Man fiigt unter bestkndigem Ruhren alhn&hlich 56 g. Anilin zu einer 
gekillilten Mischung aus 64 g. Schwefelkohlenstoff und 90 cm* Ammoniak (D: 0-9) und 
be^handolt die w'iissr. Ldsung des entstandanen Ammoniumsalzes der Dithioc.arbanils&ure 
mit Bieinitrat-Ldsung (Organic Syntheses, CoU. Vol, I (Now York, 1932), S. 437), ~D4**: 
M288 ; D|»»: M202 ; D**®: M061 (Kumokow, Shemtschushny, Ph. Oh. 83, 494 ; J. der 
Ruse. Physik.^chem. OeseUschaft, 44, 1977). Viscositat bei 26°; 0 01397 ; bei 35°; 0 01199 ; 
btn 50° ; 0*00978 g./cmsec, (Ku.. Sh.). OberflAchonspannung zwischen 13*2° (41'6 dyn/cm.) 
und 162*2° (26*3 dyn/cm.); Bolle, Guye, J. Chim. Phys, 3 [1906], 41 ; vgl. a. Morgan, 
Cliazal, Am. Soc. 85, 1823. Kryoskopisches Verhalten in Sohwefel: j^ckmann, Platzmann, 
Z. tmorg. Ch. 108» 206. Diohte und Visooait&t der Gemisohe mit DiAthylamin : Ku, Sh. 
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PheiiyisenfOl wird beini Leiten iiber oine auf 700° orhitzt-«^> Silboi'spirale nicht zersotzt 
(Staudinj^er, Endle, B. 46, 1442). Liofert beiin Erhitzon mit Eisenpvilver in MaBchinenol 
auf 290° Benzonitril (Bayor & Co., D.R.P., 259,364; (\ 1913, I, 1741; Fr(U, 11, 204) 

Boim Erhitzen mit Sticks to tTwasBorstoffaaiire in Athcn* uiiter Druck auf 40-50° entstoht 
Thiocarbanilsaui-eeizid, beim Erhitzen auf 60-70° orhiilt uian 5-Amino-Ephenybtetrazol, 
(Syst. No. 4110) (Olivori-Maiidala. Noto, G. 43, 1. 312 ; O.-M., G. 44, i, 671 ; vgl. O.-M. 
O, 62, I, 103; Stoll6, B. 55, 1291). Thiocarbanilsiiure-O'Athyloster entstelit . . . l)6i 
gewdhulicher Temperatur; in guter Au.sbouto bildon sich ThiocarbanilsfluroO-ester bei 
der Umsetzung vou Phenjlsenfo] mit Natriumalkoholaton (Roshdestwenski, J. de?" liusa. 
Pkymk.-chem, GeselL 41, 1441 ; C. 19J0, 1, 910). Bei tagelangoin Erwarmon von f’heiiyl- 
senfdl mit Phenol auf 80" entsteht ThiocarbanilsAure-O-phonylester (Schneider, Wrede, 
B, 47, 2040). Phenylsenfol ludort mit Bleiphenolat in Phenol bei 100—110° KohleiiBiiuro- 
diphenyloster-anil (Chem. Fabr. Ladenburg, D.R.P. 230,827 ; C. 1911, I, 601 ; FrdL, 10, 
1322). Gibt mit Chloressigsauroanhydrid bed 160-180° 2-4-Dioxo-3-phenyl-thiazolidin und 
Chloracetanilid (Dubsk}', Granacher, B. 50, 1689). Beim Erhitzen mit Harnstoff odt?r 
ThiohamstofT fiir sich odor in alkoh. Losiuig ontstohen N . N'-I)iphenyl-thiohamstoff imel 
Cyanamid (Pieroni, O. 42, 11, 184). Boi Einw. von 0*67 Mol. Bonzilsauro in der VV^tene 
entstoht 4-Phenylimino-3, 5, 5-triphonyl-thiazolidon-(2) (Syst. No. 4298), mit 1 Mol Bonzil- 
s&urometh^destar imd Natrium in Xylol ThiocarbaniLsaure-O-nie^thylester {S. 242) (Betts- 
chart, Bistryzycki, Helv. 2, 130). Liefert mit Benzilsaure in Eisessig-Schwofelskure in der 
Kalte Thiocarbanilaauro-S-[a-earboxy-bonzhydryle8tor] (S. 244) (Booker, Bi, B. 47, 3151). 

Mit Natriumacotessigester in Ather entsteht die Natrium-verbindung des Acetylmalonsaurev- 
Mhylester thioanilicls {S. 280) (Worrall, Am. Soc. 40, 418). Bei Einw. von Natrium- 
benzylacotessigester in siodonelem Toluol und BehandJung des Keaktionsprodiiktes mit 
vord. Salzs&ure erhalt man oine Verbindung (Ci6Hi5NS)x (s.u.) (Wo., A?n. Boc. 40, 423). 
Liefert mit Iminodiessigsiiure in siodendem Alkohol 3-Phemyl-2-thiohydantennesHigHiiure- 
(1) (Bailey, Snyder, Am. Soc., 37, 941). Gibt mit oj-Phenyl-carbazinsaureathyleater (Syst. 
No. 2040) in alkoh. Kalilaug© l*4-Diphenyl-thio8emicarbazid-earbon8auro-(l)-(ithyleaU^r, 

CeHs . N-N 

hs.c!<“>4 

5-Morcapto-l, 4-diphenyL3*5*oxido-l , 2.4-triazolin (s. nobonstehende Forrnol; Syst. No. 
3888) und ThiocarbanilsAure-O-kthylester (Busch, Limpaoh, B. 44, 1575, 1580). Beim 
Erwarmon mit dom Phenylirnid des Triphenylphosphins (CftHg)^?: N . Cellj bildei sich 
Triphonvlpho.sphinsulfid (C(5H5).)PS (Staudinger, J. Meyer, Helv. 2, 644). 

“ PoVmera Benzylthioacotanilid ” (CibHj^NS), . CH*. CH,. CS . NH . CeH^)* 
(?). B. Bei der Einw. von Natrium-benzylacetossigestor auf I’honylsonfOl in siodendoin 
Toluol und nachfolgondon BehandJung des Roaktionsprodukto mit vord. Salzsaure 
(Worrall, Am. Soc., 40, 423). —Grolbo Krystalle. F, 222-223” (Zors.). Fast unloslich in 
Alkohol und Benzol, fernor in Natronlauge und Salzskure.’ 

This is an exhaustive and complete account of the subject up to 1919 ; 
further search must be made in the abstract indexes from 1919 onward. In 
order to complete this example, a search has been made in the American Chemical 
Abstracts, details of which are given below. The substance is not indexed 
under the name ' Phenyl mustard oil although a cross reference is given to 
the approved name which is ‘ Isothiocyanic acid, phenyl ester 

In the entries on page 23 only those are given which are directly indexcxi under 
the particular compound sought; much additional information may often be 
obtained from the entries generally under ‘ Isothiocyanic acid particularly 
under the sub-heads ' aryl esters \ ‘ esters ’; in the case of the 1927-1936 
Collective Index there is an entry :— 

“ Isothiocyanic Acid, Esters 

“ Thesis; Die Darstellung aromatischer Senfole und Isocyanate und ihre 
Kondensation mit Guanidin, 25, 1716*.*’ 

which might be of considerable interest. 
In order to reduce this mass of information to a form convenient for refer¬ 

ence, it is desirable to enter on a card each individual reference either from 
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Entries in the 1917-1926 Collective Index Entries in the 1927-1936 Collective Index 

Isothiocyanio Acid, Phenyl ester 
addn. compds. with pyridine derivs., 181 

3382*' * 

compds, with alkylmethylenedihydro-pyri- 
dirios and -quinolines, 18: 2519® 

prepn. from thiocorbanilide, 20: 108P, 
1223“ 

prepn. of, 20: 3288* 

Isothiocyanic Acid, Phenyl ester 
compd. with JCI3, 28: P. 1068® 
compressibility and ultrasonic velocity for, 

80: 7942* ‘ 
elec, moment of, 26: 2611® 
elec, moment of, and deriv., 26: 3969* 
parachor of, 24: 1624’ 
prepn. of, 21: 67* 
Raman effect of, 24: 4707*, 5231* 
reaction with alphylhydrazines, 26: 4862® 
reaction with aminoglucoso, 24: 5285* 
reaction with AsHg, and with Phj, at¬ 

tempted, 24: 5028® 
reaction with carbethoxyguanidine, 28: 

1665® 
reaction with cotarnine, 29: 2961® 
reaction with guanidine, 28: 3903® 
reaction with isatic acid, 21: 587* 
reaction with PhLi and with PhNa, 27: 

1872* 
reaction with phenols, 24: 80® 
reaction with phenols in prt^sence of AICI3, 

26: 3239® 
reaction with PhMgBr, 28: 3909^ 
reaction with Na derivs. of esters of malonic 

and cyanoacetic acids, 27: 5065® 
as reagent for identification of primary 

aromatic aminos, 28: 3445® 
refraction equivalent of, N valency and, 22: 

3346® 
system: diothylanilino-, surface tension 

and its temp, coelf., 29: 6119* 
systems: methylanilinf3-, and diethylani- 

lino-, 26: 3159* 

Entries in the 1937-1946 Collectives Index 

Isothiocyanic acid. Phenyl est^*r, 87: 4708® 
behaviour in aiiliyd. HE, 31: 5705* 
compd. with 4-amino-1-diothyl-amiiio-2- 

butanol, 40: 5699* 
formation from salts of PhNHCSjH, 81: 

1377^ 
mixts. with methylanilino or piperidine, 

f.-p. lowering of C3H3 by, 86: 6175® 
oxidation of a mixt. of, and phenyl-guani¬ 

dine, 83: 5818® 

{)repn. of, 84: 6131® 
reaction witli benzoin oxime, 86: 6246® 
reaction with 4-(hydroxynietliyl) anti- 

pyrino, 87: 5404^ 
reaction witlt metlune enoll>etamos, 81: 

3920* 
rt'action with pyrazolone deriv.^. 81: 1803* 
reactions vrith S and CSg, 84: 6187® 
s|X'ctrum of, 84: 5755® 
system: PhNH, “ - S -37 : 6532’ 

Beilstein or from the Abstracts, with the whole of the data available from these 
sources. A reproduction of the card used in the author’s laboratories is shown 
< 11 page 24. 

Having once made a complete se^irch of this nature, the cards are filed 
together, and from the nature of the Boilstein and Abstract entries the worker 
can judge which are of suflScient value to warrant the study of the original 
papers to which they refer. The example taken was purposely selected for its 
simplicity; better known and more widely used substances would jrield much 
more extensive records. 
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Number Subject Phbnyl Mustaud Oil 

17.437 

Title 
Course of addition of sodium enol alkyhnalonio ostor to 

phenyl iaothiocyanate 

Author John Ross 

Reference 27. 1033—p. 6065. Am. Chem. Abstracts 

J, Am. C?tem. Soc., 66, 3672-3677 (1933). —Na enol inalonat-« and PhNC’8 give ({uaii- j 
titatively thethioanilidoof Etmethanetricarboxylato, in. 60'' (Michael, J. prakt. Chem., \ 
35, 450 (1887)); Mel gives the S-Me ether, m. SS'’; the other is hydrolysed by HCl ' 
but not by EtONa. Na enol methylmalonate and PhNCS give only 12 jxu* cent, of j 
monothioanUide of tri-Et ethane-OL, a, oL-tricarboxylate, pale yellow, in. 92° ; 10 per (?ent. i 
KOH gives the monothioanilide of methylmalonic acid, m. 118° and giving thiopropionie j 
anilide. The Na compd. of NCCHaCO,Me and PhNCS give almost quantitatively the i 
monothioanilide of Me cyanornalonate, m. 135° (deeornpn.); the S-Me otlH^r m. 83° ; I 
MeCH(CN)CO,Me gives only 10 per cent, of the monothioanilide of !X‘Cy<mopropionic 
add, m. 126°. A modification of the theory of the mechanism of this addn. reaction ^ 
is consequently necessitated and an explanation is offered. 

(’. J, West. 

APPENDIX 

LIST OF ABBREVIATIONS, ETC., USED I.V ABSTRACTS 

AnsonirrE 
alternating current . 
ampere . . . . 
Angstrom unit 
anhydrous 
approximat-e, -ly 
aqueous . . . . 
A^ignorlin patent titlcn . 
Assignee / only 
atmosphere, -es, -ic . 
atomic . . . . 
atomic weight . 
boiling point 
British thermal unit . 
calculated 
Calorie (large) . 
calorie (small) . 
candle power . 
centimetre 
cerebrospinal fluid 
coefficient 
concentrated . 
concentration . 
constant .... 
corrected 
critical .... 
crystalline 
crystallised (adjective only) 
cubic centimetre(s) . 
cubic nietre(8) . 
current density 
decinietre(8) 
decompos-ing, -ition . 
density .... 

abs. dilute . . . . 
a.c. direct current . 
amp. electrocardiogram 
A. electromotive force . 
anhyd. electron-volt (h) 
approx. equivalent 
aq. foot, foot 
lAssr. for example 
\ Assee. freezing point . 
atm. gallon(8) 
at. gram(8) . . . . 
at. wt. horse power 
b. p. hour(s) . . . . 
B.Th.U. hydrogen-ion eoncen trat ion 
calc. inoh(e8) .... 
kg.-cal. inorganic 
g.-cal. insoluble .... 
c.p. kilogram(8) 
cm. kilovolt(s) 
c.s.f. kilowatt(8) 
coeff. litre(8) . . . . 
cone. maximum 
conen. melting point . 
const. metre(8) .... 
corr. nucron(s) 
crit. 

jeryet. 

mi]liampere(8} . 
mil]igrain(8) 
miIllUtre(8) 

c.c. millimetre(e) 
ou. m. miUivolt(8) 
c.d. minimum 
dm. minute(8) 
decomp. molecul-e, >ar . 
P.d molecular weight 

dll. 
d. r. 
e. c.g. 
(‘.in.f. 
o.v. 
(^quiv. 
ft. 

f. p. 
gal. 
g- 
h.p. 
hr. 
[H-] 
in. 
inorg. 
insol. 

kv. 
kw. 
l. 
max. 
m. p. 
m. 

^g- 
ml, 
mm. 
rav, 
min. 
min. 
mol, 
mol. wt. 
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LIST OF ABBKEVIATIONS. ETC., USED IN ABSTRACTS-Hcon/mw««). 

namely .... viz. saponification value . . sap. val. 
normal .... . N. 8econd(8) (time only) . sec. 
number .... . no. • secondary sec. 
organic .... org. soluble sol. 
parts per million . p.p.m. specific sp. 
per cent. .... . "/o. specific gravity • 8P- gr- 
potential difference . . p.d. square centimetre{8) , sq. cm. 
precipitate • PPt- temperature(s) 

* tertiary 
temp. 

precipitated , pptd. tert. 
precipitating • PPfcg* vacuum . . vac. 
precipitation . pptn. value val. 
prejmration . prep. vapour density . v.d. 
qualitative . qual. vapour pressure . v.p. 
quantitative quant. viscosity . . 77. 
reerystallised . . recTj^t, volt(8) v. 
refractive index n. volume . vol. 
relative humidity . R.H. watt(a) . w. 
respiratory quotient . . R.Q. wave-length . A. 
revolutions per minute 
Roentgen unit . 

r.p.in. 
r. 

weight wt. 

* The iibbn^viation« for Bocoiuiary and tertiary are used only in connection with organic 

comixjunds. 

In addition, elements, groups, and easily recognised substances are denoted 
in the text by symbols and formulae. The groups are as follows : methyl, 
Me ; ethyl, Et; 7i-propyl, Pr“ ; wopropyl, IV ; w-butyl, Bu® ; t.sobutyl, Bu^ ; 
fer^.-biityl, Bu'*' ; phenyl, Ph ; acetyl (CH3 . CO), Ac ; benzoyl (CeHg. CO), Bz. 
(In Section A, III this applies only to inorganic compounds, excluding water, 
and to chloroform and carbon tetrachloride.) “ Oleum is allowed to describe 
fuming sulphuric acid and ‘"room temp.” for “the ordinary temperature”. 
The symbol for 10 A. is m/x (not ^jx) and for the International X-ray unit it is 
X, not XU. The symbol for 10'"^ g. is pg (not y). 

The following symbols an* used in Section A, III: >, greater than ; >» 
much great/cr than ; >, not greater than (and <, <, < conversely); oc, (is) 
proportional to ; of the order of, or approximately. 

The principal Pharmacopoeias are denoted by B.P., U.S.P., and D.A.B., 
followed in each case by the identifying numeral. 
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CHAPTER II 

NOMENCLATURE 

“Too long has this scionco boon burdenod and obscurtd by cryptic words 
and pompous phrases. Uncouth and barbarous t rms must bo banished for 
ever.** 

—Lavoisier (after Jaff6). 

Names given to organic compounds during the early development of the 
science either indicated their source, as in— 

Indigo. 
Aniline. 

Uric acid. 
Theobromine. 

Papaverine. 
Alizarin. 
Menthol. 
Anthracene. 

or made reference to 

J^t. ‘ indicum ’ — ‘ the Indian fsubstanoo] *. 

Portuguese ‘ anil from the Arabic ‘ al-nil ^ meaning 
* indigo *. 

From ‘ urine 
‘ Theobroma cacao ’ (the systematic name of the cacao 

tree). 
‘ Papaver somniferum ’ (a name used for the opium poppy.) 
Late Greek ‘ pi^api * (cf. Levant; ‘ alizari ' for ‘ madder ’). 
‘ Mentha piperitae * = ‘ the peppermint 
Greek ‘ avOpa^ * = ‘ coal 

some outstanding property, as in— 

Fluorescein. 
Fulvene. 
Fuhninic acid. 

Cyanogen. 
Glycol and 

Glucose. 

‘ The fluorescent one 
Lat. ‘ fulvus ’ = ‘ tamiy or ‘ orange-y(‘llow 
Lat. ‘ fulmen ‘ fulminis ’ ™ ‘ a thunderbolt or irresist¬ 

ible power 
Greek ‘ Kvavos * “ * blue *, and ‘ yeuvdoj ’ = ‘ to jiroduce *. 

Greek ‘ yXvKvs ' ~ ‘ sweet ’. 

The great number of synthetic organic compounds available to-day would 
make this method impossible. 

Approved names of organic compounds are sharply divided into two types— 
short ‘ trivial ’ names for compounds in every-day use, and systematic nomen¬ 
clature used in such a way that the name is a complete key to the stnicture ; 
there is a gradually diminishing third group of ‘ semi-systematic * names, which, 
although simple, cause confusion, e.g. m-nitro-p-toluidine. Invention of trivial 
names is now almost obsolete, but earlier chemists have left a legacy of such 
names, dating from days when the constitution of organic compounds was 
entirely unknown or only vaguely surmised. Such names form the foundation 
on which the structure of systematic nomenclature has betm raised. Apart 
from the question of expediency, trivial names may have a misleading tendency ; 
carbolic acid and uric acid, for example, retain the “ acid nomenclature now 
usually reserved for carboxylic compounds ; theobromine contains no bromine, 
fluorene has no relation to fluorine; there is no relation between pyrene and 
pyran. Fortunately, such cases are comparatively rare. On the other hand, 
some brief cognomen is essential where many complex organic chemicals are 
used in an industrial organisation, for use by those workmen and executives 
whose duties involve a constant oral reference to the compounds. It is better 
to use initials, e.g. ‘ T.N.T.' for trinitrotoluene, ‘ T.N.B.A/ for trinitrobenzoio 
acid, ‘ D.M.S/ for dimethyl sulphate, * P.C.M.X.’ for parachlorometaxylenol 
where possible, although it must be admitted that this practice does not wholly 
solve the problem, and workmen will coin their own names which sometimes 
find their way back into the whole industry, being aptly chosen and clearly 

26 
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defined. Thus, one intermediate, in a well-known works, was called by the men 
‘ lemonoic acid ’ because it was pale yellow in colour. 

This need has, indeed, always been recognised and as an introduction to the 
subject of systematic nomenclature one cannot do better than quote the first 
paragraph of Foster ‘ On Chemical Nomenclature ' (1865) :— 

In forming a nomenclature for any science, two distinct requirements 
must be kept in view as having each to be supplied. In the first place, a 
convenient general language must be provided, to serve as a medium for 
the ordinary every-day transactions of the science ; and in the second place, 
there must be what may be called the legal language of the science—a 
language whose terms are, as far as possible, strictly defined, and have an 
exact and generally recognised value. It is this second stricter language 
which constitutes the more technical part of scientific nomenclature, and 
it is this alone which it is either desirable or possible to alter or reform in 
accordance with any particular state of scientific opinion. The general 
language of a science will always, in the main, take care of itself ; and at 
any given period it usually contains a large admixture of terms—once 
technical, but now no longer used for purposes of accuracy—which, like 
fossils in a rock, tell of the successive changes by which the existing state 
of things has betm brought about. The more strictly technical language, 
on the other hand, is always formed with more or less premeditation, and 
is then^fore, to a corresponding extent, under control and capable of being 
re-formed. The existence of such a language and its preservation in the 
highest possible state of cflBciency are of the utmost scientific importance ; 
for, although none but a pedant w^ould in all cases employ it (when the 
use of more popular expressions could lead to no ambiguity), it is quite 
certain that accurate language is an essential instnimcnt of accurate 
thought, and that the progress of any science will be greatly retarded 
unless its language is such as t.o admit of its facts and theories being stated 
with any required degree of precision.” 

In a manual of this size, the minute details of systematic nomenclature 
cannot be described ; but the student is recommended to familiarise himself 
with the general principles set out below'. 

The older ‘ theory of types ’ marked the introduction of a systematic 
nomenclature, traces of which are still to be found, as in Kolbc’s use of the 
‘ carbinol ’ nomenclature. Later, development of organic chemistry produced 
so gn*at a number of substancos, that the use of trivial names became impossible. 
Indeed, Gmelin and Gerhardt proposed to abandon existing nomenclature and 
to substitute one more capable of systematii^ manipulation. That of Gerhardt, 
as outlined in his Precis de Chimie Organique, involved many assumptions con¬ 
cerning the structure of organic substances, and w-as entirely impractical. 
Gmelin, however, invented new names for all compounds (organic and inorganic) 
known to him. 

Thus for example :— 

1 atom of oxygen is expressed by the word anc, 
2 atoms ...... ene, 
3 atoms ...... ine, 
4 atoms ...... oney 
5 atoms ...... une^ 
6 atoms ...... acne ; 

and so on. 
1 atom of hydrogen is called . , . ale^ 
2 atoms, by inflexions of the like description. 
1 atom of carbon is called , . . ase, 
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1 atom of sulphur 
-of nitrogen 
- of chlorine 
- of potass 
-of soda 

a/e, 
ate, 
ake, 
pate, 
mate; 

and so with others. Water will be designated by two syllables, derived 
from its two constituents, and is therefore called alan ; sulphurous acid 
afen ; sulphuric acid afiyi; sulphate of soda, therefore, will be natan-afin. 
Arbitrary names are attacluHi to the compound radicals : thus ethyl is 
vine ; amyl is myl; phenyl is fune, etc.’* 

It is^ not surprising that such a nomenclature was not accepted. 
The International Chemical Congress in 1889 appointed a special commis¬ 

sion to investigate the situation ; this commission reported at Geneva in 1892, 
and its recommendations are what is now called the ‘ Genova system ’. Of the 
vast array of problems before the Geneva commission, only a few were resolved ; 
indeed, it may be said that the original Geneva system covers only the aliphatic* 
compounds of simple function, and these not entirely satisfactorily, since it is 
by no means agreed that the basic principle of searching for the longest carbon 
chain as the stem for nomenclature is the most satisfactory means of dealing 
with poly-functional compounds.^ 

After many delays, the International Union of Chemistry again tackled tlu* 
question of nomenclature, and after several conferences (Varsovie, 1927 ; The 
Hague, 1928) produced a report at Liege in 1930. It is this report, premature* 
and incomplete, which gives us our present system—‘ the Li^^ge nomenclature* 
Much of the difficulty was due to the almost impossible task which was presented, 
that of reconciling the usages of Chemical Abstracts with those of ZentraWlatt 
and the fourth edition of Beilstein’s Handbuch. 

A translation of the important ' Liege report ’ is given in Apj>endix 1 to 
this chapter. In the remarks on nomenclature which follow, the author has 
not attempted rigid adherence to the Li^ge system where current accepted 
usage conflicts. 

Hydrocarbon Nomenclature 

In nearly all cases, it is usual to refer the compound either wdiolly, or by 
individual groups, to the hydrocarbon from which it is derived ; hence, ability 
to name any hydrocarbon is the first requisite in naming a compound. All 
saturated acyclic hydrocarbons are members of the paraffin series (Table I), 
the trivial names of the first four members of which have become established 
by custom. From pentane onwards, Greek enumerating prefixes coupled with 
the termination ** -ane ” seiwe to constitute names for higher hydrocarbons. 
Thus, the names of all members of the series end in “ -arie Another system 
is required for dealing with isomerism in the higher hydrocarbons:— 

TABLE I 

Methane CH, 
Ethane C,H, 
Propane C.H, 
Butane C.H,, 
Pentane C.H„ 
Hexane C,H,« 
Heptane C,H„ 
Octane C,H,. 
Nonane C,H„ 

Decane CioH„ 
Undecane Cn 
Dodecano 

Eicosane Ct.H„ 
Heneicosane 
Docosano 
Triocontone 

> Se® A. CombM (Wurtz, Dictionary oj Ohemittry. 2nd Supplement, 1894, p. 1073) for 
a full account of this. ' 
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while such isomerism is confined to two or three isomers, the simple prefixes 
“ iso- ”, “ sec- ”, “ ter- ” and “ neo- ” are sufficient as in 

CHs.CHj.CHis.CHa n-Butane 
CH, 

^CH.CHa 

CHj 

».TO-Butaiie 

CHs. CHj. CHa, CH^. CH3 n-Pentane 
CH3 

. CHj. CH3 

CUs 

isO'Pentane 

CH3 CH3 

X 
CH3 0H3 

neo-Pentane 

With higher memb(TH, where an increased number of carbon atoms brings 
an increasingly large' number of isomers, a more definite system becomes neces* 
sary. In each ease the generic title (e.g. “ decane ”) is reserved for the normal 
hydrocarbon ; all other cases are regarded as derivatives of the hydrocarbon 
which (‘onstitutes the longest carbon chain. Thus (1) is regarded as a deriva¬ 
tive of heptane, the position of substituent groups being indicated by numbers ; 

CH0.CH3 

.'i 4/ 
( H 

CH, ^CHs.THo.CHa 
{*) 

CH3 

\2 3 
CH . CHo 

/ 
CHa 

Si 
CH2.CH 
/ 4 5/ 

CHo.CH 
\CH 3 

\6 7 8 9 

CH2. CHo. CH2. CH3 
(2) 

its correct name is “ 2-methyl-4-cthyl heptane ” ; as with all truly systematic 
names the formula of the compound cafi be dedu(*ed from the nanu^ (For 
direction of stem enumeration, Bee below). 

Additional complications arise, if the substituent groups consist of branched 
chains, as in (2). Where there are two chains of equal length, that containing 
most substituent groups is taken as the stem, e.g. 

10 9 8 4 .3 2 1 

CH3 . CH2. CHg CH2. CMca . CHMe . CH3 

\7 « 
CH . CHg. CH 
/ \ 

CH3 CH2. CH2. CHo. CH3 
2, 3, 3, 7*tf trdinethvl-5-butvl decano 

Using the system already c^xplained, it is clear that the compound (2) is 
2-methyl-5-^ow6fAmy nonane**. How is '"something'' to be defined? 

According to the rigid system the side-chain is dealt with according to the folloM^- 
ing procedure. The longest carbon chain of the substituent group is numbered 
outward from the parent chain, using affioes 5i, 63, etc. The substituent 
marked (♦) in (2) is then regarded as a methyl group substituted into the Sj 
position of the 6-propyl side-chain. To avoid confusion with other groups of 
the same name, radicles following an aflbeed numeral sometimes have their 
terminal yl ** changed to “ o ” ; e.g. ‘‘ methyl **, “ ethyl *’ and “ propyl ** 
become metho etho ** and “ propo **. Thus, (2) is 2-methyl-6j-metho- 
6-propyl nonane 
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CH, CH3 
\6 #78 9/ 

C . CHg. CH,.. CHj. CH 

CH, .CH, 
\l0 U 12 IS 14 15 10 

CHj . CH . (^H.,. CHij. CH.,. CH.,. 

CH,. CH,. CH, . CH, 
4 3 2 1 

CH,. CH . CH,. CH, 
111 11* 

C'Ho.CH, 

(3) 

Another example (3) is “ 5, 9-dimethyl“5-etiiyl-llo-otho-l 1-butyl hexadeeane 
This system is siitisfactory for all saturated aliphatic compounds likely to b(‘ 
met with. It should be noted that in citing the substituents they are arranged 
in order of increasing size. 

Unsaturated Hydrocarbons 

Unsaturation leads to further complications and may be contemplated in 
two forms :— 

(a) the presence of one or more double or triph^ bonds, 
(b) cyclic structure, 

while a combination of all types is not uncommon. A single double bond in 
a normal hydrocarbon is signified by the change of namc^ from “ -ane ** to 
“ -ylene or ene ” ; two double bonds by the change from “ -ane to 
“ -adiene ” ; three, to “ atrieiu‘ Only in initial cases does this completely 
describe the compound, since the position of the double bond has also to be 
specified. In (4) below, the double bond lies between the third and fourth 
carbon atoms ; this is written “ heptene-3 ’’ (sometimes ‘‘ 
“ hepta-3-ene ”). Applying this process to (5) we get “ octadiene-3, 5 ^ 

CH3. CH2. CH=CH . CH2. CH3 CH3. . CH=UH . CH2. CH3 
(4) (5) 

CH2=-C^H . CH . CH2. CH.. CH.. CH.. CH. CH=CH. I . - * . , . 

CH,. CH=CH, CH.,. (JH,. C==(;H . CH,. CH, 
(6) (7) 

(wTitten also, 3, 5-octadiene ”, or ‘‘ ^-octadiene ”). Older liti'rature 
occasionally signifies the positions of the double bonds by the letters of the 
Greek alphabet, the compounds (4) and (5) being “ y-heptene ” and “ y : c- 
octadiene An alteration in the method of choosing the stem may be used 
with unsaturated compounds, the stem being chosen to contain the greatest 
possible number of unsaturated links. Thus, (6) is 3-pentylhoxadiene*l ; 5 ” ; 
J) is ‘‘ 3-etbylhexadiene-l, 3 and the more complicabxl instance (8) is 

13 12 11 

CH3. CH==CH 
3 2/ 

CH==C 

CH,, 

\iu 9 8 7 « 4/ \ 

^CH . CH2. CH2. CH.. CH==(H . CH CH3 

CH, 
(8) 

CH.. CH.. CH,. CH. 

** 2, lO-diinethyl-4-butyl trid«catrioia)*2, 6, 11 ” 

^ It is convenient to place the enumerating figums before prefixes and after suffixee, e.g. 
“ 3-methyl ... ”, “ 6-propyl . . . but “ . . . dione-3, 6 ” or ' . . . trieno-4, 6, 9 **. 
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Note that the longest carbon chain (that of fourteen) is not chosen. If, 
however, an additional unsaturated link had been present (as in (9)) the longer 

14 13 12 

CH3. CH=CH 

5* 

CH 
6, 5,/ 
CH=C 

3 

CH, 

CH . CHjs. CHj. CHss. CH==CH . CH 
10 

CH, 

W 

. CH==CH. CH, 
8 2 1^ 

chain could have been chosen, the name being “ ll-methyl-52‘metho-5- (propa- 
5,-enyl)tetradecatriene-2, 6, 12 ”, although “ 2, 10-dimethyl-4(buta-42-enyl)- 
tridecatriene-2, 5, 11 ” is shorter and conforms better to the rule given in the 
following paragraph. 

It will be obseiwed that in the examples (8) and (9) the enumeration is from 
right to left; this is in order to comply with the rule that the sum total of all 
substituent numbers shall be as small as possible, e.g. had example (8) been 
numbered from left to right it would have been named “ 4, 12-dimethyl-lO- 
butyltridecatriene-2, 8, 11”, an enumeration total of 4 + 12 + 10 + 2 + 8 + 
11 = 47, instead of 2 + 10 + 4 + 2 + 5+11 = 34. This rule is general in 
all forms of nomenclature. 

Procedure in the case of substances containing triple bonds is exactly 
similar, save* that the tcTmination “jme” replaces “ene”. Thus, (10) is 
** pentyne-1 ” (more usually called ‘‘ n-propylacetylene ”); (11) is “ 3-methyl- 
pentyne-1 Where both double and triple bonds are present in the same 
compound (in practice, a very rare matter) both are specified in the termination, 

CH3. CHjj. CH,, C=CH 

(10) 

CH2. CH3 

/ 
CH=C. CH 

"^CH, 

(11) 
3 2 1 

CH,. C=CH 
12 11 10 » 8 7 6 5 4/ 

CH3 . CHa. CH,. CH . CH=^^H . CH=CH . CH 

(JH, . CH, . CH, \h, 
(12) 

the double bond taking precedence, thus the systematic name of (12) would be 
“ 4-methyl-9-propyldodcoadienyne-6, 7, 1 

Homocyclio Compounds 

Names of hydrocarbons containing ring systems are often referred for 
nomenclature to the ring, or, in the cose of more than one ring, to the largest 
ring. This rule is not always adhered to, since some rings have accepted 
trivial names (e.g. bensBene), and in others the ring system is treated as a sub¬ 
stituent. A few examples wiU make this clear. 
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CH, CH* . CH* CH3 

CH^H.CHj.CHa CHj \h.CHj.CH2.CH2.CH=CH.CH 

. Ch! .CHj.CHg 
(13) ' “ (14) 788 

.CH, iCH==CH< 

CHj CH—CH 

J I I (iHg CH CH 

CH CH 

2 

2 

(21) 

(13) Alternative names for this substance would be ‘‘ ethyl-ct/cfopropane 
and cycZopropyl ethane ” according as the ring is regarded as substituent or 
as central group ; the proposal to regard the substance as “ 1, S-ci/cfopentane 
is not often us^, in spite of certain advantages. (See Ex, 21.) 

(14) The simplest way with this compound is to treat the cyclic gioup as a 
substituent; thus, ‘‘ 6-methyl-l-cycfohexylnonene-4 unless the system 
mentioned in Ex. 13 above, is adopt^, i.e., to relate the compound to the open 
chain hydrocarbon, obtained by opening the ring at ♦ ; its name would then be 
“ 12-methyl-l, 6-cycZopentadecene-lO 

(16) Systematically this compound has been called “ 1-phenyl butane ” ; 
usage has established the name “ n-butyl benzene 

(16) The only name which the older rigid system allows is ‘‘1, 2-diphenyl 
ethene ” ; the more euphonious “ s-diphenyl ethylene is sometimes met with, 
but the trivial name stilbene ” is most commonly used. 

(17) This compound would be known as “ 2-phenyl naphthalene ’’; not as 
** 2-naphthyl benzene the smaller group always being considered the sub¬ 
stituent. 

(18) This compound presents a case of great interest. If it is regarded as a 
disubstituted derivative of naphthalene, it becomes almost impossible to 
enumerate the substituent in the “ 2 position. In such cases, it is usual to 
r^ard the carbon atom (*) as a methane carbon atom, the compound being 

2 - (6-propyl -naphthyl)-! - (2-methyl-cyclopropyl)-methane The valuable 
principle of the methane carbon atom is often used (see “ Amines p. 43). 

(19) Fused rings often lead to complexities which systematic nomenclature 
cannot easily overcome without the use of long and cumbrous names. In 
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many cases, the problem has been solved by creating a trivial name for the 
fundamental group and using this as the stem for nomenclature of its deriva¬ 
tives. In the case under consideration, there is a clear relation between the 
compound and indene (20), which leads to the name “ hydrindene The 
substance is, however, directly related to nonane and might have the systematic 

CH, 

CH3 

I I i CH, CH* CH, 
\ \/ 

CHj CH* 
name bicycZo[4, 3, OJnonatriene 

(21) At first sight, three rings fused together, as in (21), appear to defy 
systematic nomenclature. It will be noted that the complexity is to a great 
extent due to one of the carbon atoms being a member of three rings. No 
general rule can lx*, given for such cases, which, fortunately, do not often arise ; 
when they do, a suitable trivial name is usually arrived at for the parent ring, 
although there should be little difficulty in regarding such a substance as a 

derivative of undecane; it could, therefore, be named “ 1, 6 :1, 9 : 2, ll-tri- 
cyc/oundecane Ring Index, “ tricycZu-[5, 3, 1, 0^ ^®]undecane 

It is instructive to select a substance such as ergosterol (22) and to ascertain 

whether any systematic method is able to deal with its nomenclature; in the 
last analysis ergosterol is a derivative of “ 14, 19, 22, 23-tetramethyl-tetra- 
cosane (23), but would normally be named as a pentamethylhexenyldeoa- 
hydrocyclopentanophenanthroL The name is cumbrous, but proves that the 
system is capable of dealing with an assembly of rings and substituents. It is 
not suggested that such a name should be used in oi^y referring to ergosterol, 
but that it can form a basis of classification of compounds. 
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(24) 

Even with three-dimensional ring-aggregates such as (24) the system does not 
break down ; (24) could be nam^ “ trict/cZo[4,4, 4,0]totradecane 

Aromatic Compounds 

Enumeration of carbon atoms in an aliphatic hydrocarbon stem always 
takes place from a terminal carbon atom ; enumeration of ring carbon atoms is 
not so easily defined. With benzene derivatives two methods are in use. 
Where one substituent only is present, enumeration is unnecessary, benzene 
being considered as a 85Tnmetrical ring; a second substituent may be considered 
as ortho-, meta- or para- to the first (25); thus, “ o-nitrotoluene ” (26) or ortho- 
nitroaniline ” (usually condensed to “ o-nitraniline '’) (27). It is to be noted 
that the two compounds just specified would not be known as “ o-methylnitro- 
benzene ”, or “ o-aminonitrobenzene In substituted aromatic nuclri, sub¬ 
stituents are arranged in the following order, Cl, Br, I, F, NOg, NO, NH™, NH, 
OH, CHO, CO, CN, NCS, COOH, 0 . COR, OR, COR, R, H (where R is an 
alkyl or aryl group). Further, the numbers should be so chosen as to acid up 
to the smallest possible total: “1, 2, 4-trinitrobenzene ”, not “ 1, 3, 4-trinitro¬ 
benzene Thus, a compound with a methyl group is always considered to 
have such a group in the position “ 1 ”, and other substituents are referred to 
this ^oup. Next in order come the larger aJkyl, oxy, amino, nitro and halogen 
substituents ; as an example, compound (28) is a chloronitroaminotoluene, and 

P NOg 
(26) (26) (27) (28) 

is not referred to as a methylaminonitrochlorobenzene. It may be much simpler 
to number round the ring, taking the first substituent as “ 1 ”, proceeding to 
‘‘ 6 ” (29). As with aliphatic stem enumeration, the route for numbering the 

m m (31) (32) (33) 

ring is chosen so that the sum of the enumerators of substituent groups is a 
minimum. Compound (30) is called ” 3, 6-dinitrotoluene ” (not ” fi-m^hyl-l, 
S-dinitrobemene ”); (31) is “ 4.cl3Lloro-2, 5-dinitroaniline When a disubsti- 
tuted bOTzene derivative has a trivial name, names of compounds obtained 
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by introduction of a third substituent may be ambiguous unless the numerical 
system is used. Thus, (32) is “ 2-nitro-4-amino toluene but from its relation 
to jp-toluidine is often called “ o-nitro-p-toluidine The latter name is 
ambiguous, unless one remembers that in naming derivatives of a disubstituted 
benzene, produced by the introduction of a third group, the position of the latter 
is taken relative to the group standing first in the order of precedence. 
“ m-nitro-o-toluidine is ambiguous in spite of the rule mention^, since it 
may refer to “ 3-nitro-2-aminotoluene or ‘‘ 6-nitro-2-aminotoluene Another 
ambiguous case is the compound often referred to as “ o-chloro-p-anisidine 
(33); the difficulty lies in remembering which group the chlorine is ortho to ; 
it is a saving of time and thought, even if a little more costly to print, to call 
the substance “ 2-chl()ro-4-aminoani8ole No mention has been made of 
the system by which benzene itself is named as “ cpcfohexatriene-l, 3, 5 
toluene being “1, 6-cyc^oheptatriene-l, 3, 5” and o-xylene, *‘2, 1-cyclo- 
octatriene-2, 4, 0 as the method is seldom used. 

When two or more aromatic rings are present in the same compound, 
procedure depends on the circumstances. Two rings joined as in diphenyl 
(34) are best enumerated from the point of juncture, using “ 1' “ 2' “ 3' 
etc., for the second ring. The system of (35) is often used for simple deriva¬ 
tives ; thus “p, p'-diaminodiphenyl(36), more usually ‘'benzidine^*, and 

p'-diamin(xliphenylmethane ” (37),’seldom referred to in any other way. 

Functional Groups 

A functional group may be signified either by a suitable prefix as, for 
example, in “ aminobenzene or by a systematic modification of the name of 
the hydrocarbon from which the compound is derived. The latter method 
cannot be used in certain cases (e.g. ethers, or sulphides) where the functional 
group serves to join two hydrocarbon residues. It must also be remembered 
that the International System does not always correspond 'with common 
laboratory usage. Oxygen in functional groups leads to the groups —OH, 
—CHO, —C . CO . C—, —COOH or combinations of such gioups. One or 
more h3’^droxyl groups are signified by the addition of the affix “ -ol ”, with a 
numerical prefix to show the number of such groups, e.g. di-ol ” or “ tri-ol ”. 
Position is signified numerically. Thus, CgH^. OH is “ ethane-ol ” (more 
usually contracted to “ ethanol ”); glycerol is “ propanetriol-I, 2, 3 ” (38). 
The majority of alcohols are known by trivial names, and the system referred 
to is only used for compounds of multiple function, as, for example, “ 4-methyl- 
l-cyc/ohexylliexene-2-dioM, 4 ” (39), 

CHgOH CHa.CHa CH2.CH2 

i \ / \ CHOH C(OH). CH==CH. CH{OH). CH CH, 

in,OH CH3 
(38) (39) 
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An explanation of the term “ carbinol ” for the nomenclature of complex 
secondary and tertiary alcohols is necessary. Every alcohol may be regarded 

CH« 

b-):.OH CH, . GH,OH 
CH 

,OH 

(40) (41) (42) 

CH, 

CH3.CH.OH 
(43) 

Ph 

Ph^.OH 
/ 

Ph 

(44) 

as a derivative of methj’^l alcohol, of the general type (40). As such it must 
contain the carbinol group, marked [ ] in (40). Thus, ethanol is ‘‘ methyl 
carbinol ” (41); benzyl alcohol is “ phenyl carbinol ’’ (42) ; (43) is “ methyl 
isopropyl carbinol ; systematically 3-methyl-butanol-2 *’; and (44) is 
“ triphenyl carbinol This method is particularly valuable in cases when three 

OH 

complex groups are attached to one carbon atom, as in (45), bis-(4-dimethyl- 
aminophenyl)-l-naphthyl carbinol This compound also illustrates the use 
of ‘‘ bis- to signify duplication of the complex group bracketed after its use. 
‘‘ Tris and ‘‘ tetrakis ” signify triplication or qu^ruplication of the bracketed 
group succeeding. 

There are two distinct w^ays of regarding aromatic hydroxy compounds in 
which the hydroxyl group is directly attached to the nucleus. The simplest 
compound (46) is always referred to as “ phenol ”, although the older name 
“ carbolic acid ” still survives in commerce. The substituted derivatives of 
phenol may be referred to as such, or as hydroxy derivatives of the hydroc^arbon. 
Thus, (47) is “ 4-hydroxytoluene ”, ” 4:-hydroxyA-methyl benzene ”, or ” 4-inethyl 
phenol ” ; the true s^’^stematic name is shown in italics, but the compound is 
more usually called “ para-cresol ”. With fused ring compounds, the same nile 
applies ; (48) is ” 8-hydroxy-1-methyl naphthalene ”. In Continental usage 
the prefix ” hydroxy ” is often contracted to ” oxy ”, but this is specifically 
excluded from the Liege convention. 

OH OH OH CH3 

(46) (47) (48) 

Albshydbs 

Aldehydes are systematically named from the corresponding hydrocarbon 
in exactly the same way as alcohols, save that “ al ” is used as the group ter¬ 
mination in place of ol As usual, this system is ignored where trivial 
names have become established by custom. Thus, H . CHO is methanal ”, 
CHj. CHO is “ othanal ”, names rarely used in place of the more usual 

fcumaidehyde ” and ” acetaldehyde ” ; in fact, the ” al ” termination is 
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seldom used, it being customary to name aldehydes from the corresponding 
acid :— 

CH3. CH2. CH2. CH2. COOH 
Valeric acid 

CH3 

CH,^^. COOH 

CH3^ 
Triraethyl acetic acid 

CH3 . CHa. CHa . CHg. CHO 
Valeraldehyde (Pentanal) 

CH3 
\ 

CHj—C. CHO 

CH,^ 
Trimethylacetaldehyde 

(2, 2-dimethyl propcuial) 

It would be a step forward in nomenclature if the “ al ” terminology for 
aldehydes was more widely used. The carbon chain of an aldehyde is numbered 
from the aldehyde group, since the carbon of that group is counted as an 
integral part of the carbon chain. Thus, (49) is ‘‘ 5-methyK2-propylhexanal 

6 

CH3 . CHa . CHa . CH . . CHa 

4ho 

■ CH 

CH 

\)H 

3 

3 

(49) 

and would not be called “ 4-aldo-7-methyl octane The use of the term 
“ aldo may have to be adopted in the aromatic series, where, whenever 
possible, the aldehyde group takes precedence over others, the compound 
being regardixl as a derivative of benzaldehyde. Thus, the compound (50) 
is “ 2, 4-dihydroxybenzaldehyde ” ; (51) is “ 2-methyl-5-chlorobenzaldehyde 

CHO CHO CHO CHO 

(60) (61) (62) (53) 

and (52) is ‘‘ nitrotereplithalaldehyde It is conceivable that these three 
compounds might have been named 1, 3-dihydroxy-6-aldo benzene ”, “ 2-aldo- 
4-chloro toluene ”, and 2, 5-dialdo nitrobenzene ”, but in practice the use 
of “ aldo ” is only the last resort, in instances such as “4-aldo benzene sub 
phonic acid”, (53), and even then, “benzaldehyde-4-8ulphonic acid ”, would 
be preferred by some chemists. 

Ketones 

As with aldehydes, systematic nomenclature of ketones differs from that 
conventionally adopted. The former regards a ketone as a derivative of a 
hydrocarbon in which one or more methylene groups have been altered to 
carbonyl groups, a condition signified by the addition of the syllable “ one ” 
to the name of the corresponding hydrocarbon. Thus, (54) is ” 3-methyl 
heptanone-4 ”, while (55) is ” 2, 2-^methyl-7-cycfohexyl-heptene-6-one-4 
Conventional nomenclature regards ketones as derived from the structure 
a—CO—b, and names them by denoting the names of the groups “ a ” and 
” b ” followed by the word ” ketone ”, The method is satisfactory for simple 
ketones, e.g, (56), “methylpropyl ketone”, but complications enter as the 
groups become more elaborate. Even in (67), ” (2-methylamyl)methyl ketone ”, 
brackets must be used to avoid confusing the ” methyl ” of the side-chain with 
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that adjacent to the carbonyl group. In more complex instances such as (55), 
“ 2, 2-dimethyl-7-cyctohexyl-heptene-6-one-4 ”, this method fails entirely. The 

CH,. CH* 

. CO . CHj . CH* . CH3 

CH3 
(54) 

1 

riXT pTJ CH3 
✓V^xlo . OJlLa / 

/ \ ^ 65 48 2/ 
CfHjs \CH . CH=CH . CHj,. CO . CHa . C . CH3 

„„ \h. 

CH3 . CHa . CHa 

CH3 . CHa . CHa. CO . CH3 . CHa. CO . CH3 

CH3 
(66) (67) 

systematic method is of further value in compounds of multiple function ; e.g. 
CH3 . CHg. CH2. CO . CHg. CHo. CHg. CHO, the sysk^matic name of which is 
“ octanal-1, one-5 the more conventional ketone nomenclature breaking down 
through inability to name the group 

—CHg. CHg. CHj . CHO. 

Ethers and Esters 

Systematic nomenclature for ethers is at variance with conventional practice. 
Save for ethers containing the CH3O— and CgHjO— groups which are often 
called methoxy ” and ‘‘ ethoxy compounds, and the phenoxy (C^H^O—) 
compounds, ethers have the following conventional nomenclature, viz., to 
name the groups on either side of the ether oxygen, and to add the word 
“ ether 

CH3 . CH2 . CHj . 0 . CH2. CH3 

(58) 

^CH^. CH2 

CH3 . 0 . CH3 

. CTIa 
(69) 

O. C3H3 

(90) 

The method is simple enough w^ith ethers such as (58) “ ethyl propyl ether 
“ methyl(cycfohexyl)ether ”and “ ethyl phenyl ether (59) and (60). Complex 
ethers need the use of brackets to avoid confusion between the two sets of 
groups. Thus, (61) is “ 4-(2, 2-dimethyIoctene-6)propyl ether Many of the 

CH3 

8 766 48 %/ 

CH3. CH=-CH . CH2 4 CH . CH2. C—CH3 

I \ 
O CH, 

Ah, . CH, . CH, 
(91) 

simple aromatic ethers have trivial names, as “ anisole ’’ for methyl phenyl 
ether “ phenetole *’ for (60), while one or two are known industrially 
as “ oxides e.g. “ diphenyl oxide Systematically, however, ethers 
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are regarded as alkoxyl derivatives; (58) is “ l-ethox3rpropane(61) 
‘‘ 2,2-dimethyI-4-propoxyoctene-6 (60) “ ethoxybenzene ”; ordinary “ ether 
is “ ethoxyethane The systematic method has the advantage of being 
universally applicable, even when both groups attached to the ether oxygen 
are complex, as in (62), which is 

j'. 0CH(CH3)CH8 . &==CH . CHj . CH(CH,)3 

(62) 

7[3'-mothyl r, 5'-epoxypenten6-3'-oxyl-r]-2-methylocten0-4. 

Ether oxygen often constitutes part of a ring, thus calling for special nomen¬ 
clature. The simple substances (63) to (65) are conventionally regarded as 
the oxides of unsaturated hydrocarbons ; thus, “ ethylene oxide “ propylene 
oxide **, and “ butylene oxide 

The Lifege convention uses the term epoxy to indicate ring ethers ; 
(63) is “ epoxyethane ” ; (64) “ 1, 3-epoxypropane **; (65) “ 1, 4-epoxybu¬ 
tane and the substance commonly called ‘‘ epichlorhydrin ” (66) becomes 
“ 1, 2-ei)Oxy-3-chloropropane 

CH2 

i> 
CH. 

(67) 

CHj 

/\ 
CH3O 

CH, 

(68) 

CHj—CHi, 

CH. 
> 

(03) (64) (65) 

r 
-CH 

II 
CH^— 

ii 
-CH 

II 
! 1 

CH3 1 
1 1 (^H 

II 
CH (^’H 

(69) 

CH3 

> 
CH 

I 
CH3CI 

(66) 

/CHa. CHa 
/ 2 2 

0 yo 

VjHa. C^a 
(70) 

Complex or unsaturated rings usually have trivial names, not always, 
unfortunately, in keeping with their chemical character. Thus, “ coumarane ” 
(67) is not a saturated hydrocarbon, nor is “ coumarone (68) a ketone ; 

furane ”, too, is a misnomer, since it is neither saturated nor is it a hydro¬ 
carbon (69) ; custom has, however, established the usage, but “ furan ” is 
now preferred. Note that furan is, systematically, ” 1,4-epoxybutadiene-l, 3”. 
(See also Rule 24, Appendix I.) Attention is called to the use of the term 

pyran ” for the amylcne oxide ring. ” Pyran ” is in no way related to 
‘‘pyrene”, a polycyclic aromatic hydrocarbon described on page 176. No 
general rules can bo given for cAses in which two ether oxygen atoms are present 
in the same ring; the name ” dioxane ” has been accepted for the compound 
(70) from ethylene glycol. 

Cabboxylio Acids 

One or more carboxyl groups may be introduced into an organic compound 
at any point. It is convenient to regard such groups as substituents in aromatic 
and condensed ring compounds, but in aliphatic compounds, the —COOH 
group may be regarfed as a —CHs group which has been converted; in this 
way, the carbon atom of the group is regarded as being part of the p^nt 
hydrocarbon. Such carboxyl groups may be signified by tlie word “ acid ”, 
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or ** -oio acid **, after the name of the appropriate hydrocarbon; a prefix 
u di. “ tri* **, “ tetra- etc., where neces88tf*y, signifies duplication of such 
groups, and numerical prefixes indicate their positions. Examples are given 
below ;— 

CH3. CHg . CHg 

. CHj. CH*. COOH 

CH3 

(71) 

2 3 4 

CH,-CH-CH, 
il Isi Is 
COOH COOH COOH 

(73) 

Systematically, (71) is “ 4-methyl heptane acid-1 ** ; (72) is “ 2, 2-dime'thyl 
propane acid-1 ”, and (73) would be termed “ 3-methylpeiitanetriacid-l, 3i, 5 
It is most unusual to find acids named in this way, trivial names being common, 
while in addition, a great many acids are referred to as derivatives of acetic 
acid. Thus, (72) is commonly called trimethyl acetic acid ”, and (73) 
“ propane tricarboxylic acid ”, or “ tricar bally lie acid In general, the 
trivial name indicates the source from which the acid may be obtained :— 

Malic acid, Lat. ‘‘ Malum ” = an apple. 
Succinic acid. Lat. Succinum ” = amber. 
Acetic acid. Lat. ” Acetum ” = vinegar. 
Stearic acid. Greek “ onreap ” = tallow. 
Benzoic acid. Arabic “ luban jawa ” = incense from Java, through 

benjawn ”, “ benjamin ” and “ benzoin ”. 
Oxalic acid. “ Oxalis acetosella ” (the wood-sorrel). 
Tropic acid. Atropa belladonna ” (the deadly nightshade), via 

** atropine ”. 

Attention is drawn to the general habit of making the stom termination of 
acid names “ -ic ”. The use of the term “ carboxylic acid ” is firmlj^ estab¬ 
lished, even in ambiguous cases. 

HOOC . CH . COOH 

HOOC . CH . COOH 
(74) 

In this system, instead of regarding the —COOH group as an altered stem 
carbon atom, the whole group is treat^ as a substituent. Thus, ethane te^>tra- 
carboxylic acid is commonly used for (74) where 2, 3-dimethyl butane- 
tetracid*!, 2^, Sj, 4 ” would be the systematic name. It must be admitted that 
the systematic nomenclature for acids is a little cumbrous, even if foolproof. 
The carboxylic acid system is invariably used for aromatic acids, although 
the more systematic method could be used. Thus, (75) would seldom be called 
anything but “ a-naphthoic acid ” or ‘‘ naphthalene-l-carboxylic acid ” ; 
“ 1-methyl naphthalene acid-1 ” is indicated systematically, even if the naphtha¬ 
lene ring is conceded. The use of the latter system is u^ul in compounds of 
multiple function. 

COOH 

(76) 
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The Estehs 

Esters of simple acids may be represented by the generic formula Rj.CO.O.Ra, 
and must have had their origin in an acid Rj. COOH and an alcohol R^ . OH. 
The ester is regarded as an alkyl or aryl derivative of the acid, of the “ salt ” 
type. Thus, CHg . CO . OCgHg is “ ethyl acetate ”, while . CO . OCH3 is 
“ methyl propionate ”, DiflSculties arise only when the acid or al(3ohol is 
difficult to name; thus (76) is ” cycto-hexyl(hexane-3-carboxylate) ”. A 
second method of ester nomenclature is shown in the example ” propionyl 
propyl ester ” for CjHg, CO . OC3H7 ; it is not recommended, as it becomes 
unmanageable in all but the simplest cases. 

. CH2 ' CHj . CH3 

CHj . O . CO . CH 

\:Hj . CHj \:Hj . CH3 
(76) 

Esters of inorganic acids are named as salts of such acids, e.g., CH3I, 
” methyl iodide ” ; (C2H5)2S04 ” diethyl sulphate ”, 

Oxygen Compounds of Multiple Function 

It is not possible to give a set of rules to cover all cases in which several 
functional groups occur in the same molecule. In general, the compound is 
referred to the appropriate hydrocarbon skeleton, and each functional group 
considered in turn. A few examples will make the process clear. The open- 
chain fonnula for glucose (77) is “ hexanalpenta-ol-2, 3, 4, 5, 6 ” ; tartaric acid 
becomes “ butanediol-2, 3-diacid-l, 4 ” (78); acetone dicarboxylic acid is 
“ pentaaone.3-diacid-l, 5 ” (79), while systematically maltose (80) could be 
name*d “ 2- (6-methylpyranyl - tetra-ol - 3, 4, 5, - (G'-methylpyxanyl-tetra- 
ol-2', 3', 4', 6'i) ether ”, which concedes the p\Tan ring ; more fundamentally 
it could be called ”4-[l, 5-epoxyhexantetra-ol-2, 3, 4, 6-oxyl-l]-l, 5-epoxy- 
hoxantetra-ol-l, 2, 3, 6 ” ; the latter is to be preferred being shorter and more 
clearly defined. 

CHO 

HOH 

IHOH 

IHOH 

HOH 

CHjOH 
(77) 

HO . CH , COOH 

HO.in.COOH 
(78) 

CH.COOH 

i 0 

H.COOH 
(79) 

(80) 
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It is only natural that the trivial names should be preferred for general usage, 
and the systematic method resorted to only in those oases where ambiguity is 
likely to result, or when the compound is of so little general importance that 
no trivial name has been attached. 

Lactones, Ketones, etc. 

Lactone names invariably follow those of the corresponding acids, the word 
‘‘lactone*’ being added; thus (81) is “2-methyl hexanol-2-acid-6 lactone”. 
Shorter, less systematic, names are sometimes substituted, as in “ y-butyro- 
lactone ” (82). The system is satisfactory unless there is more than one hydroxy 
or carboxyl group in which case the position of the lactone ring is indicated 

CH3 

. CH^. CH,. CHa. CO 

chJ I 
I-0-1 

(81) 
CH3 

^ . CHa . CH . CHa. CHa . CHa . CO 

CH3 

-O- 
(83) 

numericallj^ as in (83) “ 7-inethyl octanediol-5, 7-acid-Maclono-l, 7 ” (see also 
Chap. XV). The alternative method, seldom used, is to regard a lactone as 
the derivative of a heterocyclic ring system, e.g. “ a-pyrone If the epoxy 
convention be used the compound (83) becomes “ 7-methyl-1, 7-epoxyoctauol- 
5-one-l ”. The method is simple, but has an unfamiliar appearance ; the 
epoxy convention may be used with all lactones ; compound (81) would then 
become “5-methyl-l, 5-epoxybexanone-l ” ; (82), “1, 4-epoxybiitanone.l ”. 

Ketenes are not named systematically; their names are derived from the 
parent ketene CHj—C --0, by enumeration of the substituent groups “ a ” 
and “ b ” in (85). System demands that (84) shall be described as “ 2-methyl- 
propen-1-one-1 ”, (which might, without ambiguity, bec'ome “ 2-mcthyl-pro- 
penone-1 ”); common usage is, however, “dimethyl ketene”. Ozonrdes, it 
may be added, are referred to as such, the name of the compound from which 
they are derived prefixing the term “ ozonide ” ; thus, “ dipentene diozonide ”. 
Peroxides are treated as substituted hydrogen peroxide compounds. 

CHg . CHg . 0 

CH.,-CO 
(82) 

CH3 

CH, 

=C!=:0 

(84) (85) 

Nitrogenous Compounds 

The chief nitrogenous functional groups are summarised in the following 
scheme;— 

Group I 

1. Amines 

a 

\ 
b— 
/ 

a 

\ 
b-N-X 

/ 

a 

\ 
b—N 

c c c 
Aniino oxides Quaternary salta and bases 
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2. Hydrazines 

a- 

>-< 
Group II 

1. Amides 

R. CONHa 

. OH NHjOR 

Hydroxylamines 

/" 
Substituted amides R . CON 

2, Derivatives of t:arbonic acid 

yNH .a ^NH.NH.a ,NH . NH.a .NH.CO.NH.a 

CO CO CO CO 

^NH.b "^NHa '\nh. NH . b \nH . b 
Ureas Semicarbazides Oarbazides Biurets 

^0 . a ^N.a 

CO C 

'^NHj '^N.b 
Esters of carbamic acid Garbo-di-imides 

(Urethanes) 

Group 111 

R.NO, Nitro compounds R.CN Cyanides (nitriles) 
R. no" Nitroso compounds R.NC J^ocyanides (carbylamines) 

R.ONC Fulminates 
R:N.OH Oximes r.(x;n Cyanates 
RiN=NR, Azo eompotmds R.NCO /^ocyanates 
R. CH=NH Imino compounds Ri.N=N 

1 

. Rg Azoxy compoimds 

Group IV 

0 

The heterocyclic compounds of nitrogen. 

Group I. The Amines and Ammonium Bases 

Amines and quaternary bases are regarded for nomenclature as derivatives 
of ammonia or of an ammonium salt. Thus, CH3NH2, (CH8)2NH and {CH3)3N 
are “ methylamine ”, “ dimethylamine ” and “ trimethylamine Nomen¬ 
clature follows the rule that groups (other than the hydrogen atom) attached 

CHa 

/-W CH3.CH2^ 
XIQ ( 

(86) OOH. 

CHj=CH. CH, 

>-o 
CH, 
(88) 

(87) 

to nitrogen are described in order of ascending magnitude, followed by the 
generic description “ amine Examples are (86) “ phenylamine ”, to which 
the trivial name “ aniline ” is often applied ; (87) “ methylethylbenzylamine ”, 
and (88) ” methyl-(2-propenyl)-phenylamine ” or (“ methylallylaniline ”). 
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The method is readily applied to more complex instances ; (89) is “ l-(4-methyl- 
hexenyl-3)-l-(4-bromocyclohexyl)-2-(6-methyl-anthraquinonyl)amine ”, conced¬ 
ing trivial names for the ring stems. In many cases, however, the —NH^ 
group or the NRjRj group must be treated as a substituent. Thus (90) is 

CHa . CHa 

=CH . CHj . CHa—N— 

CH, 

CH 
/\ 

CH, CH, 

in, c!h, 

^.Br 
(89) 

most simply described as “ 2-dimethylamino-anthraquinone ” ; (91) as “ 7- 
aminophenanthrene Trivial names such as “aniline “ are often used ; thus, 
(92) is often called “ xenylamine while in many aromatic compounds the 
amino group is taken as a substituent and is detailed before the methyl, oxy or 

9 lU 

(92) 

methoxy groups, when the latter are present. Compound (93), “p-toluidine 
would be named systematically as “ 4-amino-1-methyl benzene “ ; an inter¬ 
mediate form is “ p-aminotoluene “ ; (94) has been called many names ; the 
most commonly met with is, unfortunately, “ o-nitro-p-toluidino to inti^rpret 

CHj. CHjs. CH3 Cl 

Cl NH2 

(95) (96) (97) 

which it is necessary to remember that the methyl is the key group. The full 
systematic name, “ 2-nitro-4-amino-l-metbylbenzene “ is too jK^dantic for 
everyday use, but “ 2-nitro-4-ammotoluene ” is convenient and accurate. 
There is no difficulty in the case of “ 4-chloro-3-aminopropylbenzene (95); 
and while (96) is conveniently known in the laboratory as “ 2, 4-dichloraniline 
its systematic name would be “2, 4-dichloro-l-aminobenzene In (97) 
one of the methoxy groups must be taken as “ 1 the compound becoming 
“4-chloro-2-mtro-5-amino-l, 3-dimethoxybenzene This system may be ex¬ 
tended to compounds of considerable complexity such, for example, as 
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‘‘ thyroxine (98) which treated, in part, systematically is 2, 3', 6', 6-totraiodo- 
42-amino-4'-hydroxy-4-propyl-l, I'-diphenyl ether acid-43 

I I 

(»8) 

Quaternary Compounds 

Since the cf)n8tit\ition of quaternary compoundH implies one electrovalency, 
they may be treated for nomenclature as substituted ammonium salts, deriv^ 
from the general formula (99). Thus (100) is “ tetramethyl ammonium 

a “ 

*0 

CHs ■] 

1 

b 6 No d oAc : CH3—N—CH, OH CH, V’H—N—CH3 

•0 

_ c _ ) 
1 

u. CH3 _ 
\CH,—CH, 

(99) (100) (101) 

NCH3] I 

(102) 

CH2—CH2 CH3 “1 

/ \/ 
CHs N 
\ /\ Br 

CHj—CH CH, 

in,. CH,. ch3_ 
(103) 

hydroxide ”, and (101) ” trimethyl eyeZohexyl ammonium iodide Complica¬ 
tions ensue whiui the nitrogen is part of a heterocyclic ring ; in such cases two or 
three of the nitrogen valencies are attached to the same group. The diflBculty 
is overcome by the use of the “ inium ” t-ermination as, for example, in (102), 
which is “ methyl pyridinium iodide ”, and (103), which is ” dimethy 1(2-propyl- 
piperidinium)bromide ”, or ” dimethyl coniinium bromide 

With amine oxides, the name is obtained by adding “ oxide ” after the 
name of the amine. Thus (104) is ” trimethylamine oxide ”, and (105) ” ethyl- 
phenylbenzylamine oxide 

CH3 

CH3—N O 

CH 3 

(104) (105) 

Azo, Hydrazo and Azoxy Compounds 

Simple derivatives of hydrazine are referred to that substance as a stem. 
No Ri)ecial indication is required to denote the position of a single substituent, 
but tw^o substituents may be indicated by the prefixes ” as ” or ” 8 ” (“ asym¬ 
metrical ” or ” symmetrical ”) according as two groups are attached to one 
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nitrogen atom, or to each of two such atoms. Although such a system is 
satisfactory for disubstituted hydrazines, it breaks down in the case of three 
or more substituents, and it becomes necessary to refer to the two nitrogen 
atoms of the hydrazine structure as 1 or 2 ” respectively. Both methods 

Ph Ph 

. NH, 

A 
Ph . NH . NH . Ph ^N . NH, 

C.He 
(106) (107) (108) 

Ph . NH . NH . C.Hs 

(109) 

Ph 

. NH . CHj. Pli 

(110) 

are exemplified in the compounds illustrated above, which are ;— 

(106) a^-Diphenyl hydrazine. 
(107) 5-Diphenyl hydrazine. (Commonly called “ hydrazobenzeiie ”.) 
(108) cw-Ethyl phenyl hydrazine. 
(109) 5-EthyI phenyl hydrazine. 
(110) 1-Ethyl-l-phenyl-2-benzyl hydrazine. 

Azo-compounds, containing only one azo link have the general formula 
a . N—N . b. Nomenclature is confused, but is cliiefiy related to tvo systems. 
Thus (111) is always referred to as “azobenzene and many compounds an' 
referred numerically to this compound, e.g. (112), the compound used as a 
delicate test for the presence of magnesium, may be called “ 4'-nitro-2, 4- 
dihydroxyazobenzene while the compound “ methyl orange (113) is 
“ 4-dimethylamino azobenzene-4'-aulphonic acid Such a system c^an only be 
used when the nuclei on either side of the azo group are identical; where such 
groups differ fundamentally, a somew^hat imusual method is commonly em¬ 
ployed, namely, to name the two groups on either side of the azo-link as they 

HSO. 

'\n=n 

(111) 

:N=N: 

(113) 

NICH,), 

n(),^\n=n/^/)h 

(112) 

OH 

OH 

,]S7--MX 

(114) 

would bo, in the absence of such link, coupling the two names with “ azo ” to 
indicate the nature of the compound. In the case of the above compounds 
the names would be :— 

(112) “ 4-Nitrobenzene-azo-reeorcinol.” 
(113) “ 4-Dimethylaniline-azo-benzene-4-8ulphonic acid.” 
(114) “ Benzene-azo-)3-naphthol. ’ ’ 

These are the common names of these compounds; inspection shows that 
they are not always definite, leaving, in some cases, e.g. (112), the point of 
attachment of the azo group unspecified. Amendment is suggested to ;— 
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(112) “ 4-Nitrobenzene-azo-2, 4-dihydroxybenzene.” 
(114) “ Benzene-azo-l-(2-naphthol),” 

the assumption being made that in the benzene ring, attachment of the azo 
group is always in the “ 1 position. 

The latter method is the better, and in spite of its apparently cumbrous 
nature should be adhered to, since it can be systematically extended to com¬ 
pounds in which more than one azo group occurs. Thus, the dyestuff (116) is 
“ 8-hydroxy-l-aminonaphthalene-3, G-disulphonic acid-7-azo-4-diphenyl-4'-azo- 
7-(8-hydroxy-l-aminonaphthalene-3, G-disulphonic acid) The second example 
would be “ 2, 4-dimethylbenzene-azo-4-diphenylmethane-4'-azo-7-(8-hydroxy-l- 

OH NH„ 

/\ 

1 1 

HSO;, \x \/ 
LSO,H 

CHo 

CHj, 

\—/ ’ 
(116) 

aminonaphthalene-3, 6-disulphonic acid) Fortunately, most of these sub¬ 
stances have ti’ivial names. 

Diazonium compounds are regarded as salts of the corresponding diazonium 
hydroxide. Thus (117) wdll comprise benzene diazonium hydroxide, bromide, 
nitrate, etc., while (118) is “2, 4-dimothyl benzene-diazonium bromide**. 

. 0H(Br)(N03) 

(117) 

CH 

O 
(119) 

(118) 

Br 

With azoxy compounds a system similar to that for azo compounds is used, the 
only difference being that the group first mentioned is held to be adjacent to 
the nitrogen carrying the oxygen ; thus (119) is “ 4-toluene-azoxy-5-quinoline **, 
while ** qumoline-6-a20xy-4-toluene ’* would have the structure (120). 

Othee Nitboobnous CoMBotmns 

Many other types of nitrogenous compounds are met with in organic 
chemistry, but do not call for any special consideration from the point of view 
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of nomenclature. Thus, nitro, nitroso and cyano groups are treated as sub¬ 
stituents in the majority of cases, while other groups of compounds are, in 
general, treated as substituted derivatives of a simple parent nucleus. They 
call for no special principles, and reference will be made to their nomenclature 
under the appropriate section later. 

Hkterocyomo Compounds 

The Chemical Society of London has used the ring-system nomenclature 
of Richter’s Lexikon der Kohlenstoffverbindungen, but this is often 
found inadequate for modem needs. In general, all heterocyclic sub¬ 
stances are referred to some simple ring, the name for which has 
been accepted; even substances such as (121) are referred to the 
universally accepted phenanthrene'* and its name becomes “2, 7, 
9-triazaphenanthreno The reader should note the consistent use 
in modem chemical literature of the syllable “ aza ” for a hf*tero- 
nitrogen atom; “ thia ** and “ oxa being used for sulphur and 
oxygen in the same circumstances. 

A recent publication (1940) of the Ring Index (see Appendix II) 
gives an excellent and valuable summary of curnmt practice in ring nomen¬ 
clature. 

Hetebooyolio Nitrogen Compounds 

For the purposes of this book it is best to consider the heterocyclic nitrogen 
compounds in five classes, containing three, four, five, six and higher numbers 
of atoms in the ring. There are three types of three-membered nitrogenous 
rings:— 

CH, 

>NH chJ R.N 
1/ 

CH, ■ \l[ 
(122) (123) (124) 

Formula (122) shows the parent of the simplest class of nitrogen rings, 
“ ethylene-imine **; but few of its derivatives are known. The Liege conven¬ 
tion regards ‘ imine-rings ’ as ‘ epamino ' compounds, e.g. (122) is “ epamino- 
ethane ”, trimethyleneimine becomes ** 1, 3-epamino propane”, etc., up to 
piperidine, ” 1, 5-epaminopentane ”. Substance (123) is called ” diazo¬ 
methane ”, from which any substituted derivative may be named. The com¬ 
monest derivative of this ring is (125), “ diazoacetio ester ”, the name of which 

(125) (126) (127) (128) 

indicates the common method of treating the two nitrogen atoms as a sub¬ 
stituent diazo group.^ When the two nitrogen atoms are replaced by two 
—^NH groups, the compound is often termed a ” hydrazi ” compound, e.g. 

^ The cycHo formuUd for diagomethano aad diazoacetio ester represent a structure which, 
in modem literature, is usually replaced by resonance formula. They are included hero 
because they are frequently encountered in the literature up to 1930. 
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(126) “ hydrazimethane Derivatives of the three-nitrogen ring (124) are 
considered as “ azides ”, i.e. salts or esters of hydrazoic acid. One general rule 
may be citc^d in the case of heterocyclic nitrogen compounds, namely, that 
substituents on a nitrogen atom are often indicated by ‘‘ N— 

Four-mbmbebed Nitrogenous Rings 

“ Trimethylcneimine ”, or “ 1, 3-epaminopropane ” (127), the parent of the 
series, is seldom met with ; ” malonimide ” (128) and its substitution products 
are more common ; but it is doubtful if their nomenclature is ever referred to 
the systematic “1, 3-epaminopropandione-l, 3 ”. Derivatives of rings con¬ 
taining two nitrogen atoms are “ aziethane ” and ” ethidene urea ” compounds 
T'espectively, (129) and (130). They are of little general interest. 

Five-membered Nitrogenous Rings 

In this case the nucleus which gives rise to many of the trivial names of 
the series, is “ pyrrole ” (131), this molecule becoming successively hydrogenated 
to “ pyrroline ” (132) and “ pyrrolidine ” (133). The last two compounds are, 
more systematically, dihydro- ” and “ tetrahydro-pyrrolo ” ; but the principle 
of alteration of tonninals is accepted by the Li^ge convention (Rule 60). It 
may be added that certain of the carbonyl derivatives of the pyrrolidine ring 
are not usually named systematically. Thus, (134) “ 1, 4-epaminobutanone-l ” 
is called ” butyrolactura ” ; while ” succinimide ” (135) is not termed ‘‘1, 4- 
epaminobutandione-1, 4 ”. 

^ CH—CH » CH—CH, CH,-CH 

J 1 i j. Ah, Ah «CH CH, CH CH, 
\ / \/ 

NH NH jm 
(131) (132) (133) 

The substituted derivatives of pyrrole often have the positions of their 
substituent groups indicated according to the scheme of (131) ; thus (136) is 

4 3 

CH,-CH, 
1 1 

CH,-CH, 
1 1 

CH—C. C,H, 
i 1 

C,H,. C CH 

CH—CH 

.L L (JH, CO CO CO 

\jH V \< 
1 

(134) (136) (136) (137) 

” a, )S'-diethylpyrrole ** ; (137) is “ N-ethylpyrrole ”. The numerical system 
of identification of substituent positions is also used, as in (137), but, although 
more systematic, is less frequently met with than the former system. Com¬ 
pounds obtained by inserting additional nitrogen atoms into the pyrrole ring, 

4 
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have a semi-systematic nomenclature, which is extended to most similar rings. 
Thus, all compounds containing two nitrogen and three carbon atoms in the 
ring are “ pyrro-a-monazole ’’ or “ pyrro-jS-monazole derivatives ; all those 
with three nitrogen and two carbon atoravS are pyrrodiazoles of which there 
are four groups, aa', ajS, a/S', and Threc^ additional nitrogen hetero¬ 
atoms in p^TTole give ‘‘ pyrrotriazoles In actual practice, these names are 
seldom used ; the two pyrro-monazoles are called ** pyrazole and “ imidazole ” 
or “ glyoxaline (138) and (139). The pyrazole ring is enumerated as in (138) 

CH-( CH—N CHj—CH CHj—CHj 
14 3 

[I i 1 « 1 1 k ,, CH CH CH.. N CH, NH 

\ / \V \ / 
NH NFI NH NH 

(188) (139) (140) (141) 

and formulae (139-144) show a series of important compounds from this nucleus. 
“ Pyrazoline (140) and pyrazolone ” (142) are the dihydro- and keto- 
dihydro- derivatives respectively, while complete hydrogenation gives “ pyra- 
zolidine ” (141), a substance readily convert^ into “ pyrazolidone ” (143) and 

diketo-j)y razolidone ” (144). The older systematic name for the latter 

1 

8
-

 

CO—CH, 
1 1 

CO—CHj 

1 II 
CH, N 

1 I 
CHo NH 

1 1 

(:0 NH 

x/ \ / \ / 
NH NH NH 
(142) (143) (144) 

would be “ tetrahy(irox)yrro-2-monazole-dionc-4, 5although “ 1, 3-hydrazi- 
propandione-1, 2 ** is more succinct. 

Nomenclature of rings containing throe nitrogen and two carbon atoms is 
complicated by tautomerism. Thus, there are three 1, 2, 3-triazoles struc¬ 
turally possible (145-7) :— 

CH—CH CH»-CH CH=CH 

1 i 1 I 1 1 
N N N N NH N 
\ / \ / \ / 

NH N N 
(145) (146) (147) 

Derivatives of the first two are known, and using numerical indications for 
substitution, no ambiguity arises. The 1, 2, 4 triazoles (148-150) also exist in 
three tautomeric forms :— 

N-N 

li ! 
CH CH 

N=N 
1 1 

NH—N 

CH, <1)H in in 
\ / \ / \ X 

NH N N 
(148) (149) (160) 

but enumeration from the single nitrogen atom removes any ambiguity in 
nomenclature. In each the formation of a dihydro-derivative is signified in 
the name by the alteration of the termination “ -ole ” to “ oline ; the forma¬ 
tion of a tetrahydro derivative by a change to “ olidine ; a keto group ia 
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N-NH 

II I 
CH CO 
\ / 

NH 
(151) 

NH—NH 

I 1 
CO CO 
\ / 

NH 
(162) 

usually shown by the change of the final syllable to “ one Thus (151) is a 
triazolinone, and (152) is “ diketo-trinzoUdine ” ; it is usually (railed “ urazolo 

CoNDEKSED PYRROLE NUCLEI 

There is very little system about the naming of the condensed heterocyclic 
nuclei and trivial names are the rule rather than the exception. Thus, 
“ benzpyrrole ” (153) is nearly always called “indole”, and is numbered as 
shown ; the older system of referring to the substituted compounds of this 
nucleus was to term a compound with the substituent on the nitrogen an “ N ” 

—-CH » 

a 
A’H 

< NH 

(15:i) 

y'' 

■V, 

-CH 

C . CH., 

NH 
(150) 

/\ 

-C . CH, 

CH 

NH 
(155) 

-CH2 
! 

CH 

N 
(157) 

clt^rivative, and to differential Hie carbon atoms of the pyrrole ring as a 
and ‘‘jSthe benzene carbon atoms being numberexi as in (153). The fully 
numbered ring (154) is to be preferred. Trivial names for the derivatives of 
indole abound ; “ 3-meth5i indole (155) is called “ skatole “ 2-methyl 
indole'' is a-methol ketol " (156), etc. It may be pointed out that certain 
derivatives of the series must be referred to the skeleton (157), “ indolenine ", 
for naming. One has only to turn to the pages of a reference book such as 
Richter's Organic Chemistry. Part III, to observe the tenacity with w^hioh the 
trivial name system has been adhenxl to ; strange names such as imino- 
oxydiazolin© ", and " benzoazimidol " aboimd, but with the rapid grow^th of 
the subject, it is probable that the more systematic method will be more widely 
used, for all save the simplest rings. 

SiX-MEMBKRED RiNGS 

The parent of this series is pyridine " (158); the nuclei derived from it 
are named trivially, without reference to any system other than an analogy with 
the procedure us^ in the case of the five-membered rings already described. 
The general trend of such nomenclature is discussed in Chap. VII, Vol. II. 
The Older system of enumeration of substituents in the pyridine ring is given in 
(158) side by side with the more modem and certainly more convenient system 
of enumeration from the pjTidine nitrogen as " 1 ". A similar alternative 
state of nomenclature characterises the compounds in which oxygen is present 
as a hetero-atom ; it should be noted that the terms “ furan " and “ p>Tan " 
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6h CH 

/ 
^CH 

a'CH 

\ 

CH/J 

I 
CH. 

/ 
i-CH 

N 
(168) 

CHS 

oCH CH2 

\/ 
N 

are used for unsaturated rings, a practice which avoids inconsistentcy with the 
-ane termination of saturated hydrocarbons (Rule 4, Li^^ge convention). 

Rule 16 of the Li^ge system is seldom used except for new substances, although 
in some cases it could clarify nomenclature ; according to this syst(un the 
heterocyclic ring is referred to the corresponding hydrocarbon ring (usually 
aromatic) to obtain the stem name ; thus p>Tidine ” becomes “ azabenzeiio ” 
“ quinoline” and ‘‘isoquinoline” would be “ 1-azanaphthaleno ” and “ 2-aza- 
naphthalene ” respectively. Further examples are ;— 

structure Accepted trivial name 

/\ 

J 
a 
n 1 N 

Napthyridin 

Acridine 

Cinnoline 

Pyrimidine 

Thiazole 

Isoxazole 

Name act ording to Rule Iti 

1, 8-Diazanaphthalene 

10* Azanthracone 

1, 2-Diazanapthaleno 

1, 3-Diazabenzeno 

3-Azathiophen 
or 

1, 3-Thiazact/c/opentadiene 

2>Azafuran 

It would be advantageous to use the system for all but the simplest rings, and 
a list could be compiled of accepted trivial ring names. 

In many cases, the correct (or previously accepted) name of a complex 
ring is hard to find ; the 1913-22 Collective Index to the Chemical Society's 
publications has an excellent collection of some 400 important types. In all 
cases of doubt and difficulty reference should be made to the Ring Index (A.C.S. 
Monograpli No. 84), compiled under the editorship of A. M. Patterson and 
L. T. Capell. Published in 1940, this volume contains an indexed catalogue 
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of over 4000 ring typos. The following entries are chosen from this collection 
to illustrate the type of problem which may be encountered in ring nomen¬ 
clature.’^ 

N- =N 
60i. C1H2N4. 

.XV\/<K, 

I I I 
^ —0 
4 

2 

Imidaz[d]iiiiidazole. 

C9H7NO2. 5-[l, 3]Dioxolo[f]mdole 
(5, C-Methylenedioxyindole). 

^18^12t^2* 

6, 12 CycZobuta[l, 2-c, 3, 4-c']- 
bi s [ 1 ] benzpyran. 

C32H1CN4O. 

Dibcnzo[o, c']furo[2, 3-a, 4, 5-a'] 
diphenazine. 

In diecusning ring nomenclature Clarence Smith gives the example :— 

OMe 

2 

(100) 

which, since it is a fusion of the chromone and chromene rings, may be referred 
to as ** 7-hydroxy-7'-methoxychromeno-3', 4', 2, 3-chromone (159). Here it 
is preferable to refer the name to the largest ring structures the names of which 
are universally accepted, a point which is obvious when the name ahvady given 

* The actiial formul© of the Ring Index contain no double-bonds ; these have been 
inserted to bring the cited examples into line with the remainder of the fomiulee in this 
volume. 
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is compared with the name according to system proposed by the Inter¬ 
national Union of Chemistry, viz. “ 6-hydroxy-9-keto-4' -methox3^-4, 9-dihydro- 
3, 10-dioxa-l, 2-benzanthracene On the other hand, the Bing Index 
(No. 2762) refers to the structure (160) which is differently enumerated ; 
“ [1] Benzopjnrano [3, 4b] [l]-benzopyran ’’; the 6,12-dihydro derivative is, 
however, regarded by the compilers of the Bing Index as “ chromeno (3', 4', 
2, 3)chromane 

In this review of nomenclature numerous classes have beiui omitted, such, 
for example, as organic sulphur compounds, organo-motallic compounds, acid 
chlorides, anhydrides, amides, etc. Where necessary their nomenclature will be 
discussed with their chemistry in the appropriate diapter. 

Rapid expansion of organic chemistry has h^d to discovery of an enormous 
number of compounds, many of which are purely synt hetic and have no natural 
occurrence. In 1885, Odhng, addressing th(^ British Association, actually 
made a strong plea for the use of trivial names so that each substance had a 
convenient short name ; he deplored the coming of S3^8tematic names, thus :— 

“ There seems, moreover, at the present time, and especiall}’ among 
the younger chemists, to be a growing preference for striu^tural or so-called 
constitutional names.” 

Such preference has, by necessity, become universal, and it has been recog¬ 
nised that although a strict adherence to s\'stematic nomenclature is not at all 
times convenient, owing to the length of the names so obtaimxi, the systematic 
name is often the most lucid and easily understood. 

The following remarks of Clarence Smith who, as Editor of the Chemical 
Society’s publications for many years, has done much for chemical nomenclature, 
may be quoted in conclusion :— 

'*. . . may I make a plea for the chemists of the future ? For th(?m, 
the modem craze for brevity in names is storing up trouble. Fifty years 
hence, students will have to learn the names and empirical formulse of, 
possibly, thousands of compounds, and w e now^ could savc^ tluun all that 
mental labour by using systematic names instead of empirical ones. 
Tetralin and dekalin are industrial names, but they have got into scientific 
literature because the names tetrahydro- and decahydronaphthalene 
involve the trouble of writing a few more letters. R(‘cently, I h^ to deal 
with the name ‘‘ thionessal ”, coined more than fifty years ago. How 
many of you could, off-hand, give the scientific name and formula of this 
compound ? From what I have said to-night you might guess that it is 
an aldehyde containing the thione radical. You would bo wTong. When 
the compound is named 2, 3, 4, 5-tetraphcnjdthiophene, you all know 
what it is and can write the fomiula.” 

APPENDIX 1 

RULES PROPOSED BY THE LlfeOE CONFERENCE (1930) 

1. Gbnebal. 

1. As little change aa possible is to be made to existing nomenclature. 
2. The system is concerned, at present, only with compounds whose con¬ 

stitution is known, leaving to some future date consideration of com¬ 
pounds the constitution of which is imperfectly known. 

3. The words, suffixes, etc., of thf38e rules must be adapted to the various 
languages by the appropriate sub-committees. 
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II. Hydrocarbons 

4. The suffix “ ” is adopted for saturated hydrocarbons ; acyclic 
hydrocarbons are known genorically as ‘ alkanes \ 

5. The existing names—“ methane ”, “ ethane ”, “ propane ”, ‘‘ butane ” 
—of the fii-st four hydrocarbons are preserved ; for the remainder, 
names derived from the Greek or Latin numbers are to be used. 

6. Branched-chain (arborescent) hydrocarbons are regarded as derivatives 
of normal bydroc*arbon8 ; their names are referred to the longest carbon 
chain which can be established in the molecule, adding the designations 
of the lateral chains. In cases of ambiguity, or if b}^ doing so a more 
simple name can be attained, the fundamental chain is taken to be 
that with the maximum of substituents.^ 

7. Where several lateral chains t^xist, the order of their announcement is in 
increasing order of compU^xity. The chains carrying the largest number 
of secondary or tertiary atoms are considered the most complex. Where 
two or more different groups of equal complexity are involved alpha¬ 
betical order should bt* followed. 

8. In unsaturated acyclic hydrocarbons, with a single double bond, the 
suffix “ -ane ” is replaced by “ -ene ” ; if two double bonds are present 
the ending -diene ” is used ; and so on. The generic name for such 
hydrocarbons would be ‘ alkenes ’, ‘ alkadienes ‘ alkatrienes etc., 
e.g. propene ”, hexene 

9. Names of hydrocarbons containing triple bonds end in ” -yne ”, “-diyne”, 
etc. The generic name is ‘ alkyire e.g. propyne “ heptyne 

10. In the presence of both double and triple bonds the terminations 
” -enyne ”, ” -dienyne ”, etc., are used. Generic names of such hydro¬ 
carbons w ould b(‘ ‘ alkeiiynes ’ or ' alkodienjmes 

11, 8aturat<‘d monocyclic hydrocarbons take their name from the corre¬ 
sponding acyclic saturated hydrocarbon, precedtKl by the prefix cyclo ”. 
They have the generic title ‘ ct/cZoalkanes 

12, When urisaturaUM:! (the cyclic hydrocarbons) the Rules 8-10 are applied. 
Also, in the case of aromatic, polycyclic compound's, partially saturated, 
the prefix “hydro” preceded by di, tetra, etc., is used. E.g. “ di- 
hydroanthra(‘ene ”. 

13. Aromatic hydrocarbons are indicated by the suffix “ -ene ”, and conserve 
generally their eu.stoniary names. It is permitted to use the word 
“ phene ” hi place of “ benzene 

III. Fundamental Heterocyclic Compounds 

14. Suffixes of (Tistomary nam(\s, which do not corre^spond with the func¬ 
tional group (impiie<i) are altered according to the peculiarities of each 
language, e.g. 

(а) The suffix “ -ol ” is changed to “ -ole ” as in “ Pyrrole ”. 
(б) The suffix “ -ane ” is changed to “ -an ” as in “ Izrail ”. 

^ Example :~ 
CH, CH3 

CH,. CH 
12 11 

CH y 
9 8 7 6 6X 

>CH . CH,. CH,. CH, . CH 

CHj.CHt.CH, "^CH 

CHg. CH,, CH, . CH, 

CH, 

3 
CH , 

. in. 
2 
CH. 
I 
CH, 

CH* 

In this example there are four ways in which the dodecane chain may be selected ; if 
ohosen as marked the substance is named “ 2, 3, 4, 10, U*pentainethyl-9-propyl-6, butyl- 
dodecane *’; had the stem been oboaon in any of the alternative ways a miicli more cumbrous 
name would have resulted. 
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15. When nitrogenous heterocyclic compounds (not having the termination 
ine ’*) are hydrogenated progressively to basic compounds this deriva¬ 

tion is marked by successive changes of the termination to “ ine and 
“ idine E.g. 

“ Pyrrole “ pyrroline “ pyrrolidine ; 
‘‘ oxazole “ oxazoline 

16. The final letter '' a ” is adopted for hetero atoms which form part of a 
ring. Thus, oxygen is indicated by oxa ; sulphur by “ thia '' ; 
nitrogen by ‘‘ aza ”, etc. It may, perhaps, be necessary to suppress 
the “ a ” before a vowel. Examples : “ thiadiazole ”, ” oxadiazole ”, 

thiazine ”, oxazine ”, whilst preserving those names of heterocyclic 
compounds which have bcxm universally adopted, the names of other 
heterocyclic comiiounds are derived from the corresponding liornocyclic 
compounds, e.g. (161) is “ 2, 7, 9-triazaphenanthrene 

I H 

/\ /\/ 
I t 

(101) 

IV. Simple Functions 

17. Compounds of simple function are those which comprise a function of 
one tyT>e only, although the functional group may be rep(*ated several 
times in the same molecule. 

18. When only a single functional group is prc^sent, the stem shall be chosen 
so as to contain it; where there are several functional groups th(' str^m 
is so determined that it contains the maximum number of functional 
groups. 

19. Halogen compounds are designated by the name' of the hydrocarbon 
from which they are derived, preceded by a jirefix indicating the nature' 
and number of the halogen atoms, 

20. Alcohols and phenols take the name of the hydrocarbon from which 
they are derived, followed by the suffix -ol In accord with Rule 1 
the names such as “ phenol ”, “ cresol ” and “ naphthol ”, which have 
been universally adopted, are preserved. The same nomen(‘latur(' may 
be extended to heterocyclic compounds, e.g. ” quinolinol ”. 

21. In dealing with pulyhydroxy alcohols or phenols one of the particles 
di-, tri- and tetra- is intercalated between the name of the hydro¬ 
carbon stem and the suffix ” -ol ”. 

22. The name ” mercaptan ” is abandoned as a suffix ; the function is 
indicated by the suffix “ thiol 

23. Ethers—or oxides, are considered as hydrocarbons in which one oi’ 
more hydrogen atoms have been replaced by alkoxy groups. At the 
same time, for symmetrical ethers (oxides), the a<Tepted nomenclature 
is preserved. E.g. CH^O . C2H5 “ methoxyethane ” ; CHaOClIjj, 
“ methoxymethane ” or ‘‘ methyl ether 

24. Oxygen linking two atoms of a carbon chain is designated by the pnhx 
‘‘ epoxy ”, in all cases where it is inexpedient to name the substance as 
a cyclic compound.^ Examples : ethylene oxide ” “ epoxy ethane ” 

^ This proviso is to except from the rule such substant^es as furan CH—CH which 
would otherwise be called 1, 4 epoxybutadieno-1, 3 in i 
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epichlorhydrin ’* = “ 1, 2-epoxy-3, chloroprupane ’’ ; “ tetramethyl- 
ene oxide 4-epoxybutane 

25. Sulphides, disulphides, sulphoxides and sulphones are named as the 
ethers (oxides), ‘ oxy ’ being replaced by ‘ thio ‘ dithio ‘ sulphinyl * 
or ‘ sulphonyl Examples : CH3 . SOg. “ methylsulphonyl- 
othane ; CH3 . S . C3H7 = ** methylthiopropane ; 

CH3{CH2)2»^0(t5H2)3CH3 == “ (propylsulphinyl)-l-butane 
26. Aldehydes are characterised by the suffix “ -al added to the name of 

the hydrocarbon from which they are derived ; thioaldehydes take the 
suffix “ -thial ” ; acetals are named as “ 1, 1-dialkoxyalkanes 

27. Ketones are accorded the distinguishing suffix “ -one ” ; diketones, 
triketones and thioketones are designate by the suffixes “ -dione **, 

-trione “ -thione 
28. The name “ ketone ’’ is retained. 
29. For acids, the Geneva nomenclature is retained. However, in cases 

where its application is tedious, the carboxyl group may be considered 
as a substituent and the name of the acid formed by adding the suffix 

-carbon ” or “ -carboxylic ’’ (according to the language) to the name 
of the hydrocarbon stem. 

30. Acids in which an atom of sulphur has replaced an atom of oxygen, are 
named according to Geneva nomenclature. Examples: “ ethane- 
Ihioic ”, ethanethiolic ”, “ ethanethionic ”, “ ethanethionthiolic 
Or, considering the carboxyl group as a substituent; one would de¬ 
signates them “ carbothioic ” acids, employing the term 

carbothiolic ” if the oxygen of the —OH is replaced by sulphur ; 
** carbothionic ” if the oxygen of the ==CO is replaced by sulphur ; 

and 
carbodithioic ” if both oxygen atoms are replaced. 

31. The existing nomenclature for salts and esters is retained. 
32. Acid anhydrides retain their present method of nomenclature, after the 

names of their corresponding acids. In accordance with the Geneva 
system, the amides, amidoximes, amidines, imides and nitriles are denoted 
by adding tonninations to the name of the hydrocarbon stem, whilst 
the acid halogenides are named by combining the term “ halide ” with 
the name of the radicle. Examples : C3H7. COCl, “ butanoyl chloride 
C3H7 . CO . NH2, “ butanamide If the carboxyl group is considered 
as a substituent the terminations “ carbonamide ”, “ carbonamidine ”, 

carbonamidoxime ”, “ carbonimide ”, “ carbonitrile ” are employed. 
Examples : C^H^COCl, “ propanecarbonyl chloride ” ; C3H7CONH2, 
“ propanecarbonamide ”, etc. 

33. The ending ” -ine ” is reserved exclusively for the nitrogenous bases. 
The existing nomenclature of monamines is retained. For polyamines 
the name of the hydrocarbon stem is followed by the suffixes ” -di ”, 
” -triamine ”, etc. With aliphatic bases containing pentavalent 
nitrogen, the termination “ -ine ” is changed to ” -onium Of cyclic sub¬ 
stances containing pentavalent nitrogen as part of tht. ring, those ending 
in ” -ine ” are changed to ” -inium ”, those ending in -ole ” to “-olium”. 
Example's : ” pyridine ”, pyridinium ” ; “ imidazole ”, ” imidazolium. 

34. Nomenclature of derivatives of phosphorus, arsenic, antimony and 
bismuth is very complex, and will be considered later. 

^ As Grignard points out (p. 1088, VoL I, TraiU de ohimie organigue), this nomenclature 
is faulty, 

if“thioic** CS.SH 
“thioHc*’ €O.SH 

„ “ thionic ” «= —€S . OH 

the term ** thionthiolic ” is redundant and likely to cause confusion. 



58 ADVANCED ORGANIC CHEMISTRY 

36. Compounds derived from hydroxylamine by replacement of the hydrogen 
of the hydroxyl are to be considered as alkoxyl derivatives ; those in 
which a hydrogen atom of the —^NHg group has been replaced, as 
alkylhydroxylamines. Oximes are named by adding the suffix “-oxime” 
to the name of the aldehyde, ketone or quinone from which they are 
derived. Examples : C2H5ONH2, “ ethoxyamine ” ; C2H5NHOH, 
“ othylhydroxylamine 

36. The gcmeric term “ un>a ” is retained ; it may be used as a suffix to 
indicate the alkyl and acyl derivatives of urea. Examples :— 

C4H2NH . CONHo, “ butyl urea ” ; C3H7. CO . NH . CO . NHg, 

“ biityryl urea 
The bivalent radicle —NH . CO . NH— is to be called “ urylene 

37. The generic term “ guanidine ” is retained. 
38. The generic term “ carbylamine ” is retained. 
39. Jsocyanic and isothiocyanic esters (RNCO, RNCS) are referred to as 

“ isocyanates ” and “ isothiocyanatos ”. 
40. The name “ cyanate ” is reserved for the true esters of cyanic acid, 

which furnish the latter or its hydrolysis products on saponification. 
Idle terai “ sulphocyanate ” is replaced by “ thiocyanate ”. 

41. Nitro derivatives ; no change in the normal current method of nomen¬ 
clature. 

42. The denominations “ azo ” and “ azoxy ” are retained. 
43. (a) Diazonium compounds R . NgX are named by the addition of the 

word “ diazonium ” to the name of the parent substance (e.g. “ benzene 
diazonium chloride ”). 
(b) Compounds possessing the same generic formula, but with trivalent 
nitrogen are named by replacing the “ diazonium ” of the previous 
section, by “ diazo ” (e.g. “ benzene diazo hydroxide ”). 
(c) Substances of the type RNgOMe are designated diazotates ”. 
{d) Compounds in which two atoms of nitrogen are attached to a single 
carbon atom ai-e distinguishexi by the prefix “ diazo ”. Examples :— 
“ diazomethane ”, “ diazoace tic acid ”. 
(e) The denomination “ diazoamino ” is retaiiuxi ; although one ciin 
consider these bodies as derivatives of “ triaz(me ”. 
(/) Derivatives of the substances 

H^N . NH . NH . NH2, NH-N . NH . NHo, NH-N . NH . N- NH 
are named “ tetrazanes ”, ” letrazenes ”, “ pemtazdienes ”. 

44. Hydrazines are designated by the name of the radicles from which they 
are derived followed by the suffix “ -hydrazine ”. In the case wdiere the 
amino group of a carbonamide is replaced by the hydrazino group, the 
suffix “ -hydrazide ” is employed. The hydrazoic derivatives are 
considered as derivatives of hydrazine. Examples :—CH3 . NH . NHg, 
“ methylhydrazine ” ; C2H5. NH . NH . C3H7 “ 1-ethyl-2-propyl hydra- 
zine ” ; C3H7. CO . NH . NHg ; “ butyrhydrazide ” or “ propane carbo- 
hydrazide ”, 

45. Hydrazonos and semicarbazones are named in a manner similar to that 
of the oximes ; the denomination “ osazones ” is retained, 

46. The name “ quinone ” is retained. 
47. The sulphonic and sulphinic acids are designated by the addition of the 

suffixes “ -sulphonic ” or “ -sulphinic ” to the name of the hydrocarbon. 
The analogous acids of selenium and tellurium have the names “ alkane- 
selenonic ” and “ seleninic ” ; “ alkane telluronic ” and “ tellurinic ”, 

48. Organometallic compounds are designated by the names of the organic 
radicles attached to the metal, followed by the name of the latter. 
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Examples : ‘‘ dimethylzine “ tetramethyllead “ methyl magnesium 
chloride In the case of a metal tied to a complex radicle it is per¬ 
missible to consider it as a substituent, e.g. ClHg . CgH4 . COOH, 
“ chloromercuribonzoic scid 

49. The nomenclature of cyclic derivatives with lateral chains will be 
considered later. 

50. Where it becomes necessary, to avoid ambiguity, the names of radicles 
can be placcKi in parentheses, e.g. (Dimethvlphenyl)aminc ” == 

. NH2 ; “ phenyidimethylamine - CeH5. N(CH3)2. 

V. CJoMPLEX Functions 

51. Compounds of complex function, i.e. compounds in which diverse 
functions are present, only one function (the principal function) can be 
indicated by the termination of the name. The other functions are 
designated by suitable prefixes.^ 

52. In the dc^signation of functions, the following prefixes and suffixes are 
ernplo^’ed :— 

Function Prefix Suffix 

Acids and acid Carboxy Carboxylic, carbonyl. 
derivatives carbonamide, etc., or 

-oic, -oyl, etc. 
Alcoholic Hydroxy 01 
Aldehyde Oxo, aldo (for 0 ; 

aldehyde or formyl 
for CHO) A1 

Amine Amino Amine 
Pentavalent nitrogen — -oniiim, -inium 
Nitrile Cyano Nitrile 
Ketone Oxo or keto -one 
Azo derivative Azo — 

Azoxy Azoxy — 

Nitro ,, Nitro — 

Nitroso ,, Nitroso — 

Sulphinic ,, Sulphino Sulphinic 
Sulphonic ,, Sulpho Sulphonic 
Ether (oxide) Alkoxy — 

Halogen compound Halogeno — 

Hydrazine Hydrazine Hydrazine 
Double link — -ene 
Triple ,, — ->uie 
Mercaptan Mercapto Thiol 
Oxide, (Ethylene, etc.) Epoxy — 

Sulphone Sulphonyl — 

Sulphoxido Sulphinyl — 
Sulphide Alkoylthio 
Urea Urei^ Urea 

53. Names of compounds derived from the fundamental heterocyclic rings 
are formed according to the preceding rules. 

^ Rules 61-2 are particularly unsatisfactory; the Commission refused to define, or 
admit the need for demition of, the term ‘ principal fimction *, thus HOOC . (CH,)^ . CHO 
(described in Chap. II as “ pentanal-1, acid-5 **) would be described according to rules 
61-2 either as ** 4-carboxybutanal-l **, or ** 6-aldopentane, acid-1 
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VI. Radicles 

54. Univalent radicles derived from saturated aliphatic hydrocarbons by 
loss of an atom of hydrogen, are named by replacing the termination 
“ -ane ” by “ -yl 

56. Names of univalent radicles, derived from unsaturated aliphatic hydro¬ 
carbons, are distinguished by the termination ‘‘ -enyl “ -ynyl 
“ -dienyl the positions of the double or triple bonds being indicated 
by figures where necessary. 

56. Bivalent or trivalent radicles derived from saturated hydrocarbons by 
the loss of 2 or 3 atoms of hydrogen from the same atom of carbon are 
denominated by replacing the “ -ane termination of the hydrocarbon by 
the termination “ -ylidene ” or ‘‘ -ylidine For radicles derived from 
unsaturated hydrocarbons, the terminations are adjusted to the name 
of the hydrocarbon. The terms “ isopropylidene and methylene 
are retained. 

57. Bivalent radicles, derived from aliphatic hydrocarbons by the loss of 
an atom of hydrogen from each of two terminal carbon atoms, are named 
“ eth3dene ”, “ trimeth3dene ”, “ tetramethvlene ”, etc. 

58. Radicles derived from acids by removal of the —OH, are described 63^ 
transforming the “ carbonic ” or “ carboxylic ” to “ carbonyl ” or 
“ oyl ”, using the Geneva system. 

59. Univalent radicles derived from aromatic hydrocarbons by removal of 
one atom of h3drogen from the nucleus ans in principle', named by 
altering the termination ” -ene ” to “ -yl ”. The radich'S — and 
CgHj . CHg— still continue to bo called “ phenyl ” and “ be‘nzyl In 
addition, certain abbreviations sanctioned by custom are authorised, 
such as “ naphth3d ” in place of ” iiaphthaKl ”. 

60. Univalent radicles derived from heteroc3"clie compounds by removal of 
h3^drogen from the nucleus, are named hy turning thi** tenninal -ine ” 
to -yl In cases where ambiguity arises the final ” c ” only is 
chang^ to “ -yl Examples : “ p3nridine ”, ** pyridyl ” ; indoie ”, 

indolyl ” ; ” pyrroline ”, “ p3Trolinyl ” ; triazole ”, “ triazotyl ” ; 
triazin ”, “ triazinyl ”, 

61. Radicles, formed by the removal of an atom of h3"drogen from the lateral 
chain of a cyclic compound, are considered as substituted aliphatic 
radicles. 

62. In general, special names are not given to polyvalent radicles derived 
from cyclic compounds by loss of more than one atom from the nucleus. 
In such cases, prefixes or suflBxes are used. Examples : “ triamino- 
benzene ” or benzene triamine ”; “ dihydrox37)yrrolo ” or ” p3TOdediol”. 

63. The order of enunciation of radicles or prefixes (order alphabetic or 
conventional) is a matter of choice, 

VII. Enumeration 

64. In aliphatic compounds, the carbon atoms of the stem are numbered 
from one end to the other, employing arabic numerals ; in aism where 
ambiguity is likely to arise the lowest numbers are given (1) to the 
‘ principal function (2) to double bonds, (3) to triple bonds, (4) to 
atoms or radicles designated by the prefixes ; the term ' lowest number ’ 
signifies that group containing the smallest numerals. Thus, 1, 3, 6 is 
less than 2, 4, 6 ; 1, 5, 5 less than 2, 6, 6; 1, 2, 5 less than 1, 4, 5; 
1, 1, 3, 4 less than 1, 2, 2, 4. 

66. Positions in a lateral chain are designated, from the point of attach¬ 
ment, by numerals or letters. Such numerals or letters are, with the 
name of the chain, placed in parentheses. 
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66. In case of ambiguity in the enumeration of atoms or radicles designated 
by prefixes, the order is chosen so that the prefixes are immediately 
before the name of the stem, or of the lateral chain in which they are 
substituents. 

67. Prefixes “ di- “ tri- **, “ tetra- etc., are used in simple expressions 
(e.g. “ diethylbutanetriol **) and the prefixes, “ bis- tris- “ tetra- 
kis- etc., in more complicated instances. 
Examples : 

bis(methylamino)propane CHg. NH(CH2)3NH . CHg 
“ bi8(dimethylamino)ethane ”, (CH3)2N . CHg. CHg. N(CH3)2. 

The prefix “ bi- ” should never be used, save to indicate the doubling up 
of a radiek^ or compound, for example “ biphenyl 

68. A catalogue of the cyclic structures and their enumeration according to 
j)re.sent usage, and to the s^^stem of Patterson, is in preparation under 
the »gis of the National Research Council of the United States and of 
the American Chemical Societ5^ Finally, to avoid confusion, the 
Commission recommends that the system of enumeration be included 
in each memoir. 

APPENDIX II 

A NEW NOTATION FOR ORGANIC COMPOUNDS 

The extreme difficulties of systematic nomenclature based on the older 
systems will have bec'ome apparent to those who have read the main portion 
of this Chapter, whilst a glam^e at the examples set out in the Ring Index will 
confirm this view. 

In an attempt to avoid the various pitfalls of the older nomenclatures 
Dyson has evolved a new' mode of delineating organic structures.^ According 
to this system all com])oiinds are divided into two classes ; those in which the 
(ignoring hetero(‘yclic atoms) carbon atoms are all joined together (homo- 
jicneous) and those in w'hich the various portions of the carbon skeleton are 
separat/ed by functional groups (as the two ethyl groups in ordinary ether) 
(heterogeneous). A homogeneous structure is derived from a single hydro¬ 
carbon ; a heterogeneous structure is derived from several indirectly linked 
hydrocarbons. 

The aim of the new' notation is to reduce the structural ideograph to a 
linear form which shall be completely unambiguous both as to statement and 
enumeration. In order to attain this end, the hj^drocarbon structure is con¬ 
sidered first. Thus, a homogeneous hydrocarbon structure may consist of a 
chain (straight or arborescent), a ring, an aggregate of rings or an admixture of 
chains and rings. All acyclic hydrocarbons are delineated by selecting the 
longest carbon chain present and indicating its presence by a statement such as 

” (<locane and tridecane respectively). If there are no branch 
chains this statement suffices ; in arborescent structures the statement of the 
longest chain is foUow^ed by the statement of the subsidiary chains in decreasing 
order of size. Thus the examples of saturated acyclic hydrocarbons given in 
the body of the Chapter (examples 1-3) would be delineated thus :— 

CH3CH . CHgCH . CH2CH2CH3 

I 10 J 8 0 

CH3 CH2CH3 

12 84 6 6789 

CH3CH . CH2CH3CH . CH2CH2CH2CH3 
I 10 11 12 

CH3 CH^CHiCHa)^ 

C,.C2,4.C,2 C,.C3,5.C, 2,11 

* See Appendix III. 
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H3C CH3 

10 98 7 6 6 4 I3I2 1 

CH3CH2CH2CH . CHgCH . CH2. C . CH . CH3 

Cio.CV5.C,2,3,3,7 

25 
CH3 

cn.ca.c . . CH^CH . OH2CH2OH2CHXH3 
113 14 15 16 |l7 18 19 20 

rH2CHoCH./^H3 CH2CH . CH2(^H3 

I23 24 

CH2CH3 

L\^.(\,6.Co, 12, 18. C, 8, 12 

The saving of space is manifest ; the sequential enumeration of the carbon 
atoms avoids any difficultit^s in numbering substituent groups, and the final 
results can be listevl in index form. 

The presence of unsaturation in such hydrocarbons is indic ated by modulated 
forms of E :— 

E Double bond. 
E3 Triple bond. 

El and E2 may be used to delinciate the ci.s- and /mn.s'-arrangement of 
groups at the double bond res])ectively. 

Several exam])les (4-12) from the main part of this Chapter are used below 
to illustrate this principle :— 

i: H, 
CHs CH,CHjCHjCH3 

26 

CH, 
|12 II 10 

1234 56 123 46 6 78 

CH3CH2CH-CH . CH3CH3 CH^C.'H^CH^CH . CH=r.CH . CH3CH3 

C, . E, li C's . E, 3, 5 
11 10 4 6 6 7 8 9 

CH3=CH . CH . CH3CH2CH3CH3CH3 CH-lC . CH . CH3CH3 
3 2 1 ! 

CH,('H=--CH3 ('H3 

C3.C,, 4.E, 1, 10 C5.C, 3.E3 

14 13 12 11 in 9 8 7 tl 6 4 3 2 1 

CH3CH=--CH . CH . CH,CH,CH^CH=:VH . ( H . CHjCJH^K’H . CH3 
I I 16 16 17 

CH, CH=C . CH3 

(’H3 

C,, . C3, 5 . C, 11, 16 . E, 2, 6. 12, 15 

CH^CHjCH.CH . CH=CH . CH=CH . CH . CHjC^CH 

iHjCHaCHs CH, 
Cij.Ca, 4.0,9.?:, 5,7. E3, 11. 

It will be noted from these cxarn])les tlmt the unsaturation is cited after 
the chain is established, and that the longest carbon chain is always selected 
for the generating operation (in contradistinction to the Geneva-Li^ige system). 

Single rings are delineated from the symbol A for fully saturated rings, 
and B for aromatic rings. The appropriate symbol is followed by a figure or 
series of figures indicating the nature of the individual units of the network. 
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Thus, the simple ct/rioparaftins are A3, A4, A5, A6, etc., whilst the fully un- 
saturated or aromatic types are B4, B5, B6, B7, etc. Fused rings are cited 
in terms of the units of the network ; thus, naphthalene is BGo and phenan- 
threne and anthracene are B63. To distinguish between the various types in 
each group the interfaces of the network units are enumerated. The comma 
separates the citation of the units from their enumeration. This })rinciple 
is illustrated by the examples :— 

A(i„ M B6„ 1-2^ 

B63, 1,3 B()3, 1,4 

A()„ 1-3 

B64, 1, 3, 8 

The enumeration pattern is always chosen so that the first affected locant is as 
low as possible. Thus, in the example given as B64, 1, 3, 8, it is clear that 
any one of the three hexagon-hexagon interfaces could be numbered ‘ 1 To 
ensure that the next locant is ‘ 3 ' and not * 4 enumeration must commence in 
the ring marked X ; even so, it could be commenced in two ways, and the 
indicated method is chosen so that the third locant shall be ‘ 8 and not ‘ 12 ’. 
Note that once the proper ring has been selected for commencement of num¬ 
bering, all subsequent numbers are added according to the order in which the 
locants were written down. In the example B64, 1, 3, 8 once the ring X has 
been properly enumerated, the numbering proceeds round the next ring from 
‘ 1 ’ to ‘ 2 followed by ‘ 3 ' to ‘ 4 ’ and from ‘ 8 ’ to ‘ 9 

If several different sized rings have been fused together as in 

/16\ _ 
16 112 [9 h 6] 

J[j3 lio U 
\l8/ N/nL. 

A86r>24, 12, 1, 9, 5 

20 

19 

they are cited in order of decreasing size. The first ring cited is numbered 
first, and the subsequent locants indicate the position of attachment of the 
subsequent units of the network ; thus, the ‘ 12 ’ in the citation above indicated 
the position of attachment of the six-ring. In this way ring systems can be 
unambiguously reduced to linear groups of symbols. The three examples 
mentioned and depicted in the body of the chapter as causing considerable 
difficulties of nomenclature are easily enough delineated :— 

^ The * 1-2 * is always abbreviated to ‘ 1 *; and wliere by so doing a ‘ P would appear 
solos, it is omitted. Thus B6, is always used for naphtlialen© and B65.H7, for indone. 
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Formula (21) A65g, 1, 3-9. 
Formula (22) A635,1, 3, 7 . C7.17-19 . C, 3, 8, 22, 23 . E, 1-6, 4, 20 . Q, 13. 
Formula (23) A63, 1, 1. 

If a ring (or fused ring system) is joined to ^ chain, or to several chains, the 
ring is cited first and determines the whole enumeration of the aggregate, as in 

CHj 
7 8 9 10 11 11 12 7 8 9 10 

CH3CH^^CH3CH,i.CH3 

CH, CH, CH, Aj 

Be.C^.C, 10 Be.C4.C3,4.12.C, 9, 9 

If two dissimilar rings are singly linked, the larger takes precedence (but 
all fused rings are senior to any single ring) as in :— 

8 2 3 
n 

W 
* J' 
w 

1 

B6 . [A5] BSj . [A8], 3 

If the linkage of such rings takes place through a chain, the latter is considered 
to be an appendage of the senior group :— 

11 12 13^^"^ 15 

B62.C5,4.C2,8.[A5],14.[B6],17 

The use of square brackets, as shown in these examples, implies that the 
portion cited within the bracket is numbered independently, as though the link 
with the remainder of the molecule was non-existent. Where necessary the 
point of attachment to the bracketed moiety is shown just within the closing 
bracket, as in 

le 
CH,CH, 

w 

B63. [B6 . C . 4], 4 
Strings or clusters of similar groups are delineated by the use of 0, which is 

used as a multiplying symbol. Thus :— 

B6 . 1, 2, 4, 5, 10 
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By the use, and extension, of these rules any hydrocarbon structure can be 
delineated and enumerated unequivocally. The heterocyclic bodies are de¬ 
lineated by reference to the parent hoinocyclic hydrocarbon using ZQ, ZS, ZN, 
ZP, etc., for hetero-oxygen, sulphur, nitrogen, etc. Some examples are :— 

B62. ZN, 3 B6,. ZN, 3, 10 B65 . ZS, 7 . ZN, 9 . H, 7 

Functional groups are mainly dealt with as simple substituents by using the 
symbols :— 

X Carboxylic acid. 
Q Alcohol or phenol. 
EQl Aldehyde. 
EQ Ketone. 
S Thiol. 
ES Thione, etc., etc. 

Full details of the use of such symbols and the pro})er order for their citation 
will be found in the literature (see iVppendix III). It is only possible here to give 
one or two instances of their application, e.g. :— 

Formula No. Cipher. 
71 C7 . C, 4 . X. 
73 C5. 3 . X, 1,5, (>. 
76 AO . [X . . C, 3.7]. 
89 BO3,1,4. C, 8 . H, 3, 0 . EQ, 3,0. NFAO . Br . 4][Ce. C, 3 . E, 3.6], 8. 
91 BO3, 1,3. N, 8. 
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CHAPTER 111 

THE mTDKOCARBONS 

“ Varif^ty’s the very spice of life.*' 
—COWPEB. 

The scope of organic cln'mistry^ is primarily due to the ability of one carbon 
atom to enter intr> valence arrangeme^nts with others prcKlucing almost all 
conccivabk^ chains or patterns which, when combined with hydrogen, con¬ 
stitute the family of hydro(^arbons ; as mentioned in a previous chapter, the 
derivatives of these simple compounds obtained by the introduction of func¬ 
tional groups, comprise the vast range of organic compounds. In 1883, when 
Beilstein had published the first edition of his Handbiich,” Richter estimated 
th(* number of known organic compounds at 18,000 ; by 1910 the number w^as 
150,000, and to-day it cannot fall far short of half a million. This half million 
ivS, of course, only a tithe of what could be produced should the necessity arise. 
Of the known organic com]>ounds, about 4 per cent, are hydrocarbons. The 
upper limit of complexity in hydrocarbon formation is unknown ; paraffin 
hydrocarbons with over seventy carbon atoms have been prepared, but there 
is no reason to suppose tliat the limit has been reached. 

The hydrcxrarbons are dividf^l into three main classes :— 

(1) Acyclic. 
(2) Alicyclic. 
(3) Aromatic. 

Acyclic hydrocarbons are either of straight or branched chain formation ; 
alicyclic hydrocarbons contain a ring. Either class may be subdivided further 
into paraffin (or saturated) hydrocarbons, ethylenic or acetylenic tyT>es according 
to the degree of unsaturation present, and hybrid types containing any or all 
of these features can bo produced. The aromatic hydrocarbons occupy a 
special category owing to the peculiar stability of the benzenoid structure, its 
remarkable reactivity and its ubiquity in natural substances. 

The fully saturated acyclic hydrocarbons are termed ‘ paraffins the name 
being derived from an early observation that the mineral waxes—the first 
substances to receive the name—are unreactive. The recognition of these 
waxes as higher members of the homologous series, led to the adoption of the 
name for the whole series. The unreactive nature of the higher members is 
modified in the lower paraffins which are capable of undergoing numerous 
reactions. 

The natural occurrence of paraffin hydrocarbons in petroleum is dealt with in 
an Appendix to this chapter, but it must not be supposed that they are present 
in petroleum alone or that single pure substances can readily be obtained from 
the complex mixture. In petroleum, the saturated acyclic hydrocarbons are 
found mixed with a medley of alicyclic (naphthene) and aromatic hydrocarbons. 
In many cases, the branched chain forms occur in petroleum almost to the 
exclusion of the straight chain isomers, although under carefully controlled 
conditions of ‘cracking' and ‘reforming’, predetermined mixtures of almost 
any isomers can be obtained. 

Research in the higher realms of paraffin chemistrj^ is complicated by 
numerous factors. In the first place, ultimate analysis is of little use for 
determining empirical formulae in hydrocarbons above 0^7, as may be seen from 

67 
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the table below, in which the differences bfjtween the carbon and hydrogen 
percentages of successive higher hydrocarbons is smaller than the probable 
accuracy of the analytical determination. Again, as will be observed from the 

TABLE I 

Hydrocarbon Ter cent. H Per cent. C Hydrociirboii Per cent. H Per cent. C 

CH* 25 75 15 85 
C,H, 20 80 U-84 85-16 
C.H, 18-18 81-82 U04 85-36 

17-24 82-76 14-48 85-52 
16-28 83-72 Limiting valuo for 

C„H„ 15-4 84-6 t^ntl2n < 2 14-29 85-71 

table of the physical properties of normal paraffins below , the difference in the 
physical properties of successive members becomes so small in the higher 
regions of the series, that differentiation on these grounds is impossible, more 

TABLE IT 

Hydrociirlion Formula B.P. B.P. 
increment M.P. 

M.P. 
Increment 

Methane CH^ — 164 — 184 
Ethane) — 93 71 — 171-4 
l^ropane C,H. — 45 48 — 190 
Butane C4H,„ 4* 0-6 45-6 — 135 
Pentane C.H.. 36 35-4 — 130-8 
Hexane C,H„ 69 33 — 93-7 
Heptane t\Hi« 98-3 29-3 — 90 
Octane OgHjg 125-8 27-5 — 57 
Nonane CgHjo 149-5 23-7 — 51 
Becane CiAt 173 23-5 — 32 19 
Undecane C„H,4 195 22 — 26-5 6-5 
Dodecano CuH,. 215 20 — 12 14 5 
Tridecaixe CuHgg 234 19 — 6-2 6-8 
Tetradecane 252 18 5 11-2 
Pentadecaiie C..H„ 270 18 10 5-0 
Hexadecane C,.H„ 287 17 18 8-0 
Heptadecano C„H„ 303 16 22-5 4-6 
Octadecant) C„H„ ! 317 14 28 5-5 
Nonadecane C.,H„ 330 13 32 4-0 
Eicosane 208/15 min. — 37 5-0 
Heneicosano C„H44 219/15 nun. — 40-4 8-4 
Docosane 230/15 min. i — 44-4 4-0 
Tricosane C„H4. 240/15 mm. — 47-7 3-3 
Tetracoeane C«H., 250/15 mm. — 511 3*4 
Pentacosane 269/15 mm. — 54 2-9 
Hentriacontane C„H,4 312/15 mm. — 68 
Dotriacontanc) C«»H44 320/16 mm. — 70 
Pentatriscontane C«H„ 344/15 mm. — 76 
Tetraoontai^e O4.H,, 150/10~® mm. — 80-81 
Pentacontane CsoUioj 200/10"* mm. — 92 approx. 
Hexacontane 260/10-* mm. — 99 
Heptacontane 300/10-* mm. 105 

especially as with the very high members of the series the melting points tend 
to be spread over several degrees. The third complicating factor is that of 
isomerism. These difficulties are well illustrated in the case of myricjd alcohol, 
the palmitic ester of which was stated to be the principal ingredient of beeswax ; 
myricyl alcohol was, until recently, thought to be the alcohol CaoH^jOH, but 
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has since been shown to be CgiHggOH ; the two substances are incapable of 
differentiation on simple analytical grounds. Hell and Hagele prepared the 
hydrocarbon dohexacontam? CggHigo from rnyricyl alcohol, through the iodide 
and sodium aud showed it to differ from hexacontane prepared from 1, 10- 
di-bromodecane and sodium.^ 

Chibnall, Piper and others have solved many problems of the structure of 
higher hydrocarbons, by spatial measurements of interatomic configuration, 
using X-ray spectra. (See under “ Waxes ”, Chap. VIII.) 

The possibility of isomerism commences with butane, of which two forms 
are known, the number of possible forms can be calculated,^* ^ and rapidly 
increases, leading to 366,319 isomers for eicosane. It is not known how many 

TABLE III 

Hj'drocarlx)!! No. of possible 
Ifsomera 

No. of laomerB (Including 
BtcreolsomiTs) 

C.H,. 2 2 
C5H,, 3 3 

n 5 
C,H„ 9 11 

18 24 
35 55 

L10H22 76 136 
I 159 388 

C13H28 1 802 2495 
^ *141^30 1858 7242 

^^16^34 10,359 — 

( joths 366,319 3,395,964 

^ soi'iei Ov6)r 100 million — 

of this wide range of isomers exist in nature, for no method has been devised 
for distinguishing many of them, when present in small quantities. 

In addition, simple isomerism is not the only form of structural variation 
shown in this series, sinc(^ certain of the higher hydrocarbons contain one or 
more asymmetric carbon atoms. Thus, of the nine possible heptanes one 
(3-methyl hexane) can exist in d- and Z- forms ; of the eighteen octanes, three 
have a single asymmetric carbon and one, two such atoms :— 

3-Methyl heptane 
2, 3-I-)imethyl hexane 
2, 4-Dimethyl hexane 
2, 2, 3-Trimethyl pentane 
3, 4-Dimethyl hexane 

d and I forms 
d and I forms 
d and I forms 
d and I forms 
d, I and meso forms 

thus increasing the number of possible isomers from eighteen to tw^enty-four. 
With C20H42 (eicosane) the 366,319 structural isomers become 3,395,964 when 
stereoisomers are taken into account; for heptacontane the number is 
astronomical and ceases to have significance.* It must, however, be remembered 
that there may be some structures which, although mathematical possibilities, 
could not, in actual practice, exist because of steric factors; hydrocarbons 

^ Carothors et nl, J,A.C,S., 1930, 52, 5279. (By the action of sodiurn on 1, 10-dibromo- 
decane in moist ether, these authors obtained a series of hydrocarbons Cjo# C40* 
and 0^0, which were separated by distillation in a vacuum of 10“* mm.) 

• Ch, Ztg„ 1898. 1, 396. 
* Blair and Henztn J.A,C,S., 1932. 64, 1098. 1638 ; 1931. 58, 3042, 
* Coffman, Blair and Honze, ibid., 1933, 55, 252. 
« Pony, ibuL, 1932, 54, 2918. 
♦ For methods of calculating the number of isomers see Henze, Blair, 1931-32 ; Perry, 

1932, loc. cit. 
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carrying an assemblage of arborescent groups as in (1) may prove impossible to 
produce, and may split into fragments with the carbonium or ** trivalent ** 
carbon structure. The variation of properties within an isomeric group of 
hydrocarbons is considerable. The normal hydrocarbon almost always has 

CHs CH3 

CH3 CE,^ /CH3 

C ( j 

i CH3\^ , 1 /CH3 
/ 

CH3. C—C—C . CH3 OH3. C-4 >-C . CH3 

ce/ ^CH3 ce/ 

CE,^ ^CE, CH3v^ ,CH3 

CH3. C—( :;__C . CH3 CH3. c-t C . CH3 

ce/ ^CE, CE,/ \cH3 

^ ( '1 .. . ( 
'.V. 

CH3^ „CH3 (TI3 ! 
\ i 

/CH3 

CH;,. C—t j-(;. CH3 CH,. C--C ̂ -(.;.ch3 

ce/ 1 \ch3 CH / 1 "CH3 
1 ** " i 

C (J 

i (i; 

the highest boiling point followed by those s(H*ondary hydrocarbons canying 
fewest branches ; of two isomers with the same number of branches, that with 
a preponderance of heavy inner substituents has the higher boiling point. 
This is shown in the following table of the b. pts. of the heptanes :— 

TABLE IV 

Structure Nani'! ji.P. 

CH«(CH*),CH3 w-Heptanci 9S-3'‘^ 

C’sH, . CH . 
1 

3*Ethylj:>f*ntHUO 93-3" 

C,H. 

C.,Hj. CH . C,K, 3-Met hylhextinr^ 91-8*^ 

CH, 

(CH,),CH . C4H, 2-MothyJhexane 90-0" 

OH,. XH, 
>DH . CH< 

ca/ \c,H, 

2, S-Diinethylj^eritaiie 89-7*^ 

CH, 3, 3-Dimethyl}>entaiio se-o*" 

C,H.—C—CA 
i 

CH, 

(CH.).CH. C(CH,), 2, 2, S-Triinothyibutane 80*9^ 

(CH,),CH . CH, . CH(CH,), 2, 4-Dimethylpttntane 80*8'‘ 

(CH,),C.C.H, 2, 2-Dimothy]i)eiitane 78*9® 
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Synthetic Methods in the Paraffin Series 

P\Toly tic methods of conversion and reconstitution of paraffins are discussed 
in the Appendix to this chapter, being more appropriate to a consideration of 
the petroleum industry. The purely chemical reactions leading to hydrocarbons 
are dealt vith in this sc’setion, but it may be remarked that they do not often 
give pure products; the pre})aratioM of pure acyclic paraffins is often a matter 
of considerable difficulty. 

1. Wuriz" reaction. In outline, this method appears to be simple, sodium 
acting upon two mok‘.cules of an alkyl iodide to give sodium iodide and a 
higher hydrocarbon, for exainple :— 

C^Hnl -1 2Na 1 IC,H„-+ 2NaI 

Were the r(*actions as simple as indicated, it would be a very valuable, as well 
as a unique example of tliree such molecules entering into simultaneous re¬ 
action. In pra<‘tice, whilst it proceeds substantially along the desired lines, 
other substances are formed which contaminate the product, and from which 
it is not easily separated. 

The formation of de(*p indigo blm^ substances at the surface of the sodium 
in Wiirtz’ reaction first k'^d to the suspicion that organo-sodium compounds 
might play an intermexiiate part, and Schorigin,^ Gilman and Wright,^ and 
others ^ were abk‘ to prove the existence of compounds of the ty|)e C5Hj|Na 
in the reaction mixture. Wiirtz’ reaction may therefore be written 

C,HnI + 2Na — > C^HiiNa + Nal 
H- C^HijNa-^ + Nal 

This, howevcu’, can only be part of the (‘xplanalion, since the latter reaction 
must undoubttxily take a (‘ourse leading to the temporary formation of the 
free radicle C^Hu. Whilst tvo such radich's may combine to give the required 
product, a disproportionating action 

can take place to some extent, leading to contamination of the product. Further, 
the reaction with sodium often goes further than the formation of the simple 
derivative, and in most cases some of the disodium derivative 

2C5H11I -f 6Na-+ 2NaI + 

is obtained. When this rt^acts with more alkyl iodide, the branched chain 
pentadecane is formed 

= OH,. CH,. CH2. CH,. CH . CsH,, 

CsHu 

The formation of the frex^ radicle and its direct union with a similar 
radicle leads to thes decene CiqHjo, which, although only present in small traces, 
is difficult to remove. 

The formation of these disodium derivatives wm shown by Morton and 
Hechenbleikner,^ w'ho allowed sodium to react on amyl chloride and carbon¬ 
ated the product to give a 66 per cent, yield of caproic and butymalonic acids. 

» Schorigm, B. 1908, 41* 2711 ; 48, 1938. 
» Gilman and Wright, J.A.C.S., 1933, 55, 2893, 
‘Eieglef and Schifer, Ann., 1930, 479| 150. Hiickel, KLraemer and Thiele, J» Pralc, 

Chmn., 1935,148, 207. 
* Mnrton and Heohenbleikner, 1836, 58i 1607, 2699^ 



72 ADVANCED OEGANIC CHEMISTRY 

It is the reluctance of the sodiohydrocarbon to react with chlorides that causes 
the dijfficulty in carrying out Wiirtz’ reaction with alkyl chlorides. 

Complex as these reactions are, they appear simple by comparison with the 
possibhities latent in the Wiirtz reaction for obtaining odd-numbered hydro¬ 
carbons by the coupling of two different alkyl halides 

RJ -f 2Na f Rjl-> RjRj -f 2NaI 

in which both Rj and Rj are capable of leading to a group of paraffins and 
olefines similar to those outlined above. Purer compounds are obtained when 
the Wiirtz reaction is carried out with molecular silver. Q’he existence of such 
organo-metallic derivatives as phenyl silver, AgCjHj (see Vol. If) leads to the 
supposition that alkyl silver com£K)und8 are involved in the reactions:— 

R]I + 2Ag = RjAg Agl 
Rjl RjAg = Rj. Rj -j- Agl 

2RjAg = Rj. Rj + 2Ag 

It is probable that the third reaction proceeds far more easily' than the second 
and is responsible for the higher yield of the dc'sired hydrocarbon. 

The W^tirtz reaction has been applied by Fittig to alkaryl hydrocarbons ; 
as, for example, the formation of ethyl benzene from bronn benzene and ethyl 
bromide in the presence of sodium. This reaction is not confined to one side- 
chain ; two or more can be introduced at once with aromatic halogen com¬ 
pounds containing more than one halogen atom. The reaction is not, however, 
uniformly successful, even in the presence of catalysts such as ethyl acetate, 
which accelerate tlu^ more sluggish reactions. Thus, no ?n-xylene can be 
obtained from w-bromotoluene and methyl bromide, though a good yield of 
p-xylene is obtained from the p-bromotoluenc. On the other hand, the reaction 
may be of considerable value in building up condensed rings, as in the case of 
dihydroanthracene (2) obtainable by the action of sodium on o-bromobenzyl 
bromide:— 

-f- 4Na 

Br BrC’H, 
.1 i 'V 

+ 4NaBr 

CH,/ 
(2) 

The application of this reaction to ring closure in the preparation of cyclo~ 
paraffins has been termed Freund’s reaction 

/ 
CH^ 

CHj—CHj. Br ,CH,—CH, 

\ 
-|- 2Na CH, 

CHj—CH^. Br 
(3) 

+ 2NaBr 

'•CHa—CHj 
(4) 

and is moderately successful, e.g., in the preparation of cyc/opentane (4) from 
dibromopentane (3) and sodium. 

Morton and Stevens ^ have suggested that the Wiirtz reaction may involve 
the formation of a ‘ metal halyl ’ either in addition to the organo-sodium or 
organo-silver compound or to its exclusion. They regard the halyl as a substance 
represented by the structure :— 

Rj • • • Br • • • Na 

in which the sodium is associated with the halogen, but in which the bromine 

* Morton and Stevens, J.A.C.S., 1932, 64, 1919. 



THE HYDBOCARBONS 73 

has a weakened affinity for the alkyl radicle, the latter thereby acquiring a 
residual affinity. 'Jlie collision of two such activated halyl molecules would 
lead to :— 

Rj • • • Br • • • Na Ri f BrNa 

—^ I 
1^1 • • • Br • • • Na Ri + BrNa 

and when in further reaction with sodium to :— 

Ri--Br“Na Rj BrNa 

I + 
+ Na -^ Na 

2, The Orignard synthesis of paraffins. Frankland showed that alkyl 
halides can react with zinc giving hydrocarbons as the final product, and in 
this particular instance, it was the isolation of the intermediate zinc alkyl 
halide that led to the recognition of this series of organo-metallic compounds. 
There is no doubt here as to the existence of the intermediate compound, as it 
can be isolated ;— 

R1 + Zn - RZnl 
2RZnI - ZnR., -j- Znl. 

ZnR2 f 2RI - 2R—R f Znl2 

The method is difficult to operate, and is almost always replaced by the more 
elegant Grignard rea(‘tion, in whidi magnesium first reacts with the halide to 
give the Grignard reagimt :— 

RI + Mg RMgl 

whi<.*h, on decompovsition with water, gives the simple hydrocarbon 

RMgl -1 H^O - RH -f Mgl(OH) 

or, on luxating with a further molecule of alkyl halide, gives a moderately pure 
hydrocarbon of twice the carbon number :— 

RMgl + RI = R—R + Mgl^ 

3. An alkyl halide will yield the corresponding hydrocarbon on reduction, 
a process w^hich is sometimes of value. The most widely used agents are 
hydriodic acid in the presence of red phosphorus, the Gladstone-Tribe reagent 
(moist copper-zinc couple in presence of alcohol), sodium, magnesium or alu¬ 
minium amalgam, and zinc dust and water under pressure. The reaction with 
hydriodic acid was first used by Bertholet. 

The Clemmensen Reaction. The I'eduction of aldehydes and ketones to 
hydrocarbons may be accomplished by the use of amalgamated zinc, a pro¬ 
cedure introduced by Clemmensen in 1913.^ Mossy zinc is amalgamated by 
agitation with dilute mercuric chloride solution and washed by repeated de¬ 
cantation with water. The water is replaced by hydn)chloric acid, and the 
substance to be n^duced is added either alone or dissolved in an inert hydro¬ 
carbon solvent. Thus, octadecylbenzene is obtained from stearophenone ^ 

—> ^^(ch2)„ch3 

The use of the Clemmensen reagent for the preparation of a purely aliphatic hydro¬ 
carbon is ^how^r\ in the formation of n-heptane from heptaldehyde.® Acetone is 
reduced to propane, but some propylene and pinacol are present as by-products.^ 

» Clemmensen, Ber.. 1913, 46, 1838 ; 1914. 47, 61 and 681. 
»Johnson and Kohmarm, J.A.a.S., 1914, 36, 1269. 
* Clommomen, Bcr,, 1913, 46, 1838. 
<For a full survey of the Clcufumensen reaction see Organic Reactions ”, Vol. 1, p, 155 

(Wiley A; Sons, N. York, 1942). 
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4. Alcohols, aldehydes, ketones and acids can b(^ reduced to the corre¬ 
sponding hydrocarbons by such violent reagents as hydriodic acid and red 
phosphorus (the function of the latter is to react ith the iodine formed during 
the reaction and constantly to r(‘new the supply of hydriodic acid). The acids 
can also bo made to lose carbon dioxide :— 

R , COOH-> R . H 1 (X). 

thus giving rise to hydrocarbons with one hsn carbon atom. This can be 
brought about by heating with soda-lime, and is apjjlicabh^ both to aliphatic 
and aromatic compounds. This method is quit(> satisfactory with th(^ lower 
acids, but with salts of the higher aliphaiie aeids, it is better to replace the 
soda-lime by sodium ethoxide, which gives a b(‘tter yield of hydrocarbon. 

An unusual way of eff('ctiiig this elimination of carbon dioxide is that of 
Kolbe, who electrolysed the potassium salts of the fatty acids ; thus hexane is 
produced when potassium 72-but}Tate is ekK irolysed. i'he mechanism of this 
reaction is intricate ; the usual explanation that the anion 

CH3. CU.,, CHo. COO— 

when discharged at the anode decomposes into carbon dioxide and a fr(M‘ propyl 
radical, two of which unite to form hexane, is Regarded as insufiicient. ISehall ^ 
has put forward the theory that the acid ptTOxidt^ R . (X) . 0 . OH is an inter¬ 
mediate stage, and this has received support from the isolation of such a pfU'oxidc 
by Pichter ^ during the electrolysis of potassium hexoate ; on the otluT hand, 
Walker has studied the decomposition of ac'otyl peroxid(\ and luxs shown that 
although some ethane is formed, methane is in (^xccss ; since no methane is 
formed during the electrolysis of potassium acelat(‘, tlu' peroxide th(‘ory is 
only ttuiable on condition that the ekM*tTol\'ti(' (anodic) decomposition of the 
acid pcToxide proceeds cbfferently from the tluTmal decomj)osition. 

The Individfal Paraeeins 

Methane, CH^, As may be expected, some* special meib<jds an? available? 
for preparing the initial member of the seri(‘s. Methane* occurs naturally as a 
product of the bacterial degradation of cellulose, and as such has aeeurnulaUMi 
in the coal measures, whence considerable supf)lies an* available ; little use is 
made of these. It also occurs with petroleum in the ' natural gas ’ fraction 
(see Appendix If), a vsouree which gives rise to the main domestic gas supply 
in many parts of America. This natural gas, supplem(‘nttd by ‘ cracker gas ’ 
is an important source of single carbon organic compounds. suitable fer¬ 
mentation, sewage can be made to give considerable quantities of methane ; 
this, although not utilised as a chemical raw^ material, is a growing source of 
power, and could make a substantial contribution to industrial economy. The 
gases driven off in the carbonisation of coal and w^ood contain substantial 
quantities of methane. 

Methane has been prepared by a number of somew^hat unusual methods. 
Berthelot, in 1856, described ita preparation from hydrogen sulphide and the 
vapour of carbon disulphide which were passed over glowing copper 

2H2S + CS2 + 8Cu-> CH4 + 4CU2S 

Since both carbon disulphide and hydrogen sulphide may be prepared from the 
elements, the reaction of Berthelot constitutes a synthesis of an organic com¬ 
pound from elementary sources. A similar but more modem process for the 

^ Schall, Z. JEhctrochem., 1922, 28, 506. 
® Ficht^sr and Frite, H. Ohim. Ada, 1923, 0, 329. 
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preparation of methane is the passage of steam and carbon monoxide over a 
nickel carbonate catalyst heated at 250-275"", 

4CO + 2H2O-3CO2 -f CH4 
There is also some evidence that methane (together with other hydrocarbons) 
is producc^d when a carbon arc is struck in hydrogen. 

The preparation of methane by the action of w^ater on aluminium carbide 
has often been described, and if the carbide is freshly prepared the reaction 
proceeds readily ; tiie methane contains a few per cent, of other hydrocarbons, 
and Moissan showed that the carbides of many metals are decomposed by water 
with the formation of paraffins (which, however, are usually mixed with un- 
saturated hydrocarbons). 

Ethane occurs, like mc^thaiie, in natural gas, and in the dissolved gases 
liberated during the distillation of petroleum. It is a substantial component 
of the ‘ cracker ’ gas of refining plant and of the hydrocarbon fraction of coke- 
oven gas. Apart from general methods alread}^ described, ethane can be pre¬ 
pared industrially by the continuous hydrogenation of ethylene, the ethylene- 
hydrogen mixture being pass«i over nickel. 

'llie propanes and butanes are obtained industrially by the fractional ion of 
* cracker ’ and natural gas and a limited natural occurrence has been claimed 
for some of the higher paraffins, as showm in the table below. 

TABLE V 

i 2ijP4« Chryfcitill'j oil 

('■...l-it,. / 
Progiianry iirino 

(liryKulis oil 
I Beeswax, j)r<‘giii.im y iirini‘, .soot 

Clirywalls oil 
Cabbage* leaves, ap}>le and pear skiji, rnv rrh 

( '31 BeM'SWax, algie, eitrullus, spinach and tobaeeo 
Resins from bro'wn eoal 

OaaH,, Cotton plant 
2, 0, 10, 14, 19, 23, 27, 31 ♦octaniethyldotriai'ontane, or perhyclrolycopeno 

in obtained by hydrogenation of lyeop<?ne from tomatoes 

The Reactions of Paraffin Hydrocarbons 

In general the lower paraffin hydrocarbons (up to Cjo) are quite reactive ; 
their pyrolytic reactions are dealt with in the Appendix, under the heading of 
‘ Cracking and Reformation \ 

M(d:hane with halogens, is usually stated to give progressively methyl 
chloride, methylene dichloride, chloroform and carbon tetrachloride, but this 
statement b}^ no means covers the facts. Thus when Bedford ^ allowed chlorine 
and methane to stream through a ghiss chamber irradiated by a flaming arc, 
he isolated from the jiroduet, the following :— 

Dichloronieihaiie 
Chloroform 
Carbon t/otrachloricle 
Chloroethanea 

Per cent. 

35 
35 

5 
20 

It appears that ehloroethanes are produced even in the chlorination of the 
purest methane, and in large scale experiments, derivatives of even higher 
hydrocarbons have been found. Martin and Fuchs," suggest that the following 

^ Bedford,«/. Ifui> Bng, C7hem., 1916, 8» 1090. 
•Martin and Fuohs, Z, Eltktrochem,^ 1921, 17, 150. 
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reaction may account for the fonnation of higher derivatives :— 

CH2CI2 + CH3CI - CICH2. CH2CI + HCl 

but the intermediate formation of the free radick's CH3— and CH2CI— is more 
probable. The progress of the chlorination is greatly influenced by the tem¬ 
perature, pressure and actinic conditions, and by the prt^sence of catalysts; 
thus Boswell and McLaughlin ^ showed that by ])assing a mixture of chlorine, 
methane and moist nitrogen in the proportions I : 7 : 70 at 450"^ over cupric 
chloride-pumice, an 80 per cent, yield of methyl chloride could be obtained. 
On the other hand, Riesenfeld ^ was able to obtain nearly 50 p(U’ cent, of c^arbon 
tetrachloride from a mixture in which the chlorine : methane ratio was 5:1. 
The entrance of more than one chlorine atom into a paraffin hydro(?arbon 
usually leads to a mixture of isomers ,* in this connexion the rough generalisa¬ 
tion of Herzfelder may be quoted :— 

“ When into a monohalogen compound a second halogen atom is intro¬ 
duced it alwa3^s attaches itself to that carbon atom which is sitiiatc'd next 
to the carbon atom already" unit<d with halogcm. In the case oi further 
substitutions this rule 011I3’ holds for bromine, of which it is never possible, 
bj" other than violent means to attach more than one atom to each atom 
of carbon. On the other hand, wlum a third atom of chlorine is introduced, 
it frequently attaches itself to a carbon atom which is already united with 
chlorine. 

Bromides that already contain one atom of bromine united with each 
atom of carbon cannot easil}^ be further brominaled ; chloridc^s, however, 
take up more chlorine. A normal hj'droc^arbon wlicn brominated takes up 
as many atoms of bromine as it contains atoms of carbon. . . 

Once the appropriate conditions have beim worked out. paraffins ar(‘ readily' 
nitrated ; earlier workers used dilute nitric acid under pressure, but t he yic^lds 
were not good except with secondary and tertiary hydrocarbons. Modern 
practice is to pass the gaseous hydrocarbons through hot nitric acid and pass 
the mixed gases over a catalyst at 420*^. The nitric acid vapour may b(^ re¬ 
placed by nitrogen peroxide. Under these conditions, although methane does 
not react, ethane gives both nitromethane and nitroethane in the proportions 
of about 1 : 3. Propane gives both 1- and 2-nitropropaneH. The isomers are 
separable by distillation and the various iiitroparaffins are prepared on a con¬ 
siderable scale in America, being marketed as pure substances. It is probable 
that they will become an important source of nitrogenous aliphatic compounds.^ 

The nitration of paraffins containing a secondary or tertiary carbon atom 
is much easier than that of the normal isomers. Thus a 60 per cent, yield of 
mono- and di-nitro compounds is obtained by boiling 72-hexane vith nitric acid 
(D, L5) for several daya,^ but acid of low^er concentration (I), 1.4) will nitrate 
3-methyl pentane at 50 -60° in a few hours; with fuming nitric acid, solid 
trinitro compoimds may be obtained from 3-methylpentano by raising the 
temperature (mainly 2, 2, 3-trinitro-3-methylpentane). 

Quaternary hydrocarbons R4C are nitrated only with the utmost difficulty 
or not at all; on the other hand, di-tertiary paraffins are almost instantaneously 
nitrated, even at room temperature, e.g., 2, 3-dimethylbutane gives a mixture 
of the 2-nitro and 2, 3-dinitro compounds ;— 

(CHa)* . CH . CH(CH3)2-> (CH3)2 - CCNO^), CH . (CE,)^-> 
(CHa)^ . C{m,), C(N02)(CH3)2 

^ Boswell and McLaughlin, Can. J. Mes., 1929, 1, 240. 
* Riesenfeld, U.S.P. 1, 455,508, 1923. 
• Haas, Ind. Wng. Chem., 1936, 28, 339. 
^ Worstall, Amer, Chem. J., 1898, 20, 202. 
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The use of dilute nitric acid at higher temperatures enables the alkyl side-chain 
of an alkaryl hydrocarbon to be nitrated preferentially, thus o-xylene and 
mesitylene give respectively o-tolylnitromethane and 3, 5-xylylnitromethane. 

The parafBns can be sulphonated directly, using oleum or chlorsulphonic 
acid. It is not, however, easy to isolate deflate compounds from the reaction 
mixtures, since the paraffin sulphonic acids are somewhat intractable sub- 
8tanc(^8. The cruder sulphonates arc valuable detergents, being able to exercise 
their scouring propc^rtit^s in hard waters; for this jmrpose, however, isolation 
of definite individual sulphonates is unnecessary. A crude mixture of sul- 
phonatos, known as ‘ mahogany sulphonates is widely used as a textile assistant 
and wetting out agent. 

One of the most interesting reactions of the paraffins is their oxidation. 
With lower members of the series much aldehyde is obtained. The oxidation 
of hydrocarbon vapours has been investigated by Bone and his co-workers, by 
the passage of mixture of pure oxygen and the hydrocarbon vapour through 
packed, heated tubes. It appears that methane and ethane give aldehydes as 
the first stage of oxidation, by the sequence of reactions 

A. CH4 

B. C.He 

+ Oj 

+ 0/ 

(^^(OH)^ H . CHO + H^O. 
" — HaO 

CH3CH(0H), — CH3.CHO —- 

' CH20H 
I -> HCHO + CO + H2O 
COOH 

Actually, 80 per cent, of the ethane was recovered as formaldehyde. Ap¬ 
parently, tlio formaldehyde then decomposes into carbon monoxide and 
hydrog(‘n. 

The oxidation of higher hydrocarbons is very readily accomplished by air 
or oxygen at low temperatures (100 -180'') and in the absence of catalysts. The 
reaction is applicable equally to the individual hydrocarbons or to commercial 
mixtures such as kerosene. The products are a series of carboxylic acids which 
are to a large extent little known as individual pure substances, e.g. 

0 H *> Undecyclic acid 
Tridecyclic acid 
Peiitadecychc acid 

C17H34O2 Margaric acid 

^19^138^2 Nonadecyclic acid 
Lignoceric acid 

in which the lesser known, odd-numbered carbon chains predominate. In 
addition, the higher alcohols and some ketones of the stearone group are 
produced. 

Granacher used N2O4 as the oxidant, and by an examination of the oxidation 
of undecane showed that the mechanism involves loss of two carbon atoms, 
pelargonic acid being the chief product. Such reactions offer the 
possibility of preparing ‘ synthetic ’ fats or soap^ (better termed ‘ artificial ^ fats 
and soaps). The disadvantages of such products are (1) the dark colour of the 
material produced which is only with extreme difficulty removed by bleaching, 
(2) the fact that splitting of the molecule as well as oxidation takes place leading 
to acids of the capric-lauric group which have an unpleasant smell and taste, 
(3) the more usual palmitic and stearic acids are present only in small quantity 
(if at all), and the physical properties of the mixtures obtained are, the^fore, 
quite different from those of ordinary fatty acids and soaps ; the same is true 
of the glyceryl esters of these acids—the ' artificial' fats. 
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The Olefines 

The general phenomena of nnsaturation are discussed in a chapter of Vol. 
Ill; it is suflScient to state here that the olefine hydrocarbons are obtained by 
the introduction of one or more double bonds into a paraffin structure. They 
are, therefore, more numcToiis than the paraffins, since each paraffin structure 
from C4 offers several positions into which the double bond may be introduced. 
In a previous section it was remarked that the hydrocarbon ('2()H42) eicosane, 
had 366,319 isomers, or 3,395,964isomers, takingstereoisomerides into account; 
the corresponding olefine has over 100,000,000 isomeric forms, as not 
only has the position of the double bond to be taken into account, but also geo* 
metrically isomeric variants. Experiment shows that there is a fairly constant 
proportion maintained between the hydrogcm and deuterium in hydrocarbons ; 
there must therefore be an astronomicaliy large number of variant ways in 
which one or more deuterium atoms can rej>lace tlu' hydrogens of the lO'^ iso¬ 
meric forms of O20H40 (see also Vol. 11). 

Unsaturated hydrocarbons have a hmited natural o(a-urrcnee in petroleum, 
but are largely found in ‘ cracked spirit where they contribute to the raising 
of the ‘ octant^ rating Some ethylene and proj)yl('ne are also to be found in 
coke-oven gas from whieli it is practicable to re<*over them as ethykme and 
propylene dichlorides or as diethyl and dipropyl sulphates (q.v.). 

OLEJilNIC llyDROCARBONS 

The following methods serve for the preparation of okhnic hydrocarbons : — 
1. The Dehydration of AlcohoU. This decomposition may Ix' brought about 

by sulphuric or phosphoric acids and to a limit< d t^xteiit by fused zinc chloride. 
The best reagent is orthop>hosphoric acid of density 1*75, luxated to 210'^, through 
which a stream of the alcohol is allowed to fiow by a r*apillary tube. The 
reaction can also be brought about by passing the va})our of the aleohol over 
alumina heated to 530-550''; apparently, the first d(‘oomposit ion is the forma¬ 
tion of an ether :— 

2C2H5OH-> C2H3.O.C2H, f H2O 

followed by decomposition of this into the hydrocarbon : 

C0H5.0 . C2H5-V 2C0H4 f H.O 

A similar decomposition is produced by pure precij)italed silica at 280'. Higher 
alcohols are easily dehydrated by warming with zin(‘ chloride, e.g., amyl alcohol 
is converted in this way to amylene. 

2. A method similar to the Kolbe synthesis of paraffins has been applied to 
the olefines, namely, the electrolysis of the potassium salts of dibasic acids ; in 

CH2COOK CH2COO' K+ CH2 
I -^ I 4. -^ j| _j_ 2CO2 

CHgCOOK CH2COO' CH2 

the example given the formation of ethylene from potassium succinate is shown. 
3. Many methods involve the removal of halogen atoms, or the elements of 

a molecule of halogen acid from a saturated halogen compound. Thus, ethyl 
bromide, with alcoholic potash, yields very little ethylene. On the other 
hand, when butadiene tetrabromide (2) is heated with an alcoholic suspension 

CHBr, CHgBr CH=-=CH2 
(2) I * -1^ I * + 4ZnBr 

CHBr. CHgBr CH==CH2 

of zinc-dust, the whole of the bromine is removed, yielding butadiene itself. 
An alternative method is to pass the vapour of the halogen compound over 



THM HYDROCARBONS 79 

heated lime. The leaction is less satisfactory in very simple cases than with 
compounds of higher molecular weight owing to the formation of ethers. Thus 
a reaction which might be expected to proceed almost entirely 

i- KOH-^ KBr ~h CnHj>„ + H^O 

also proceeds to some extent acicording to :— 

2C,,H2,,,,Br f 2KOH (C\H2nn)20 + 2KBr f H2O 

The most satisfactory explanation of this behaviour is that given by Nef, who 
supposes that the first stage is the formation of ethylid(?ne CH3CH™, or one 
of its homologues, which being intensely reactive, either rearranges to an olefine 
or reacts with ahjohol to form the ether, as hi:— 

(а) CH3CH---- 0H2=-:CH. 
(б) CH3CH= 4- C2II5OH —^ (C2H,)20 

The proportions of olefine resulting will depend on the reaction constants for 
(a) and (6) above ; for sim])le substances and Kj, are of the same order 
but with increasing molecular weight the first reaction is more rapid and the 
olefine prep()nderat(‘.s. The acceptability of this explanation depends on the 
probability of existence of the free nuliclo alkylidciie. This is more fully 
dealt with in (hapk^r 5, Vol. ill, but it is worthy of mention here that 
methylene CHo— can exist for a short time and its existence has been demon¬ 
strated by Kicc* in 19‘>2 during the cracking of diazomethane. 

4. An interesting ])rej)<!ratio:i oi semi-aromatic hydrocarbons of this series is 
the IVrkin n^action with (‘liminatioii of carbon dioxide. Thus, when benzalde- 
hyde (5) is condensed with phenylac(‘tic acid (6), as in the Perkin reaction, the 
intermediate a(ud (7) is unstable 

(5) 

CH^COOH 

(0) 

Ph . OH=C . COOH 

I 
I'h 

(7) 

Ph.CH=CH.Ph 

and if heated in an oil-bath loses the elements of carbon dioxide with the 
formation of an unsaturated h^'droearbon. In the example quoted, diphenyl- 
ethylene (stilbene) is obtained. 

5. One prolific method by which new olefines are produced is due to their 
pronounced tendency towards dimerisation. Thus, dimerisation of u'o-butene 
by absorption in 65 per cent, sulphuiic acid at 10-20'' leads to a solution which, 
on heating, gives an oil containing upwards of 70 per cent, of a dimeric iso¬ 
butene (8), which can be hydrogenated to i^o-octane by catalytic means. The 
substance produced is substantially 2, 2, 4-trimethylpentane, w^hilst the dimeric 
iso-butene is a mixture of 2, 2, 4-trimethylpentene-3 and 2, 4, 4, trimethyl- 
pentene-1. Some indication of the course of this mechanism is given by 
assuming the addition to kike place in port, thus :— 

+ -^ 
{CH2)2C=CH—H (CH3)2C==CH . C(CH3)3 

(8) 

but it is probable that an active intermediate radicle is formed, since whilst 
fso-butene gives a dimer and a totramer, neither the dimer nor the tetramer give 
long chain hydrocarbons under conditions w^hich prove quite favourable for 
such formation direct from iso-butene. (See also two papers by E. Bergmann 
and by W. J. Sparks, K. Rosen and P. K, Frohch in the Faraday Society 
Discussion.) 
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The reaction can bo extended to ‘ mixed dimeriaations ’ as between butene 
and *«o-butene :— 

(CH3),C=GH2 
+ -^ {CH3)3C . C (CH3)3C . CH 

CHj . CH=CH . CH3 \^jj '■ N:!2H5 

(9) 

leading after hydrogenation to 2, 2, 3-trimethylpentano (9). It may be added 
that the work of Ipatie\’ and Hamsel has extended this reaction to the addition 
of propylene to t^obuteiie, to give 2, 2, 3-trimethyl buteiie-3, which hydro¬ 
genates readily to 2, 2, 3-trimethylbutano, ‘ triptane an aviation fuel com¬ 
ponent with an octane rating of 150. The reaction proceeds:— 

(CR.uc^m, 
+ -^ (CH3)3C . 0(CH3)=CH2 —> (CH3)3C , CHiCHg)^ 

CH3. CH=€H2 

Further, it may be added here that f^o-butene will add quite easily to ksY>-butane, 
leading directlj’^ to ivo-octane :— 

{CH3).C=::r:CH2 
+ -^ (CE,),C . CH2 - CH(CH3)2 

CH3-CH{CH3)2 

The reaction takes place readily in the presence of sulphuric or hydrofluoric 
acids, and is reasonably quantitative. This process, referred to as ‘ alkanation * 
in the petroleum industry, gives rise to an industrial method of manufacturing 
t^o-octane for aviation fuel. 

6. A useful method of preparing 1-olefines free from isomers is that of 
Brooks, in which methyl magnesium bromide and an unsaturated bromide are 
heated together, e.g. 

CH2-=CH . CHaBr + CHgMgBr-> CHa^CH . . CH3 + MgBrg 

For the preparation of some of the higher olefines, where the dehydi'ation of 
the appropriate alcohol does not yield the correct isomer, the two methods 
following are often successful. 

The first, introduced by Tschugaev in 1899, consists in decomposing the 
xanthate of an alcohol. Thus, 2, 2-dimethylbutanol-3 (pinacolyl alcohol) (10) 
yields a xanthate with alkali and carbon disulphide which can be methylated 
by dimethyl sulphate (11). On heating, the methyl xanthate decomposes to 
give 3, 3-dimethylbutene-l (12), methylthiol and carbon oxysulphide. 

fi (CE,),C COS 
I -^ I + 
CH. OCSSMe CHg-^-^CH MeSH 

(10) (11) (12) 

The second method, the ‘ )5-bromoether synthesis depends on the following 
reactions:— 

CHs. CHg. CHg. CHO CH3. CH^. CH^. CH. Cl 
-> I + Br*-> 

+ Eton + HCl OEt 

(CH3)3C (CH3) 

CHs-inoH CH3. 

CH, . CH,. CHBr. CHBr arignard reagent CH,. CH,. CHBr. CH . C,H, 
CiHiMgl 

CH3 . CHj. CH=CH . C^H^ 
(hexene-S) 
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Several heptenes and octenes, hitherto unknown, have be^en prepared by these 
reactions. 

The main physical properties of the simple olefines are contained in the 
table below :— 

TABLE VI 

The Ojlbfinbs 

M.P. B.P. nf 

C,H4 Ethyleno — 169^ — 103° 0.6104/~102-4° 
CjHj Propylene •— 185° -47-7° 0-6104/-47-7° 
C4H8 n-Butene-1 — 6-47° 0-6255/-6-47° 
C4H8 n-Butene-2 (ois) — 139-3° -f 3-7° 
O4H8 n-Butene-2 (traris) — 105-8° 1° 
CjHjj, n-Penteiie-1 — 30*1° 0-6429 

n-Pentene-2 (cis) 37° 0-6503 
C4H10 »i-Pentene-2 (trons) 36-85° 0-6482 
O4H18 n- Hexene -1 — 138° — 63-5° 0-6747 
C7H14 w-Heptene-l — 119° 93-1° 0-6976 
CgHu n-Octeue-1 — 104° 122-5° 0-7159 

n-Nonone-1 146° 0-7308 
CioHjo n-Decoiie-l 171° 0-743 
CiiHjj n-Undocene-l 84°/18 mm. 0-763 
CijH84 n-Do(leoene-l — 31° 213° ; 96°/16 rnin. 0-760 

n-Tridoceno-1 — 13° 233° ; 102°/10 mm. 0-767 
n-Tetradecene-l — 12° 127°/15 mm. 0-772 

CijHjo n-Pentadooene-1 — 3° 247°; 144°/15 mm. 0-778 
Ci4Hj8 n-Hexadecene-1 (Ceteno) -f 4° 275°; 155°/15mm. 0-7836 
CjaH,* n-Octadecrene-I 18° 179°/15 mm. 0-791 

• CJ4H48 n-Hexacosene-1 62° 200-205°/2 nun. 
* CjiH** n-Hentriacontene-l 64° 233°/l-5 ram. 

• Cerotene, a structurally iiideterminate hexacosene is obtained by the destruc¬ 
tive distillation of Chinese wax, and melene, a triacontene OjoHej) from beeswax and lignite 
tars. It is not yet certain that these bodies contain the normal chain. 

Ethylene is found in natural and coke-oven gases, from which it may be separ¬ 
ated by condensation and fractionation of the liquid hydrocarbons under 
pressure. The bulk of the ethylene used in industry is, however, obtained by 
cracking propane 

CH3 . CHs, CH3-CH3=CH2 + CH4 

Vast quantities of raw natural gas or stabiliser gas from cracking units are 
available in the petroleum industry, and these may contain up to 80 per cent, 
of propane. P3rroly8i8 at 700° substantially converts the gas to ethylene and 
methane, which may be separated by liquefaction and iractionation or by 
taking advantage of the enhanced reactivity of ethylene in comparison with 
that of methane. This ethylene constitutes the raw material for a very con¬ 
siderable industry, some of the ramifications of which are to be seen in Table 
VU (compiled by A. E. Dunstan) facing page 80. 

At the same time some propylene and butene are produced, although in much 
smaller quantity ; they are, however, valuable, and their industrially important 
compounds are also indicate in the Table above. 

There is much information available concerning the homologues of ethylene ; 
their reactions are in many ways similar to those of ethylene; some of the 
more prominent points are given in the Table below :— 

e 
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Reactions of Olefines 

The reactions of olefines are largely concerned with addition to the double 
bond. The presence of unsaturation, although conventionally signified by a 
double bond, is in reality a source of weakness, forming the centre of attack by 
reagents, which may either add on to the unsaturated group, or fracture the 
compound between the carbon atoms so joined. The additive reactions may 
be summarised thus :— 

TABLE IX 

Jteagent TsrjM* comix)«nd produced 

Chlorine C,H« + Cl, —> CjHjCl, 
Dichlorohydrocarbon 

Bromine C,H4 -f Br,-►C^H^Br, 
D i bromoh y drocarbon 

Iodine chloride or bromide CjH, + ICl-. CjHjICl 

Halogens in the presence 
of water 

Halohy (Irina 
C,H, + H,0 + Cl,-C,H,(OH)CI + HCl 

Halogen acid Simple alkyl halide 
C,H4 -f HBr CjH.Br 

Hypochlorous acid The chlorohydrin CH^OH 

CjH* -f HOCl - CH,C1 

Potassium permanganate 
or barium chlorate 

The elements of hydrogen peroxide add across the double 
bond, to give a glycol. This often breaks down into 
simpler products 

Ozone Certain olefinic compoimds add on one n 
for each double bond, giving ozonides ♦ 

CH, CH,—O C 

11 ^ +HaO 
+ 0, 0-. 

CH, CH,—C 

lolecule of ozone 

HO 

-f H,0 

HO 

Hydrogen In the j)re8ence of catalysts, olefines may be quantitatively 
reduced to the saturated hydrocarbon 

C,H4 -f H. - C,H. 

Diazomethone 

1 
Diazoacetic ester 

Many compounds containing double bonds 
methane to give ring compounds whi 
spontaneously to form cycZo-propane dei 

Reacts similarly to diazomethane, viz,: 

CH, CH,—N CH, 

+ N.CH,-»■ \-f \h, 

CH, CH,—C'H, OT, 

CH, CH,—N 

II ^ + N.CH .COOEt-v N-. 

CH, CH,— 

iooEt 

react with diazo- 
ch lose nitrogen 
rivatives 

+ N. 

CH, 

\:h. COOEt 
/ +N. 

CH, 

♦ Not all oEonides have the structure shown ; see p. 89. 
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TABLE IX—continued 

Ilea gent Type of eompoiiud produced 

Sulphuric acid Ethylene anti propylene are readily abnorbed by sulphuric 
acid anti under appropriate' conditions the dialkyl ester 
may be obtained : 

2CaH, 4- H,SO,-> (C,H,),S(), 

The alkyl hydrogen sulphate may also be obtained : 

‘ + HaSO,-/(C.AI0HSO, 

Nitrosyl chloride R . CH=-CH, f NOCl —- K . cmci. CH^NO 

Fuming nitric acid CHa OH CHgOH 

IJ + 1 -I 
NO* CHaNOa ^-nitroethyl alcohol 

Water j 
1 

1 

The diretd. addition of watt'r in the prosenee of catalysts 
gives alcohols 

C2H4 f HjO-V C3H5OH 

Oxygon 1 

i 
1 1 

Lenter ^ has shown that oxygen will add diretdly across the 
double bond, yielding an epoxy compourul, e.g., ethylene 
oxide 

2CaH4 4 Oa-^ 20*1140 

Olefines and Halogens. Although addition to the double bond takes place 
to a substantial extent, some substitution takes place at the same time especi¬ 
ally if the hydrocarbon carries a tertiary carbon at/om as at * in the 2-methyl- 
hexene-4, below, which gives quite an appreciable amount of 2, 4, 5-trichloro-2- 
methylhexane on chlorination. 

^ /CH3 ^CH3 

CH3 . CH=CH . CH2. CH -> CH3. CHCl. CHCl. CH^ . CCl 

CH3 

Even with ethylene itself some 1, 1, 2-trichloroethane is obtained. 
Ethylene dichloride is obtained almost exclusively by the action of chlorine 

on crude ethylene under controlled conditions, although it is possible to use 
hydrogen chloride and air, in the presence of a copper catalyst at 300°. By 
using higher temperatures and catalysts the chlorination of ethylene can be 
made to yield substantial proportions of trichloroethane and tetrachloroethane. 
Thus, at 60° in the presence of antimony the product is mainly 1,1, 2-trichloro- 
ethane, whilst at higher temperatures tetrachloroethane is obtained ; finally, at 
300-350°, and in the presence of activated carbon, hexachloroethane is obtained. 

With bromine, the latitude of conditions leading to ethylene dibromide is 
much greater than with chlorine, as substitution is more difficult. Ethylene 
will combine with iodine; directly, in sunlight, as pointed out by Faraday in 
1820, or when passed into a paste of iodine and alcohol (Semenov 1864). 

When halogens and ethylene react in the presence of water, the chlorohydrin 
or bromohydrin is produced almost exclusively :— 

CH2OH 
C2H4 + H,>0 + C4-> I + HCl 

CH2CI 

1 Lontor, J.A.C.S., 1931, 58, 3787 ; 1932, 54, 1830. 
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This constitutes the industrial process for making bulk supplies of ethylene 
chlorohydrin, for the manufacture of ethylene oxide. The reaction is substanti¬ 
ally quantitative, and gives very little of the dihalide. If, however, a salt is 
present in the aqueous phase, the anion may take part in the reaction. Thus, 
bromine and sodium chloride yield ethylene chlorobromide (1, 2-chlorobromo- 
ethane). 

CHaCl 
C2H4 + Br2 + NaCl-> | + NaBr 

CHsBr 

This is true of non-halogen anions, e.g,, nitrates and (jyanides which react :— 

CHgONOo 
C0H4 + NaNO^ Br2-I " + NaBr 

CHgBr 

CHoCN 
C0H4 + NaCN Br2-^ I ** + NaBr 

CH2Br 

In the reactions discussed above, ethylene has been used as an example, 
but the reactions are not restricted to the initial member of the series, and 
propylene and the* butenes react easily in a similar manner ; as usual, the 
rca(;tions become more difficult to bring about with members of the series 
higher than decene, but the majority of the additions can be accomplished by 
the use of more stringent (conditions. 

When addition of a halogen acid to a double bond taktes place in an un- 
symmetrical unsaturatexi compound, two products are theoretically possible :— 

(i) R , CH - CH, + HBr-> R . CH2. CHoBr 
(ii) R . OH -CH,, + BrH-> R . CHBr . CH3 

Actually, th(> latter of these two would largely predominate, and would be, 
in many cases, the sole product. This eflect has b(^n generalised by 
Markownikov (1870) (“ Markownikov’s Rule ”) in the statement that “ when 
a molecule of halogen acid unites with an tmsynimetrical unsaturated compound 
th(^ halogen usually attac^hes itself to the carbon atom carrying the smaller 
number of hydrogen atoms or the larger number of alkyl groups Two 
examples are given below :— 

^Br 

(1) {CH3)jC=CH2 + HBr-> (CH3),C 

Although the rule is generally true, it is not by any means without exception. 
Sajrtzew-Wagner's extension of the Markownikov rule covers instances where 
unsymmetrical unsaturated compounds add halogen acids across a bond 
carrying an equal number of hydrogen atoms—as in ' 

ch3^ 

CH. CHg. CH==€H . CH3 + HBr-CH . CH.. CH2. CHBr. CH3 

CH,/ CH,/ 
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They predict that the halogen will add to the carbon adjacent or nearest to a 
terminal methyl group. Where other substances are present, either as solvents 
or otherwise, these rules are not strictly obeyed. Thus, in glacial acetic acid 
propylene yields a preponderance of n-propylbromide, and pentone-1, and 
hexene-1 yield the ti-bromides exclusively under similar conditions and in the 
presence of peroxides the pl-ediotions of Markownikov’s rule are reversed, and 
w-halides obtained. Thus, Kharasch was able to demonstrate that vinyl 
bromide gave the unsymmetrical dibromoothane when peroxides were absent; 
in their presence the s^unmetrical product is lai'gely formed 

HBr CH, CHaBr 

CHBr 

H-HBr CH3 

CHBr, 

Olefines and Sulphvnc Acid,—The reaction may take place in two stages, 
the first resulting in an alkyl acid sulphate, e.g. :— 

CoH, + BSO,-> CM, . O . SO3H 

but under suitable conditions with ethylene and lower members of the series, 
the reaction can be extended. Thus, ethylene itself yields diethylsulphate, a 
valuable ethylating agent. 

C,H, + H2S04-^ 
The former reaction is not so easy to bring about with ethylene as with 

propene and butene, but is catalysinl by silver or nickel sulphates. By 
decomposing the ethyl hydrogen sulphate with steam, ethanol can be obtaim^d, 
this constituting an industrial process for its production :— 

C2H5OSO3H + H2O->CJI,OH + H2SO4 

If sulphuric acid containing sulphur trioxide is used for the absorption of 
ethylene, a series of compounds may be obtained, according to the amount of 
frc>e sulphur trioxide :— 

CH2OH 

I 
CH2. SO3H 
Isethionic acid 

CH,. O . SO3H 

(^Hj. SO3H 
Ethionic a<‘id 

CHj . SO,. 0 

CHj.O 
Carbyl sulphatfi 

These reactions are shown by other olefines, but ethylene alone gives a 
priniary alcohol from its acid sulphate, since in all other instances the acid 
residue adds on to the carbon carrying least hydrog(“n ; thus, with iso-butylene : 

(CHaljC^OH, -f H3SO4 > (CHal.C—CH., 

I 
O. SO3H 

> (CHglaC.OH 
(«r-butyl alcohol 

In addition, olefines react with both sulphur dioxide and sulphates under 
suitable conditions, yielding not esters but stable sulphonic acids. Thus, 
ethylene with sodium hydrogen sulphite yields the sodium salt of ethane 
sulphonic acid 

CH3 H CH3 

Ihs iosNa ^ in^SOsNa 
Cyclohexene yields cyclohexane sulphonic acid. 

Reduction of Olefines.—Olefines react readily with hydrogen in the presenoe 
of catalysts, even at temperatures as low as 100°. The saturated hydrocarbon is 
the main product. Discovered by Sabatier and Senderens in 1906,^ this is the 

* P. Sabatier “ La catalyse en ohimie organique ”, Paris, 1913, 
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original reaction on which the whole science of catalytic hydrogenation is 
based. The original catalyst of Sabatier was nickel, but a variety of activated 
copper catalysts can also be used. The reaction is general, and even the high 
olefines can be saturated by its use. Raney nickel, or palladium will catalyse 
the hydrogenation of gaseous olefines at ordinary temperatures and pressures ; 
some hindrance ^ is, however, observed mth substances such as 5-diphenyl- 
ethylene. 

TAe Oxidation of Olefines.—The classical example of oxidation in this field 
is the decolorising of cold alkaline permanganate as a distinguishing test for 
olefines (Baeyer’s reaction). Under controlled conditions, the glycol can be 
obtained :— 

CH2=-C^H2-> CHgOH . CH2OH 
(CH3)2C=CH2—^ (CH3)20(0H) . CH2OH 

but there is a strong tendency to proceed further and to split the molecule, e.g. 

CH3 CH3 
I I 

C C—OH 

\ /' \ 
CH, OH CH2 CHOH 

1 “ I — 1 I 
CH2 

I ! 

3 

CHO 

a reaction which has proved valuable in terpene chemistry (q.v.). On the other 
hand, it must be noted that not all olefine double-bonds react with perman¬ 
ganate^ ; it appears that at least one hydrogen atom must be carried by the 
carbons of the double bond for reaction to take place. Thus, 2, 3-dimethyl- 
butene-2 (13) is unafft‘cted by permanganate, 'whilst 2-methylpentene-2 (14) is 

CH3/' \CH3 

(13) 

CH, 
x::=CH. evHg 

CH,/ 
(14) 

CH 

CH./ 
*"^>CO + CHO . CjHb 

oxidised to acetone and propanal. Cleavage of substitutexi olefines unafiFected 
by y)ermanganate can often be accomplishcHi by chromic acid mixtures ; although 
these are usually too destmetive for the conversion of simpler iinsaturated 
compounds to glycols. Tlie use of ozone (sc'e Appendix II for literature) as an 
oxidising agent leads to very interesting reactions, the net result of whic'h is the 
cleavage of the unsat uratfxl compound into two aldehydes if the —^CH=CH— 

group is present, two ketones in the case of and in t he case of \c=CH— 

one molecule each of aldehyde and ketone. Tlic method is valuable for deter¬ 
mining both nature and position of double bonds. 

The progress of the reaction is somewhat obscure. The formation of a 
crystalline ozonido, often of explosive nature, is undisputed ; the structure of 
such bodies is, how^ever, not clear ; using 2-methylbutene-2 (15) as an example, 
it was customary, some years ago, to WTite the formula of the ozonide as (16) ; 

CH3 

CH > 
CH 

C==CH . CH3 4- O3 

(16) 

/°\ 
O 0 

_L. 

0- 

CH3' I 
CH, >C- 

CH, CH. 
/ 

-0-^0 

-CH . CH3 

(16) 

^ Waldeland, Zaitman and Adkins, J.A.O.S., 1933, 66, 4234. 

(17) 
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CH, 
0-0 

CH, 

CH3/ CH / 
>CO ^ HOC . CH3 + H0O2 >C CH . CH3 - 

+ H20 

(18) 

this has bot>n abandoned, having regard to the structure of ozone, for the 
structure (17). The older structure was pro{)ostM:l by Harries/ but Staudinger 
has advanee(l the structure (18) in \vhi<‘h the carbon atoms of the unsatiiratwl 
group have been divorced. On the other band, Briner and otlu^rs ^ have 
examined the Raman sp('ctra of ozonides, and ri'])ort that this evidence indi¬ 
cates that the carbons of the double bond remain linked. 

Some light is thrown on the problem by tlit^ action of osmium tetroxido 
which adds on to ethylenic compounds to give addition products (19), thus :— 

(CH3)2C-=CH . CH3 + OSO4 

(CH3)2C(0H)CH(0H)CH3 
X U 2S03 

(CHgloC-- (M . CHj 

‘ “I i 
o o 

OsOo 
(19) 

these are quite definite in (character, and can 1)0 n^duced by sul|)hit(‘ to the 
glycol, thus indicating that the carbons of tlie original unsaturated group 
remain linked. Also, ethyl(‘ne can add to the ii’on, phitinnrn and iridium <‘om- 
plexes to form compounds of the t^q^e lPt((.’2H4)Cl3jK and [ fr(C2H 4)(d;JB. 

Formaticm of Acids from Olefines.—\\hen (‘thylen(‘ is j)ass<L‘d into caustic 
alkali solution in an auto<'lave at 50 atmospheres, anri at 400", sodium acetat(‘ 
and hydrogen are produced in good yi(‘ld ; 

C2H4 + NaOPI + H.b -—> CH3 . COONa 4 LHL 

propionic acid salts can be produced in the sann^ way, but the redaction fails 
wdth higher members owing to polymerisation. Acrylic a(4d can be produc(‘d 
from ethylene and carbon dioxide at high tempe^ratures and ])r(‘ssures and in 
the presence of catalysts :— 

C2H4 / (;0.> - (?H.,=-Cdi . C’OOH 

Nitro and Nitroso Compounds.—Olefines can be nitrat(‘d ; tln^ reaction was 
studied by Wieland,^ whose conclusion was that nitric acid adds on to ethylene 

CH 

i 
2 -fHXO, CH2OH 

-f-HNO, 

H, 
r,o. 

CHa. ONO2 

CHj. XO, 

CH, 

CHj. NO2 CHj. XO2 CH . NO, 

(20) (21) (22) 

to give (20), nitroethanol, which is immediately esterified to /l-nitro<!thylnitrate 
(21) . Nitroethanol, prepared by an alternative method, is readily esterified 
to the nitrate, and on treatment with phos{)honis pentoxide gives nitroethylene 
(22) . This work was studied in connection with the nitration of aromatic 
hydrocarbons (q.v.). 

The reactions with nitrogen trioxide, nitrogen tetroxide;, and with nitrosyl 
chloride follow the same process :— 

(i) CHa CH2NO CH=N. OH 
+ N2O3 

CH,. ONO A H2. ONO 

^ Harries, Ann,, 1910, 374, 288. * Staudinger, Bet,, 1925, 58, 1088. 
* Briner, Perottet, Paillard and Susz, Helv, Chim, Acta, 1936, 19, 1163. 
* Wieland and Sakellarios, Ber,, 52, 898 ; ibid., 1920, 58, 201. 
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(ii) CH, CH2NO CH=N . OH 
1 ■+■ - -y j —1 
CHji CH2 . ONO2 CHg. ONOg 

(iii) OH2 
i| -f NOOl - 

(Mg. NO 
—> 1 

CH=N . OH 

OH. CHgCl (MgC;! 

Tlie monomeric forms of these nitrosites, nitrosates and nitrosochlorides are 
blue or green, but can change readily to the colourless dimeric form, or in cases 
where the carbon (tarrying the nitroso group also carries a hydrogen atom 
prototropic change to the colourless oxime form ensii(?s. 

Folymerisation of Alkenes.—Olefines are capable of polymerisation (23), 
either as in the case of ethylene, into simple substances, e.g., 1-butene, 1-hexene, 

. CH„. OH 3 

CH2.=0H . (CH,)3 . CHa CHj,=CH(CH2)5 . CH* 
(23) (24) 

and 1-octene (23 and 24), or into complex substances of high molecular weight 
as in the case of isoprene, styrene and indene. (For meciianisni of addition, 
see Chap. VI, Vol. 111.) 

Fhe polymerisation products from the thermal treatment of ethylene and 
propylene, eitluT alone or in the presence of contact catalysts such as floridin 
(a complex aluminosilicates of high surface), are complex, suc^h an operation 
virtually b(*coming petroleum reconstitution (w^e also Ajrpendix I). Under the 
circumstances of sucli polymerisation, cyclisation of the polymers occurs.^ 
Further polymerisa-tion h^ids to (Mrlourless elastic plastics of the polythene 
(' Alkathene ’) class, which are entirely impervious to water. 

Polymerisation of ok^fines by sulphuric acid of various strengths is an 
important industrial 8>Tithetic process; thus, when ?rS‘o-butene (2-methyl- 
propene) is absorbed in 65 p(T cent, sulphuric acid and the solution is heated 
to 100° dimerisation of the nascent e^o-buteiu^ occurs (see p. 79). This was 
an early method of making ^50-octane industrially as an aviation fuel. It was 
later found that addition of /,vo-butene to evo-butane could take place, 

(CH,)2 . I ((;9l3)3CH-> (CU,),( ‘. CM,. CH(CH3)2 

thus pnKiucing «'.<fo-octane in one operation. It is this reaction w^hich has 
brought th(‘ use of wo-oc tane as an aviation fuel within the reach of possibihty. 

Ethylene, polymerised in the presence of ethane and t*s*o-butene, gives both 
high boiling paraffins and olefines, which may be used for lubricating purposes. 

In general, the pohanerisation of butene is more easily accomphshed than 
that of either propylene or ethylene. The polymerisation of tt^o-butene is 
particularly int(‘rc^ting, and givers rise to hy^drocarbons containing up to 10 
butene units. Whitmore isolated the following hydrocarbons from polymerised 
wo-butene :— 

2, 4, 4-Trimethjdpentene-l 
2, 4, 4-Trimethylpentene-2 
2, 2, 4, 6, 6-Pentamethylheptene-3 
2*, 2^, 4, 4-Tetramethyl-2-propyl- 

pentene-l 
2, 4,4, 6, 6-Pentamethylheptene-l 
2,4, 4, 6, 6-Pentamethyiheptene-2 

CH,=-C(0H3) . CH^. C(CH3)3 m,), . C=CH . C(CH3)3 
(CH3)3 . C . CH=C(CH3)CH2 . C(CH3)3 

(CHa)^. C . CHa. C( : CH^). CM,. C{CM,), 
CB.:=CiCM,)CM,C(CM,),. CH^. C((^H3)3 
(CHa)^. C=-CH . C(CH3)2 . CHo. 0(CM,U 

^ Jpatiev, Ber., 1911, 44, 2978. 



92 ADVANCED OEGANIO CHEMISTBY 

Naturally, other produete will be present in proportions too small for 
accurate separation and identification. As we travel up the series so the com¬ 
plexity of poljmieric products increases ; thus pentene-l and pentene-2 give 
mixtures from which have been isolated :— 

2, 2, 3, 4.Tetramethylbexene-4 (^3)30 . CH(CH3)C(CH3)=-C:)H,> . CH3 
2, 3, 4, 4-Tetramet]iylliexene-2 (CIl3)2C=C(CH3) . C(CH3)2. CH2. CH3 

Addition of Sulphur Chloride to Ethylene,—When ethylene is passed into 
sulphur chloride, “mustard gas ” 2, 2'dichlordiethylthioether (ClCHg • 0112)28 
and sulphur are obtained. No satisfactory use has been devised for this com¬ 
pound, first discovered in 1860 by Guthrie, but it has been prepared in bulk for 
offensive purposes. Similar, but not identical, reactions are observetl between 
selenium chloride and (4hylene. 

Olefine Condensations in the Presence of Catalysts.—In the presence of 
anliydrous aluminium chloride (ferric and stannic chlorides also serve) ethylene 
and its homologues react readily with aromatic liydrocarbons, to form alkyl 
derivatives. With benzene and ethyhuK*, (4hylbenzene is the first product, 
but it is not possible to obtain much more than 30 per cent, of this substance, 
as the reaction proceeds further to give higher derivatives. The various pro¬ 
portions of higher alkylated benzenes obtained depends on the amount of 
ethylene used and the rates of r(^a(^tion of the various intennexiiates. From 
data obtained by Reid and his co-work<u-s,^ and })y Stanley,^ the optimum 
conditions for the fomiation of various substitution products are as follows :— 

TABLE X 

Product required 

of 
ethylene 

absorbed at 
70® 

Mono- and di-ethylbenzenes ; 1*14 

Triethylbenzones 

Tetraethy llx)n zene 

Hexae thy] bon zeno 

3*66 

5*24 

5*74 

IXoducts obtained 

Monoothylbenzene, 35 per cent. 
Diethylbonzeno (chiefly ineta), 

21 pt^r cent. 
Diothylbenzenos, 10 jx^r cent. 
Triethyll)enzene8, 56 per cent. 

(mainly the 1, 2, 4-i8omor) 
Tetraethylbenzeno, 12 per cent. 
Hexaethylbenzene, 19 per cent. 

[ Triethylbenzene, 7 p^r cent. 
Tetraethylbenzeno, 19j>orcont. 

(mainly the 1, 2, 4, 5 isomer) 
PontaethylVxjnz+^ne, 2 per cent. 
Hexaethylbonzene, 72 i>er cent. {Tetraethylbenzeno, 9*6 per cent, 
Hexaethylbonzene, 91 per cent. ‘I 

Ibnzent* 
unchanged 

32 jxjr cent, 

It will be observed that there is a strong tendency to form the hexaethyl de¬ 
rivative ; practically no pentaethyl derivative can be isolated, and only com¬ 
paratively low yields of tetraethylbenzene. Somewhat different results were 
obtained with propylene, the absorption being slower and the tendency towards 
the formation of higher derivatives appeared to be hindered by the i^o-propyl 
groups. It should be noted that the 2-hydrogen of propylene is the reactive 
one and the 2-carbon becomes attached to the aryl nucleus. Thus, a 62 per 

1 Milligan and Reid, J.A,C,S., 1922, 44, 200 ; Ind, Eng, Chern,, 1923, 15, 104S ; Berry 
and Reid. J,A.CJ3,, 1927, 49, 3142. 

* Stanley, J,S.CJ., 1930, 49, 349T. 
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cent, yield of mono-i6*opropylbenzene is obtained by the absorption of 0*75 moles 
of propylene by benzene at 70° in the presence of aluminium chloride. Under 
similar conditions a mixture of 47 per cent, of di-wopropylbenzene (chiefly 
the meta-) and 47 per cent, of tri-isopropylbenzene, can be obtained by absorp¬ 
tion of 1*93 moles ; 1‘97 moles of propylene gave an 88 per cent, yield of tri- 
isopropylbenzene (chiefly the 1, 2, 4-i8omer), in all cases the product appeared 
to contain some 1, 2, 4, 5-tetra-isopropylbenzene (a crystaUine solid, m. 117°). 
The reaction is general, and may be extended to higher olefines and cyclo 
olefines (e.g., cyc/ohexene), whilst substituted benzenes, and naphthalene may 
serve as the substrate. A number of such substances are available industrially. 

The condensation of olefines with phenols in the presence of condensing 
agents constitutes a very important extension of the above reaction. The 
progress of the reaction can be best illustrated by the diagram below, con¬ 
structed from the results of Sowa, Hinton and Nieuwlaiid,^ who used propylene 
and phenol in the presence of boron trifluoride. The progi’ess of the reaction 
appears to be :— 

OH 

4- CHj. CH==CH2-> 

\/ 

0 . CH(CH3)2 

/\ 

V/ 

OH 

/'Vh(CH3), 

V/ 
+ CHaCH^CHa 

0.CH(CH,)2 

/Vh(CH3), 

OH 0 . CH(CH3)i. 

\y 
CH(CH3)3 CH(CH3)3 

QJJ + CH3CH==CH2 

(CH3)3Ch/Vh(CH3)* 

0. CH(CH3), 

(CH3)3CH/Vh(CH3)3 

H(CH3)3 H(CH3)3 

In this way mono-, di- and tri-alkyl substituted phenols can bo obtained. The 
method has proved very valuable for obtaining industrial supplies of alkyl 
phenols as raw materials for antiseptics (e.g., amyl cresols), thjnnol, oil-soluble 
synthetic resins (q.v.). The reaction observed with phenols, extends also to 
bases, so that olefines heated with arylamines under pressure yield the js-alkyl 
derivatives, e.g., 

aniline + propylene -> p-t«opropylaniline 
aniline + trimethylethylene-> p-^erbutylaniUne, etc. 

The formation of these bodies in the presence of cobalt chloride or bromide as a 
condensing agent gives an additional method of preparing them.^ Acetonitrile 
results in very substantial yield from ethylene and ammonia, diluted with 
hydrogen, when passed over suitable catalysts at 450° C.,® and this is now the 
usual industrial method for its manufacture. 

' Sowa, Hinton and Nieuwland, J»A,C,S,, 1932, 54* 3694. 
• Hickinbottom, J.CJS,, 1932, 2396 ; 1932, 2646. 
• B.P. 283,163, BrU. Ohem, Aba, B., 1929, 276. 
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A further example of the additive power of the unsaturated group in olefines 
lies in their reaction with acid chlorides, by which unsaturated ketones can be 
built up, thus :— 

RjCH=CH . Ro RiCH~CH . R^ RjCH^C . 
“—>11 —> I 

Cl. CO . R3 Cl CO . R3 CO . R3 

This reaction affords a valuable means of preparing otherwise inaccessible 
structures, e.g., aceto-isolaiirolene (25) ^and c//r/r>hexenylinethylketone (26) -:— 

jCOCHg 

(25) 

The Dienes and Higher Olefines,—There are three classes of dienes commonly 
met with :— 

(1) The allenes, in which the twinned double bond structure 

RjR/"-:::(:=tJR3R4 

is characteristic (“ cumulative double-bonds). 
(2) The conjugated dienes, which contain the group RiR2C==C'H.t'H™4^' R^Rj, 
(3) Those dienes in which the two ethylene links are independent (“ isolated ” 

double-bonds). 

Alleiie (propadiene) itself, may be prepan^d by the following sequcmcH^ of 
reactions from allyl bromide :— 

CHoBr CHoBr CH^ CHo CHo 
I " I “ ii “ Ij clcc.trolyHi'* \\ 

CH-^ CHBr 

1 +Br3 I 
CH, CH,Br 

(27) (28) 

The reactions are self-explanatory, and the allene produced (27) is a giis, m.p. 
— MG'", b.p. “ 32°. It may also be ])roduc(d by the electrolysis of potassium 
solutions of the salt of itaconic acid (28). 

Homologous allenes are mostly prepared by the method of Bouis,® which is 
sufficiently indicated by the following formulae ;— 

ale. 

kbiT 

li 
CBr 

Zii c -(CO +K,CO,) 

CH.Br 11, 
C—COOH 

I 
CH,.COOH 

R R R 
1 

Ked“. 

j 1 

L ’ 
j 

II . 
CH 

1 
in 

CHO CHjOH (^HaBr 

K R R 

CHBr CHBr ^ 

CHBr CBr C 

CH^Br (!h, (Ih; 

(29) 

Thus, if R=CHs, the starting point is crotonaldehyde and the product, methyl 
allene (29). Allenes can also be obtained from ketones of the series wo-propyl 
methyl ketone, thus :— 

1 Blanc, BuU. Soe. Chim., 1899 (3), 19, 699. 
* Darzens, O.B., 1910,160. 707. 
» Bouis, ibul., 1926,182, 788 ; 183, 133. 
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CH 
"\CH . CO . CH, 

TCIb 
>CH . CC4 . CH, ^ )C=C=CH, 

CH,/ CH,/ CH,/ 

The boiling points of the chief alienee are given in the table below, where R is 
taken relative to formula (29);— 

TABLE XI 

'Thk Allenus 

11- B.Pt. 

H * -32'=* 
CH3 -i- 19° 

45° 
n-CulI, 78° 

70° 
n-C^Hy 1()(>° 
LC4H9 96° 

(LH 3 X-=:C( CH3) j 7()0 
1 
1 

* iii.p. = - 146^ 

Many complex allenes have been prepared to test the theories of stereo¬ 
chemistry (see Vol. Ill), since substances of the structure 

should be (capable of existing in optically active forms. They were first obtained 
by Mills and Maitland ^ in 1935, and almost simultaneously by Kohler, Walker 
and Tishler.^ 

The reactions of alkiiies are interesting in relation to the theories dealing 
with unsaturation. Allenc itself adds on two atoms of bromine at 0° to give 
2, 3-dibrompropenc, which wdll take up a further pair of bromine atoms to 
give 1, 2, 2, 3-tetrabrompropane, a substance m.p. 11° C., b.p. 1167^ 
With sulphuric acid and water a methyl ketone is obtained by addition of the 
elements of water ;— 

CH,. 
\C=C=CH2 

CH,/ + 

H.SO. ^ CH 

' CH 
H—0—H 

"'/CH . CO . CH 3 

One valuable reaction of the allenes is their conversion to acetylenes on boiling 
with sodium in an inert solvent ^ 

CH,. 
y!=C==CH, 

CH,/ 
(30) 

CH. 

CH,/ 
'\CH—Ce^H 

(31) 

thus dimethylallene (30) yields 3-methylbutyne-l (31); the sodium derivative 
is actually obtained, but can be converted to the hydrocarbon by dilute acid, 

* Mills and Maitland, 1936, 987 (a note was published in Nature, 1936, 185, 994, 
announcing this discovery). 

* Kohler, Walker and Tishler, J.A.C.S,, 1936, 67, 1743. 
» Favorsky, J. Pr, Chem., 1888, 2, 37, 417 ; 1891, 2, 44, 208. 
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or used in canying out Moiireu s reaction (see j). 113). The aryl substituted 
allenes,^ unable to rearrange to an acetylene, foim indene derivatives, thus 

Didene 

Conjugated Diolefines.—The coninioru'st conjugated diolofines are shown, 
with their characterisation compound with maleic anhydride, in the following 
table:— 

TABLE Xn 

Diene Formula B.P. 
Tetrabydrophtlmlic anhydride 

derivative 

Butadiono-1, 3 aH„=CH . CH-CH, r m. 104° 
2-Methy Ibutadiene 

(Isoprene) 
Pentadiene-1. 3 

CH,-C(CH3)CH-CH, 37° 4-Mothyl- m. 64° 

CH,=CH , CH=CH . CH, 43° 3-Methyl' m. 62° 

(Piperylene) 
2-Methylpentadiene-l, 3 CH„=C(CH3}CH-CH . CH^ 3, 5'DiniothyI' m. 57° 

3-Methylpentadi0ne-L 3 CH.:-CH . C{CH5)-(14 . C'H, 3, 4-l)jmethyl- ni. 67° 
Hexadiene-2, 4 CH'. CH-CH . (Tl-CH . Cil 81'^ 3, O-DimotlivI* m. 96' 
2, 3-Diinethylbutadiene-l, 3 70° 4, o-Dmiothyl- m. 79° 
2, S-Dimethylpontadieno-l, 3 CH.,=-CH (‘H, 3, 4 r)-Trnnotljy m. 49° 
cyrio-Pentadiene CH-CH CH-CH.CH 41° — m. 165' 

cyrio-Hexadiene-1, 3 

1 1 

CH=UH . CH=Ch . CH. . CH. 

1 
1 

1 
m. 147" 

Butadiene.—The pyrolysis of many organic compounds gives some buta¬ 
diene. Although a constant ingredient of crackf3d gases of various t3rpe8, 
butadiene CH2==CH . CH=CH2, is an extremely difificult substance to obtain 
in small quantities for experimental work. The best source in this country 
for small quantities is the so-called railway hydrocarbon (obtained by the 
“ cracking ” of shale-oil to prepare illuminating gas for railway carriages ; the 
oil is a by-product) or the “ first condensate '' from the vapour phase cracking 
of crude petroleum for bitumen. Either of these liquids contains a large 
amount of dissolved butadiene, and when heated over a tiny flame the butadiene 
is evolved, and may be passed through bromine in ice to obtain the butadiene 
tetrabromide. Pure butadiene can be obtained from this product by boiling 
it with an alcoholic suspension of zinc dust. For the preparation of larger 
quantities the best starting point is butylene glycol (butandioI-1, 3). If a 
mixture of steam and butandiol-1, 3 vapour is passed over a dehydration 
catalyst at 270^^ C., a yield of up to 90 per cent, of butadiene can be obtained. 
This is actually a simpfified form of Ostromislenski’s ^ double catalytic process 
for preparing butadiene, in which a mixture of ethanol and ethanal was passed 
first over a copper catalyst and then over heated alumina. It is assumed that 
aldol and butylene glycol are produced under the influence of the copper 
catalyst, and that the glycol is dehydrated to butadiene. 

Harries^ obtained butadiene for experimental purposes by dropping 
2, 3-dibrombutane into red-hot soda lime:— 

CHa. CHBr . CHBr. CH3 —^ CH^-CH . CH=-CH + 2HBr 

^ Vorlandor and Siebert, J3er., 1908, 89, 1030. 
* Ostromielenfiki and Kelbasinski, J, Muss. Phys.-Chem. Boc., 1916, 47, 1609. 
»Harries, Ann., 1911, 888, 176, 181. 
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The product is contamijiated by other substances, and can only be satisfactorily 
utilised by conversion to the tetrabromide and regeneration by zinc and alcohol.^ 
Many variations of this method have been described :— 

TABLE XIII 

1, 2, 3-Tribronibutane Jacobson * Pass vapour through tubf3 furnace packed with 
soda-liine at 530-550'^ 

Dichlorbutane Perkin,® Mixed diclilorbutanos passed over soda-lime at 
Muskat 
and 
North rup^ 

700-730" 

l-Chlorbuteno-2 Jacobson Ditto 
(C-'roty 1 chloride) 

Lc^bedev,'* claimed a 30 per cent, (ionvt^rsion of ethanol to butadiene by passage 
over heated alumina and zim^ oxide at 400"", and 190 mm. pressure. The 
method appears not to have bec^n developed. 

A plant has rec^ently bc*en erected in the United States of America to produce 
15,000 tons annually of butadiene. Butane from natural or cracker gas is the 
raw material, and is heated at low pressure to when part of the butane 
is cracked to butene and hydrogen, and part to butadiene :— 

CiH.o->C4H, + U,-f 2n, 
The mixture of gasc^s is separated into two fractions, a butane-butene fraction, 
which is pass(d to a second reactor, and a butadiene fraction. The gas from 
the second reactor is mixed with the butadiene fraction from the first reactor 
and the butadiene (approx. 17 per cent.) removed by compression to 115 lb. 
per sq. in., the liquid butadiene being withdrawn. The approximate cost on 
the scale adopted is 3d.-4d. per gallon. 

Other methcxls of obtaining butadiene which are constitutionally, but not 
economically, interesting are the exhaustive methylation (q.v.) of pyrrolidine 
and 1, 4-diaminobutane :— 

CHo—CHo 

:h,—CH / 
NH 

CH=CH2 CHjj.CHg.NHa 

I I 
CH-CHg CH2.CH2.NH2 

Butadiene is a gas at ordinary temperatures, condensing to a colourless 
mobile liquid. It has a powerful and unpleasant smell. 

Isoprene.—The production of isoprene by the distillation of rubber di*ow 
attention to the relation between the two substances and the casual observation 
that the reverse action can take place led to the discovery of ‘ synthetic ’ rubber. 
Much attention was focussed on this hydrocarbon because of its potentialities 
in relation to elastopolymers (see Appendix II), and numerous methods are 
available for its production. These may be classified as 

(1) Pyrolytic methods. 
(2) Constitutional syntheses of theoretical interest only. 
(3) Synthetic methods for industrial production. 

Of the first class, the passa-ge of limonene, dipentene (32) or turpentine vapour 

1 Thiele, Ann., 1899, 308, 333. (See also Birch, Jnd. Eng. Chem., 1928, 20, 474.) 
» Jacobson, J.A.C.S., 1932, 54, 1645. * Perkin, 1912, 81, 616. 
* Mnskat and Korthrup, J.A.C.S., 1930, 52, 4060. 
« Lebedev, B.P. 1929, 331. 482. 

7 
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over a heated platinum grid at low pressure yields a very high proportion of 
isoprene (33):— 

A A 
1 I —II+ 

(32) (33) 

whilst this is, apparently, a method that might become suitable for largo scale 
production it must be remembered that the production of turj>entine is limitcnl. 

Examples of the second clasvs are the (‘xhaustive methylation of 3-niethyl- 
pyrrolidine (33a) (2-methvl-l, 4-epaminobutane) which gives isopnuie, and the 
analogous reaction with 1, 4-diamino-2-methylbutane, Yliich goes back to 
77?-cresol as a starting point, thus :— 

m-Cnsol 

^ < COOH — 
' -COOH 

/3-Methyl adipic acid 

CH, 

^CONHg 
-CONHj, 

CH—CH^NHo 

CH=^CH, 
'^CH2NH2 (33a) (IsopriMie) 

The decomposition of pure 2, 4-dichloro-2-methylbutHne by alcoholic potash 
may also be cited as a ty]3ical example of the second class, which can be brought 
into the third class by substituting the crude chlorination product of tAO-amyl 
chloride for the pure ohloro body, and passage over stxla-lime at 4()0--480‘^ for 
the heating with alcohohc potash. 

(CHa)^. CH . CHg. CH2CI-> (CH3)2Ca . CHg. mfi\ 
4-Chloro-2-methylbutano 2, 4'Dichloro-2-mothylbuttino 

{wcamyl chloride) -^ CHj=C(CH3)CH=CH, 

Isoprone 

An industrially^ important method of obtaining isoprene is the (condensation 
of acetone and acetylene in the presence of sodium to give 2-meithyI-butyne- 
3-ol-2 (34). It is possible catalytically to reduce this quantitatively’' to the 
2-methyl-butene-3-ol-2 (35) which can also be catalytically dehydrated to 
isoprene :— 
CH3. CH3 

^0 -f- CH^CH -^ X^(OH)CfeCH 
nw / OH./ 

CH=^CH, 
(IsopriMie) 

The decomposition of pure 

>C0 + CH=CH 

)C(OH)GH^.H,-^C.CH=CH2 
CH3 (35) CH2'^ Isoprene 

Isoprene is a pungent smelling liquid with physical properties very similar to 
those of ordinary ether. 

Of the other conjugated dienes, 2, S-dimethylbutadiene is of interest because 
it can be obtained from acetone in two simple stages, first by reduction and 
condensation of two molecules of the latter to pinaoone (36), and by the catalytic 
dehydration of pinacone to the diene :— 
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C(OH).C(OH)->> CHj=C{CH3) . C(CH3)-CH2 

CHg/ ^CH, 
(30) 

Pentadiene-1, 3 (piperyleiie) is the only other simple, open-chain conjugated 
diene commonly encountered. Apart from its incidental occurrence in the 
exhaustive methylation of pipeline, it may be obtained fairly readily from 
pentanol-3, by the following sequence of reactions :— ^ 

CHaCHgCHiOH). CH2CH3 Dehydration with 50 per cent, sulphuric acid 
CHsCH^ CH . ('HoCHg Bromination in hexane at — 20° 
CHaCHBr . CHBr ? CHoCH 3 Passage over soda-lime at 500" 
CHa-CH . CH-CH . CH3 

Since pentanol-3 is industrially available, this method is suitable for labora¬ 
tory use. 

Reactwns of the Conjugated Dienes.—The conjugated Oienc^s are phenomenally 
reactive ; they exhibit a very wide variety of addition reactions, of which poly¬ 
merisation is merely one phase. 

The additioji of chlorint^ to butadiene has been a reaction provocative of 
much discussion, since four products are obtainable. 

(1) CHoCI . CHCl . CH=CH., 1, 2-Dichlorbutene-3 
(2) (^H2CI . CH(JI . CHOI . CH2CI 1, 2, 3, 4-Tetrachlorbutanc 

(racemic and meso forms) 
(3) CH.Cl . CH=-CH . CH2CI 1, 4-Dichlorbutene-2 
It was the formation of substances of the latter type that led Thiele to 

formulate liis theoiy of ‘ partial valencies \ in which he sought to explain the 
unusual additive behaviour of conjugated double bonds. This theory is more 
fully discuHsi‘<i in a later volume, but it is ne(5e8sary here to remark that whilst 
the Thiele conception (leading to the formulation of butadiene as 

i OI2 -> CH^OlCHr-CH.CHgCl 

in which there is exhibited a n^idual or ‘ partial ’ valency on the 1 and 4 carbon 
atoms) would k^ad us to predict 1 : 4 addition, it does not, in itself, account for 
the formation of 1, 2-dichlorobutene-3 as well. There is, too, the difficulty of 
conceiving the mechanism of the implied simultaneous addition of the halves 
of a chlorine molecule in positions 1 and 4. The most probable course of such 
reactions is that outlined in the diagram below :— 

CHg—CH—DH—CHe 

. ■ c,| ^ 

CH jCl—CH—IDH—VH* 

CHaa.CHCl.CH=CH, CH,C1—CH—CH.CHj 

CH,Cl.CII=CH.CHjCJ 

‘ Farmpr and Warron, 3221. 
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After the first chlorine addition the compound can behave in two dififerent 
ways and the ratio of the quantities of the 1, 2- and 1, 4-addition products will 
depend on the velocities of reactions A and B respectively. There are instances 
where the 1, 4-addition prediotixl by Thiele's original hypothesis takes place 
only to a very limited extent, the I, 2-addition product pre.dominating. It is 
assumed in such cases that the reaction B (of the scheme above) is slow, often 
due to hindrance. Some addition pi'oducts of hydrocarbons containing con¬ 
jugated bonds is given in the table below :— 

TABLE XIV 

SttbBtanoc Formula Method 
AddiUon product 

1,2 1, 4 

Butadiene-1, 3 CH,=CH . CH=.CH2 Br added to butadiene 
in CHCl, at — 15° 

37 63 

2-MethylbutadiemvL 3 CHj-C{CH,). CH-CH, »» it 80 
2, S-Dimethylbutadiene-L 3 CH,==C(CH,)C(CI1,)-CH, Br in hoxano at — 10° 35 65 
2-Methylpentadiene-L 3 CH,:=.C(CH,)CH=CH . CH, it It 28 72 
Hexadi6ne-2, 4 CHa. CH=CH . CH-CH . CH^ II It 

All conditions 
90 10 

Phenyibutadiene-l, 3 . CH=CH . CH-CHj — 

It will be noted that hexadiene-2, 4 suflers 1, 2-addition very largely, indi¬ 
cating that reaction B (above) is slowed down by the presence of two terminal 
methyl groups. 

The addition of halogen acids to conjugated dienes seldom gives the complete 
1, 4-addition required by Thiele's original conception ; some 1, 2-addition 
always takes place. Meisenburg^ claim^ an 85 per cent, yield of 1, 4-addition 
product l-bromobutene-2(wo"Crotyl bromide) from butadiene and hydrogen 
bromide in acetic acid 

CH2=CH.CH=CH2 + HBr —^ CH2Br . CH-=CH . CH3 

The halogen acid addition products of isoprene are largely dependent on the 
conditions of reaction, and are discussed in Chapter IV. 

The conjugated dienes react readily with hypoehlorous acid or with hypo- 
bromites to give the corresponding halohydrins. With isoprene three com¬ 
pounds are isolated.^ 

(1) CHaBr . C(CH3)=CH . CHgOH l-Bromo-2-methylbutene-2-ol-4. 
A product of 1, 4-addition, present to 

an extent of about 50 per cent. 

(2) CHgOH . C(CH3)=CH . CHgBr 4-Bromo-2-methylbutene-2-ol-L 
A product of 1, 4-addition in a reverse 

direction to that of (1). Present in 
small quantity only. 

(3) CH2BrC(CH3)(OH), CH^CHg l-Brom-2-methylbutene.3-ol-2. 
A product of 1, 2-addition ; present up 

to 20 per cent. 

Further action of hypobromous acid gives the ftia-halohydrins, which may also 
be obtained and structurally characterised by the action of permanganate on 
the CI5- and /mn^-dibrom addition products. Thus :— 

H-^C^-CHoBr HO~-CH-<3H2Br CH^CH^ 
11 -, I < —I 

HO-CH-<;H,Br CH=CH, 

‘Meisenburg, U.S.P. 1,726,166 (1929). • Ingold and Smith, J.C^„ 1931, 2752. 
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Conjugated dienes add sulphur dioxide forming cyclic sulphones and also 
react with sulphuric acid to give complex hydrocarbons, alcohols, etc. ; the 
former reaction is the basis of Edelenau’s method for the removal of dienes from 
petroleum spirit. The combination of conjugated dienes with sulphur dioxide 
is a reaction of groat impor*tance. The reaction takes place readily and almost 
quantitatively, and serves as a basis for the analytical identification of the 
hydrocarbons. Chemically, the reaction takes a course which is similar to 
that of a Diels-Alder condensation :— 

CH—CH 
i 11 

CHa OHj 

CH=CH 
V I 1 

CH2 CR 

+ \ / 
SOa 

SOa 
The sulphones stable Hubstanc<'8 crystallising well from solvents, and in the 
case of butadiene giving very huge monoclinic tablets up to several inches in 
size. The formation of such compounds is the basis of the treatment of auto¬ 
mobile spirit with liquid sulphur dioxide to remove' ‘ gum-fonning ’ substances. 
The decomposition of the sulphones at 120-130'^ into the hydrocarbon and 
sulphur dioxide serves to regenerate the former in a pxire condition, and is the 
basis of an ‘ actually used ’ proe^ess for recovering butadiene from cracker gas. 
The reaction betw(M;'n isoprciic' and sulphuric acid in acetic acid is particularly 
complex and yields a wide variety of products from which geraniol, geranyl 
acetate, terpineol, cincole, linalool and othf^r substances may be isolated. It is 
not possible to give a precise? account of tlie mechanism involved in these 
reactions, but many ingenious ‘ explanations ’ have been devised. Thus, if 
isoprene b(^ regarded as converted by hydrogen ions to a form :— 

((;H3)2C==CH . CH.> 

we could expect reactions such as :— 

Geraniol 

The polymerisation reactions of conjugated dienes are discussed in Appendix I. 
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The Diels-Alder Synthesis 

Albrecht ^ showed that a condensation reaction took place between cyclo- 
pentadiene and quinones, but he did not determine the constitution of the 
products ; the observations of Euler and Josephsou ^ showed that isoprone and 
beiizoquinone gave a crystalline condensation product, but it remained for 
Diels and Alder ^ in 1928 to explore fully and to elucidate the important con¬ 
densation now usually associated with their names. 

The essence of the Diels-Alder reaction is the 1, 4-addition of a diene, or 
enyne to an olefine or a(‘ctylene. Thus, the simplest example would be the 
addition of butadiene to ethylene, giving a cyclohexene, a reaction which was 

CH. CH, 

y / \ 
CH CH. CH CH, 

1 + II ->■ 1 [ 
CH CH, CH CH, 

\ \ X 
CH. CH, 

shown to pro(^eed normally by Joshel and Butz.'* The redaction is more easy tc 
regulate w^ien the ethylenic compound is of the type RCH—CH . CO . R", whtu’e 
the products are (using butadiene) teirahydrobenzaldehyde (37) and U^tra- 
hydi'ophthalic anhydride (38) respectively :— 

CH CH 2 

, + i! 
CH CH.CHO 

(37) 

Totrahydro- 
bonzaldehyde 

+ 
—CO 

\ 
/ 

/ 
—CO 

-(!0 
\, o —. I 1 ;o 

-CO 
\/ 

(38) 

Tetrahydrc)- 
plithalic anhydridtv 

The bulk of the work on this reaction has been done with maleic anhydride ; 
some characteristic examples using other intermediates are slunvn f)i»low :— 

1. The addition of butadiene to p-xyloquinone> giving a hydrogenated 
naphthoquinone carrying an angular methyl group (39) :— 

O 0 
il !! 

(39) 

2. The addition of 2, 3-dimethylbutadiene ^ to 3-chloro-l, 2-naphthoquinone 
(40) proceeding initially to an angular chloro-phenanthrenequinone de¬ 
rivative (41) which readily loses hydrogen chloride to yield (42):— 

^ Albrecht, Ann,, 1906, 348, 31. * Euler and Josephson, Ber., 1920, 53B, 822. 
* Diels and Alder, Ann,, 1928, 460, 98. 
* Joshel and Butz, J,A,C.S,, 1941, 63, 3350. 
® Fieser and Seligrnan, Ber., 1935, 68B, 1747. 
* Fieser and Dunn, J.A.C.S., 1937, 69, 1021. 



THE HYDEOCARBOES 103 

VVi 

\CH., / \CH.t / 

y^CH^ 

fY" 

Ycl /\A 

11 

x/y !l 

0 
11 
0 

\cH, 

(40) (41) (42) 

3. Tlie formation of triple fused rings by addition across the central double 
bond, as with naphthacenediquinone (43) and 2, 3-dimethylbutadiene ^ :— 

9 9 o 9 o o 
. li i 

/^xX 

\/ \/ \/ 
!l 
o o 

0 

1! 
XXX\ 

II ! \ . COMc 
-i 

II 1 
X,/XY 

J . COMe 

4. 2, 3-])inK't,hoxybiitadic'ne and 1, 4-naphthoqumonn (44) eondcnse as 
shown to givo a,u «)tli<‘rwisi‘ unobtainable anthraquinone (45) derivative * : 

0 o 

X\/X/' 

X-\/X/\/ 
;; <.'Ha li 
o o 

(44) (4,-.) 

5. Kharasch and ytenit'eld ^ noted a Diels-Alder condensation taking place 
between hexatriene-1, 3, 5 and allyl chloride 

X cn, /\ 
1 I I Inn Cl 

OH . CHjCI 

whilst the corresponding 2, 5-dimethylhexatriene-l, 3, 5 reacts normally 
with maleic anhydride 

CH-CO /X 

CH—CO Y 
/■Xci 

* F'avorskaya and Zakliarova, J, Gen. Chem. 1940, 10, 446, 
® Johnson, Jobling and Bodaniar, J.A.C.S., 1941, 63, 131* 
’ Kharasch atid Stem fold, ibid,, 1939, 61, 2318. 
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6. The dimerisation of butadiene and similar hydrocarbons proceeds largely 
according to a Diels-Alder condensation :— 

fa (Vx 0-0 
which accounts also for the presence of octahydrodi phenyl in the reaction 

mixture. 

It \vill be clear from the foregoing examples that the Diels-Alder reaction of 
dienes is capable of the widest possible application, and will probably become 
one of the more important syntlu'tic approaches to the synthesis of steroids and 

relatc^d compounds. 
The condensation of furan and maleic anhydride proceeds readily to give 

tetrahydnxmdoxyphthalic anhydride (4t>)/ which is of special interest on 
account of its relation to the suggested structure for cantharidin, the vesicant 

CH=CH 
\ 
/ 

GH=CH 

0 

CH—CO 

II \, 
II / 
CH~-CJO 

O 

(40) 

principle of Spanish flies. Claims made that the dimethyl compound (47) could 
be obtained by condensing furan and p>Tocinchoiiinic‘ anhydride (48) have not 
5^et be(?n proved by repetition of the w’ork.“ 

Cyclopent(uliene.—One of the most reactive of conjugated dienes is cyclo- 
pentadiene, which can be isolated from the first runnings of crude coal tar 
benzene, from which its b.p, 4r^ enables it to be separated easily. It also occurs 
in cracked spirit and in the form of its dimer is an article of commerce. The 
reactivity of this diene is not confined to that of the conjugated double bond, 
since the methylene group is also extremely reactive. Thus, it forms a potas¬ 
sium derivative (cf. pyrrole) and reacts readily with aldehydes and ketones to 
give the fulvenes, a series of coloured hydrocarbons (see Vol. Ill, Colour and 
Constitution):— 

* Dielg, Alder and Nanjoks, Ber., 1929, 828, 564, 
Diels, Alder, Niouburg and Schmalbfick, Ann., 1931, 480, 243 
Diels and Olson, J. Pr. Chem., 1940, 166, 285. 

* Diels and Olson, loc, cU. 
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CH—CH 
II II 

CH—CH 

- In hn in in 
\/ \/ + CHj, c 

+ 

CH,0 

!1 
CH^ 

R, . CO . R. 
2 

Another sign of the active methylene group in eyclopentadiene is its reaction 
with methyl magnesium bromide to give methane and the cyclopentadienyl 
Grignard compound (50) :— 

i t + CHaMgBr 

(50) 
7 + CH, 

MgBr 

In addition, eyclopentadiene can give an extensive range of Diels-Aldcr con¬ 
densations, in which it is particularly valuable for producing the endomethylene 
structure, e.g., quinone and eyclopentadiene give a single and double condensa¬ 
tion thus :— 

An analogous reaction is responsible for the dimerisation of eyclopentadiene 
which takes place readily at ordinary temperatures. Thus, Alder and his co- 

workers ^ obtaimxl cyclopentano diacid-1, 3 from the dimer (51) by oxidation 
of its hydrogenate^d form. The dimer exists in two stereoisomeric fomus ; the 
endomethylene group compels the six-ring to adopt the ‘ bed-shape ’ ; the cis- 
dimer has the eyclopentene ring on the same side as the endome’sthylene group ; 
in the trans-isomer the*y are on opposite^ sides :— 

cia- traiis- 
Dicyclo|)etitadiene 

'Alder, Stein and Finieenhagen, Ann,, 1&31, 486, 223. 
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Dienes with Isolated Double Bonds 

Hexadiem-l, 5 (diallyl) is the commonost hydrocarbon containing two 
isolated double bonds (52). A liquid boiling at 01", it may be obtained by the 
action of sodium on allyl bromide ; ^ its properties are those to be exj)ected of 
an unsaturakid compound and the two double bonds react independently. In 
nearly all oxidative reactions, (\g., with peroxides, hexadiene-1, 5 is converted 
to tetrahydro-furan derivative's :— 

CH2=CH b 
(52) 

In the same way methallylbroniide (3-bromo-2-methyl])ropene-l) yields 2, 
5-dmu'thylliexadient‘-l, 5, b. 114^, which has, however, a proiu)un(X‘d temlency 
to pass into the more symmetrical structure 2, r)-dimet hylhexadi(me-2, 4 ;—- 

CH2=C(CH3)CHo . CH,>. (^(CH3)-=CH,>-^ (Cn,).,VR==-^0ii . CH=C(CH3)2 

Tkienes and Hkuier Olefines 

Our knowledge of the trien(‘s is large‘ly due to tln^ work of KhaiTuscb and his 
co-workers,^ who prf'pan'd hexutri('n(‘-l, 3, 5 b}^ thi^ aidion of sodamide in 
liquid ammonia on allyl chloride :— 

CH^CH . CHsCl t- ciciL, . CHr-:=CH.,-> . CH=-CII. CH=-CH2 
Hexatriene-l, 3, 5 is a colourless volatile liquid, b. 77-78", density 0*7175, 
which is intensely reactive. 

The Acetylenes 

The initial member of the series, acetylene or etiwm CoHg, is by far the 
b(*st known, and in general, hydrocarbons containing a triple bond are rarely 
met with. The signitican(X‘ of the conventional triple bond as in CHiiriJH is 
not so much an cnhancc^d degree of unsaturation as an altered arrangement of 
electrons. Thus, although the triple bond has tin? potentiality of increascxl 
addition as compared with the double bond, the tend(*ncy towards the formation 
of additive compounds is, in many cases, less tlian that observtnl with the double 
bond. This is in accordance with the skTeochomical view that although free 

rotation at a triple bond is impossible, no stereoisomers are predicted, as may 
be Been from the structure (53). Electronic considerations w^ould indicate that 
the two carbons in acetylene share their pairs of electrons, and that a compara¬ 
tively stable electron configuration is prcxluced similar to that in hydrocyanic 
acid and carbon monoxide. This is, to some extent, supported by the ease 
with which the hydrogen of acetylene is replaced by metals. 

Unfortunately, the simple method for the preparation of the parent membt?r 
of this series, acetylene, by the action of water on calcium carbide, cannot bt^ 

1 Cortos(‘, iJvr., 1929, 62B, rm. 
* Kharasch, Niidcnberg and Sternfeld, J.d.C’.iS’,, 1940, 62, 2034. 

Kbaraach and Sternfeld, ibid., 1939, 61, 2318. 
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extended to higher members. The acetylenes are usually prepared from the 
corresponding ketone, which with phosphorus pemtachloride gives the dichloro- 
compound (54). When this compound is distilled from powdered potassium 

hydroxide, or is heated under reflux with an alcoholic solution of th(^ same 
reagent, the corresponding a(jety]ene is formed. Can? must be taken not to 
overheat during the last stage as the monoethyi acetylene has a tendency to 
isomerise thus :— 

CH3.CH2feCH CH3. (JehC . CH, 

the iinsaturakd link moving towards the centre of the molecule. A variant 
method is to take the con*es])onding olefinic compound, allow it to add bromine 
across the double bond and to heat the dibromo-(‘.ompoimd with alcoholic 

CH,. (Je 

CH3. CH 

(^H3 . CH 

CH3 . CHBr 

I 
CH,.CHBr 

CH3.C 

potash. Attempts to apply this reaction to the* preparation of acet^iene itself 
are not particmlarly siK'cessful, partly because the vinyl bromide formed as an 
intermediate is very volatile, and partly because it reacts readily with alcoholic 
potash giving vinyl ethyl ether (55):— 

Vinyl 
brornitio 

Vbiyl otbyl 
ether 

Acetykmes are also r(‘adily obtained by the elimination of carbon dioxide from 
acids in which a triple bond is adjacent to the carboxyl group. This rnetliod 
is particularly adapted to the preparation of aryl substituted aeetylenc^s, e.g., 
p-tolylaeetylene (60), may be obtained by the following sequence of reac^tions :— 

(60) (59) 

Perkin's reaction with iolualdehyde (56) sodium acetates ana acetic anhydride 
(58) leads to 4-methyl cinnamic acid (57), this giving a dibromo compound (58) 
by direct addition. The latter, with alcoholic potash parts with the elements 
of two molecules of hydrogen bromide and forms 4-methylphenyl propiolic acid 
(69) which in turn gives tolylacotyleiie by dry distillation. Mention should 
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also be made of Kolbe’s method of preparing alkynes by electrolysing solutions 
of potassium salts of unsaturatod acids, e.g. 

CHg CH3 

i. COOK C 

I —^ III 
C. COOK C 

CH3 CH3 
Acetylene itself is a colourless gas, which, when pure, has a pleasant ethereal 

odour. As usually obtaiucKi from calcium carbide, its unpleasant smell is 
largely due to phosphine obtained from traces of calcium pliosphide which are 
alwa3^8 present in commercial calcium carbide. A small amount of acetylene 
can be obtained b\" striking a carbon arc in an atmosphere of hydrogen, and it is 
often one of the products of incomplete combustion of h^'drocarbons. The 
incomplete combustion of methane to give at^et^^lene is a ii'action of some 
importance in studies on combustion. Although the reaction may b(^ written :— 

2CH4 + 30 - 3HoO + C2H2 
it is undoubtedly true that the sequence of reactions shown in the diagram 
below must take place, by progressive removal of hydrogen ;— 

CH4 - 0H3 - —> CH3 - —> CH 

C3H3 C3H. C3H3 

and that partial recombination of the free radicles leads to hydrocarbon forma¬ 
tion in the absence of sufficient oxyg(‘n to effect complete combustion. The 
liquid fomi, produccKi by a pressure of 47 atmospheres at 0°, is sensitive to 
shock, detonating violentl}^ and decomposing into its elements when struck or 
rapidl^^ heated. The transport of commercial acetylene is accomplished bj^ 
compressing it into cylinders filled with a porous diatomaceous earth saturated 
with acetone or. alternatively, by compressing it with ethylene. Under the 
trade-name ‘ Narcylene pure acetylene has been used as an anaesthetic, 
although the explosion hazard of a mixture of acet^dene and oxygen is too 
great for the mixture to achieve extended use. 

The general properties of some simple alkjmes are shown in the table below :— 

TABLE XV 

Alkyne M.P. B.F. Df 
«20 M.P. of compound, 

(CnH,n.»hUg 

Ethyiie (acetylene) ~ 81-8 sublimes 0-6179 _ _ 

Propyne - 101*5 -23*3 
(at b.p.) 
0-6714 1*3746 204 

Butyne-1 - 122-5 -f 8*6 
(lit b.p.) 
0-6682 

(at b.p.) 
163 

Butyne-2 — 27 0-6937 1-3939 — 

Perityne-1 - 98 40 0*695 1-386 118 
Pentyiie-2 - 101 55 0*713 — ..... 
Hexyne-1 — 72 0-7196 1*399 96 
Heptyne-l — 99-6 0-7332 1*4083 61 
Octyne>l — 1260 0*7469 1-4169 80 
Nonyne-1 — 151 0-763 1-426 68 
Decyiie-1 — 182 — — 80 
Ootadecyno-l 28 i 180/16 mm. 0-8026 — — 

Eicosyleno (Eico«yne-l) 

1 

314 0*8181 — — 
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Reactions of Acetylene and the Alkynes 

Acetylene and the 1-alkylacetylenes form metallic derivatives with great 
ease, the hydrogens adjacent to the alkyne carbon atoms being replaceable. 
Both hydrogen atoms of acetylene are replaceable ; only one hydrogen is 
available in mono-alkyl acetylenes, and the disubstituted acetylenes have no 
hydrogen available for metal salt formation. The more common metal deriva¬ 
tives of acetylene are :— 

The mono- and di-sodium 
salts. CH=eC . Na and 
C2Na2 

The calcium salt 
C&C* 

Magnesium carbide 
MgC,* 

Copper acetylide 
CU2C2 

Silver and mercury 
acetylides 

The former is extremely valuable in synthetic 
reactions (see below). 

Usually known as ‘ calcium carbide ^ and pre¬ 
pared by fusion of lime and coke in an electric 
furnace. 

The formation of a magnesium carbide by the 
union of magnesium and carbon at high tem¬ 
peratures has been observc'd, but there is some 
doubt as to the propriety of expressing its 
composition by the formula MgCg* 
decomposed to propyne CHaC^CH by water. 

When acetylene is passed into ammoniacal 
cuprous cliloride solution a chocolate coloured 
precipitate of cuprous acetylide CU2C2H2O is 
formed, which, on dr3dng, can be dehydrated to 
the explosive CU2C2. 

Silver, mercuric and mercurous salts are simi¬ 
larly formed, Ag2C2, HgCg, and HggCg. All 
ai’e explosive when dry, and are readily de¬ 
composed by acids. The statement fre¬ 
quently met with that copper and silver 
acetylides give pure acetylene with acids is 
incorrect; pure acetylene can, however, bo 
obtained by the action of solutions of potas¬ 
sium cyanide on copper acetylide. 

This ready tendency to form metallic derivatives has led to the conception 
of acetylene and its analogue's as aeuds; although this is not strictly correct, 
the replaceable hydrogen not being ionised per .vc, the hydrogen of acetylene is 
sufficiently labile to react with the alkyl or aryl group of a Grignard reagent, 
thus :— 

Cffe-CH-f C,Hi,MgBr-> + CHe^C . MgBr 

Thus, if acetylene be passed through an ethereal solution of amyl mag¬ 
nesium bromide, pentane is evolved and magnesium ethpiyl bromide remains 
in solution. It shows the reactions of a Grignard reagent, e.g. :— 

CHa . COCH3 f CH^ . MgBr (CH3),.C<( 
OMgBr 

feCH 
-3. (CH3)2 . C(OH)feCH 

Lead and mercury organo-halides react with acetylene, but in this case the 
metal retains its organic radicle, parting with the halogen :— 

2CH3HgI + CH=CH-> CHsHgfeCHg . CH3 + 2HI 

The compounds produced are crystalline and melt sharply as indicated in the 
table below :— 

^ Spahr. Vogt and Nieuwland, 1933. 
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TABLE XVI 

U. In llHf^C^CHgR M.P. 

Mofchyl 233“ 
Ethyl 
Frop\'l ]r)7“ 
v-lhopyl nr 
Butvl i2(r 
.vec-iiutyl lor 
Arnyl 92“ 
?\s'o-Ainyl 107“ 
Hexyl 105“ ; 
Heptvl 90“ 
(.)etyf 10K“ 
Xoiiyl 9S“ 
Decyl 

1 

111“ 

Reactions of Acetylene 

Acetylene does not apjiear to undergo oxidation in stages short of complete 
disruption of the molecule. Complete combustion under special conditions 
gives carbon dioxide and water, but normal burning yields much free carbon, 
and lampblack has bt^en manufactunxl by this method. A(^etylene is strongly 
endothermic, its decomposition being brought about readily, and mixtures with 
air containing any pro])ortion of acetylene from 3 to 82 per cent, explode 
violently. The endothermic properti(‘^^ of awtyUme also find employment in 
cutting metals, wher(‘ local production of very high temperatures is nec(*ssary ; 
since on combustion acetylene yields more heat than could be obtained by the 
combustion of the equivalent weights of carbon and hydrogtui a very hot flame 
is obtained. 

The reduction of acetylene to ethylene and ethane can be act^omplished by 
direct hydrogenation in the presence of catalysts, but offers no points of intcuest. 
Halogens attack acetylene very readily; when chlorine and acetylene are 
mixed without precaution the halogen removes the hydrogen from the hydro¬ 
carbon with explosive violence, leaving carbon. Dilution of the gases with 
nitrogen, or passage into an inert solvent, leads to a mixture of halides in which 
tetrachlorethane and dichlorethylenc predominate ; at the same time, a little 
substitution takes place and penta- and hexachlorethane are fonned. All four 
products may readily bo separated by distillation, and are available in indus¬ 
trial quantities. The action of bromine is not so violent, and the amounts of 
penta- and hexa-substituted derivatives produced are much smaller than with 
chlorine. Iodine requires to bo heated to to react with acetylene when it 
gives a mixture of the stereoisomeric diiodoethylenes :— 

I—CH CH—I 

in—I Ah—I 
^raTW-diiodoethylene cw-diiodoethylene 

solid liquid 

The first stage in the addition of halogen acids to acetylene takes place easily 
and gives the simple ethylene derivative commonly known as vinyl chloride 

C2H2 + HCl-^ CH2==CHC1 

The addition of the second molecule can take place in two ways: 

CHg^CHCl + HCl 

/ \ 
CH,. CHClj CH^a . CHjCl 

Ethylidone chloride Ethylene dichloride 
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In the^ absence of catalysts, ethylideiie chloride is formed according to 
Markownikov’s rule ; peroxide catalysts almost completely reverse the direction 
of addition leading to ethylene dichloride. 

The ability of acetylene to add water under the influence of catalysts has 
led to the establishment of a considerable industry. Thus, the first step is the 

CoHg 

H.oj CCI3.CH0 —^ CHCI3 

CHa.f^HoOH ^-(^113. CHO-> 

passage of act^tylene (uthtn- through a hot saturated solution of mercuric oxide 
in 5-5 per cent, sulphuric acid, or in strong acid with mercuric salts at 35-40'^. 
In either case acetaldehyde distils out, and is condensed, and serves as the raw 
material for acetic acid manufacture. The combination c;an bo carried out in 
the vapour phase at 350-380°, using a boric-phos})horic acid catalyst. The 
process does not end with the formation of acetakhdiyde, but c;an go a stage 
further with tlie formation of crotonaldchydf^ (butenaI-2) 

CH3. CHO h —> CH3. C;H=('H . CHO 

It is not contended that the equation above indicates tlu^ progress of the addition, 
which probably involves the unstable vinyl alcohol. An appropriate choice of 
catalyst enables acetaldehyde or erotonaldehyd(^ to be produced at will. 

The addition of hydroxylic compounds to acetylene is not confined to water ; 
acetic acid reacts in the same way as wat(T to give, first, vinyl acetate, and, if 
the proc>ess be (jontinue^d, ethylideiie diacctate :— 

CI^eCH -f CH3OOOH-^ CH^^CHO . CO . CH3 
-> *CH3CH[0.C0CH3]2 

The process can b(^ controlled to jirodnce vinyl ac'ctaie almost exclusively, and 
the reaction constitutes the methcxi by which vinyl acetate is prepared for 
plasties manufacture. 

In the same way, alcohols will add to acetylene in the presence of a mercury 
catalyst to give acetals :— 

ClfeCH 4- C2H5OH-^ CH2=-CH . OEt + C2H5OH-^ CHa . CH[OEt]2 

Often the addition of fluoroboric acid assists the formation of acetals where the 
reaction is sluggish, as in the case of the acetal of the half ether of diethylene 
glycol 

CH~CH + 2 . EtO . CH2. CH2.0 . CH2. CH3OH 
-^ CH3. CH[0CH2CH20CH2CH20Et]j 

This tendency to addition is strong enough to proceed even with sulphuric acid. 
With oleum two molecules of acid add to acetylene giving ethane-1, l-diol-2, 
2-di8ulphonic acid, a substance which is readily broken dowm by mild alkalies 

HO.^ ^SOaH 

CH^'H + 2H^04-CR—m 

liO'^ I \sO3H 

* /S03H 

H . COOH + CHj 

^SOjH 

to formic and methane disulphonic acids. 
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The polymerisaticn of acetylene is a reaction which has been intensively 
studied. As long ago as 18(:)2 Berthelot observed the formation of small 
amomits of benzene from acetylene on heating, and it has been shown by later 
workers that the pyrolysis of acetylene leads to a whole range of mono- and 
poly-cyclic aromatic compounds. The controlled polymerisation of acetylene 
to simple substances was worked out by Nieuwland and others.^ The products 
are mono- and di-vinyl acetylene (butenyne-1, 3 and hexadienyne-1, 5, 3). The 
polymerisation of acetylene to these substances :— 

2CH^.CH-> CH2=CH . CfeCH f CHeeCH 
-^ CH2=CH . C™ C . CH=CH2 

is carried out by passing acetylene through aqueous solutions of cuprous salts, 
with ammonium chloride. Control of the conditions allows either substance to 
be formed, almost to the exclusion of the other. 

The two products, but<myne-l, 3 and hexadienyne-l, 5, 3, are interesting 
examples of hydrocarbons exhibiting both doublt^ and triple links. Butenyne-l, 
3 is a pleasant smelling liquid, b.p. 5^, and is the basis of a considerable industry, 
that of the manufacture of Neoprene. When butenyne-1, 3 reacts with 
hydrochloric acid a chlorbutiidiene is obtaimxl, which can be converted to a 

CH2=CH . Cep CH + HCl-CH2=CH . CX^1=CH2 
rubber-like linear polymer (Neoprene ; sec Appendix II). Divinylacetylcne 
(hexadienyne-1, 5, 3) is an isomer of benzene, boiling at 83-5'’; it is explosive 
and can absorb oxygen from the air to form a violently explosive peroxide. 
Its linear structure has been proved by catalytic- reduction to hexane. 

During the formation of the two polymers just discussed, some tetramer is 
formed (CgHy) ; it is probably an octatrienyne-l, 5, 7, 3, but is almost ex¬ 
plosively unstable. 

The conversion of acetylene into its tetramer, cyo/oiictatctrene, can 
be accomplished readily by catalysts, under pressure. This important reaction 
is discussed on p. 127. 

When acetylene—diluted with about 15 per cent, of nitrogen—is passed 
over copper bronze at temperatures betw'een 200"^ and 200"^, an unusual polymer 
is formed as a most voluminous yellow powder. It is called * cupreiu^ and 
represents the building up of acetylene into a complex, and probably indeter¬ 
minate, aromatic lattice. Oxidation of cuprene with powerful reagents yields 
benzoic, phthalic and mellitic acids, and reduction gives aromatic hydro¬ 
carbons. It has a limited use as a filler in the manufacture of electrical goods 
and as a substitute for cork in making linoleum. 

The Homologous Alkynes 

Propyne, more often called allylene because, as an isomer of aUene, it is 
produced with that substance by the action of alcoholic potash on 2, 2-diehlor- 
propane, is also produced by the action of w^ater on magnesium carbide,* and 
may be prepared from allene (q.v.) by treatment in ether solution with sodium. 
A simpler way of preparation is the methylation of sodium acetylide in liquid 
ammonia, using dimethyl sulphate. 

CHeeC . Na + Me^SO^-^ CH-C . CH3 + NaCHg. SO4 

The reactions of propyne are entirely analogous to those of acetylene, making 
due allowance for the absence of one ‘ acidic ’ hydrogen. Thus, Wogens, 
halogen acids and water all add to the triple bond, giving acetone in the last 
instance. The halogen acid additions, in general, obey Markownikov’s rule. 
Further, the sodio-derivative of propyne reacts normally with substances con* 

1 Nieuwland, Calcott, Downing and Carter, J,A,C.S., 1931, 5S, 4197. 
* Keiser, Am, Chem, J„ 1896, 18, 328. 
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taining the CO group. Thus, carbon dioxide yields the sodium salt, butyne- 
2-acid :— 

. Na + CO2-CH3 . C^C . COONa 

Aldehydes give the acetylenic se^condary alcohols, e.g., acetaldehyde gives 
pentyno-2-ol-3 : — 

CH3 . . Na f CH3CHO —> CH3 . feC . CHOH . CH3, 

whilst the acetylenic aldehydes and ketones may be obtained by the action of 
formic ester and acyl ('hlorides respectively :— 

(i) H . COOEt + CH3. Ch:eC . Na->- CH3. CeeC . CHO Butyiie.2.al 
(ii) C2H5. CO . Cl + CH3. C^C . Na 

-> CH3CfeiC . CO . C2H5 Hexyne-2-ono-4 

These synthoaes, ofk^n refcTiXKl to as Moureu’s reactions, are among the most 
satisfactory ways of building up compounds containing the triple bond. 

The reactions are equally adapted to the homologous 1 -alkynes ; ^ thus, 
butyne-1, CH3 . CH2 . Oir^CH, and all the homologues up to decyne-1 react, 
and it is intcTesting to note that the sodio derivatives of heptyne-1 (obtained 
from (jastor oil, via heptaldehyde) gives a good yield of octyne-2-acid with 
carbon dioxide. The methyl estcT of this acid (industrially referred to as “ mc^thyl 
heptine carbonate is a valuable intermediate for building up violet perfumes. 

There is a strong tendency for the triple bond in some hydrocarbon chains 
to move to th(^ terminal carbon. I'hus, butyne-2 is a stable substance which, 
when hciated with sodium, is converted to butyne-1, and this reaction is general ; 
Vaughan, in 1933, showed that the symmetrical diamyl acetylene (dodecyne-6) 
passfxi into dodocyne-1 by beating at 210'' in the presence of sodamide. This 
constitutes an intiTcsting method of synthesis of the higher l-alkjmes. Di¬ 
sodium acetyleiKMs allow(‘d to react with an alkyl iodide, to give a symmetrical 
alkyrie which is converted to a i-alkyne by heating with sodamide :— 

2CeHj3l + NaC-„: CNa-> CeHi3 . C~C . CeH^g-> C12H25CEE5CH 

The 1 -alkynes can be identified by their reaction with mercuric cyanide, which 
follows the course :— 

Hg(CN)2 + 2RfeCH-> RCeeC . Hg . Ge=C . R 4 2HCN 

Tho compounds are crystalline, and have definite melting points which are 
given in the table (p. 108). 

One or two miscellaneous substances containing two triple bonds are of 
interest, mainly on account of their isomerism with benzene CeHe. Thus, 
hexadiyne-1, 5, made from diallyi (hexadiene-1, 5) by the following reactions :— 

CH* CHj CH,Br CH CH, 
II II 1 III 1 
CH CH CHBr C C 

^ i 
1 

1 
CH,I - 

I 
CH, 

1 
-► CH, 

I 
CH, - 

CH,I 
1 

I 
CH, 

1 

1 
CH, 

1 

1 
CH, 

1 

1 
c 
lii 1 

CH 
II 

1 
CH 
II 

CHBr 
1 

i 

[1! 
i 

1 
CH, CH, CHjBr CH 

Hexadiyne-1, 6 
m. 
b. 87® 

CH, 
Hoxadiyiie-2, 4 

m, 64-6® 
b. 129® 

is a colourless, very unstable liquid, polymerising rapidly and isomerising when 
heated with alcoholic potash to hexadiyne-2, 4, an extremely stable substance. 

1 T. H. Vaughau, J.A,CJS,, 1934, 56, 2064. 
8 
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Alicycuo Hydrocarbons 

There has been a tendency in the arrangement of treatises and other 
literature of organic chemistry to segregate the cyclic non-aromatic compounds 
under the heading ‘ polymethylene derivatives ^ a procedure which is more 
convenient than indicative of fundamental differences in properties. The 
introduction of a cyclic structure only produces serious divergences from normal 
in the case ot 3- and 4*membered rings ; hydrocarbons with rings of five or 
more members, even up to thirty or more, behave normally, and are comparable 
in general reactions with the parafiins of similar (‘arbon number. Thus, for 
example, the increase in the molecular heat of combustion of (cycloalkanes with 
five or more methylene groups, productnl by au additional —(^Ho group, is the 
same as that produced by a similar additional group in the paraffin scM-ies. 

Prior to 1881, wiien Markownikov and Xrestownikov ^ discovc'D^I a ('vclo- 
bntane derivative, the conclusion had bcHMi reaciied that rings with less than 
five carbon atoms could not exist, a view which was supported by the current 
concept of the carbon atom as a rigid tetrahedral structure. iSuecessive dis¬ 
coveries of 3- and 4-membered rings by Freund - and Peikin ^ eoiiehisivcly 
established the fact that 3- or 4-membored (carbon rings could (‘xist, and 
the new' knowiedge led Baoyer ** to revise the rigid tetralu‘(lral eoueeption of 
carbon and its valencies and to formulate his ingcmious ‘ strain theory This 
latter had as its basis the assumption that tlie normal anglf^ Ix^tween the 
‘ valencies * of carbon was 169^ 28' (the natural tetrahedral angle) and wtmt on 

to assume that when a ring was formed ‘ strain ’ was set up by deviation of the 
valencie.s tlmough an angle which would, of course, depend on the ring size. 
Thus, in Fig. 1 is shown the deviation of 24‘'-44' prodmu^d on each carbon 
valency in a three-membered ring ; in the table bolow' is shown the angle of 

TABI.E XVII 

No. of member 
in ring 

<N) 

Deviation of angle 
(degree of atraln) 

Ethylene 2 54^ . 44' 
Cyclopropane 3 24° . 44' 
<7ycZobutane 4 9° . 44' 
Cyckmentane 1 5 0° . 44' 
Cyciohexane 6 — 5° . 16' 
C'yck>h6ptane 7 — 9° . 33' 
Cyclodecane 10 — 17° . 16' 
Cyclopentadecano 15 — 23° . 16' 
Cyc^oheptadeoane 17 — 24° . 41' 

' Cyck^triacontane 30 — 29° . 16' 

Mol. hftftt of 
combiBtion 

(H) 

340 
605 
662 
795 
948 

1106 
1586 
2365 
2669 
4680 

KxcestH beat of 
combuHtioii 

(ti)* 

28 (26) 
37 (34) 
30 (26) 
15(10) 
12(6) 
14(7) 
28 (16) 
15(0) 
17(0) 

nJ (— 30) 

• Obtained by E == H — m (where A is the normal heat of combustion (156) for the 
CH, group m paraflans). (Figures in brackets from h =» 157.) ^ ^ 

^ Markownikov and Krestownikov, Ann,, 1881, 208, 333. 
•Freund, Monctt&h*, 1882, 3, 626. •Perkin, Ber, 1883 Ifi ITOX 
• Baeyer, Ber,, 1886,18.2277. ' ^ ^ 
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doviation of a series of cycloalkanes up to rycfo-triacontane, together with the 
molecular heats of combustion and the excess heat of combustion over the 
theoretical figure calculated as a multiple of the figure associated with the 
—CH2 group. It was argm^d from the first few figures of this table that the 
‘ strain ' showed itself by an enhancc^d heat of combustion, but the implication 
is not entirely clear, especially as the calorimetric values cannot be guaranteed 
to an a(;curacy of more than 1 per cent. It is, however, true that rings contain¬ 
ing three and four members appear to be less easy of production than those' 
containing five and six members, but in spite of the plausible nature of the 
‘ strain theory ’ there is littl(‘ evidence to show that such ‘ strain ' exists, even 
in Binaller rings ; if cyc/o-propane were a highly strained structure, one would 
sf’areely exjiect it to be indifferent to the action of permanganate and substi- 
t;Uted by chlorination without ring fracturt\ Even if it be admitted that there 
is som(‘ qualitative' justification for a strain theory in relation to 3- and 4-ring8, 
su<‘h theor}' cannot apj)ly to other rings, since it is erroneously based on the 
assumption that large rings are planar. This is not com^(;t, and although the 
fact was point<?d out in 181)0 by Sachsc,^ Baeycr’s theory continued to dominat(‘ 
the field. Mohr, about twenty years ago, di‘V(*loped the nori-planar concept of 
ring structure', and it has beem confirmed by ex]XTimental isolation of the 
ster(*oisomeri(‘ forms im})li(‘d by llu' non-}>lanar nature of rings. Thus, cyclo¬ 
hexane' can have' two space forms :— 

anel the' vi(*w is now acen'pted that the large rings are virtually strainless. The 
stere'oisomerie implications of this view are (hscussed in Vol. III. Further 
discussion of large rings is give'u in Appendix I to Chapter VI. 

Altcyclic Compounds of Natural Occurrence 

Petroleum usually contains an appreciable proportion of alicyclic hydro¬ 
carbons, mainly alkyl de*rivaliv(‘s of cyclopentane and cyclohexane, which are 
usually oalkxl ' naphthenes *. Thus, the straight run gasolines {light petroleum 
fractions) from (valifornian petre>leum contain up to 40 {>er cent, naphthenes, 
and most Texan and Pennsylvanian straight run gasolines contain 20-25 per 
cent. The principal constituents of the naphthene fraction are :— 

Cyclopentane 
Methylcyclopcmtane 
1, 1 -Diraethylcyclopentane 
Cyclohexane 
Methylcyclohexane 
1, 2-, 1, 3- and 1, 4-Dimethylcyclohexano 
I, 2, 4-Trimethyleyelohoxane 

Petroleum chemists refer to methylcyclohexane os a ‘ heptanaphtheno to the 
dimethyl cyclohexanes as ‘ ootanaphthenes \ Any nine or ten carbon alicyclic 
hydrocarbons are also called ^ nonanaphthenes ’ and ‘ decanaphthenes ^; small 
amounts of docanaphtheno and undecanaphthene fractions have been isolated 
from petroleum and contain the dimethyl ethyl cyclohexanes and higher 

» Saolise, ifer.. J890, 08, 1363. 
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analogues. In addition, a smaller proportion of bicyclic naphthenes are 
present,^ derived from bicyclopentane (61) and decahydronaphthalene (62). 

CH, CH, 

CH,—CH-CHj ^H, 
1 I j 

CH„ CH OH, 
I I 1 

CH, CR CH, 

CH, CH, 
(61) (62) 

The alicyclic hydi-oearbons also figure largely in the field of terpeno chemistry, 
and are discussed from tliis standpoint in Chapter VIII. 

Preparation of Alicyclic Hydrocarbons 

Methods of preparation of alicyclic hydrocarbons may be divided into two 
main groups (a) methods of inducing direct ring formation in hydrocarbon 
structures, and (6) the conversion of oxygenat(Hl compounds in which ring 
structure is already present, to the hydrocarbon. 

Most methods of inducing ring formation are variants of the methods ustxi 
for building up paraffin liydrocarbons. Thus, the Wiirtz reaction can bo used 
on a dibromide to yield an alicyclic hydrocarbon :— 

Sodium, zinc in alcohol, or zinc in the presence of sodium iodide are used to 
effect the removal of the halogen. The yields of derived jjroduct seldom reach 
more than 50-60 per cent, since, as with the original Wiirtz reaction, other 
substances are easily produced. 

It is interesting to note that the removal of bromine from 1, 3-dibrom- 
propane by zinc, as illustrated above, is analogous to the removal of two axljacent 
halogens by zinc from ethylene dibromido to give ethylene. The remarkable 
fact is that this reaction goes much more easily with ethylene dibromide than 
with propylene di bromide—-and does not procofni with 1, 4-dibrombutane, and 
is not, therefore, available for the preparation of cyclobutane. This is in exact 
opposition to the strain theory which predicts a progressive increase of ease of 
formation from ethylene to cyclo-butane. In general, cyclo-butane rings, 
especially those not containing a carbonyl group, are difficult to prepare ; 
probably more difficult than any other tyjie. They are occasionally obtained 
by reactions calculated to produce an aggregate of cyclo-propaue rings. Thus, 
Gustavson, in 1896, attempted to obtain a simple spiro-hydrocarbon (63) 

Br.CHg CHjjBr 

\/ 
c 
/\ 

Br.CH, CHjBr 

CH, CHa 

V 
/\ 

CHj CR, 
(63) 

from the appropriate dibromide, and obtained a mixture of two cyclobutane 
derivatives, 1-methyl cyclobutene-1 and methylene cyclobutane. 

Polymerisation is a fruitful source of aUcyclic hydrocarbon structure, as 
also is the addition of hydrocarbons under the conditions of the Diels-Alder 

* Coates, J.A.O.S., 1908, 28. 384 ; Boss and Leather, Analytt, 1906, 81. 284. 
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reaction. Ring formation from the simple unsaturated hydrocarbons is un¬ 
common, but with onynes the reaction is common ; thus, hexadienyne-1, 5, 3 
(64) is readily converted to 5 : 8-c^cZododecadiene-l, ll-diyne-3, 9 (1, 2-bi8 
(butenynyl) cyc/obutane) (65) :— 

CH2 CH2 

CH./=OH . (JEE.C . IjH ^ in . C=C . CH=CHs. 
(04) 

CHo-CHj 

CH2=CH . C>s;C . OH—Ah . C==C . CH=CH2 

(65) 

Other methods for preparing c?/t7oalk<anes are, in general, the normal redactions 
used for converting ketones, akiohols, or acids to the hydrocarbons ; the pre¬ 
paration of the oxygen com]x>unds is discussed in the appropriate chapters. 
(See Chapters V, VI and VJl.) 

The physical prop(drti('s of the c/yc/oalkanes are shown in the table below":— 

TABLE XVI11 

Name* I’orrniiln M.P. B.P. 

0 yclo\}ro\nii\e — 127'=’ — 35° 
CycloiniiATit} -f 12° 
C ycloiKHitQ.iu’^ 50-5° 
Cyclohoxmn) 4- 7^' 81° 
Lyc/oh(^ptarK? _22° 117° 
C’l/dooctaiio -i- 11-5^^ 148° 
C'i/c/t>cJocaiie 9-0'^ 201® 
Ct/ciodod(‘t;aiie t 121124 GL" 
C2/c7otctradocaiH3 
Cyclopcn tadccai k' 

5:r 
j 37° 

Cycloi lexadecai»e 57° 
Oi/(7oho j)ttwiecai 1 e ^'171^34 63° 
Cyclodocosa.no 
CycloUitracA)Hane 

tj2ll44 46° 
47° 

Cydohexacosauo 42° 
Oyclooctaoosano ^28^1^66 j 48° 
Cyclotriacontane t'sotleo 56° 

CycZopropanc, discovered by Freund in 1882, is a pleasant-smelling gas, 
whi(;h has been ueKxi as a general anaesthetic in place of chloroform/ether 
mixtures. It possesses the advantages of being almost non-irritant, and since 
7 p€dr cent, in the respired air is sulficient to cause anaesthesia there is little 
danger of asphyxiation from oxygen-dcdprivation. Its cost has hindered its 
use ; it is usually prepareni by heating I, 3-dibromopropane with sodium. 

Chemically, cydopropane is reactive ; heatcKi alone, it isomerises to propyl¬ 
ene ; it is readily roductnl to propane by hydrogen, even at temperatures of 
70-80” in the prcdsence of nickel or platinum. Halogens react readily with 
eyefopropane ; chlorine in diffused light yields the substitution product chloro- 
eyefopropane, a pleasiint smelling liquid, b. 44”. Some di- and tri-chloropropanes 
are produced at the same time, together with 1, l-dichlorocyciEopropane,^ a colour- 
loss heavy liquid, b. 76-~76”. Bromine, on the other hand, reacts rapidly with 
cyc/opropane to give 1, 3-dibromopropane as the sole product. Cyc/opropane is 
stable to cold alkaUne permanganate, thus offering a distinguishing point 

^ Giistaveon. J, Pr, Chem,, 1890 (2), 42, 495 ; 1891 (2). 48, 396; 1892 (2), 46, 159 ; 
1804 (2), 60, 380. 
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between cyclic unsaturation and ethyleiiic uiisaturatioii. Hydriodic acid opens 
the c^cfopropane ring giving propyl iodide. 

Thehomologuesof cycJopropaiu^—inethylc^cfopropane, b. 5°, and 1, 1-dimethyl- 
cycZopropane, b. 21°—behave similarly, and show the differences indicated 
betwwn chlorination and bromination. 

The ring of cyctopropane i» readily opened by sulphuric acid/ which absorbs 
about 500 vols. of n/c/opropane at 15° C., and on dilution of the product and 
distillation, propyl alcohol is obtained. 

Cyc/obutane.—WiUstatter, in 1907, devist d the following method for making 
cycZobutane, whicii is sufficiently indicat(‘d by the formulae below^:— 

COOEt 
/ 

BrCHj. CH,. CH,Br + Na^H 

\ 
COOEt 

CHg COOEt 

CHj CH 

\ 
CHjBr COOEt 

CH2—CH—NH, 

CH, COOEt 
/ \ ./ X / 

CH., C 

\ /' 

cxhaustivf^ 

CH., COOEt 

CH„—CH 

CH., 

/\ 
CH,, CH . COOH 

(’H,--CH, 

- COXHj 
vhi araidt* CH,-CH, 

ci/o/obutylainine b. 81° 

mfthylatioii 
CH 

cyclohuiciu^ 

OVtT ^'l/100° 
CH,—(’H, 

ri/c/o butane 

The method is cumbrous and the oviuall yield is small, but this is almost 
the only method available for the preparation of t}u‘se hydrocarbons. Our 
knowledge of them is scanty; c^cZobutane is a liquid, b. -- 12°, of pleasant 
odour. Its chemical properties have not been investigated tljoroughly but it 
has been established that it is not oxidi.s(*d by cold permanganate ; that it may 
be hydrogenated catalytically to butane ; and is unafteettMl by (‘old hydriodic 
acid. 

The substances methylene c^c/obutane (b. 41°) and methyl cyclohuta,ne 
from the reduction of pentaerythritol tetrabromide are better knowTi, and have 
been the subject of various researches on their thermal decomposition.''** ^ 

CVcfcPENTANE AND ITS HOMOLOGURS 

(7t/ctopentane, a limpid liquid, b. 50-5°, is present in petroleum from a variety 
of oil-fields. It is also obtained by heating nonaru^ with aluminium chloride,^ 

CH2—CH2 
CHjJCHJ^CHa -> CH3CH2CH2CH3 I I 

+ CH2=:CH . CH2. CH2. CH3-^ CH2—CH2 
\/ 

CH, 

and can be isolated from this mixture. It is unaffected, even by several days’ 
boiling with anhydrous aluminium chloride, and constitutes one of the most 
stable hydrocarbons. The synthesis of pure cyctopentane may be accomplished 

1 Gustavson, J. Pr. Chem., 1887 (2), 86, 300. 
» Rozanov, J. Bust. Phya.-Chem. Soc., 1929, 61, 2291. 
* FUipov, ibid., 1914, 46, 1141. 
« Cox, Bull. Soc. Chim., 1926. 87, 1549. 
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by the action of zinc on 1»5-dibromopontane or by reducing the readily accessible 
cycZopentanone. 

CH^Br CHgBr CHo—(JH, CH^—CH^ 
I 1 _j “ I_[ I 

CH, CHa CH, CHj CH^ CH^ 

\V \/ 
CH;, CH. CO 

The ring of c^cZopentanc is o^x^mHl only with the greatest difficulty, and it is 
undoubtedly the most stable (‘ycloalkane. Its inertnesvS towardvS anliydrous 
aluminium (diloridc has already been mentioned ; it is unaffected by hydrogen, 
with or without catalysts, at 300''. Little^ or nothing is known concerning the 
chlorination of ryc/opentam^; bromine reacts only in sunlight and mono- and 
dibromo-siibstitution products are obtained. Nitration can be effected by the 
use of coii(*(‘ntrat(Kl acid at low temperatun*s, or by dilute nitric acid at lOO- 
110” ; there is a strong tendem^y towards opening the ring with the formation 
of glutaric acid. 

Methylryc/opentane, pleasant smelling liquid, b. 71”, is more fequently met 
with than the par(‘nt body. In the presence of catalysts, cyr/ohexam^ (66) 
isomerist'.s to niethyley/e/opcntaiu* (67) on heating at ordinary pressures ; in the 
absence of a catalyst tlic* same result may be aeeomplishetl by heating under 
prevSvSur(‘.^ 

CHg 

/\ 
CHj CH„ CHj—GH.CHa CH3 . OH—CH . CH3 

I i ‘ —H I ' ■ 
CHj OH* OH., OH., 

\ / \ / 
OH, CH,, 

(«i) (07) 

CH. CH, 
(69) 

CH,—CH., 

(OS) 

CHj.CH—CH .CH, 
— \/ 

This rt-action (often called an ‘ extrusion ’ reaction) is merely part of a general 
series of such changes the full range of which is indicated above. It will be 
noticed that the i)rogre8sive extrusion of a carbon atom leaxis to 1, 2-dimethyl 
cyctobutane (68), and finally to ], 2, 3-trimethylcycfopropane (69). This series 
of reactions, which takes place in the presence of aluminium halides, is another 
instance of the failure of the so-called ‘ strain theory ’ to co-ordinate the ten¬ 
dencies in ring formation.* I'lie mechanism of the reaction is obscure, but 
probably involves a disprojwrtionating proton change with opening of the ring 
as shown below :— 

/CH,. CH, 

ClH, \CH, 

\CH,. CH, 

/CH,. CH . . . 

CH, 

\CH, . CH, . CH, 

,CH,. CH, 

CH, I 
\ CH, . CH . CH 3 

^CH=CH, 

CH, -f CH3[CH,]ioCHa 

\CH, . CH, . CH, 

' Ipatiov and Dowgelewisoh, Ber., 1911, 44, 2987. 
*Zelinttky and Turova*PoUaji:, ihid.^ 1932, 1171. 
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The simultaneous formation of dodecane and hexone-1 supports this view. The 
reaction is a general one and Willstatter and Kametaka ^ have shown that 
cyctoheptane yields successively methyl cycZohexane and dimethyl cycZopentane 
by extrusion, and Zelinsky and Freimann “ that cycZooctane gives methyl 
cycfoheptane and dimethylcycZohexane imder similar circumstances. 

The presence of a tertiary carbon atom in the alkyl cyciopentanes makes 
them much more reactive than cr/cZopentane itself. Thus, chlorination of methyl- 
cycZopentane ® yields a mixture containing a preponderance of the 1-chloro-l- 
methyl derivative (70). 

CHj—CHj 

CH, 

CH» 
(70) 

CHo—CH . CO . CH., OH.,—CH . NO, 
Cl 

CH, 
CHj CH.CH, 

CH, 
(71) 

CH2 CH.CH, 

\ /■■■' 
CH, 

/zcc-iiitix) compound 
b. mm. 

Sol. in NaOH soln. 

(72) 

CHs—CHj 
I I /NO* 

CH* C< 
\ / V'H, 

CH* 

^cr-nitro compound 
b. 92^/40 nun. 

Insol. in NaOH soln. 

(73) 

On the other hand, acyl chlorid€\s attack mothyln/rZopeiitane in the ‘ 2 ' position 
giving (2-methyl c?/c/opentyl) methyl ketone (71). Dilute nitri(i acid (S.G. 
1*075) acts on methyloycZopentane at 115-120'’ to give a mixture of the 1- and 
2-nitro-compounds (73) and (72).** 

Gyclopentene, a mobile liquid of penetrating odonr, b. 45'", may be obtained 
by the usual methods from cyclopentanone, 

CHa—CH^ 
I I 

CH* CO 

H, HBr 

CHOH 

/ 
CHBr 

/ 

Its properties are essentially those of an olefine. 

Kon CH,—CH 

i ^ II 
CHs CH 

CycZoHEXANE AND ITS ANALOGUES 

Cyclohexsine itself, together with its methyl and dimethyl derivatives, are 
found consistently in petroleum, especially Caucasian and Galician oils. Of 
the various older metiiods for preparing cyc/ohexane, such as the elimination of 
carbon dioxide from hexahydrobenzoic acid or the reduction of cycZohexanone, 
few present any points of interest; they are seldom used. The older method 
of reduction by sodium with ethyl or amyl alcohol served as a basis for the 
classical researches of Baeyer on the hexahydrophthalie acids, and of Perkin on 
terpenes from the hexahydrotoluic acids ; it is only since the commencement 
of the present century that the catal^-tic methods of Sabatier have displaced 
the older proc-ess. One method of producing c^^cZohcxane derivatives is the 
attempted preparation of ci/cZopropano de^rivatives by ring closure. Thus 
V. Pochmann,^ in attempting to prepare a c^cZopropane derivative (74) by the 
action of iodine on the disodium derivative of acetone dicarboxylic ester (75), 
obtained the ci/cZohexane derivative (76):— 

* Willst&ttar and Kametaka, Ber., 1908, 41, 1480. 
* Zelinsky and Freimann, iWd., 1930. 63, 1485. 
* Markownikov, Ann., 1899, 307, 335. 
* Kishner, J. Pr. CiUm., 1897, 56, (2), 369. 
* V. Pechmann, Ber., 1897, 30, 2569. 
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COOEt COOEt COOEt COOEt 
1 

in 

1 

yCHNa 
do +1, 

1 

yCE 

-CO 

1 
■CH 

j - \co 

CH ^CHNa \CH -CH 

COOEt 

(74) 

1 

COOEt 

(75) 

1 

(!)OOEt 
(76) 

1 

(^OOEt 

Pontanone-S-diacid, Cyclohexane-1, 4-dione- 
1, 5 diethyl ester 2, 3, 5, 6-tetracarboxylic 

(di-flodio derivative) acid ethyl ester 

C'^cZohexane is largely manufactured by the reduction of benzene with 
hydrogen. This reaction takes place at ordinary temperatures in glacial acetic 
acid, in the presence of platinum or palladium black. With Raney nickel the 
reaction requires a temperature of 85-100'^ ; with the older type of Sabatier- 
Senderens nickel catalyst 180-230° is needed. All these catalysts are immedi¬ 
ately poisoned by traces of thiopben, from which the benzene must be most 
carefully purificxi, 

Cyclohexfine is a colourless liquid of pleasant odour, b. 81°, which exhibits 
great stability, although in general it is more easily attacked than cyctopentane. 
Thus, the action of anhydrous aluminium chloride on eyeJopentane is negligible ; 
c^efohexane is convert<xl to a series of smaller ring compounds (st^e p. 119), 
Permanganate oxidises cyc/ohexane to adipic acid, and fuming sulphuric acid 
oxidises the ring to benzene which is immediately sulphonated. 

The chlorination of eyefohexane has been the subject of extensive study 
from the time of Markownikov in 1898, up to the present time. Using moist 
chlorine in diffused sunlight Markownikov ^ obtained monochlorocyciohexane. 
Sabatier and Mailhe ^ obtained the following products :— 

Monochloroci/c/ohe xane 
Dichlorocyc/ohoxane (a) 
Dichlorocyc/ohexaiie {b) 
TrichlorocycZohoxano liquid (a) 
Trichloroct/c/ohexone liquid (6) 
TrichlorocycZohoxane solid (c) 

b 

141'6-142-67749 mm. 
105- 4-106-4750 mm. 
106- 4-107-4°/50 imn. 
139-5-141-57T)0 mm. 
143-5 145-5750 imn. 
150-4-151-4750 mm. 

1-0161 
1-2056 
1-2060 
1-3535 
1-3611 
1-5103 m, 66° 

The chlorinated cyctohexanes are valuable sources of the semibenzenoid 
rings as they lose halogen acid on boiling with quinoline. Thus, monochloro 
eyeZohexano gives a good }deld of cyctohexene, and the dichlor- derivatives are 
converted to cyciohexadiene. 

Reference has already been made to the progressive conversion of cyclo- 
hexane by aluminium chloride to methyl eyeZopentane and to dimethylcyc^o- 
butane. This reaction, when carried out in the presence of an acyl chloride 
such as acetyl or benzoyl chloride, gives the acyl derivative of methylcycZo- 
pentane. At the same time some cyctohoxane is converted to an unsaturated 
hydrocarbon, ft-^d a corresponding amount of acyl chloride is reduced to 
the aldehyde.® An interesting and unusual extension of this reaction is the 
condensation of eyeZohexane and ethylene oxide in the presence of aluminium 
chloride to give hydroxyethylcyc/ohexane (77). 

^ Markownikov, Ann., 1898, 302, 1. 
* Sabatier and Mailhe, CM., 1903, 187, 240 ; Ann. Chim., 1907 (8), 10, 531. 
* Nenitzesou, Is&cesou and lonesou, Ann,, 1931, 481. 180, 210. 
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CHj,. CHg CH2. CH^ 

dH, \h, + CHj.CH^ -> CH., \:H . CH,. CHoOH 

CH,.CHj. 0 (77) CH2.CH2 

Good yields ^ of hexahydrobenzoyl chloride (78) can bo obtainwl by the action 
of oxaly'l chloride on cyctohexane in sunlight or light from a lamp. The 
reaction proceeds :— 

CHo.CH., CH,.CII., 
/ ■ \ COCl /• ■ \ - 

CH., CH., + 1 -> CH, (,1H . CO . €1 + CO |- llCl 
“ COOl \’ / 

CH^.CH, CH,.CH, 
(78) 

At ordinary temperatures, cyc/ohexane is unaffeeted by the usual nitration 
mixtures and on raising the temperature oxidation to adipi(^ aeid, and not 
nitration, ensues. The use of dilut(‘ nitric aeid at 100- 150' gives nitrcx’//r/o- 
hexane, but not in good yield. I'he best method of nitrating paraffins and 
cycZoalkanes is by Naiiietkin’s ^ metlKKl. In this the n/rhhoxane is mix(‘d with 
three parts of hydratcxl aluminium nitrate and heat(‘d to 115-120''. A ^ueld of 
about 00 per cent, is obtained. The use of aluminium nitrate [AI(N03)3 . OH^O] 
as a nitrating reagent is based on its ability to maintain an equilibrium con¬ 
centration of nitric acid at te“m[)erature8 above its melting point. Thus, as 
long as any uudecomp(.>sed nitrate remains, the system will be supplied with 
nitric acid at a fixed concentration, however rapidly it may be tak(‘n iij) by the 
process of nitration. During all nitrations of nyr/ohexane some cyr/ohexanone 
is obtained, together with a crystalline dinitrodir/yr/ohexyl, m. 21(v5-217‘". 

liOMOLOGUBS OF CydoHKXANE 

Methyl and ethyl cycZohexaries form a substantial part of the naphthene 
fraction of petroleum. The monomethyl deriwative is a pleasant smelling 
liquid, b. It is best obtained by the catalytic reduction of toluf'iie by 
Sabatier's metluxi. The dimethyl cyc/ohexaru*s are all known, and constitute 

Me Me Me Me Me Me Me Me 

Me Mo Me 

1, 1- or * gem ’ ct^-1, 2 2 m-1, 3 tram'-l, 3 cw-T 4 trana-l, 4 

The dimethyl cgclohexaiwa 

a series of seven compounds (structures indicated above). One of the most 
important members of the series is I-methyl-4-i8opropyl cyc/ohexane—often called 
p-menthane. It is one parent of the large family of teq;)enes (see Chap. VIII). 

The action of halogens on the substituted cyc/ohexanes has been widely 
studied, and Sabatier and Mailhe^ prepared all five monochloromethylryrto- 
hexanes :— 

CH3 

1 Kharaflch and Brown, J,A,O.S„ 1940, 62, 454 ; 1942. 64, 329. 
* Nametkin, J, Rubs* Fhys.-Chem, 80c,^ 1908, 40, 1570. 
* Sabatier and Mailhe, 1905| 140, 840. 
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in order to ascertain the nature of the products produced by the direct chlorina¬ 
tion of methyl cycZohexane. They concluded that the 1-chloro-l-methyl 
product was absent from the mixture, which contained about 60 per cent, of 
3-chloro-l-methyl cyc/ohexane and 40 per cent, of the 2-chloio-body. 

When aluminium chloride is used as a catalyst in the chlorination of sub¬ 
stituted cycZohexanes there is some tendency to form the corresponding aromatic 
compound by loss of liydrogen chloride. Tliis tendency is even more pro¬ 
nounced in the case of the action of bromine in the presence of aluminium 
bromide, and the isolation of the brominated alkylbenzenes is used as a method 
of identification of the naphthen(‘s.^ Common examples are shown in the 
table below :— 

TABLE XIX 

Xaphlhcuf Aromatic bromo-comiH)und M.P. 

1, 3-1 )iniet h\ Iq/r/ohoxano 
1, 4-l)iniotI;iyl/'</dt>huxan(^ 

1, 2, 4-Trinmthylr2/c/olioxaiic 

1, 3-I)iiuothyl-5-<‘tliylryc7oh(?xaiio 

lY trahrorn -m-xy lone 
Tetrabrom-jo-xylone 

Tribroni - «/»-cumene 
2, 4, 6-Tribroni-l, 3-dimethyl-5*othyl- 

benzono 

246“ 

25;r 
254“ 

218-220“ 

UnSATLRATED HYDROCARBONS OF THE CycZoHEXANE SERIES 

Th(? simpk‘st mcunber of this series, cycZohexem^ is prepared on an industrial 
scale by dehydrating r//r/o}u‘xaiiol by passage of its vapour over heated alumina ; 
an alternative nudhod is to rcTnove hydrogen chloride or bromide from mono- 
chloro- or monobromorye/oliexaiK', a stage easily accomplished, almost quanti¬ 
tatively by boiling with quinoline :— 

. CHs .CH,. (M . CHg 

CH„ ">C.’H(OH) CH^ CH, ^CHOl 
“ — 11 jO V /' xlCl s ^ / 

\CH2 . CH2 \CH2 . CH2 \CH2 . CH2 

It is a mobile liquid, b. 83”, showing all the properties of unsatiiration asso¬ 
ciated with cthylenic hydrocarbons. Its additions, reductions and oxidations 
are all regular ; the addition of acetyl chloride in the presence of anhydrous 
aluminium chloride to give l-chloro-2-acetyl eyeZohoxane (1-chloro-l : 6-cycZo- 
octanonc-7) (79) is unusual,*-^ but the subsequent ready conversion of this to 
methylrycZohexenylketone (80) is to be expected from the labile nature of 
halogen atoms in the fully saturated rings 

-^n 
\yc0cH3 

(79) (80) 

When this reaction is done in a solvent (such as cycZohexanc), the cycZohexyl- 
methjd ketone is obtained (81). Tlio hydrogen comes from reduction of the 
solvent, di-cycZohexyl bedng simultaneously produced.^ 

Morgan, J.S.CJ., 1932, 61, 67T. * Darzens, O.i?., 1910, 160, 707. 
® Nenitzoscu and Cioranoacu, Ber,t 1936, 69B, 1820, 
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Cychhexene ^ also condenses with phenol in the presence of anhydrous 
aluminium chloride to give o- and p-c«/c/ohexylphenol:— 

OH 

<z>- /—\ 

OH 

<c '^OH 
>-«0 

(82) 
some cycibhexylphenyl ether is also formed (82). 

There are two possible c^cfohexadiones (the 1, 2- and 1, 4-dihydrobenzenes) 
(83) and (84). Little is known of the 1, 4-isomer, but both forms appear to be 

0 
(83) (84) 

produced when the appropriate dichloro- or dibiomo-derivatives are treated 
with alcoholic alkali. The 1, 3-compound always pri^dominates, and is a 
powerfully odorous liquid, b. 82-83"'". (It may be noted in passing that cyclo- 
hexane, cyclohexene, cyciohexadiene, and benzene all boil at approximately 
the same temperature, viz., 81^, 83"\ 83°, 80*4° (1.) It is doubtful whether the 
1, 4-compound has been isolated in pure form. As might be expected from its 
conjugated double bonds, 1, 3-cyc/ohexadien(‘ is very rea(*tive. Thus, it forms 
a dimer (85) by Diels-Alder condensation, the coiistitution of which was eluci¬ 
dated by Alder and Stein ^ by oxidation of its dihydro derivative (86) to cis- 
hexahydroterephthalic acid (87), thus demonstrating the exi.stence of an endo- 
ethylene link. 

The dimer has the properties of a terpene hydrocarbon (q.v.), and is a pleasant 
smelling liquid. The presence of a butadiene group in c?/cfehexadiene prompts 
enquiry as to whether it can polymerise like that substance. Hofmann and 
Damm * showed that a rubber-like polymer was obtained on heating cyclo- 
hexadiene to 200-220° for several hours, although sodium is without influence 
on the reaction. 

Seven and Eight-membered CycfoALKANEs 

Research on the rings larger than ct/cfohexane was discouraged by the con¬ 
clusions of Baeyer, who from his ‘ strain theory * predicted a progressive degree 
of strain and instability in rings with more than six members. His assumption 
that all the carbon atoms of the ring are in one plane was unjustified, and from 
considerations such as the existence ^ of four stereoisomeric decahydronaphthols, 
it became apparent that the larger rings are non-planar ; in addition, from the 

* Bodroux, Atm. Chim,, 1929 (10), 11, 511. 
® Alder and Stein, Ann,, 1932, 496, 197. 
* Hofmann and Damm, ‘ Mit schlesiachen Kohlenforsch *. Kaiser-Wilhelm Ges. 1926, 

2, 97 ; see Chem, Abe,, 1928, 22, 1240. Hiickel, Ami,, 1927, 461, 109. 
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work of Ruzicka ^ on the synthesis of larger ring ketones, it has become clear 
that there are no limits to ring size set by considerations of strain. In spite 
of this, however, seven- and eight-membered rings are uncommon ; the re¬ 
searches of Pfau ^ have shown that the seven-membered ring does occur in a 
few natural substances, such as the azulenes (89) and (90) from essential oils of 
the chamomile family. 

(89) 
Vetivazulene 

TABLE XX. 

» RuiiokH et al.. Helv. Ch. A<^.. 1926, 9, 249-339 ; 1928,11, 670, 1174 ; 1930,18,1162: 
1932. U, 1220 ; 1933, 16, 493. 

* Pfau and Plattner, ibid., 1936. 19, 858 ; 1937, 20, 224. 
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The parent hydrocarbon, azulene (91), as isomer of naphthalene has been pre¬ 
pared from bicycIo[5 . ‘1 .0]decanoI-4 by passage of the vapour over palla- 
dium-charooal at 3(X)-350'^. All three substances are blue liquids. 

The simple cyc/oheptane derivatives are largc'ly synthetic, and may be 
obtained by various manipulations from suberone; the main points of the 
chemistry of this group are shown in the scheme on Table XX, page 125, 

The method of exhaustive metliylation applied by Ladenburg and Merling in 
their researc'hc^s on the alkaloids led incidentally to the formation of cyclo-hep- 
tatriene, and Willstatter^ unravelled its structure by the methods indicatetd above. 
The curious reaction of benzene with diazoacetic estnr, discovered by Biichner, 
will be discussed more fully under the head of the aliphatic diazo compounds. 

The cyclooeitine hydrocarbons are little known, but the properties of cyclo- 
octatetnme are interesting in relation to those of benzene. Our knowledge of 
the family derives from two main sources ; firstly, the ring ketone from azelaic 
acid, cyc/ooctanone obtained in small 3i(*Id by luxating the thorium salt of 
azelaic acid ; cyr/ooctanone is a pleasant smelling solid, m. 40-4T', b, 195-197'^. 
The second source is the pelletierine group of alkaloids. M(dhvigranatonine 
(j/f-pelletierine) (92) is a pomegranate alkaloid, and by applying the method of 
exhaustive methylation it is possible to remove the nitrogenous internal link, 
leaving the outer shell of eight carbon atoms intact. Tlu' d(^gree of uiisaturation 
depends on the starting point and the manipulations siihsc^quent to exhaustive 
methylation. The various stages and products arc' shown in the diagram below :— 
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The b. pts., of the commoner c^cZooctane hydrocarbons are given in the table 
below :— 

c2/cZooctane ..... 150° 
cycZooctene . . ' . . . . 145° 
ci/cZooctadiono-1, 3 . . . . . 135-138° 
cycZooctadiene-l, 4 . . . . . 143-144° 
cycZooctatriene ..... 147-148° 
riycZodctatetrfiene . . . . . 36°/14: mm. 

It is interesting to note that the boiUng points of the aromatic hydrocarbons 
corresponding to the larger rings are similar. Thus, benzene boils at 80*4° ; 
ryr/ohexane at 81° ; toluene at 110° ; cyc/oheptane at 117° ; the xylenes boil 
at 138-142°, which is comparable with the figures in the table above. 

The properties of q/c/ooctatraene do not in any way resemble those of 
benzems the characteristic aromatic* stability of the latter being entirely absent. 
The tetraene is very unstable, easily isomerises, and shows the utmost readiness 
to add bromine and to exhibit the normal properties of ethpicnic unsaturation. 
In this connexion, the remarks of Bachman and Hoaglin ^ are worthy of quota¬ 
tion :— 

“ The properties of cycZooctatetraeiK*, especially its relative instability 
and reactivity, are of considerable significance to our theories of the nature 
of the aromatic nucleus. The continuously conjugated system of double 
bonds present in benzene may be the cause of the general inertness of that 
sxibstance. If such conjugation is a sufficient cause of the inactivity, then 
eyeZobutadione and c.vcZ^octatetraene should resemble benzene (cyclo- 
hexatriene) very closely in (jhemical properties. So far, all attempts to 
synthesize eyeZobutadiene have been unsuccessful, but this may or may not 
mcmn such a substance, once made, would be unstable and reactive. The 
burden of proof therefore lies heavily upon cycZooctatetraene. Willstatter’s 
original synthesis of this substance led to a product which was very un¬ 
stable. This proved so surprising that organic chemists have made 
sporadic attem]:)ts evtT since to devise new syntheses for this important 
compound. Other wnrkers have pointed out the possibihtj^ that the 
compound prepared by Willstatter was not cycZooctatetraene but some¬ 
thing else, and many chenusts have been reluctant to accept as proven 
facts the (existence and great reactivity of this substance. 

“ As a mattiT of fact, the reactivity of a hydrocarbon having the 
structure of a cycZooctatetraene may be predicted on the basis of the 
resonance theory. The resonance energy which stabilises benzene (39 k 
cals/mole) would greatly reduced in cycZooctatetraene in spite of an 
increase in the number of doable bonds and resonance forms in that 
substance. This is a result of the fact (as shown clearly by models) that 
the eight-membered, fully conjugated ring must exist either in a ^^ined 
or in a puckered form. If the ring is strained, then a considerable ffcrtion 
of the expected resonance energy will be lost in straining the atomic bonds 
from their nonnal angles. If the ring is puckered, then atomic motions 
are necessary to alter the pucker in going from one resonance form to 
another. Resonance is greatly diminished in non-planar rings of this type 
due to these atomic movement.8. Pi’obably the actual form taken by 
cycZooctatetraene would be a partially puckered, partially strained ring 
with greatly reduced resonance energy. The low resonance energy would 
lead to reactivity of the type normally associated with double bonds.’’ 

It was at this point that c^cZooctatetraene was prepared in enormous 
industrial quantities by the polymerisation of acetylene in the presence of 

' Bachman and Hoaglin, J, Org, Chsm,, 1943, 8, 309. 



128 ADVANCED OEGANIO CHEMISTRY 

nickel salts, especially the halides and cyanide.^ This observation was de¬ 
veloped by the German chemical industry during the second world war, and it 
is most interesting to note that both the original work of Willstiitter and the 
predictions of Bachman and Hoaglin are amply c‘onfirmed 

Thus, in the Table XXa is shovMi the properties obtained by modern workers 
using considerable quantities of material carefully purified from the industrial 
bulk, and those originally obtained by Willstatter thirty years previously ; the 
correspondence is remarkable. 

TABLE XXa 

The Properties of G^/c/ooctatetraene 

Boiling point (760 mm.) 
Boiling point (17 mm.) 
Melting point 
Density (d®) 
Density (d|®) 
Refractive index 
Molecular refraction 
Molecular exaltation 
Dielectric constant 
Heat of combustion 
Dipole moment 

Recent Work 
(cf. Reppe). 

i42-i4:r 
420-42-5" 
~7" 

0*9382 
0*9206 
1*5290 
35*17 
-0*09 

2*74/20 
1069*02 (al. 
0*069 X esu. 

Older Work 
(cf, Wilhtdtier), 

42*2-42*4^ 
O-fO 

0-1M3 
0*925 
1*5389 
35*2 
-0*12 

Further, the general chemical properties of ci/c/ooctatetraene are such as to 
confirm the calculations of Bachman and Hoaglin, since it is much more of an 
ethylenic hydrocarbon than an aromatic tjq)e like benzene. The chemical 
reactions are extremely intejresting, and the substanct' bids fair to be one of the 
most important sources of aliphatic and alicyclic chemicals. It is undoubtedly 
a substance which can react in a variety of forms, the three principal of which 
are shoMU below :— 

CH 

/\ 
CH CH 

/ \ 
CH CH 

\ / 
CH CH 

\x 
CH 

(I) 

CH 

CH 

x\ 
CH 

X 
CH, 
\ 

V, 

\ 
(.'H, 

C 

\/ 
CH 

(HI) 

X 
CH 

Cycfooctatetraene may be catalytically reduced to cycfooctane or to cydo- 
octene, the latter being the more useful substance, as it is readily convert^ to 
suberic acid, to cyclodctanol, and from the latter to cj/cZouctanone, and through 
the oxime to the lactam of caprylic acid. The tetraene is oxidised by benzoyl 
peroxide to an epoxide (91o) and by mercuric sulphate in aqueous media to 
phenylacetaldehyde (916). Many of these changes are shown in the diagram 
below:— 

* Beppe. Cyctopolyolefinoa, London. 
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One most important and interesting property of cycfodctatetraene lies in its 
ability to react with two atoms of lithium, to form the addition product (91c), 
as if the metal had added across the bridge of the formula II. The lithium 
compound readily gives the dicarboxylic acid of cycZocictatriene (91d) witli 
carbon dioxide. 

The dimer of cycZooctatetraene is often written as in (91e) below, but it is as 
well to realise that this ‘‘ cage ” form is the exact equivalent of the anthracene 
structure (92). , 

(91c). (92). 

There are many larger ring compounds known, but as they are mainly 
ketonic, their chemistry is discussed in an Appendix to Chapter VII, In 
addition, some mention should be made at this point of the very large number 
of fused rings which are not only frequently met with in Nature, but which can 
also be synthesised ; dicyclic hydrocarbons such as pinane and camphane, 
together with tricyclic substances such as tricyclene (94), their derivatives and 
those of carane and thujane (mainly alcohols, aldehydes and ketones) are 
widely distributed in Nature, and form an important section of the terpene 
family; a discussion of their chemistry will be found in Chapter VIII. 

A peculiar instance of a tricyclic hydrocarbon is that of adamantane, a 
solid substance obtained from Moravian petroleum,^ This substance has the 
same crystal lattice as diamond, and represents one unit of diamond structure 
hydrogenated. It is a sparkling crystalline (cubic) substance with an odour of 
camphor, stable to nearly all reagents. The symmetrical arrangement of its 
atoms leads to a phenomenally high m,p. 268°. Further, the high refi-active 
index (1*568) of ai^mantane also points to a compact carbon lattice, as in 
diamond. The conventional plane representation (93) of its formula does not S*ve a true picture of its structure; the diagram (96) shows it to consist of 

ur tmns cydoikexam rings, symmetrically (hsposed; tricyclene (94) is also 
better represented by the perspective formula (96). Compounds of this group 

' Landa, ColU Czechoslov, Chem. Coinmns,, 1933, 6, 1. 
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(93) 

present a problem in systematic nomenclature. The formal orthodox method 
is to relate the tricyclic system to the corresponding bicyclic system in tlie 
following way:— 

Tricyclene, 

A. The fonnal method considers the structure (97) as a 2,3,3-trimethyl 
derivative of a bict/c/oheptane, and tricyclene as 2,3,3-trimethyltricyolo- 
[2,2,1,-heptane. The numbers in the square brackets are arrived 
at by taking the numbers of carbon atoms constituting the thrive bridges 
between the common carbon atoms of the bicyclic system (97) followed 
by the number of carbon atoms in the additional bridge of the tricyclic 
system using superior affices to indicate the position of the bridge, e.g. 

Bicyc/o[3, 3, l]nonane :— 

CHj— 
1 

—CH— 
1 

-CH 
1 

CH* 
1 
CH, 

1 

1 
CH 

1 1 

CHj— 
1 

—CH— 
1 

-CH, 
(99) 

A. The normal method relates adamantane to the bicyclic hydrocarbon (99) 
and names it tncyclo (3,3,1, ’) decane. 

B. A second, and very convenient method would be to call adamantane 
1 : 6,3 : 7 6i«-endomethylenecycio6ctane. 

Aromatic Hydrocarbons 

The aromatic hydrocarbons are all derived from tbe cycZohexatriene (benzene) 
ring either by substitution, or by the process loosely referred to as the fusion ” 
of rings, in which two adjacent carbon atoms are shared by two rings. The 
peculi^ properties of benzene and its homologues usually referred to under the 
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term ‘ aromatic ’ include a remarkable stability and chemical resistance, and 
the almost entire absence of the additive properties usually associated with 
ethylenic unsaturation. Ease of substitutive reactions such as halogenation, 
nitration and sulphonation is another characteristic ‘ aromatic * property. The 
whole question of the physico-chemical implications of aromatic character is 
discuss^ in Vol. 111. 

The detection of naphthalene in coal-tar by Garden in 1819, and the isolation 
of the pure substance by Kidd in 1820, was the first discovery of an aromatic 
coal-tar hydrocarbon. The subsequent discovery by Faraday in 1825 of the 
ben7.ene in illuminating gas obtained from the pyrolysis of fish oils led him to 
investigate a number of similar hydrocarbons, including the naphthalene of 
Kidd, to which in 1826 he gave the correct empirical formula allowing, of course, 
for the atomic weight of carbon accepted at that time ; he did not, however, 
connect benzene with naphthalene or with coal-tar. The study of benzene 
rest(^d here until 1834, when Mitscherlich obtained benzene (‘ benzin ’ was his 
version) by distilling benzoic acid with quicklime. The problem of nomen¬ 
clature now’ became acute ; Faraday had termed his hydrocarbon ‘ bicarburet 
of hydrogen ’ and Laurent in 1835 suggested the name now’ universally adopted, 
‘ benzene *; he also sugg(‘sted an alternative name ‘ phene ' which was never 
adopted except by a small French-speaking minority. Laurent's second name, 
how^ever, gave rise to the name ‘ phenyl ’ for the radicle Cgllg, and is perpetuatfxl 
in a multitude of compound names. Two years after Mitscherlicirs isolation 
of benzene from benzoic acid the indefatigable Pelletier and his assistant Walter 
isolated toluene from the destructive distillation of pine resin. Later, in 1841, 
Deville obtained it from Tolu balsam. 

It remained for A. W. Hofmann in 1845 to obtain benzene from coal-tar 
and in 1849 Mansfield obtaincnl toluene from the same source. Meanwhile, in 
1832, Dumas and Laurent had isolated anthraccTie from coal-tar. It is, there¬ 
fore, a remarkable fact that of the three common hydrocarbons in coal-tar, naph¬ 
thalene and anthractme were isolated long before benzene was recognised as a 
constituent. 

Coal-tar is one of the main sources of benzene, but much benzene is obtained 
by scrubbing (^oal and coke-oven gas with high boiling oils. Coal-tar contains 
about a hundred compounds, mostly aromatic, of which about thirty are ex¬ 
tracted industrially. Considerable quantities of aromatic hydrocarbons are 
also to be found in petroleum from certain districts, notably Borneo and Galicia ; 
benzene is not the main constituent, toluene and xylenes preponderating. Thus 
in a Byoritsu crude from Formosa the first run distilling up to ISS"" showed 
3 per cent, benzene, and 20 per cent, each of toluene and xylene. Mesitylene 
and higher homologues of benzene were also present in small quantities. Such 
cnides constitute the main source of industrial toluene and xylene. 

We owe to Kekul6 ^ the recognition of the cyclic nature of the benzene 
structure, and, through his discovery, of cyclic structure in general. Prior to 
1865, when Kekule announced his theory, there had been recognised only 
acyclic compounds. This simple conception of Kekul6 is a keystone to 
the arch of organic chemistry, and the remarks of M. Bert ^ express this 
elegantly :— 

La chiinie organique est attir6e de plus en plus vers la biochimie et la 
chimioth^rapie ; tant quo le mystfere. et le danger de la tuberculose et du 
cancer, pour ne citer que ces deux maux redoubtables, (tontinueront k peser 
sur la pens^e humaine, nombres de chercheurs poursuivront sans r6pit 

1 Kekuld, BuU. Chim., IHU, 8. 98 ; Liebig’s Annalen, 1860, 187, 129. 
® Bert, “ Traits de Chiraie Orgauique [Ed. v. Grignard], Vol. IV, p. 6. 
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vitainines et remedfes specifiques. Or, une bonne formule de constitution 
pour une substance-mfere est le plus puissant facteur de succfes ; quelle 
prouve plus convaincante que les quelque deux cent mille composes issus 
de rhexagone de Kekul6 ? La crainte de voir perdre de son effloace le 
merveilleux outil que a cr66 les industries organiques suffrait, k elle seule, 
k t-enir en ^voil Tesprit critique des inventeurs/’ 

Before considering in detail the properties of the individual hydrocarbons of 
the series it is proposed to discuss the various methods of conversion of aliphatic 
to aromatic compounds, and vice versa. It is convenient to divide the reactions 
into groups according to the number of molecules involved in the synthesis 6, 
4, 3, 2 or 1. It is not, of course, suggested that where a number of molecules 
is involved the synthesis is not progressive or stepwise ; the division of these 
reactions into groups has no other significance than convenience. 

Six Molecule Syntheses 

(1) Methane gives benzene under pyrogenic conditions.^ 

(2) Carbon tetrachloride under similar conditions gives hexachlorobenzene.* 

(3) Carbon monoxide and potassium yield six-ring compounds, first the 
potassium derivative of hexahydroxybenzene, and by acidification, the 
salts of rhodizonic acid and tetrahydroxyquinone :— 

6C0 + 6K 
KO/ 

Ka 

OK 

OK 

OK 

OK 

Four Molecule Syntheses 

(4) Three molecules of pyruvic acid ® and one of propanal give s-ethyl 
isophthalic acid (100). 

Et 

HO 
Et 

HOOC 

CH, CH, 

io CO.COOH HOO(J 

CH* 

ho. 

Y 
COOH 

CO.COOH 

HOOC!^^COOH 

(100) 

COOH 

(5) Four molecules of pyruvic acid * can be converted to uvitic acid (101) by 
the following changes ;— 

' Berthelot, Ann. Chim. Phys., 1863, 67, 69. 
* Schall, Ohem. Zentr., 1909, 1, 717. 
■DobiMw, Ber., 1890,68,2379: 1891,66, 1746. 
* Worn et al., Attn., 1860, 118, 368. 
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CH, 
HOOC^ 

+ 
CH, 

CH, 
HOOC^I^OH 

+ 

CH,CO. COOH 

NkOH 
dH^ CH,.CO.COOH 

HOOC.CO CO.COOH 

dH. 

HOOC 

HOOi 

.Ao ‘"A. 

NaOH 

COOH 

^1 
CH, OH 

CH, 

H,SO« 

HOOO^^COOH HOOd COOH 

(101) 

Three Molecule Syntheses 

There are many examples whore three molecules of a simple structure 
combine, probably always in two stages, to form a benzenoid derivative. As 
early as 1866 Berthelot ^ showed that thoree molecules of acetylene combined, 
at least to some extent, to form benzene. The reaction, written 

3CH^CH 

probably takes place 

2CEi^CH — 

CH 

CH 
I + 
CH 

'Vh 

C.H, 

CH 

III - 
CH 

The reaction is general and substituted acetylenes polymerise quite readily to 
give trialkylbenzenes ; thus propyne gives mesitylene * (102) and butyne-2 gives 
hoxamethylbenzene ® (103) 

CH 

CH,. c . CH, CH;^ ̂ .CH, 
III + -¥■ i CH ,.CH 

\/ 
C CH, I 
CH, (102) 

CH, 
1 1 
C CH, 

CH,. CCH, CHi [^ScH, 
+ III —y 1 

CH,. C^ CCH, CH, \ ICH, 

c CH, I 
CH, (103) 

» Berthelot, BuU. Soc, Chim,, 1866, 9. 446. 
« Fittig and Schrohe, B«r., 1876, 8, 17 ; 367. 
* Aldedingen, Soc. Phys, Chetn. Rim., 1881, IS# 392. 
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The reaction persists with halogenated acetylenes (e.g., bromoacetylene gives 
A-tribrombenzene in sulphuric acid suspension and with propioUc acid which 
gives trimesic acid (104) * 

CH 

. CX)OH 
1 

HOOCj^ll 
h — 
/ C'H 
/ ■ J 

COOH 

(104) 

CH(CH3), 

CH3 

CHO \'HO 

CH(CH3)3 
I 

/' \ 
(;h ch 

! !l 

VIMCB,), 

(CHal^CH . CH. Cn3(CH3)3CH . CHj, CH 
/' 

CO CO 

CH, ifl. 

(CHal^CH^^I 

CH, 

CH, 
(106) 

CH3CO CH3C CO.(TL, CH:~C COCH, CM,^ ^CH;, 

CH,. CO CH CH, 
\ 

CO 

CH CH 

\ ./ 
C. 

CH, CH, 
(107) (108) (109) 

A general reaction of considerable value in building up aromatic nuclei is 
based on the tendency which ketones show ^ to condensation between successive 
molecniles. Thus, acetone gives mesityl oxide (107), and finally mesitylene 
(109) under the influence of dehydrating agents. In the same way, butanone 
gives s-triethylbeiizene ^ and pentanone, tripropylbenzene. 

A variation of the previous method is to allow a molecule of acetone to 
condense with two of f^ovaleraldehyde (3-merthylbutanal) when 2, 4-di-i80- 
propyl toluene (106) is obtained. The intermediate stage (105) can be isolated. 
Exactly analogous is the condensation of three molecules of butanalone-3 to 
give 2-triacetylbenzene (110) ® 

COCH3 

CH, 
\ 

CHO CHO 
i •+• 

CH,. CO . CH, CHa. CO . CH3 
/ 

CHO 

^ Sabaniev, J. Soc, Phys,-chem» Rum,, 1S86, 17, 176. • Baeyer, Ber„ 1886, 19, 2185. 
• Kana, J. Pr. Chem,, 1835-1839, 15, 131 ; Fittig and Bruckner, Ann,, 1868, 147, 42. 
* Jacobsen, Ber., 1874, 7, 1435. * Claisen and Stylos, ibid,, 1888, 91, 1145, 
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The aldehydes and half-aldehydes of the malonic series are fertile subjects 
for condensation to benzene derivatives. Thus, nitromalonic aldehyde (2-nitro- 
propandial) (111) ^ gives ^-trinitrobenzene (112):— 

NOb 
ICHO 

™ NO, 

CHO CHO 
I + — 

NO*.CH CH.NO* NOl JnO, 
/ /\ 

CHO CHO CHO 

(111) (112) 

COOEt CO 

EtOCOCHNa CHNa. COOEt EtO(X.M:'£i! N^C. COOEt 

I -I- ^ I I 
COOEl COOEt 

/ 
CHNa 

EtO(X.^ C'Na NaC . COOEt 

I I 
CO CO 

^(^Na 

i 
COOEt COOEt COOEt (113) 

whilst one mole(uile of sodio-nitromalodialdeliydo and one of acetone give 
p-nitrophenol. The fusion of scxliomalonic ester with caustic potash gives 
phloroglucinol (113), through a number of intermediate stages.- Triethylphloro- 
glucinol (114) is obtained by the (condensation of three molecules of butyryl 
chloride in the presence of anhydrous aluminium chloride ® 

COCl 

CH- CH,. E Et^ \ 
1 "t* ->■ 
COCl C(X)1 HO. J( 

Tux) Molecule S^heses 
These, although fewer in number than the thrcx) molecule syntheses, comprise 

some interesting transformations, e.g., two molecules of diacetyl readily condense 
to give p-xyloquinone (115).^ The reaction is a general one for simple a-dike- 
tones ; thus, two molecules of pentandione-2, 3 give one of duroquinone (116). 

CH3CO CH3 
+ 

CH3 CO.CH3 
\/ 

CO 

CH CH/ ̂ \CH 

CO •CH, CH,, IcH, 

‘ Hill euid Torray, Bisr., 1895, 28. 2.'i97. 
Coombi^B, Ann» Chim. Phy&u 1887, 18» 26a. 

Baeyer, ibid., 1885, 18, 3458. 
* Pechmann, Ber„ 1888. 21, 1420, 
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Other examples in this class are the condensation of two molecules of succinic 
ester (117) in the presence of sodium, which induces ring formation to the 
structure (118). This readily loses hydrogen when treated with bromine, 

EtOCO 

\ 
EtOCO. CHj CHji 

+1 
N» 

CHj CH, .COOEt 

COOEt 
(117) 

CO 

/\ 
CH CH, EtOOO 

OH 

1 1 _ 

(k.COOEt 

\/ 
CO 

—► 

Yn 

(118) (119) 

CH, CH., 

CO 

CHg. CH*\h3 
I + 
CH CHO 

V 
k 

CO 

CH,. CHj\h 

1 II (:h CH 

c 
I 

CH, 

CH / 

(120) (121) 

giving dihydroxyt^rephthalic ester (119).^ A somewhat similar instance is the 
condensation of acetone and 2-methyl-pentenal-2 (120) with acetone to give 
(/r-cumene (122) via the intermediate (121).'*^ 

Singh Molecule Syntheses 

It will have been realised that many of the previous syntheses of aromatic 
rings from two or more molecules often involve as a final stage the single mole¬ 
cule syntheses, i.e., ring closure without increase in the number of carbon 
atoms. The examples given below are of aromatic ring formation from sub¬ 
stances in which the six carbons essential to the nucleus are already present. 
Many such examples are met with in terpene chemistry (q.v.), and only one 
example is given here, the direct conversion of citral (123) top-cymene by warm¬ 
ing with potassium hydrogen sulphate.® 

/\ 

V (Iho 

/ 
CHJ 

CH, CH, 

i: H* CH, 
\ / 

CH, 

8IC1 

(124) 

Cl 

ClAci 

Cl! 

Hexyl iodide is converted to hexachlorobenzene by the action of iodine mono* 
chloride (124).* Into this group also falls Willst&tter’s stepwise conversion of 
cyclohexanone (from calcium pimelate) to beiuene,* the course of which is 
sufficiently indicated by the formnlsB below :— 

‘ Hemnann, Ann., 1882, Ml, 309, 327, 336. * Jacobsen, JSer., 1877,10^ 866. 
• Dodge, Am. Ohem. J., 1890, 12, 661 ; Semmler, Ber., 1891, £4, 204. 
* Krafft, Ber., 1876, 9, 1086. ‘ Waistfctter. 
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CH., 

/\ 
CH, CHj.COO 

^0 
Heat 

Ja 

CH, COO 
\/ 

CH, 

CH, 
/\ 

CH, CH, 

CH, CO 
\/ 

CH, 

redn. HBr Quinoline 

CH(OH) CHBr 

\J 
cydohexene 

This series of reactions, with its progressive introduction of successive double 
bonds, lends considerable support to the Kekul6 conception of the aromatic ring 
(see also VoL III). Much information on this type of synthesis is given in 
Goose’s book (see Appendix). 

Aromatic-aliphatic Conversions 

Benzene may be oxidised with air in the presence of a catalyst to give 
maleic anhydride—a reaction which is used as the basis for the industrial pro¬ 
duction of maleic acid; biologically, the ingestion of benzene in mammalia 
leads to its excretion, in part at least, as tranS’inucomc acid ^ (m, 298°; a 
white, micTocTystalline substance) (125):— 

1 COOH 
/\ 

f^\oOH 

00-0 COOH 
\/ 

1 COOH 
\/ 

Maleic Maleic acid t runs-muconic 
anhydride acid 

Ozone gives with benzene a triozonide which decomposes to glyoxal,^ a reaction 
which has also been used in arguments to prove that the Kekul6 structure has 
a real existence. The action of ozone on o-xylene is, however, much more 
intert^sting as the three compounds obtained, glyoxal, methylglyoxal and 
diacetyl could only be obtained by the breakdown of two isomeric ortho- 
compounds,® as in^caU'd in (126) (see also Vol. III). An unusual reaction 
leading to the breakdown of benzene to aliphatic compounds is the action of 

* Z, PhyHol, 1909. 62, 58. » Harriofi and Weiss, Ber„ 1904, 87, 3431. 
» Levine and Cole, J.A.C,S„ 1932, 64, 338. 
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chloric acid. The first jiroduct is ohloro-quinone, the ring of which is then 
opened and converted to 1, 1, l-trichloropentene-3-ono-2-acid-5 (127) and 
finally to maleic acid (128).^ 

CH3 
I 
CO 

CH3CO \ho 
I + 
CHO CHO 

/ 
CHO 

CHgCO CHO 
+ I 

CHO CHO 

\ 
CHO 

CO 

/ \CCI3 

\ 
COOH 
(127) 

COOH 

\ 
COOH 
(128) 

Many phenolic compounds are converted to aliphatic substances by energetic 
reduction with sodium and alcohol. Thus, salicylic acid gives pimelic acid 
(129); indeed, the reduction of the analogous crosotinic acids is the only con- 
v^enien* method of obtaining the methylpimclic acids (130). 

COOH COOH 

\ 

OH 

COOH 

+ \0H 

COOH 

^OH / CO 

COOH 

/ COOH CH,/\oH CH/ COOH 

Pimelic acid 
(129) 

Mothylpimolic acid 
(130) 

Nearly all hydroxy benzene derivatives are oxidised to chlorinated aliphatic 
derivatives when treated with chlorine under suitable conditions ; the familiar 
formation of chloropicrin, OCI3 . NO2 from picric acid and chlorine in the presence 
of line is one example, others are :— 

(1) Phenol® to trichloropyruvic acid, CCI3 .00 . COOH by sodium chlorate 
and hydrochloric acid. 

(2) Catechol ® to 2, 3, 4, 6, 5 pentachloropentadiene-2, 4-acid-l (131). 

(3) Hydroquinone * to dichloromaleio acid (132) and trichloroethylene (133), 

^ Kekul4 and Strecker, Ann., 1884, 228, 175. 
* Einhom and Willst&tter, ibid., 1895, 286, 257. 
* Zincke, Ber,, 1894, 27, 3364. * Zincke, Ann., 1892, 267, 1. 
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(4) Resorcinol ^ gives a variety of products, amongst which are the following: 
(a) Dichloromalcic acid (2, 3-dichlorobutene-2-diacid-l, 4). 
(b) Pentachloroglutaric acid (2, 2, 3, 4, 4-pentachloropentane-diacid-l, 

5). 
(c) 1, 1, 5-Trichloropentene-4, dione-2, 3. 

(5) Phloroglucinol ^ is converted by chlorination to octachloroaoetylacetone 
(134). 

OH CO 

l2j^ ^Cl, 
CI3C CCI 

^ J i 
CO CO ■ ̂  CO CO 

X Xa 
(134) 

Individual Aromatic Hydrocarbons 

The physical properties of some of the members of this series are shown in 
the table li^low :— 

TAi^LE XXI 

I 8p<*cific gravity j Refractive index 

Formula 

1 

j HydrocArbon M.?. B.P. 

' 
8.U. t "d 

1 ' ■ 

C.Ii. Beuizeiie ^ 5-493" 80-2" 20/4" 0-874 15" 1-504 
Toluene — 95-7*^ 110-8" 16/4" 0-8716 8-5'' 1-50349 

C.H,(CH,), 1, 2 Xylene — 29" 143-9" 20/4° 0'8812 20" 1-5050 
C,H.{CH,), 1, 3 Xylene 54^^ 138-8" 15/4" 0-8686 8-4" 1-50324 
C.H.(CH,), 1, 4 Xylene ; 13*^ 135-5" 20/4" 0-8611 23-4" 1-4942 
C.H,. C,H, Ethylbenzene — 92-S' 188-5" 15/4" 0-872 s-r 1-50206 
C.H,(CH,), 1, 2, 3 Hemimellitene 175-5" 19-0/4" 0-8949 19-5" 1-513 
C.H,(CH,), 1, 2, 4 Ctimene — 57-4''’ 168-2" 20/4" 0-8764 15-3" 1-507 
C.H.(CH,), 1, 3. 5 Mesitylene — 57-5" 164-6" 4/4" 0-8768 14-6" 1-4966 
C,HjCH,)Et 1, 2 Methylethylbenzene — 1 164-8" 15-7/4" 0-8841 15-7" 1-506 
C,H.(CH,)Et 1, 3 Methylethylbenzene -•* 161-5" 17-9/4" 0-8690 17-9 1-498 
C.lMCH,)Et 1, 4 Methylethylbenzene — 162-5" 14/4" 0*8690 14" 1-494 
C.H,(CH,). 1, 2. 3, 4 Prehnitene — 203" 16/4" 0-9044 16" 1-620 

1, 2, 3, 5 Isodureue — 197" 16/4" 0-8961 — — 

I, 2, 4, 6 Durene 79^' 195" 81/4" 0-8380 81 1-47896 
1. 2 Diethylbenzene — 184" i 15-7/4" 0-8770 15-7" 1-501 
1, 3 Diethylbenzene — 181" 16/4" 0-863 — — 

1 1, 4 Diethylbenzene — 35" 182" 15/4" 0-8682 15 1-497 
C4H£k)(C(CH,),) p-Cymene — 73-5" 177-3" 20/4" 0-862 13-7‘ 1-4926 

Pentamethylbenzene 53" 231" 107/4" ! 0-8472 J07-5’ 1-48484 
C,(CH,), Hexomethylbenzene 1 164" 265" 

! 
■ 

"" 

^ Zinoke and Babinowitch, Ber,, IS90, 377. 
» Zinoke and Kegol ibm,. 1890, 28, 1706. 
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Isomerism in the Benzene Series 

There is no doubt that the immediate apptml of the ring conception was its 
ability to account satisfactorily for the phenomena of isomerism shown amongst 
benzene derivatives. Thus, there is only one mono substitution product, e.g., 
mononitro-, monochloro- or mono-methyl derivative, and the higher substi¬ 
tuted derivatives agree in number and orientation exactly with those predicted 
from Kekule’s hypothesis. There are only three disubstitution products, whether 
the two substituting groups are the same or not :— 

TABLE XXII 
A 

There are three trisubstitution products possible when the three substituents 
are the same; six, when two are identical, and ten when aU thiw differ. These 
orientations are shown in Table XXII. The various arrangements of four and 
five substituents in the benzene ring are shown in Tables XXIV and XXV; 
there are three tetrasubstituted benzenes possible when all four substituents 
are the same; the number of possible structures increases rapidly, and in some 
cases the examples are too numerous to illustrate. The number of possible 
isomers is given in Table XXIII. 
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Naturally, the number of possible arrangements of substituents increases 
sharply with the condensed nuclei, naphthalene, anthracene and phenanthrene, 
where the structure is, unlike benzene, a source of asymmetry ; with phenan¬ 
threne there are over twelve hundred derivatives with substituents AgBC, and 
the possibilities with nine different substituents are nearly half a million. Veiy 
few of these highly substituted derivatives are met with amongst either natural 
or Bjmthetic products. 

TABLE XXIII 

Benzene Derivatives 

Sahstihients 1.Homeric Forms S'nhsiitmnts Isomeric Forms 

A 1 AoB^C 16 
A* 3 AjBCD 30 
AB 3 ABCDE 68 
A, 3 Ae 1 
A*B 6 A5B 1 
ABC 10 A4B, 3 
A4 3 A4BC 3 
A3B 6 A>B. 3 
AjB, 11 A,B*C 6 
A,BC 16 A,BCD 10 
ABCD 30 A,B,C, 11 
A* 1 A,B«CD 16 
A4B 3 

.8
 29 

A,B* 6 ABCDEF 68 
A,BC 10 

Some Indivtduat. Members of the Aromatic Series 

Benzene, C^H^.—Reference has already been made to the polymerisation of 
acetylene to benzene, discovered by Berthelot. There is some evidenc/e that 
this may ultimately bo developed as a method for the production of industrial 
benzene. Iki and Ogura ^ obtained up to 70 per cent, conversion of ethylene 
to liquid polymers by using active charcoal at 650-660®, approximately half 
the yield being benzene. There is seldom any necessity for the laboratory pre¬ 
paration of benzene ; the methods which can be used for its preparation are 
shown diagrammatically at the top of p. 144, The production from benzoic acid, 
aniline or salicylic acid could be carried out from natuial materials other than 
coal (gum benzoin, indigo and oil of wintergreen) so that the benzene obtained 
would be free of all traces of thiophen. On the other hand, coal-tar benzene from 
the persistent fractionation of light oil can be obtained almost free from all other 
substances, except thiophen, which may be removed by violent agitation 
with mercurous acetate solutions, a proc^ure which mercurates the thiophen 
to a-thienyl mercuri-aoetate, a substance which remains in the aqueous 
phase. 

Benzene is a colourless limpid liquid m. 5-493® b. 80-2®. Benzene dissolves 
about 0-2 per cent, of water at ordinary temperatures, a determination 
which was carried out by an interesting application of the silver perchlorate 
method.* 

Benzene forms a number of double compounds with aluminium chloride and 
bromide, of the general formula [CeH^lnAlR^, orange substances, which were 
discovered during Qustavson’s investigation of the Friedel and Craft's reaction. 
Benzene forms an interesting complex with ammonia and nickel cyanide, which 

* Iki and Ogura. J. Chem, Ind, Japan, 1927, 461, 
* Hill, J,A.C,S., 1923, 45, 1143. 
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COOH 

is used for the estimation of benzene in gas analysis. The general reactions of 
benzene may be summarised as follows :— 

(1) Reduction.—Benzene is reduced by strong (D, 1*8) hydriodic acid \^ith 
the formation of both cyctohoxane and methyl cyc/opentano (135) showing that 

under conditions of the experiment an extrusion has taken place. Using 
Sabatier’s method c|/cfchexane alone is obtained, albeit not so readily^as the 
methyl and dimethyl analogues are obtained from toluene and xylene. 

(2) Oxidation.—The oxidation of benzene to maleic acid by the action of 
chloric acid has already been discussed ; maleic anhydride may more readily be 
obtained from benzene by oxidising its vapour in the presence of air and of a 
vanadium catalyst, a method which has acquired industrial significance. Direct 
oxidation of benzene in the electrolytic cell has been recorded ; the end-product 
being benzoquinone.^ 

(3) Thermal Decomposition.—When benzene vapour is heated, the reaction 
2QHe-^ CeHg—CgHs + Hj takes place ; Bertheiot’s original experiments on 
this reaction were carried out by conducting the vapour through red hot tubes, 
but this has been replaced on a large scale by passing the vapour through 
melted lead to which a little sodium has been added, the latter acting as a 
catalyst. Small quantities of terphenyl C^Hg. C0H4 . CgHg, i?-tripbenyl- 
benzene, and p, p'-diphenyl diphenyl (didiphenyl) are also produced at the same 
time. 

(4) Action of Halogens on Benzene.—^Pure benzene in the absence of the usual 
chlorine carrying catalysts, and in the presence of light yields the addition 
product, hexachlorocy^hexane (a-form, m. 167"^). Ethylene appears to 

^ Ch. Claudius, Rev. Prod, chim., 1918, 21, 219. 
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catalyse the addition reaction,^ but the more usual chlorine-carrying catalysts 
lead to substitution. Industrially, iron is used as a catalyst, as it enables 
a high yield of monochlorobenzene to be obtained; such catalysts as iodine and 
phosphorus halides lead to a mixture of higher chlorinated derivatives. 
Aroidieim^ first pointed out the abnormal behaviour of molybdenum penta- 
chloride as a catalyst in the chlorination of benzene. The presence of 1 per 
cent, of the pentachlorido in anhydrous benzene leads to rapid and smooth 
chlorination to p-dichlorobenzene which can be isolated in substantial amount 
from the product. 

Industrially, benzene is chlorinated either by a batch process in the presence 
of iron, or continuously. The batch process is quite simple to operate, iron being 
used as the catalyst. In the continuous process benzene is run down a column 
against a rising stream of dry chlorine; solution takes place and the benzene- 
chlorine solution passes through a cooled reaction tube, where it meets a cooled 
mass of iron borings ; reaction takes place, hydrogen chloride being evolved 
and a solution of crude chlorobenzene in benzene passing from the bottom of 
the column, where it is neutralised with lime and passes to a stripping column. 

(’IILOKOPl-NZENE 

This is a simple bubble-cap tower, with steam-heated coils on the lower plates. 
The chlorobenzene is led off from the bottom and benzene vapour from the top. 
The latter is, of course, condensed and re-cycled. 

Bromine reacts with benzene more sluggishly than does chlorine, although 
analogous products are obtained. In sunlight, and in the absence of moisture, 
a hexabromo addition product is obtained. In the presence of iron, mono- 
bromo- and p-dibromobentzeno are formed; with ioine as catalyst, higher 
substitution products may be produced. Tlie reaction has been investigated 
in detail by Bruner.® Benzene is almost unacted upon by iodine, and fluorine 
converts it to carbon tetrafluoride. In the presence of its higher oxidation 
products, however, iodine is capable of converting benzene to iodo derivatives ; 
iodic acid, periodic acid, or even iodine and liitric acid together convert benzene 
to a mixture of iodobenzene and p-diiodobenzene. 

Much discussion has centred round the mechanism of halogenation of 
benzene, chiefly as to whether addition precedes substitution; the general 

* Stewart and Hanson, 1931, 68, 1121. 
* Aronheiin, Ber,, 1876, S, 1400, 
» Bruner, Z. Phys, Ckem.. 1902, 41, 513. 
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conclusion is that it does, and that the stages in cldorination are best expressed : 

Gilman ^ has shown that in the somewhat analogous case of the bronunation of 
furylaerylic ester (1, 4 epoxyhoptatriene-1, 3, 5-aeid-7, ethyl ester) a dibromo- 
addition product may bt^ isolated :— 

Y 
CH=CH . COOEt Brl 

Br 

0 CH=CH. COOEt 

CH .COOEt 

(5) Nitration.—Ease of nitration distinguishes aromatic from aliphatic 
hydrociarbons. Benzene, nitrated with a mixture of nitric and sulphuric acids 
under suitable conditions is almost wholly converted to mono-nitrobenzene. It 
is almost certain that addition precedes the loss of water ; v. Alphc^n ^ was able 
in the ease of 4, 4'-dimethoxydiphenyl to isolate the a<ldition product—which 
is blue in colour ; on contact with sulphuric acid this nitrobod}^ passes into 
3, 3'-dinitro-4, 4'-dimethoxydiphenyl. 

The use of stronger acids and higher t(^nlperatu^i\s converts bc‘nzene almost 
entirely into ?n-dinitrobenzeno, a little o- and p-dinitro compounds being pro¬ 
duced at the same time ; under very rigorous (jonditioas .s-trinitrobcnzene may 
be obtained by duv^ct nitration, but the yield is small, and tri-nitration of 
benzene is only attained with difficulty. 

(6) Sulphonation.—Ease of sulphonation is also an attribute of aromatic 
character; benzene is readily sulphonated to the monosulpbonic acid ; w ith 
oleum, a second sulphonic group is introduced, the isomers being m- and p- benzene 
disulphonic acids ; no ortho isomer has been isolated from this reaction. Under 
the most energetic conditions, benzene yields trisulphonic acids, the 1, 3, 
5-isomer always predominating, and it is doubtful whether a fourth sulphonic 
group can be directly introduced into benzene. 

Toluene.—Toluene w^as discovered by Pelletier and Walter in 1837and 
also isolated from Tolu balsam by St. Claire Deville in 1841.* Some toluene 
is still produced from coal-tar, although most is obtained frf>m the petroleum 
fractions mentioned on page 131. Constitutional syntheses such as the Wiirtz 
reaction lead to some toluene and Gilman and others* have shown that the 
sequence of reactions is probably :— 

CeHjBr + 2Na -> CeH^Na -f NaBr 
CeHgNa + BrCH, -► CeHgCHa + NaBr 

This is based on the observations (a) that bromobenzene parts more readily 
from its halogen than does methyl bromide, and (ft) that sodium phenyl does not 
react readily with further bromobenzene, but reacts with the methyl halide pre¬ 
ferentially. This accounts for the large predominance of tohiene over ethane 

^ Gilman, Brown and Dickey, Froc. Iowa. Acad. Sci., 1929, 86, 265. 
* van Alphen, Bee. Trav. Chim., 1930, 49, 163. 
* Pelletier and Walter, Ann. Chtm. Phys., 1837, 67, 269. 
< St. Claire Deville, ibid., 1841, 8, 168. 
* Gilman, Paoeirtz and Baine, J.A.O.S., 1940, 68# 1614. 
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and diphenyl in the reaction-product ; a wimilar reaction haw been used for the 
experimental production of ethylbenzene, formation of alkali metal 
derivatives of the aromatic hydrocarbons, in reactions of this and other types, 
was suspected long before there was definite proof of their existence. In 1936, 
Gilman conducted numerous experiments on the interaction of potassium 
ethyl and benzene, and was able to demonstrate the existence not only of 
potassium j)lu‘nyl, but also of p-phenylene dipotassium :— 

! KC^H,-> C,H,K C.H, 
CfiHe + 2KC2M5-^ + 2C,H, 

The volatility of ethane facilitated the separation of the product, and the 
existence of the two potassium derivatives was demonstrated by the action of 
(carbon dioxide :— 

CeH^K + CO,-> CeH.COOK 
CeH,K, -[ 2CO, -V CeH,(COOK), 

Conside rable (juantities of benzoi<* and terephlhalic acids isolated, t(jgether 
with n‘Cognisable traces of phthalic acid, indicating that substitutioii follows 
the g(‘n(^ral rul(‘, the para-isomer })r(idominating. 

Naturally, th(‘ clieinistry of tolu(‘ne differs from that of benzene, in that the 
methyl grou]) offers a s(‘Cond point for attack by reagents and a distinction is 
made betwcnm nuclear and side-chain reactions. Thus, the pyrolytic decomposi¬ 
tions of 1 oIueiK" are much mon^ complex than those of benzene ; loss of hydrogen 
from the sidt^-cbains leads to diphenyletharH* and stilhxMu^ and the course of 
these r(*actions is summarisr'd in the schem(‘ below :— 

Ptieuftnthrefie 



148 ADVANCED ORGANIC CHEMISTRY 

The mechanism of the formation of benzene, naphthalene and chrysene is not 
clear, but the presence of members of the phenanthrene and anthracene series 
might be anticipated. 

An unusual reaction of toluene is that with nitrosyl chloride, with which at 
10° and in sunlight it gives quite good yields of cu-nitrosotoluene, CfiHs.CHgNO. 
Compared with benzene, toluene is much easier to reduce, oxidise, chlorinate or 
nitrate, the methyl group acting as a point of attack. A ease in point is the 
interaction of toluene and sulphur at 190-230° when stilbone is produced :— 

CeH5.CH3 + 2S-> CeH^. CH=CH . CgHs + 2H2S 
Benzene is not attacked under similar conditions. Reduction of toluene is 
most easily secured by Sabatier’s method, and, as with benzene, the ring is 
reduced by hot, concentrated hydriodic acid with soniC extrusion to dimetliyl- 
cyc/opentane. 

Toluene shows considerable tendency to react with acetic aend with the 
formation of btmzyl alcohol. Thus, in glacial acetic acid at 120°, it gives 
benzyl alcohol and acetaldehyde,^ and the same end product is })roduced by a 
variety of oxidants—including oxygen itself—in the presence of U.V. light, 
especially in the presence of carriers such as anthraquinone.- 

The oxidation of toluene has been the subject of considerable study, with a 
view to obtaining benzaldehyde. With the ordinary reagents of the laboratory 
—chromates and permanganates, the end product is benzoic acid, and consider¬ 
able ditfieulty is ex]:)erienced in stopping the reduction at an earlier stage. 
Oxidation with atmospheric air in the presence of vanadium or molybdenum 
catalj’^sts has been attempted with some success ; but it is almost impossible 
to avoid the formation of some benzoic acid, and the phy.sical conditions of the 
oxidation must be controlled vithin very narrow limits in order to ])i'event 
complete oxidation, A process was ojx^rated industrially for some time in 
which manganese mud and sulphuric acid in the presence of a copper salt were 
used, but considerable quantities of benzoic acid were unavoidably formed, 
jfitard's method of oxidation with chromyl chloride, usually in (tarbon disulphide 
solution, has been recommended for the laboratory oxidations of alkyl bcmzenes, 
ijince its progress stops short after the oxidation to aldehyde, but the explosive 
nature of the intermediates formed and its cost render it unsuitable for industrial 
use. Reference has already been made to the sulphur oxidation of toluene to 
stilbene; the analogous oxidation with potassium persulphate yields dibenzyl. 
Toluene may be oxidised to benzaldehyde by cerium dioxide in sulphuric acid 
solution.^ 

The presence of the side-chain of toluene makes its halogcnation complex ; 
in light, especially ultra-violet light, and in the presence of chlorine carriers such 
as phosphorus halides, chlorine gives side-chain substitution almost exclusively, 
and over 90 per cent, conversion to benzyl chloride can be obtained. In the dark, 
however, and with moist chlorine, nuclear substitution can be induced up to at 
least 80 per cent. The ortho^ and para-chlorotoluenos are produced in almost 
equal amounts, the oriAo-isomer being slightly in excess; some 2, 4-dichloro- 
toluene is also obtained. 

The sulphonation of toluene is also more readily accomplished than that of 
benzene, a mixture of o- and jp-toluene sulphonic acids being obtained (see also 
Appendix II, Chap. X). Nitration of toluene proceeds quite easily, mixtures 
of the 0-, m- and p-mononitro compounds being obtained. The oriAo-compound 
preponderates being present to 60 per cent.; 36 per cent, of the ^ra-compound 
is obtained, with 4 per cent, of the meta-. These figui'es are obtained in a 
straightforward nitration, using mixed acids; by using acetyl nitrate (see 

^ Giacolone, Qazz, Chvm, Ital,, 1931, 61, 828. 
* Kothari and Wataon, J. Ind, Inst, Sci., 1931, 44, 11. 
»DJR.P. 168609, JJ3.0J., 51, 1930, 169. 
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Vol, II, Chap. I) the proportion of ortho- and meta- forms may be increased. 
Nitration to 2, 4-dinitrotoluene is easily accomplished, and the 2, 4, 6-trinitro 
compound is also readily obtained ; four nitro groups can only be introduced 
when the first goes into the m-position, as in the scheme below :— 

The Xylenes.—Cahours, in 1850, first isolated xylene from coal-tar. The 
three xylenes are found together in coal-tar and in certain types of petroleum, 
whilst m-xylene is frequently obtained with benzene and toluene during pyro¬ 
lytic treatment of simple alkyl hydrocarbons. In coal-tar xylene, the propor¬ 
tions of isomers are approximately ortho- 10 per cent.; meta- 70 per cent.; 
para- 20 per cent. In petroleum, proportions vary, but Tauss ^ has given the 
following figures for the Cg aromatic fraction of petroleum from various sources : 

TABLE XXVI 

Source 

Xylenes i 
j 

Ethyl bentene 

0- m- P- 

Roumania . 24 42 17 16 
California 20 56 8 16 
Italy . 9 77 5 9 
Borneo 10 62 12 16 
Pennsylvania 

i 
36 1 47 4 13 

1 

^ Tauaa, Z, Angeu\ Chem., 1919, 82* 361. 



150 ADVANCED ORGANIC CHEMISTRY 

The use of fractionation on a large scalt^ will! suitably designed columns will 
separate the or/Ao-xyleiie (b. 143*9®) from the m- and jj-isomers (b. 138*8® and 
138*5® n spectively). The ortho-xylone may be purified by treatment vdth cold 
concentrated siilphuiic acid. If the sulphuric acid layer be removed and 
worked up for sodium o-xylene sulphonate, this may be recrystallised and any 
m-sulphonate will remain behind in the mother liquors, being more soluble. 
On treatment of the meta-para-ira,ct\on with sulphuric acid, the -isomer 
dissolve's, k^aving the para- unaffected. In this W'ay comparatively pure 
prodiu ts may be obtained, and an adequat^e separation effected. The sulphuric 
acid method has also been used on the mixed isomers prior to fractionation, but 
the separation is tedious, as it involves the fractional crystallisation of the mixed 
sodium salts of ortho- and mefa-xyleno sulphonic acids. Clark and Taylor ^ give 
a (critical discussion of the various methods of separation, none of which are 
entirely satisfactory. Much xylene is U8<‘d industrially as the mixture of 
isomers boiling 137-145®, separation being necessary only wlien required for 
specific prcxiucts such as musk substitute and Vitamin 1^^. 

In general there is a parallel betw exm the chemical behaviour of the xylenes 
and that of toluene, since both have opportunitkis for nuclear and side-chain 
reactivity. Oxidation proceeds most easily with or///o-xylene, least easily with 

-xylene. The nitration of ortho- and niefa-xyUmo is quite normal, and follows 
the scheme outlined below, tending to proceed in the case of the ortho-compimnd 
to the 4, 5-dinitro compound, and with the ?itc/a-isomer to the s^nnmetrical 
trinitro derivative. On the other hand, pam-xylene gives only a single mono- 
nitro compound w^hich leads to a mixture of the 2, 3 and 2, 6 dinitro compounds 
on further nitration ; only traces of 2, 5 compound are formed. 

Industrially there are few specific uses for o- and p-xylenes ; the 7R-i8omer 
is valued for convemion to its xylidinc (4-amino-1, 3 dimethyl b('iiz<me) used in 
dyestuffs manufacture and for the manufacture of xylene musk. 

Ethylbenzene and propylbenzene (b.p. 135*17® and 157® respc'ctively) are 
hydrocarbons which are being produced in considerable quantity by the inter¬ 
action of ethylene and propylene with benzene in the presence of anhydrous 
aluminium chloride ; so far their potentialities as starting points for organic 
synthesis have not been fully explored. 

Of the thn'c trimc'thylbenzenes, pseudocumene and mesitylem^ aio available 
in experim(uital quantities, but the vicinal member luunimellitem^ is a gix?at 
rarity and has only b(*en occasionally isolated. Ps(*udoeumone can readily be 
isolated from the 160-170® fraction of coal-tar, or more profitably from the 
corresponding fraction from the product of allowing four molecular proportions 
of methyl chloride to react with benzene in the presence of anhydrous aluminium 
chloride. If this fraction is warmed with ^ sulphuric acid at about 90®, cooled 
and treated with water equal in volume to oiu'-third of the acid used, the 
pseudocumene sulphonic acid remains dissolved in the oily layer wliich, on 
removal and treatment with a further quantity of wabr and the whole cooled 
and allowed to stand, deposits pseudocumene sulphonic acid. This may be 
separated, purifiixl by recrystallisation, and reconverted to pseudocumeno by 
heating with hydrochloric acid. 

Hemimellitene, the vicinal trimethylbenz;ene, has been obtained from the 
172-180® fraction of the materials mentioned in the previous paragraph. By 
careful fractionation of about 40 litres of crude material, using a 2-raetre8 
insulated packed column and a high reflux ratio, about 8 litres of a fraction, 
boiling 174-177®, can be obtained which contains most of the hemimellitene. 
This is sulphonated and the liquor diluted until a crop of mixed hydrocarbon 

1 Clark and Taylor, J,A,C,S„ 1923, 45, 830. 
* Jacobeen. Ber., 14, 2628 ; Ann., 1876. 184, 199. 
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sulphonic acids separates, ^hese are converted to the sulphonamides {via the 
barium and sodium salts) and by fractional crystallisation hemimellitene sul- 
phormmide (m. 196®) is separated from pseudocumene sulphonamide (m. 181®). 
Distillation of the former with concentrated hydrochloric acid regenerates the 
hydrocarbon. 

The preparation of mesitylene is usually carrit^d out in the laboratory by 
the dehydration of acetone, working details of the process being given in 
‘Organic Syntheses’ (Coll. VoL 1) (see also p. 131). 
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The moat reactive of the three trimethylbenzenes is undoubtedly mesitylene, 
from which it is not easy to obtain a monochloro or mononitro derivative 
without some di- or tri-substituted analogues being formed at the same time. 
Chlorination tends to produce trichloromositylene (m. 204-^205'") in long lustrous 
needles, and nitration proceeds almost entirely in the first instance to dinitro- 
mesitylene, a magnificant substanc^e crystallising in prisms often 3 cm. in length.^ 

Nitration of pseudocumene and hemimellit/ene is more normal, but much 
a>-nitro isomer is also produced. In the case of paeudociimene the substi¬ 
tuent group, whether nitro or otherwise, almost invariably enters the “ 5” 
position ; the same is true of hemimellitene :— 

CH3 

The 5-nitropseudocumene and 5-nitrohemimelliteno are readily reducible to 
amines. No industrial application of the hydrocarboiiws or their derivatives 
has so far been developed, and of the whole group pseudocumidine is the only 
member appearing in trade lists. 

The Tetramethylbenzenes 

The formulae of the three tetramethylbenzenes are shown below :— 

CHa CH, Clla 

r r' 
! 

UbH, 

CH3 

CHaj 

CH, CHa 
1, 2,3, 4 Tetramethyl* 1,2, 4,5 Tetramethyl¬ 1, 2, 3, 5 Tetramethyl- 

benzene benzene lx)nz('ne 

Piehniteno Durene 1 sodurene 

Durenc is the member of this series most commonly met with, and was first 
prepared by Fittig and Jannasch ^ in 1870, by the interaction of bromopseudo- 
cumene and methyl iodide in the presence of sexiium. It is readily pre]:)ared by 
the action of methyl chloride on benzene in the presence of anhydrous aluminium 
chloride. After the reaction product has been decomposed with water, the oily 
layer is extracted with benzene, dried and fractionated ; on cooling, the fraction 
distilling at 188-194® crystallises, is drained and recrystaUised from alcohol. 
Durene forms large crystals, m.p. 80°, b.p. 191-192®, and received its name 
because it was the first solid hydrocarbon to be discovered in the benzene series. 
Isodurene may be obtained from the drainings of crude durene in the fraction 
mentioned above; by diluting the liquid portion somewhat w ith petroleum 
ether and chilling to — 35° most of the durene separates ; on pouring off the 
supernatant liquid and fractionating, isodurene, b. 195° may be obtained. 

Prehnitene, or vicinal tetramethylbenzene, is a rarity, and we owe much of 
our knowledge of it to the observation of Jacobsen * of a curious disproportion- 
ating reaction. When durene is treated with sulphuric acid, some hexamethyl- 

^ Fittig, Ann., 1869, 151, 132. ® Fittig and Jannasch, Zeit, Chem,, 1870, 161. 
» Jacobsen, JBer., 1886,19, 1209; 1887, 20* 900. 



THE HYDROCARBONS 153 

benzene is formed, together with pseudocumene, which is sulphonated, giving 
a mixture of isomeric pseudocumene sulphonic acids. At the same time, a fair 
quantity of prehnitone sulphonic acid is foimed. The mechanism of the 
reaction is obscure, but since Jacobsen observed a similar reaction with penta- 
methyl benzene the sequence of reactions is probably :— 

CH3 

If the mixture of sulphonic acids is crystallised and converted to the sul- 
phonamidos, the prehniteno sulphonamide is less soluble than the others, and 
may be separated by fractional crystallisation. It is converted to the hydro¬ 
carbon by heating with concentrated hydrochloric acid. 

The hydrocarbons are not yet of practical importance, nor are pentamethyl- 
and hexamethyl benzenes (m. 54"", b. 231° and m. 164°, b. 265° respectively), 
which are readily obtained by the persistent action of methyl cMoride on 
benzene in the presence of anhydrous aluminium chloride.^ 

Hexamethylbenzene is singular in that it is obtained in small quantities 
under circumstances where its presence would not be expecte^d, as, for example, 
when methanol and acetone vapours pass over heated alumina,® or by heating 
phenol and methanol under pressure.^ A further example is the formation of 
hexamethylbenzene from trioxymethylene and cycZohexano in the presence of 
anhydrous aluminium chloride.* Hexamethylbenzene, having no hydrogen 
atoms left in the aromatic ring, is resistamt to many reagents, e.g,, it cannot be 
nitrated or sulphonated, but permanganate oxidation gives mellitic (benzene 
hexacarboxylic) acid. 

There are many other alkyl substituted benzenes known; thus, nearly all 
the possible ethylbenzenes are known ; isopropylbenzene (cumene) and the 
methyl isopropylbenzenes (cymenes) are well-knowm, and are the parent hydro¬ 
carbons of the terpene series under which heading their chemistry v>i\\ be 
discussed. 

" Smith and Dobrovolny. 1926, 48, 1413. 
* Keckleben and Schreiber, Ber,, 1913, 46, 2363. 
* Briner, Plugs and Paillard, H. Chim, Acta., 1924, 7, 1046. 
* NaatjukoH and Gavin, Ck, Zentr,, 1916, 1, 700. 
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The two hydrocarbons (136) and (137) 3, ^-butyltoluene and 5, ^butyl-m- 
xylene are valuable as the source of artificial musk (see Vol. II, Chap. I, 
Appendix II). 

CH, 

;C(CH3)3 

(136) 

CH, 

CH: C(CH3)a 

(137) 

Aromatic Hydrocarbons with Unsaturated Side-chains 

Styrene, or phenyl ethjdene, CgHgCH—CHg, is at present the most indus¬ 
trially important member of the series. Originally discovered by Bonastre ^ 
in copaiba balsam, it was later found in various other r(‘sinou8 exudations, 
including styrax and Peruvian balsam, and in the products of dry distillation 
of dragon’s blood. It is also present in coal-gas, to which it gives much of the 
disagreeable odour associated with that commodity. It is also produced in 
certain biochemical processes, as when strains of Aspergillus and Pencillium are 
grown in media containing cinnamic acid.- Numerous experimental procedures 
have been worked out for obtaining styrem^ in experimental quantities, the 
more important of which are summarised below :— 

(1) Catalytic decomposition of cinnamic aldehyde^ in 
nickel ®:— 

>^\CH=CH . CHO 

\/ 

/\CH=CH 

00 

the presence of 

(2) Sabetay^s method,^ the dehydration of phenylethyl alcohol by coarsely 
pow’dered caustic potash. Styrene slowly distils over at 140-160®, is 
decanted from resin, dried over sodium, and rectified over a little hydro- 
quinone. Foumeau ® modified this method by using a mineral de¬ 
hydrating agent—-porosite. 

(3) Ethylbenzene is brominated to give the w-brorno compound which is 
then treated with magnesium in dry ether 

^CHj. CHjBr 

Mg 

'*^CH==CHj 

\/ 

(4) Acetylene and benzene, in the presence of anhydrous aluminium chloride, 
give an 80 per cent, yield of styrene.’ 

^ Bonastre, J, Fharm, Chem,, 1831, 17, 341. ® Oliviero, Ch. Zentr,, 1806, 2, 608, 
• Mailhe, Btdl. 8oc. Ch4m., 1826, 89, 922. ♦ Sabetay, ibid., 1929, 45, 72. 
» Foumeau and Puyal, ibid,, 1922, 81, 424, 
* V. Braun and Moldaenke, Ber,, 1921, 54, 618. 
’ Varet and Vienne, BuU, Soe, Ohim., 1887, 47, 918. 
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(6) For the rapid preparation of small quantities of styrene for laboratory 
experiments the method of * Organic Syntheses ’ is recommended, 
namely dry distillation of cinnamic acid in the presence of a trace of 
hydroquinono. 

/\CH==CH . COOH 

\/ 

+ CO2 

Technically, the large quantities of styrene required for the plastics and 
synthelast industries are obtained by the condensation of benzene and ethylene 
in the presence of anhydrous aluminium chloride to give ethylbenzene, which is 
catalytically cracked to styrene and hydrogen :— 

\/ 
+ 

The polymerisation of styrene to m-styrene takes place on standing, or on heating 
and is discussed in Appendix II to this chapter. In glacial acetic acid a dimer 
is formed :— 

2.CeH5CH=CH2-> C^K^CE.^C{Cll^)CR^C^VL, 
1, 3-diphenyl'2-Tiiotliyl pro}X)ne 

Styrene nitrates abnormally giving cu-nitrostyrente, but reacts normally with 
hydrobromic acid giving the oj-bron)o derivative. A review of much of the 
chemistry of this hydrocarbon is contained in a series of eleven contributions 
by (^hazel.' 

Then! an? about (‘ighty aromatic hydrocarbons with unsaturated side- 
chains ; of these the four d<‘8oribed on page 156 are of general interest. 

Pheiiylacetyhiie (Phenylethyne) is a representative of a small group of acety¬ 
lenic-aromatic hydrocarbons. No simple direct synthesis from acetylene and 
benzene has been described capable of giving good yields of tlie substance 
which is usually obtained by manipulations on the two or thn^e carbon side- 
chain. Some of these methods are indicated in the diagram below :— 

201, 599. 
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1 Tiffeneau, 1904,189, 482. 
’Tiasier and Grignard, 1901,188, 685. 
*Maskat and Huggina, JA,C.S., 1929, 51, 2496; ibid,, 1934, 56, 1239. Muskat and 

Grimaby, J,A,C,8„ 1930, 58, 1574. Muskat and Knapp, Ber,, 1931, 648, 779. Heaaler, 
Miiskat and Hermann, J.A,C,8., 1931, 58, 252. 
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The most convenient method for laboratory work ^ is to drop oj-bromostyrene 
onto fused potash. Phenylacetylene is a colourless liquid, b.p. 142-143°, with 
an unpleasant smell reminiscent of leeks. It has the general properties of an 
acetylene giving addition compounds and a mono-sodium derivative, which 
reacts readily ^ with alkyl iodides to give higher analogues, e.g. :— 

CeH^feC . Na + I. C.H, -^ . (CH2)2. CH3 

1 - Phen ylpentyne -1 

An intercvsting reaction of phenylethyne is with ketones in the presence of 
potash, the addition giving tertiary alcohols of the substituted acetylene series ; 
e.g., acetone gives 3-inothyl-l-phenylbutyne-l-ol-3 :— 

f CH.COCa, ->• CgH, . feC . C(0H)(CH,)2 

Moureii ^ noted an unusual reaction between phenylacetylene and para- 
formald(>hvde, ]-phenyl])ropyne-l-ol-3 being formed :— 

C6>l,.feECH + CH.,0-> CeH5.C^C.CH..0H 

Polynuclear Aromatic Compounds 

Polynuch^ar aromatic (‘ompounds are divided into thriM.^ main sections :— 

(1) Fused ring compounds^ in which at least two carbon atoms in one pair 
of rings are common, e.g., naphthalene. 

(2) Pohjphenyl derivatives, in which two or more ar}^ rings are directly 
joined by a single link, as in diphenyl. 

(3) Substances containing two or more aryl rings separated by a carbon 
chain as in stilbene or triphenylmethane. 

Fused Ring Compounds 

Indene (139) is one of the simplest fuscxl ring hydrocarbons, and forms a 
link l)etween the simple ar3d hydrocarbons of imsaturated side-chain and the 
membc^rs of this series, since the general properties of indene appear to be 
(‘onditioned more by the ci/cfopentone ring than by the benzene ring. A strong 

^ N PH 
I It ^^^2 

(138) 

/■ \ / 
CH, 

(139) 

-CH 

Ah 

parallel exists between allylbenzene (138) and indene, and the projx)>rtie6 of the 
latter are largely those of an unsaturated aliphatic body. 

Indene was first isolated from coal-tar naphtha by Kramer and Spilker in 
1890.* The fraction boiling between 176° and 182° is treated with picric acid 
solution when a crystalline picrate separates which after pressing and washing 
is decomposed by a brisk current of ^y steam ; indene and water distil over. 
The fractionated indene melts at — 2° and boils at 182°, and possesses a strong 

8 Morgan. J.C,S., 1876. 29, 164. ^ Organic Synthems, 1922, 2, 67. 
’ Moureu and Desniots. 1901, 182« 1224. 
« Kramer and Spilker, Ber., 1890. 22, 3276, 
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disagreeable odour. Indene and its derivatives may be synthesised from 
dibromo-o-xylene and sodio-malonic ester ;— 

Chemically it behaves HvS though the extreme reactivity of c?yr/opontadiene (the 
ring which is, of course, present in indene) has been temjjered somewhat by 
the presence of the benzene ring. Thus, the reactivity of the methylene group 
persists ; indene forms a potassium or sodium derivative (140) which reacts 
readily with methyl iodide to give 1-methylindene (141). 

K CHg CH.R CO.COOEt 
(140) (141) (142) (143) 

The hydrogen of the methylene group is also sufficiently active to take part in 
condensations with aldehydes in the presence of alcoholic potash ^ giving 
fulvene derivatives, e.g, (142); the active methylene group will also react with 
oxalic ester giving the compound (143). In addition, indene shows a strong 
tendency to polymerise and oxidises readily in air even at low temperatures. 
Catalytic reduction of indene leads to hydrindene (144) which can also be 

obtained in small yield by an internal Friedel-Crafts reaction using 3-phenyl-1- 
chloropropane (145) and anhydrous aluminium chloride.* Hyckindene is a 
colourless liquid, b. 177°, with but little reactivity of the type associated with 
indene itself. 

^ Thiel© and Buhner, Ann., 1906, 347, 249 ; Thiel© €md Henle, ilfid., 296. 
* Braun and Deutsch, Ber., 1912, 45, 1267. 
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Complex derivatives of indene are prepared by the methods elaborated by 
Koelsch ^ in which 3-pheuylpropenol-l derivatives are cyclised by dehydrating 
agents, e.g., 1,2, 8-trimethylindene could be obtained by the method indicated 
in (146). 

The hydrocarbon fiuorene (147) is closely related to indene, and still pre¬ 
serves some of the reactivity of the cycZopentadiene structure, although in a 
moderated form. Fiuorene occurs in coal-tar, and is isolated therefrom in 

substantial quantity. Industrial fluorene, as prepared in the U.S.A., is a 90 
per cent, concentrate, ni. 109°, b. 295° ; pure fluorene has m. 116°, b. 295° ; it 
may be obtained by the p^Tolysis of diphenylmethane (148) or by the de¬ 
carboxylation of fluorene-9-carboxylic acid which loses carbon dioxide smoothly 
on boiling in aqueous solution. 

Fluorene forms potassium and sodium derivatives, and through them alkyl 
fluorenes, and the methylene group also evinces its unusual activity by con¬ 
densations with aldehydes to give substances such as 9-benzalfluorene (149), 
and a condensation product with ethyl oxalate (150). Fluorene is oxidised 
readily to fluoronone (152). 

The structure of fiuorenone and its derivatives is confirmed by an extension 
of the Ullmann s^mthesis whereby diazotised o-amino-benzophenone (151) or its 

(152) 

derivatives are warmed in solution with copper powder. Some o-hydroxy- 
benzophenone is produced simultaneously.* 

The reactivity of the indene or cycZopentadiene hydrogen persists even in 
such derivatives as chrysofluorene (153), but disappears, as might be expected, 
in fluoranthene (idryl) (154). 

'Koelflch, J.A.0,8,, 1932, 54* 4744. * UUmaim and Mallet, Her., 1898, 81, 1694. 
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The Naphthalene Series 

It has already been mentioned that naphthalene was the first pure hydro¬ 
carbon to be obtained from coal-tar. It exists therein in considerable quantity, 
passes over in the naphthalene oil and separates therefrom on cooling. The 
crude centrifuged (‘ whizzed ’) naphthalene can be purified by a series of press¬ 
ings, extractions and distillation until it sublimes as pure white plates, having 
a very characteristic odour. Naphthalene melts at 81° and boils at 218°. It 
sublimes extremely readily, and advantage is taken of this property for pur¬ 
poses of purification. 

The Structure of Naphthalene 

In 1866 Erlenmeyer, senr., suggested for the formula of naphthalene what 
he termed two ortho-condensed benzene rings ”, thus, at one and the same 
time correctly indicating the structure of the hydrocarbon and extending the 
use of the term ' condensed ’ to apply to ring structure with more than one 
carbon atom in common. In 1869 Grabe confirmed Erlenmeyer’s formula by 
a series of conversions of various naphthalene derivatives to phthalic acids, 

TABLE XXVIII 

thus succeeding in ‘ labelling ’ each portion of the naphthalene structure. These 
substoncw are shown in Table XXVIII. Naphthalene gives a nitronaphthalene 
on nitration, which on destructive oxidation yields 3-nitrophthalic acid (156); 
if, however, the nitro-body is reduced prior to oxidation, to naphthylamine' 
unsnbstituted phthalic acid is obtained (165). Consequently, since when either 
‘ A ’ or ‘ B ’ portion of naphthalene is destroyed a benzene ring still remains, it 
follows that naphthalene must possess the ‘ ortAo-condensed ’ benzene structure, 
put forward by Erlenmeyer. Grabe devised a similar set of experiments with 
diohloronaphthoquinone; when this substance (169) is oxidised, it yields 
phthalic acid (167); if, however, it be converted to pentachloro naphthalene 
by phosphorus pentachloride, prior to oxidation, tetrachlorophthalic acid (168) 
is obtained. 

Confirmation of this structure is given, in some measure, by the synthesis of 
naphthalene achieved by Pittig.^ 1-Phenylbutene acid-4 (phenylwocrotonic 
acid) (160) a homologue of cinnamic acid, loses the elements of water on heating 
to give a-naphthol (161) and this on distillation with zinc dust yields naphtha¬ 
lene, this simple change being strong presumptive evidence for the structure 
(162). 

^ Fittig and Erdmann, Ber,, 1883,18^ 43. 
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COOH 
(160) 

In general, syntheses of naphthalene are of two types, those which, like the 
one described above, involve the ring closure of a mono-substituted benzene 
derivative, carrying at least four carbon atoms in its side-chain, and those in 
which an o-disubstituted benzene derivative is condensed with an aliphatic 
compound. 

Further examples of the first type are :— 
(1) The ring closure of cinnarnyl pyruvic acid (163) in the presence of con¬ 

centrate hydrochloric acid at 110-120° to naphthoic acid (164), from 
which naphthalene may readily be obtained by distillation with lime.^ 

/\/\ /\/\ x\/\ 

CO 

I COOH 
(163) COOH 

(2) The pyrolysis of l-phenylbutene-3 (165). 

+ 2H. 

(166) 

Examples of the second type are :— 
(1) The methods of Baeyer and Perkin in which o-xylylene dibromide and 

disodium ethane tetracarboxylic ester are condensed through the stages 
indicated in the formulss below :— 

CH,Br 

COOEt 

\ ^COOEt 

CH,Br /\c00Et 

COOEt 

'COOEt 

/COOEt 

COOEt 

/\^V!OOH 

JCOOH 

l)istD» of 
Ag salt 

NaPHTHAIsENB 

(2) Hinsberg's method ^ in which o-xylylene cyanide is condensed with 
glyoxal or an a-diketone :— 

CN 

CH«CN 

H,CH 

Naphthalene 

^ Erlenraeyer and Kunlin, Ber„ 1902, 86, 384* ^Hinsbeig, ibid», 1910, 48, 1360. 
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Bamberger ^ carried out much research on the structure of naphthalene. 
Briefly, his thesis was that whilst accepting the carbon skeleton of Erlenmeyer’s 
structure, he denied the symmetry and true aromatic character of the nuclei, 
seeking to place naphthalene in a class by itself distinct from benzene and truly 
aromatic hydrocarbons. Much of Bamberger’s arguments are based on the 
behaviour of naphthalene towards reducing agents ; thus, he observed that 
although tetrahydronaphthalene (tetralin) was readily obtained by reduction of 
naphthalene in amyl alcohol with sodium, the reduction stopped at this point, 
and sterner measures were required to effect reduction of the six remaining 
carbon atoms. Further, when a- and jS-naphthol are reduced the former gives 
a tetrahydro body in which reduction has taken place in the so-called alioyclic 
ring (166), the hydroxyl remaining in the aromatic ring B, whilst when jS-naph- 
thol is reduced the hydroxyl remains in the reduced or alicyclic ring (167). 

on 

Numerous chemical differences can be adduced to demonstrate that ar-a-tetra- 
hydronaphthol (ar-a-tetralol) possesses a truly phenolic hydroxyl whilst that of 
ac-j3-tetralol is entirely aliphatic. From this Bamberger concluded that the 
true benzenoid structure is only produced when reduction of the second ring 
takes place, or conversely that there is no truly aromatic ring in naphthalene 
itself. That this, on his part, was largely juggling with words c^an be seen if 
one pauses to ask what exactly is meant by ‘ truly aromatic One factor in 
the chemistry of naphthalene that is intimately concerned wath its structure is 
that pronounced tendency of naphthalene and its derivatives to react in the 
* a- ’ position, in preference to the ‘ jS '; indeed, when jS-substituted compounds 
are formed it is usually the result of a rearrangement of a previously formed 
a-derivative. As instances of this, one may cite the tendency of )3-naphthyl- 
amine (168) to form an angular, in preference to a linear, phenanthridine (169) 

(168) (169) (170) 

by Skraup’s reaction ; and the fact that there is no simple method of synthesiSig 
^-methylnaphthalene (170). Marckwald ^ carried out much work on this subject 
and en^avoured to account for the behaviour of naphthalene as a result of the 
fixation of the Kekule formula with the double bond between the a- and 
positions. This subject is more fully dealt with in Vol. Ill, Chapter VI. 

Naphthalene forms a large number of substitution products, mono substitu- 

1A summary of Bamberger’s work on the naphthalene problem is given in Awn, 1890 
W, 1. * Marckwald, Ann., 1893, 274, 331; 1894, 279, 1. 
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tion products are usually designated as either ‘ a ’ or * p \ m, for example, in 
the nitro-naphthalenes (171 and 172) :— 

» 4 

a (171) i5 (172) (173) (174) 

There are ten disubstituted naphthalenes when the substituentH are identical, 
and fourteen when different. The presence of substituents in the 1 : S-positions 
is sometimes signified by the use of the prefix ‘ peri as in ' peri naphthylainine 
sulphonic acid ’ (173). The substituents of peri compounds appear to be more 
easily able to interact than those in other adjacent positions ; thus, the naphthyl- 
amine sulphonic acid (173) just referred to, passes into a sultam (174) with 
gr€>at ease. 

The various possibilities in the higher substituted naphthalenes are shown 
in Table XXIX 

TABLE XXIX 

No. of Bulwtilm'ntM Variety of aubstituriit-s No. of isomers 

1 o 

2 Tha same 10 

Iliiforont 14 

3 All the same 14 

Two the same 42 

All different 84 

4 All the same 22 

Two the same 210 

Two pairs identical 114 

Three the same | 1 70 

All different j 420 

5 All different 1 1680 

8 All different 10080 

The oxidation of naphthalene proceeds readily, and can be stopped at the 
stage of naphthoquinone (175), or of phthalic acid (176), quite easily. 

O 

(175) (176) 
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It is doubtful whether or not these two substances should be regarded as 
sequential; the quinone is obtained by acetic/chromic acid oxidation, and the 
phthalic acid by oxidation with sulphur trioxide in the presence of mercury. 

Reduction of naphthalene is comparatively easy :— 

\/\/ 
(177) (178) (179) (180) 

Heated in alcoholic solution with sodium, naphthalene yields 1, 4-dihydronaph- 
thalene (177) ; with hydrogen and a nickel salt the process stops at tetra- 
hydronaphthalene. Thus far, there is no doubt as to the structure of the two 
compounds formed, and the behaviour of both is that of an aromatic hydro¬ 
carbon with an uiisatiirated side-chain. Thus, 1-4 dihydronaphthalene yields 
o-phenylene diacetic acid (181) on mild oxidation. On heating with sodium 
ethylate for some time, it passes into the 1-2-dihydro compound (182) ^ which 
on oxidation gives o-carboxyhydrocinnamic acid (183). 

/^\/\ 
Oxidn. 

(182) 

COOH 

\/\/ 
(181) 

COOH 

OOH 

COOH 
(188) 

The hexahydro- and octahydro-derivatives of naphthalene are only obtain 
able by indirect routes, and as these involve a knowledge of the decahydro- 
derivative, this substance will be considered first. When naphthalene is sub¬ 
jected to vigorous hydrogenation in the presence of a platinum catalyst, 
decahydronaphthalene is obtained. This substance, like cyclohexane, has the 
potentiality of existing in cis- and transform, which are indicated in Fig. II. 
This is very beautifully demonstrated by the isolation of the four racemic 
tetradecahydro-jS-naphthols (decalols) also shown in Fig. II, and is referred to 
more fully in Vol. III. 

Decahydronaphthalene, more often referred to as ‘ decal in is systematically 
bicyclo[4, 4, OJdecane ; the cis- and fratw-forms, b. 193° and 185° respec¬ 
tively, are separable by systematic fractionation. To obtain the cis-form. 
naphthalene is reduced by hydrogen in the presence of platinum and the product, 
which contains over 80 per cent, of the ci^-form, is distilled through an all-glass 
still and column with a reflux ratio head set for a high ratio. If a nickel catalyst 
be used, the trans-form predominates, and may he isolated in a similar way. 

The di-, hexa- and octahydro-derivatives of naphthalene are difficult to 
prepare and correspondingly lass well-known. Chlorination of decalin gives 
mono- and di-chloro derivatives, the former predominating. The fraction bi5 

110-112° is ci«-chlorodecalin (184), and on boiling with aniline for two hours 
gives the cw-octalin (185). The dichloro-derivative is of unknown orientation, 

^ Straus and Lemmel, Ber., 1913, 46f 232. 
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CIS- trans- 

Fio. II 

but yields a hexaliii (186) on heating with aniline or quinoline. Another 
octalin has been investigated by Nametkin and his assistants.^ When decalin 

is nitrated, the angular tertiary nitro compound is formed (187); this may be 
reduced to the amino compound (188) which, on boiling in hydrochloric acid 

(187) (188) (189) 

OH 

OH 

* Nametkin and Madaer-Ssichev. Ber., 1926, 59B, 370. 
Nametkin and Gagloleva, J. R\k88. Fhys.-Chem., 1929, 61, 635. 
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with potassium nitrite, yields an octalin, the structure of which (189) is ascer¬ 
tained by its yielding sequentially an octalin oxide and glycol which are intra- 
convertible, indicating a di-tertiary structure, since secondary/tertiary glycols 
yield ketones on dehydration. 

Some of the properties of hydrogenated naphthalenes are summarised in 
Table XXX. 

TABLE XXX 

m.p. b.p. 8.G. 

Naphthalene sr 218“ 1-1608 

1, 4-Dihydronaphthalene 26' 212“ 

1, 2, 3, 4-Tetrahydronaphthalene 207“ 

1, 2, 3, 4, 9, 10-Hexahydronaphthalene (n*'1-6322) 75-76“/8 mm. [dj;® 0-9720 

1, 2, 3, 4, 6, 6, 1, 8*Octahydronaphthaleiie i ' 88-89“/14 imn. [d]J® 0-92 

1, 2, 3, 4, 6. 7, 9, lO-Octallydronaphthalenc (»D 1-4959) 72-73“/16inm. | [d]” 0-916 

Decahvdronaphthaleiie ! 
* ytrans 

(n” 1-48279) 

(«*' 1-47009) 

193“ 

185“ 

rd]‘« 0-898 j 

fd]J® 0-872 j 

Naphthalene and all its hydrogenated derivatives can be nitrated, the 
nitration of decalin requiring very severe conditions.^ 

The nitration of naphthalene is readily accomplished by a nitrating acid of 
somewhat less concentrated composition than that used for benzene. The 
a-nitro-corapoiind is obtained almost exclusively (190) in mononitration,^ and 
a mixture of the 1, 5- and 1, 8-dinitro compounds (192), on the use of stronger 

NO, NO, NO, NO, 

I ' 

! 

\
 

k/\/ \/\) 
(190) NO, 

(192) 

acids. The chlorination of naphthalene is a more complicated subject; in 
sunlight naphthalene in the solid state readily absorbs chlorine yielding a 
tetrachloro-addition derivative. On the other hand, direct chlorination under 
suitable conditions gives the mono chloro derivatives (95 per cent, a-chloro- 
naphthalene, and 5 f>er cent. /5-chloronaphthalene) which can be separated by 
the method of Britton and Reed ^ ; further chlorination leads to higher sub¬ 
stitution products, and finally to a wax-like solid, of valuable dielectric pro¬ 
perties.'* Naphthalene sulphonates readily, the a-sulphonic acid being first 
formed; this, on heating above ISO"" in sulphuric acid solution, paeses over 
into the jS-acid. In nearly all the di-, tri- and tetrasulphonic acids (of which 
eighteen are known) most have at least one sulphonic group in the a-position. 
This tendency to reaction through the a-hydrogen is characteristic of naphtha¬ 
lene, and is carried even to such lengths as the preferential elimination of 
a-hydrogen in the treatment of naphthalene with anhydrous aluminium 
chloride when perylene (193) is obtained. 

^ Nametkin, loc, ciL, p. 165. ® Witt, J,S,CJ., 1887, 10, 216. 
• Britton and Heed, U.8.P.t 1,917,822, 
* Sold under the trade name * Halowax 
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AI.KYL AND Related Naphthalene Derivatives 

a- and j3-Methylnaphthalenes occur in coal-tar from which they are separated 
in considerable quantity. The a-compound m. — 22°, b. 243°, has few applioa- 
tiojis except in the standardisation of Diesel fuels. It is the component of low 
cetene (antiknock) value ; but the ^-compound m. + 35°, b. 245° is used to a 
limited extent in the pure state for the synthesis of vitamin K analogues. The 
two are separated by freezing out the crude which then has a setting point of 
31°, and may be purified by partial freezing or crystallisation. Whilst a-methyl- 
naphthalene is readily synthesised, as, for example, by the Wiirtz-Fittig reaction 
between a-bromonaphthalene, methyl iodide and sodium :— 

CjoH^Br I I. CH3 t Na2-^ CjoH^. CHa+Nal+NaBr 

the ^-methyl derivative has never been synthesised by any convenient route, 
the Wiirtz-Fittig reaction entirely breaking down with jS-bromonaphthalene, 
and the Friedel-Oafts reaction being equally unsatisfactory. Numerous di- 
and tri-methyl derivatives, together with ethyl and isopropyl substituted 
homologues of naphthalene have been prepared in connexion with researches 
on the terpene family, c.g., sapotcalene (1,2, fi-trimethylnaphthalene) and cada- 
leiie (1, 6-dimethyl-4-iHopropylnaphthalene). They are discussed more fully in 
Cliapter IX. Much of our knowledge of the higher alkyl substituted naphtha¬ 
lene derivatives is due to the growth of the technique of structural elucidation 
by means of sulphur or selenium dehydrogenation. Thus, complex ring struc¬ 
tures in which the carbon structure is partially or fully hydrogenated are not 
easily identified by conversion to recognisable derivatives. If, however, they 
are heated with selenium (or in simple cases, sulphur), hydrogen or alkyl selenide 
or sulphide is evolved, and the hydrocarbon is converted to the corresponding 
aromatic derivative, usually merely by loss of hydrogen and without serious 
structural change. The aromatic hydrocarbon can often be identified without 
much difficulty, and can often be synthesised, thus elucidating the skeleton of 
the original substance. One example is the dehydrogenation of cholesterol 
(194) to a methyl derivative of cyc/opentenophenanthrene (195). 

Me 

(194) (195) 

Much of our knowledge of this reaction is due to the work of Ruzicka, Diels and 
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others who have used it with conspicuous success in disentangling the difficult 
constitutional problems of the sterols and related products.^ 

Among the alkyl derivatives of naphthalene may be included the acenaph- 
thene family. Acenaphthene itself (196), a 1, 8-ethylene derivative of n^htha- 
lene, was first isolated by Berthelot from coal-tar. It is isolated from the forerun 
of the anthracene oil, and is available commercially as a 95 per cent, product, 
freezing at 91° and boiling at 277°. The pure substance forms long white 
needles, m. 95°, b. 278°, with a faint but not unpleasant odour. It oxidises 
extremely easily to acenaphthene quinone (198) and to naphthalic acid (199), 
a tendency which is characteristic of pen-bridges of this type. The reactivity 

of the bridge makes it somewhat diflScult to obtain ordinary substitution products 
of acenaphthene. It is, however, possible to nitrate acenaphthene in the * 3 ^ 
position directly, and in the ‘ 1 ’ position by the use of benzoyl nitrate.^ Chlor¬ 
ination, bromination and sulphonation almost always lead to a ‘ 3 ’ derivative, 
and the concentration of reactivity in the ‘ 3 ’ and ‘ 4 ' positions of acenaphthene 
is shown in a remarkable manner by its condensation w ith succinic anhydride 
to form a perisuccinoylacenaphthene ® (200) which may be reduced to a peri- 
tetramethylene derivative (201) by sodium ethylate and hydrazine (Wolff- 
Kishner). 

The oxidation of acenaphthene to acenaphthylene (197) m. 92°, by loss of 
hydrogen from the perilink may be attained by heating acenaphthene alone or 
by passing its vapour over heated litharge. 

Anthracene 

Dumas and Laurent ^ first isolated anthracene in 1832, and it is one of the 
more prominent constituents of the higher boiling fractions of coal-tar. When 
the so-called ‘ anthracene oil * from tar (boiling 270-400°) is allowed to stand 

^ Diels, G&dke and Hording, Aitm,, 127, 459, 1 ; Diels and Eickert, Her., 1935, 68, 267 ; 
Euzioka and Meyer, H. Chim. Acta, 1921, 4, 608. 

® Morgan and Sheasby, 1926, 44, 408T. 
® Fieser and Peters, J,A,CJ3,, 1932, 54, 4347. 
* Dumas and Laurent, Ann*, 1833, 6, 10. 
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for some days, crude anthracene (containing carbazole and phenanthrene) 
separates and by centrifuging and hot pressing the solid material, a press-cake 
containing 40-50 per cent, of anthracene is obtained. If this cake is milled 
and digested with hot crude pyridine bases, it is almost entirely soluble, but on 
cooling most of the anthracene crystallises out, leaving the carbazole and 
phenanthrene behind in solution. Two successive treatments of this character 
followed by centrifuging and pressing give the industrial 90 per cent, anthracene. 
Further purification by a variety of procedures, including distillation in super- 
heated steam, gives an industrial ‘ 98 per cent, anthracene * manufactured 
chiefly in America. It is almost white, melts at 213®, and boils at 341®. The 
pure substance is colourless, but shows a blue fluorescence, m. 218®, b. 342®. 

S3nnthe8is of anthracene can be carried out by a wide variety of procedures ; 
the earliest, that of Behr and Dorp in 1873,^ consists in heating 2-methyldiphenyl- 
ketone with zinc dust (202). An alternative method discovered about the same 

time by Limpricht, consists in heating benzyl chloride with water under pressure.- 
The reaction ® which has given rise to the most widely used process for the manu¬ 
facture of anthracene derivatives is the condensation of phthalic anhydride and 
benzene (203) in the presence of anhydrous aluminium chloride to give anthra- 
quinone (204) which can be reduced to anthracene by distillation with zinc dust. 
None of these reactions points with certainty to the double ortho linkage of the 
two benzene rings, so that the elimination of four molecules of sodium bromide 
from two of o-bromobenzyl bromide (205) in the presence of sodium,* 
dihydroanthracene, oxidisable on the least provocation to anthracene itself, is 
regarded as evidence of the validity of the usual formula insofar as the carbon 
skeleton is concerned. 

The reaction of Anschutz,® whereby one molecule of tetrabromoethane is 
induced by ai\hydrou8 aluminium chloride to react with two molecules of 
benzene (205) to give anthracene, has been adduced as evidence that the ‘ 9 ' 
and * 10 ’ carbon atoms of anthracene are united by a bond; the problem of 
anthracene structure is not so simple as might appear from this reaction. Since 
the synthesis of Anschutz there has been a gradually increasing mass of evidence 
against the para-bond structure. This evidence, which is discussed in detail 

^ Behr and Dorp, Ber., 1873, 6, 754. * Limpricht, UM,, 1874, 7, 27G. 
• Behr and Dorp, ibid., 1874, 7, 678, 
♦ Jackson, White, ibid., 1879, 12» 1966. ^ AnschUtas, ibid., 1883, 16, 623. 
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in VoL III, culminated in the X-ray analysis of Meyer in 1928, which showed 
that all the carbon atoms of anthracene lie in the same plane, which implies 
that the * 9 ’ and ‘ 10 ’ carbon atoms are equally as distant from one another as 
they would be in a normal benzene ring ; valency links between carbons so far 
apart have never yet been encountered, and are extremely improbable. The 
most satisfactory static formulas for anthracene are the o-quinonoid stnictures 
(206) and (207) similar to those advanced by Armstrong in 1890, either of which 
is capable of demonstrating the power which anthracene undoubtedly possesses 

of restoring the benzenoid nature of its two outer rings by the saturation of the 
' 9 ’ and ‘ 10 * carbon atoms (208). This activity of the meso carbon atoms is 
particularly marked, even sunlight being capable of converting anthracene 
to a noil-reactive dimer, probably having the stnictuTo (209). Thi.s argument is 

OH 

also strengthened by the marked tendency of anthracene to oxidise readily in 
the meso positions to ant hraquinone. 

The chemical properties of anthracene appear to be conditiontxl largely by 
its meso-carbon atoms. Thus, chlorination, reduction and oxidation are all 
concerned with these atoms, a dichloro compound being formed by addition, 
reduction giving 9, lO-dihydroanthracene and oxidation, anthraquinone. In 
addition, it may be added that the behaviour of anthracene as a diene capable 
of adding to maleic anhydride to give the compound (210) not only confirms 
the structure for anthracene, but gives an additional example of its readiness to 
react through the 9, 10 positions. The nitration of anthracene is anomalous. 
The tendency is to produce anthraquinone by oxidation through the HNO, 
addition product (211), but in acetic anhydride the 9-nitro compound is formed 
(212), 

Phbnanthbbnb 

In 1872 Graebe,^ working with a quantity of crude anthracene residues, and, 
independently, Fittig and Ctetermeyer,* worWng with anthracene oil, discovered 
the hydrocarbon phenanthrene, which they showed was isomeric with anthracene. 
Graebe and Liebermann,® in their researches on anthracene, had been inclined 
to ascribe the angular formula (213) to that hydrocarbon which would have left 
the linear structure for phenanthrene itself. Fittig and Ostermeyer, however, 

^ Graebe, Bt/r., 1872, 5, 861, 986. ^ Fittig and Ostermeyer, ibid,, 1872, 5, 933. 
* Grae^ and Liebermann, Atm, (Supplement), 1870, 7» 316. 
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degraded pheimnthreiie to diphenyl by the reactions indicated in the formulae 
above, thus proving that this hydrocarbon is correctly represented by the 
angular formula. 

The removal of phenanthrene from anthracene and carbazole with which it 
occurs in coal-tar is by no means a simple operation. If the anthracene fraction 
be diluted with coal-tar naphtha and heat^ with caustic potash the carbazole 
present is almost completely converted into the potassium derivative, which 
is insoluble. The liquid portion, after removal of the potassium carbazole, is 
cooled, anthracene cTystallising out. Fractionation of the mother liquor from 
this operation will give a product containing bO-GO per cent, of phenanthrene, 
and by recryvstallisation, an industrial phenanthrene is obtained which contains 
90 per cent, of the hydrocarbon, has a setting point of 102°, and boils at 337°. 
Further purification b}^ physical means is almost impossible as phenanthrene 
and anthracene form mixed crystals of a m.p. higher than that of phenanthrene 
alone.' To obtain pure phenanthrene, the crude anthracene in admixture is 
oxidised to anthraquinone, either by nitric acid in alcohol,* or by such concen¬ 
trations of chromic acid in acetic acid,* as will leave the phenanthrene un- 
attaoked. After dissolving out the anthraquinone wuth alcohol the residue is 
himted in nitrobenzene solution with a little maleic anhydride^ to remove any resi¬ 
dual traces of anthracene, filtered from the Diels-Alder addition compound and 
allowed to cool; in this way fairly pure phenanthrene crystallises. During the 
w hole of t hese operations traces of a sulphur compound (? diphenylene sulphide) 
follow the phenanthrene, and must be removed by refluxing over sodium if 
the phenanthrono is to be used for catalytic hydrogenations, since its presence 
inhibits the catalysts. Phenanthrene forms large triclinic plates, m. 99-100°, 
b. 340^ 

Few synthetic methods of approaching phenanthrene derivatives have 
proved successful except for the purpose of establishing structure, as the yields 
are poor, save in exceptional instances. One of the most interesting examples 
of these sjmtheses is that devised by Pschorr,* as an extension of the diazo 
elimination reaction for diphenyl derivatives. Thus, o-nitrobenzaldehyde 
undergoes a Perkin condensation with phenylacetic acid (214) to give phenyl- 
o-nitrocinnamic acid (215); this can be reduced to the corresponding amine 

* Clark, J. Ind, Chem., 1919, 11, 204. 
* Sandquiflt. As quoted from his dissertation (Uppsala, 1912); Cohen and Cormier, 

S., 1930, 62, 4363. 
• Mortimer and Murphy, J, Ind, Eng, Chem,, 1923, 15, 1140. 
♦ (lar, B«r., 1932, 65, 852. 
• Pschorr, ibid,, 1896, 28, 496. 
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which, on diazolisation and warming with copper powder, ammlates to phen- 
anthrene-9-carboxylic acid (216), which may, if dasired, be docarboxylatod to 
phenanthrene itself. 

Other methods of synthesis of phenanthrene include :— 

(1) The pyrolysis of o-ditolyl or stilbene (217) and (218) :— 

(217) ^ (218) 

(219) (220) 

(2) The action of anhydrous aluminium chloride on benziP (219) whereby 
phenanthrene-quinone (220) is obtained and may be reduc^ to phenan¬ 
threne itself 

(3) The Bardhan and Sengupta ^ synthesis of phenanthrene derivatives in¬ 
volves the condensation of oi-bromoethylbenzene with cyctohexanone-2- 
carboxylic ester in the presence of potassium ;— 

^ Scholl and Schwarzer, 1922, 55» 324. 
* Bardhan and Sengupta, J,CJ3,, 1932, 2520 and 2798. 
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Phbnanthrene 

to give the ketone (221); this may readily be reduced by sodium in moist ether 
to the corresponding alcohol (not shown in the formulae), and this ring closed to 
octahydrophenanthrene (222) with phosphorus pentoxide. Dehydrogenation 
with selenium gives the parent hydrocarbon phenanthrene itself. 

Phenanthrene is more reactive than naphthalene, but less so than anthracene. 
The reduction of phenanthrene has been carefully studied by Schroeter, and 
much of the earlier (and inaccurate) information on this subject has bt^n 
clarifit^d.^ Catalytic hydrogenation attacks the bridge-link first, giving the 
9, lO-dihydrophenanthrene (223), followed by the 1,2, 3, 4-tetrahydro derivative 
(224). 

9, 10-Diiivtlro- 1, 2, 3, 4-Tetrahvdro- 
m. 34-35" m. 33-34"* 

(223) (224) 

/\ 

/\/\/ 
I 

1. 2, 3, 4. 5, 6, 7. 8- 
Octahvdro- 

m. 16-7° 

(225) 

/\ 

I II I 
\/\/ 

1,2, 3,4, 9,10, 11. 12- 
Octahydro- 

phenanthrene 

(226) 

formed obviously by a rearrangement from the intermediate labile form. 
The 9, 10-dihydro-derivative can lx? prepared very easily in over 90 per cent, 
yield by using a copper-chromium catalyst supports on barium oxide.^ Further 
catalytic reciuction gives the symmetrical octahydro-derivative ^ (225). An 
isomer of this hydrocarbon, the 1, 2, 3, 4, 9, 10, 11, 12-octahydro-compound 
(226) may be obtained by the Bardhan-Sengupta synthesis {q.v,) or by Rabe’s 
method,^ in which a dihydronaphthoic ester (227) is condensed by Michaers 
reaction with acetoacetic ester, thus giving diketooctahydrophenanthrene 

^ Scluxx^ter, Her,, 1924, 67, 2025 ; with Muller and Hviang, ibid,, 1929, 62, 645. 
* Burger and Mosettig, J,A.C.S., 1935, 67, 2731. 
* V. de Kamp and Moaettig, ibtd., 1936, 67, 1107. 
Miabe, Ber„ 1898, 81, 1896. 
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carboxylic ester (228), which is decarboxylated on hydrolysis to diketooctahydro- 
phenanthrene, which latter is reduced by Clemmensen^s method to octahydro- 

phenanthrene (229) itself. An even simpler method is that of the condensation 
of ^-phenylethyl magnesium bromide with cyclohexanone (230) ^ ; the tertiary 

\/ 

(230) (231) 

alcohol (231) so formed is dehydrated and amiulales simultaneously when treated 
with sulphuric acid, 

Phenanthrene is readily oxidised to phenanthrenequinone, and by further 
oxidation diphenic acid is produced, this method serving as a convenient means 
for the elucidation of the structure of phenanthrene derivatives substituted in 
positions other than 9 or 10. 

Nitration of phenanthrene proceeds mainly to the 9-nitrobody (232), but 
quite appreciable amounts of the 2- and 4-nitro compounds are fonncni (233) 
and (234). Sulphonation gives a mixture of isomers, the separation of which 

(232) (233) (234) (235) 

was elucidated by Werner and his co-workers with results which are indicated 
in (235). CHaims made by Willgerodt and Albert * that the Friedel-Oafts 
reaction includes entry of acyl groups in the 9-po8ition appear to be incorrect; 
with acetyl chloride it has bwn shown * that the bulk of the acetyl compound 
formed (W per cent.) is the ' 3 '-derivative, together with some 15 per cent, of 
the 2-derivative. 

^ Perlman, Davidson and Bogert, J. Org, Chem*t 1936, 1, 288. 
* Willgerodt and Albert, J, Pr. Chem., 1911, 84t 383. 
• Moeettig and v, de Kamp, J,A,C,8,, 1930, 52* 3704. 
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The compounds of phoiianthrone have assumed a very high importance by 
virtue of their widespread occurrence as part of many important biological 
substances. Those requiring further details are referred to Fieser’s Monograph 
(see Appendix 1), and also to Chapter X. 

Otheb Condensed Benzene Nuclei 

The lorinulaB below indicate a number of hydrocarbons which constitute 
examples of the various families of condensed aromatic nuclei:— 

Tniihrnjlonc (240) 1,2 Benzanthracene (241) 3,4 Benzphenanthrene (242) 

Picene (243) l,2,5,6'Dibcnxanthraccne 1,2,6,7-Dibcnzanthracene 

1,2 - Benzpyrene Meihylcbulanthrene 
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The formulae above indicate the main types of condensed nuclei, and although 
many of them are not named as such, nearly all may be regarded as derivatives 
of phenanthrene, a conception which aids the memory considerably. Thus, of 
the substances displayed in formulae above the first twelve may be classified as 
follows :— 

TABLE XXXI 

Usual Name. 

Class /. 1, 2-Beazphenantlireno Chrysene 
3, 4-Ben2phenanthrene 
4, S-Benzphenanthrene Pyrene 
6, 7>Benzphenanthren6 1, 2-Benzanthracene 
9, 10*Benzphenauthroiio Triphenylene 

Class 11. 1, 2, [P-2'-Naphtha]phenanthreno I Picene 
6, 7 [r, 2'-Naphthajphenanthrone 1, 2, 5, 6-Dibenzanthraceno 
6, 7 [2', 3'-Naphtha}phenanthr0rie 1, 2, 6, 7-Dibenzanthracene 

Class III. 4, S-Methylenephenamthrene ! Phenanthrenylmetlian© 
8, 9 ; 1, 10-Dibenzphenanthrene Peryleno 
1, 2 ; 4, 5"Diben2phenanthrone 1, 2-Benzpyrene 

Bonzanthrene forms a class of its own, discussed below 

Whilst the above nomenclature is not strictly conventional or logical, it serves 
a useful purpose. Below are appended some notes on the various hydrocarbons. 

PherianthrenylmeiJuine (4, 5-Methylenephenanthrene), isolated by Kruber ^ 
from the purified non-basic fraction of anthracene oil. If this be treated with 
sodium under reflux whilst a stream of carbon dioxide is passed, it is converted 
to the sodium salt of its 11-carboxylic acid which separate. The hydrocarbon 
itself may then be obtained from the purified acid by heat, and forms large 
plates, m, 116®. 

Pyrene.—Pyrene is isolated from coal-tar in small quantities, and is a com¬ 
mercial article in the U.S.A., where the practical grade has a setting point of 
145° and contains about 92 per cent, of pyrene.* Pure pyrene melts at 156°, 
and is exceptionally difficult to obtain pure, since traces of colourless brazan 
(245) and yellow 1, 2-benznaphthacene (246) persistently follow it through its 

X\ /■'-> 
0 

(245) 
(246) 

/\/\ 

CO 

CO 

(247) 

purification. They can be removed by chromatographic adsorption. Oxidation 
of pyrene gives the 1, 6-pyrene-quinone (247), and in general pyrene is more 
reactive than phenanthrene, to which it has but a superficial resemblance. Re¬ 
duction gives mainly the 1, 2, 3, 6, 7, 8-hexahydropyrene ; * substitution takes 
place largely at the " 1 " position. 

1 Kruber, Ber., 1934, 67, 1000. 
* VoUmann, B^ker, Corell and Streeok, Ann., 1937, 631, 1. A coamrehensive survey 

of the chemistry of pyrene. * Cook and Hewett, J.O 8,, 1933, 398. 
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Benzanthrene.—The benzanthreiie obtained by reduction of benzanthrono 
{q.v.) is only superficially related to phenanthrene, as it carries a methylene 
group in what could have been the ‘ 9 * position of the phenanthrene structure. 
Benzanthrene is seldom met with, and has no outstanding properties. 

Chrysene.—This hydrocarbon, CigHi2, is found in the higher fractions of tar, 
and in the solid products of nearly all pyrogenic reactions involving aromatic 
hydrocarbons. It was originally called chrysene because of its supposedly 
yellow colour, which was shovm by Liebermann,^ as long ago as 1871, to be 
due to an impurity, whilst Schmidt accidentally obtained a colourless sample of 
chrysene in an investigation of a so-called nitro-anthracene.^ Purification of 
chrysene by chromatographic adsorption rapidly removes the coloured material.® 

Synthetic reactions in the chrysene field are of exceptional interest, and it is 
a striking fact that the method of preparing chrysene devised fifty years ago by 
Spilker ^ is now the standard method of manufacture of chrysene (249) for 
industrial purposes. Spilker’s method ^ involves the passage of indene vapour 

12 1 

through a red hot tube, and if care be taken to use sulphur-free indene (248), the 
yield amounts to 70 per cent, of the indene used. 

The laborious synthesis of Beschke ® has the advantage of producing de¬ 
rivatives of known 8tructui*e, which have value as reference compounds in 
orientating chrysene compounds. The first stage in Beschke's synthesis is the 
preparation of 3, 4-diaryl substituted derivatives of hoxene-3-diacid-l, 6. 
These can then be cyclist to 6, 12-dihydroxychry8ene derivatives by concen¬ 
trated sulphuric acid and acetic anhydride (254 and 255), e.g. 

(250) (251) (252) (253) 

‘ Liebermann, Ann,, 1871, 158» 299. • Sohmidt, J. Pr, Chem., 1874, 9, 241. 
• Winterstein, Schdn and Vetter, Z, Physiol, Chem,, 1934, 290> 158. 
* Spilker, Ber„ 1893, 26, 1538. * Besclike, Ann., 1911, 384, 143. 

12 
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The production of the correct intermediate for this 8;y’7ithesi8 is achieved by 
commencing with bonzil (2o0) or its derivatives, which react with bromacetic 
ester and zinc in the Reformatsky reaction to give substituted hexane-diol- 
diacid esters (251). With acetic anliydride and sulphuric acid, these yield 
unsaturated lactones (252) which, on induction with sodium amalgam, are 
converted to the desiied intermediates (253). 

It will readily be appreciated that the chrysene synthesis just described is 
merely typical of a series of reactions involving diaryl substituted adipic^ acids 
which cari be made to give chrysene or its derivatives ; indtHHl, in the symthesis 
of Braun and Irmisch,^ a diphenyl iwlipic acid itself (257) w^as obtained by 
aluminium amalgam reduction of cinnamic ester (256) followed by hydrolysis, 

and gave on cyclisation, diketohoxahydrochrysene (258), which could be con¬ 
verted by reduction of the carbonyl groups and selenium dehy drogenation to 
chrysene itself. 

It will, of course, be obvious that many of the synthetic methods ustxl for 
the production of phenanthi’eno derivatives may be (extended to the synthesis 
of chrysene compounds by substitution of a naphthalene derivative lor one of 
the aromatic components. Thus, in Pschorr’s method, the following reactions 
may be visualised :— 

leading to dimethoxychrysene carboxylic acid (258) which can readily be de- 
carboxylated to dimethoxychrysene. An interesting synthesis of chrysene is 
that of Cook,''^ in which l-naphthyl-2(2-methyl cyctohexenyl)ethane (259) is 

(259) (260) (201) 

converted by cyclisation to methyl octahydrochrysene (260) from which it is 
possible to obtain chrysene (201) by selenium de^drogenation. It should be 

^ Braun and Irmisch, Ber„ 1931, 64, 2461. 
• Cook et al., 1934, 653 and 1727 ; 1935. 667. 
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noted that angular methyl groups are removed during aromatisation with 
selenium. 

Chrysene forms small plates, colourless when pure, but often tinged yellow, 
m. 251b. 453""; it readily gives 5, 6-chrj^senequinone on chromic oxidation 
and is of interest in that it is found as a dehydrogenation product of cholesterol 
and sterols (mo Chap, X). 

Triphenylene.—This hydrocarbon was so named because it can be regarded 
structurally as an assemblage of three o-phenylene gi'oups. Kaffer ^ first found 
triphenylene in crude coal-tar chr>"sene, and it was prepared by Mannich,^ who 
treated cyclohexanone with strong sulphuric acid, a triple condensation taking 
place which is analogous to the formation of mesitylene from acetone, or tri- 
phenylbenzene from acetophenone. The product is dodecahydrotrijhenylene 

(262) (263) 

(262), which is chiliydrogenated smoothly to triphenylene by selenium (263). 
Kven in 1863 mention of the thermal decomposition of benzene to more complex 
hydrocarbons was (lisc(i.ss(^<i in “ Watt’s Dictionary and three years later 
fku’thelot ^ published data on the subject. He isolated, among others, a Cjg 
hydrocarbon ‘ molting about 200 ’ ; Berthelot callfxi it ‘ chrj^sene \ The 
same hydrocarbon was obtained by Schultz^ from bromobenzene and sodium, 
and the identity of the*' two iiydrocarbons was the subject of a dispute between 
thesis workers. Manni('h finally showed the identity of the hydrocarbon 
obtained by Berthelotpyrolytic method, with pure synthetic triphenylene. 

Triphenylene forms largo whiU> ciystals, m. 199"^, and does not give a simple 
quinone on oxidation as do the other members of this series, since it lacks 
carbon atoms analogous to the 9-10 carbons of phenanthrene. 

ly 2-Benzanthracene..—3’hc chief intercut of this substance lies in its historical 
importance in connexion with the study of carcinogenic hydrocarbons (g.v.). 
The synthesis of 1, 2-lwmzanthracene and its derivatives is effected by one of 
the methods below, many of which have lieen elaborated by CJook and his 
co-workers in this countrv% and by Fieaer in America. 

(1) The Phthalic Anhydride Method.^—Ihis is a modified Friedel and Crafts 
reaction between phthalic anhydride and an a-substituted naphtha¬ 
lene (264), which gives first a ketonic acid (265) ; the koto group is 

* Schultz, 1876, 9. 547. 
* Cook, 1930, 1087 ; 1932, 456 and 1472. Fieeer, 1933, 56, 3342. 
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reduced to methylene and the compound ring closed to an anthrone 
analogue (266), which reduces quite readily to the hydrocarbon (267). 
In some cases it is possible to annulate the keto acid direct to a quinone 
and then reduce this to the substituted 1, 2-benzanthraceiie, but this 
method will not work with highly substituted naphthalene derivatives 
or acenaphthenes. 

(2) A variant of the method above is to react an alkyl benzene with the 

(268) (269) (270) 

naphthalene analogue of phthalic anhydride (268). The remainder of 
the synthesis will be obvious from the formul® (269) and (270). It 
should be noted, however, that the primary condensation can occur in 
two ways leading to the ‘ 6 * and ‘ 7 ' alkyl 1, 2-benzanthracenes. 

(3) Another modification of Haworth’s succinic anliydrido synthesis, due to 
Cook ^ is the condensation of octahydrophenanthrene (271) with succinic 
anhydride to give the keto acid (272) which may bo reduc^ed and an- 

/ \ 

CO j 1 1 J 
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COOH 

(272) 

\:o ^ 
(273) 

nulised to (273) in the presence; of dehydrating agents. By dehydro¬ 
genation, the benzanthracene derivative itself may bo obtained, albeit in 
very small yield. 

3, 4‘Benzpfienanthre7ie.—This hydrocarbon is of interest as being the simplest 
substance yet shown to have carcinogenic properties. Two methods of syn¬ 
thesis are valuable in preparing this hj^drocarbon and its derivatives. 

(1) An extension of Pschorr’s method,^ in which o-nitrobenzaldohyde (274) 

(274) 

and ^-naphthylaoetic acid are the starting materials and 3, 4-benz- 
phenanthrene, the final product (275). 

^ Cook and Haslewood, J935, 767. * Cook, ibid,, 1931, 2624. 
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(2) The second method constitutes an ingenious adaptation of the Diels- 
. Alder synthesis.^ This involves the addition of butadiene to the acid 

anhydride (276) and dehydrogenation of the product to 3, 4-benzphenan- 
threne. 

(276) 

The. Dibenzanthracenes.—Of these, the 1, 2, 5, 6- and 1, 2, 6, T-isomers are 
important because of their carcinogenic properties (see Chap. XI), and are con¬ 
veniently discussed in connexion with the two previous hydrocarbons. Cook,^ 
in 1932, prepared 1, 2, 7, 8-diljenzantbracene by a modification of the phthalic 
anJiydridc motliod. Thus, when a-methylnaphthalene is subjected to a Fi iedel 
and Crafts rt^action witli ^-iiaphthoyl chloride (277) a ketone is obtained which 

(277) (278) 

can be oxidised to the carboxylic acid (278). This annulates io the quinone of 
1, 2, 7, S-dibenzanthracene (279), which can be obtained from it by reduction. 
The method of annulation is by the following steps :— 

(а) Reduction of the keto acid at the carbonyl group. 
(б) Annulation to the antbroue. 
(c) Reduction, thus :— 

(a) (6) (c) 

^ Fieser and Herechberg, J,A.C.S„ 1935, 67.1508 and 2192. * Cook. J.C.S , 1932,1472, 
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If the keto group be. not nxiuced before ring closure, and an attempt is made 
to obtain the corresponding dibenzanthraquinone, a molecular rearrangement 
takes place and the quinone of 1, 2, 5, 6 dibenzanthraceno is obtained (280). 
An interesting application of Pschorr’s method ^ in this field is the use of 
phenylene diacetic acid (281) in condensation with o-nitrobenzaldehyde. The 

complex dinitro acid formed can be written in two ways (2S2) and (28‘1) 
showing how, on annulation, it gives rise not only to 1, 2, 5, 6 dibenzantliracene 
dicarboxylic acid (284), but also to the dibonzphenanthrone dicarboxylic acid 
(285), both of which can readily \ye decarboxylat/od to their respective hydro¬ 
carbons. 

Easily the best method of making 1, 2, 5, 6 dibenzantliracene is the con¬ 
densation of /9-methyInaphthaIene and ^-naphthey 1 chloride and pwilysis of the 
ketone so obtained when a 30 jx^r cent, yield of the dibenzantliracene is obtaiiu)d 
by simple loss of water.^ One moat peculiar dibenzantliracene is the linear 
hydrocarbon—2, 3, 6, 7 dibenzanthracene. Clar * and his co-workers prepared 
the starting material—a diketone (287) by the action of benzoyl chloride and 
anhydrous aluminium chloride on m-xylylphenyl ketone (286). Annulation 
of this ketone was effected by p^^rolysis in the manner just described for 1, 2, 5, 6 

(289) 

1 Weitzenb5ck and Klinger, MonaXsch, 1918, 39,315. 
» Clar, JBer., 1929, 62, 360 and 1378 ; Fieser and Dietz, ibid., 1929, 62, 1827 
» Clar and John, ibid., 1929, 62, 3021; 1930, 63, 2967. 
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dibenzanthracene and a dihydro-2, 3, 6, 7-dibenzanthracene was obtained (288) 
which on dehydrogenation gave 2, 3, 6, 7-dibenzanthracene, a deep blue hydro¬ 
carbon of extraordinary i'ea(jtivity. (See also Vol, III, Chap. VI.) 

The colour of this substance is in keiiping with the gradual increase in 
absorption in the visible spectrum shown by linear ben/enoid aggregates. 
Thus, wo have 
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By utilising the bonzologs of the starting materials just discussed, it was 

possible for Marschalk * to obtain dihydrohexacene and dihydrohoptacene, in 
which molecules the piling uj) of ortho-qmnonoid rings leads to visible colour, 
the former being orange and the latter violet. Clar ^ obtained hexac'ene, a 
deep green ciystalline hydro(^arbon, by condensing phthalic anhydride and 
1, 5-dihydroxynaphthalene (290) to give the dihydrox;^etraketohexacene (291) 
which is readily loduced by fusion with zinc chloride, zinc dust and sodium 

(293) (292) 

chloride to dihydrohexacene (292) identical w ith Marschalk’s compound; further 
deliydrogenation to hexacene (293) is carried out by sublimation wuth copper 
powder. Clar ^ has also obtained heptacene as a black-green crystalline solid. 

Picerie^ C22HJ4, was originally isolated from the higher boiling fractions of 
coal and lignite tars,^ and later from petroleum pitch from Californian crudes.^ 
It has also been obtained by the degradation of cholic acid and cholesterol 
struijtures.® The first synthesis was that of I^espicau,' w^ho heated naphthalene 

1 Marschalk. BuU. Soc. Chim., 1939. 6, 1112. « Clar. Bcr.. 1939. 72. 1817. 
» Clar. ibid,, 1942. 76. 1330. * Burg, ibid., 1880. 13, 1834. 
* Graebe and Walter, ihid„ 1881. 14. 176. 
• R\izicka et ol., H. Ch. Ada, 1934,17, 200 
’ I«6fipioau, BuU, Soc, Chim,, 1883. 13]. 87, 0; 238. 
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and ethylene dibromide with anhydrous aluminium chloride (294). This 
method was repeated by Ruzicka man}" years later, the intermediate di- 
(l-na})hthyl)ethane (295) being isolated. Riizieka and Hosli ^ also dovistKl an 

(297) (298) (299) 

alternative route in w'hich the Grignard reagent from a-naphthylethybchloride 
is allowed to react with a-tetralone (296), giving an alcohol which readily loses 
water to form a[l-naj)hthyl]-j3[3, 4-dihydro-1-naphthyl] ethane (297), which 
can be annulated to picene (298). Him ^ also obtained picene by pyrolysing 
a-dinaphthostilbene (299). 

Picene forms beautiful white plates, with a blue fluorescence, m.p. 365^ ; 
its boiling point, 520° 0., is the highest of any known assemblage of benzene 
rings. 

Benzpyrene. 

1, 2-Bonzpyren0 4. 5-Benzpyreno 

The structures of the two benzpyrenes commonly met with are given above. 
ITie 1, 2-i8omer is of considerable interest as being the substance isolated by 
Cook and his co-workers ® from pitch, of which it is an active carcinogenic 
component. Two tons of pitch gave sufl&cient 1, 2-benzpyrene to serve for 
identification purposes, the amount indicating that the amount actually present 

1 Euzicka and Hosli, H. Ch, Acta, 1»34, 17, 470. » Him, Ber., 1809. S2 3341 
’ Cook and Hewett and Hilger, J.CB., 1933, 395. * 
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in pitch is equivalent to 30 mg. per kilo. The preparation of 1, 2-benzpyrene 
has been carried out by Cook and Hewett/ using an extension of the Haworth 
succinic anh}/di*ide condensation. The procedure described below is that of 

. . COOH (X:)OH( 

/\/\/ 

+/CO. CHj 

XIO . CH.. 

\/\. 

(X)OH[COCl] 
/\/\ \ 
I II 1 

(302) (303) 

Fieser * and his co-workers, which, although essentially the same as that of 
Cook and Hewett, gives improved yields. Pyrene (300) is condensed with 
succinic anhydride in nitrobenzene solution, in the presence of anhj'drous 
aluminium chloride to give 4-pyrenylbutanone-4-acid-l (301) which is reduced 

y\ /•* 

\/\/V 
0 f) 

/\/\/ 

anliyfiridr j j 

COOH 

Add chloride 

COOH 

Reduotiou 

4- 8e dehydro¬ 
genation '5^ 

k J ^0 J I I 
v \/ \/ 

(306) (307) 
‘ Cook and Hewett, J.C.S., 11>3S, S»8. 
•Fieser, J.A.C^., 193S, 67, 782; Winterstein, Vetter and Schou, Ber., 1935, 68, 1079. 
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by zinc and ammonia to 4-pyrenyl)>utan(‘ arid (301a). This acid is con¬ 
verted to the chloride and annulated with stannic chloride to ketotetrahydro-l, 
2-benzpyrene (302). This can be dehydrogenated direct to benzpynme but the 
yield is poor, and it is preferable to hydrogenak^ under pressure to convert 
the keto-compoiind to tetrahydrobcmzpyrene, which is deliydrogenated to 
benzpyjf-ene itself (303) by selenium. 

Ine preparation of the 4, fj-benzpyreno is an excellent example of the uw of 
a partially hydrogenated starting point in order to induce ring-formation in a 
different direction. Cook and Hewett,^ in this case, started with lu'xahydropyrene 
(304), and carried through a series of reactions similar to those already described 
for 1, 2-benzpyrene. In this case annulation can only take place in the 4, 5, 
or 9, lO-positions (which are equivalent) leading to the formation of 4, 5-benz¬ 
pyrene (plates ; m. 177^) according to the formulae (305 to 307). 

Perylenc.—Although perylene, occurs in coal-tar, and has been 
isolated therefrom,- it was first obtained by syothosis from na]>hthalono and 
anliydrous aluminium chloride. This method, however, gives no indication of 

/\/\ /\/'\ /\/'\ 

\./ '\/ \, 
i lluko 1 
( Tfcir 1 

\
 

\
 

(308) (309) (310) 

its structure. If a-iodonaphthalene (308) is heated with copper bronze, aa'-di- 
naphthyl (309) is readily formed. This, on bakifig with dr}^ aluminium chloride, 

(311) (312) 

✓v\ /v\ 

* Cook and Hewett, J,C,S., 1935, 767. • Cook, Hewett and Hilger, ibid., 1933, 396. 
•Scholl, Seer and Weitzenbdek, 1910,,48, 2202 (see also Ann., 1912, 11: 1913 

898, 2; Ber., 1921, 54, 109. 
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gives a moderate yield of perylene (310). Scholl called it perylone from ‘ peri- 
di-naphthylene I'he yield by this process is only a few per cent. The 
synthesis by which perylene is obtained for research purposes is that of Zinke ^ 
(to whom we owe much of our knowledge of }>erylene derivatives). When 
)9-naphthol is treated with ferric chloride it readily yields the dinaphthol (311). 
This, on heating with phosphorus trichloride, gives some dinaphthylene oxide 
and perylene (313), presumably via the 1, 12-dihydroxy compound (312). 

Perylene forms brilliant yellow^ leaflets, m. 265'', subliming at 350--400°. It 
is reduced by hydriodic acid and red phosphorus to the 1, 2, 3, 7, 8, 9-hexahydro 
compound,- m. 183". It also condenses ^vith maleic anhydride through the 
1, 12-diene structure,^ giving the product (314). Peiydene halogenates, nitrates 
and sulphonates normally, substituents entering the 3, 9, 4, 10 positions in that 
order, v\ hich aj)j)oars to ho, the logical outcome of its relation to naphthalene. 

There are many other complex fused ring derivatives of benzene ; some, 
siicli as retene, fichtelite and methyJcholanthrene, are discussed in their proper 
sphere, that of the tx )iyterf)onos ; others have an interest in that they mark some 
peculiar point in the structural development of the group. An example of the 
latter is coronene (315), so-called because the six lx>nzene rings form a corona 
or wreath about the central ring. It was first prey)ared in 1932.^ It is interesting 
to note also that dinaphtho-coronene (316) has also been prepared. 

I ! J< 
V 

v 
(315) 

Vollow neodU'S 

‘m. 429-430*' 

/X/'x/V 

/ Vx/X 
J 

(316) 

l\)LYNnoLEAn Hydrocarbons containing Two or More Rings Directly 
Linkpu) 

Diphenyl, Ci2^io» appi'^ars first to have been recognised by Fittig,^ who 
obtained it by the action of sodium on bromobenzene in ether. It was shortly 
afterwards prepared by Berthelot ^ by passing the vapour of benzene through 
a red-hot tube packed with fragments of hard glajss ; it is by this process that 
diphenyl is produced industrially to-day. Diphenyl appears to be an almost 
universal concomitant of pyrolj^ic reactions involving aromatic hj^drocarlions, 
but numerous reactions not of a pyrolyiiic nature have been shown to produce 
it. Some tyjiical examples are :— 

(1) Ullmann’s method,'^ in which iodobenzene is heated with copper powder 
for several hours at 210-230*^. The yield is about 60 per cent, of the theoretical 
figure, but the method has the advantage of being general, and of working when 
the aromatic group contains substituents. Thus, di-m-tolyl (317) can be 

^ Zinke and Hausing, Monai^ch., 1920, 40, 403, 
• Zinke and IJnterkreuter, ibid., 1934, 44, 365. 
• Clar, Ber., 1932, 60, 1932. * SohoU, Meyer et al., 1932, 65B, 902. 
» Fittig, Ann., 1362, 121, 361. • Berthelot. ibid., 1867, 142, 262. 
» Ullmann, ibid., 1904. 882, 38. 
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obtained from 3-bromotoluene ; 2, 2'-dinitrodiphenyl (318) from o-bromonitro- 
benzene,^ whilst Kenner and his co-workers have extended its use * to the 
dipbenic acid derivatives, e.g., to 6, 6'-dinitrodiphonvl-2, 2'-dicarboxylic acid 
(319). 

CHj CHj CH, CH, NO, NO, 

NO, 0,N NO, 0,N 

NO. NO, COOH HOOC COOH COOH 

Extension of the method to naphthalene derivatives has also proved successful, 
e.g., the production of dinaphthyl for research in the perylene group (see p. 187), 
and for the production of linear polypheny Is.^ 

(2) Krizewsky and Turner ^ have devised a method by which good yuelds of 
diphenyl derivatives may be obtained in cases wliere ITllmann’s ^ method is 
unsatisfactoi*y. The bromaryi compound (e.g., p-bromotolueno) is dissolved in 
ether and treated with anliydrous copj)er chloride (C'UCl2) and magnesium. A 
vigorous reaction sets in, presumably a Grignard reaction, and a good yield of 
di-jo-tolyl is obtained :— 

(3) Frequently in the diazotisation of arylamines and the attempted replace¬ 
ment of the diazo group by a halogen or cyano group, ac^cording to the method 
of Sandmey-or, the desired compound is obtained in very poor yield, and much 
of the material is converted to a diphenyl derivative. This is particularly true 
of nitro-amines, especially those with a nitro- group nieia- Uy the amino group. 
The method ® may be used for the preparation of diphenyl derivatives, and the 
yield is increased if the diazonium sulphate is formed and allowed to decompose 
in the presence of copper powder at 30-40 \ The method is also particularly 

^ N03^^N,i(S0,)-^ 

applicable to j3-naphthylamine derivatives.’ The method can be extended to 
yield the ter-, tetra- and penta-phenyis (often known as diphenyl benzene, 
didiphenyl and didiphenylbenzene * by carrying out the diazotisation of aniline 
sulphate in a mixture of acetic and sulphuric acid, using amyl nitrite, and by’' 
cvdding formic acid. Some diphenyl is produced, but the non-volatile insoluble 
residue is a mixture of the first three compounds scheduled below :— 

Terphenyl, m. 205® b. 225/15 mm. Tetraphenyl, Bublimes 180-230® in vac. 2 nun, 
[diphenylbenzene] [didiphenyl] 

\_/ \_V \__/ V_/' \_/ 
Pentaphenyl, subliinee at 2 mrn. at 285-290® 

[didiphenylbenzene] 

^ UUmann and Bieleoki, Ber., 1901, 84, 2176. 
* Kenner and Stubbings, J.G.S., 1921,119, 698 ; Kenner et aL, ibid,, 1923, 198, 1949, 
* Bowden, ibid,, 1931, 1113. • Krizewsky and Turner, ibid., 1919, 116, 669. 
* UUmann, Atm,, 1904, 882, 
•UUmann and Forgon, Ber„ 1901, 84, 3802; UUmann and Frontzel, Ber., 1905, 88, 

726; Gattermann and Ehrhardt, Ber., 18ti0, 28, 1226. 
’ CJhattaway, J.C.S., 1895, 87, 653. ® Oerugross et aL, Ber,, 1924, 67, 742 and 747, 
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\..v \_/ v_/ \_/ \_/ \..v 
Sexiphenyl, ra.p., 475® vinder pressiiro 

[ didipheny Idipheny 1 ] 
(320) 

Puninioror and Bittner ^ obtained Bexiphenyl (320) by heating iodot/orphenyl 
with silver pow der. Phe higher polypheiiyls are of little interest at the moment, 
altliough tlie three terphenyls are industrially available in a tolerably pure 
form, the physical characteristics of which are given in the table below :— 

TABLE XXXI] 

1 ...j 

i 
y \ 
1 1 

o-Tor[)lionyl 

point 1 .54® 
Distillation | 

I range 330-350® 
1 Density, 0® 

f 
M4 

1 1 ______ 

w^-Terphenyl 

83*85® 

370-378® 
M64 

/y-Terphmiyl 

200-213® 

381-388® 
1*236 

Diphenyl itself forms large colourless plates, m. 70"^, b. 254'', with a pleasant 
aromatic cKlour. It is extrcmiely stable, and both in its crude state and partially 
(‘hlorinated (to decrease its setting point) is us<xi in chemical engineering as a 
heat transfer medium, e,g,, for heating reaction vessels at temperatures of 
150-220". 

In general, the chemical behaviour of diphenyl resembles that of benzene ; 
it is readily chlorinated, nitrated and sulphonated and the substituents enter 
the pura-positions symmetrically, giving the 4, 4'-di8ub8titiited compounds, 

(321) 

NO / - 
\./ 

NO2 
(322) 

e.g., 4, 4'-dichlorodiphonyl (321). Further, substituent groups enter the 2, 2'- 
positions as in 2, 2\ 4, 4'-tetranitrodiphenyl (322). It may^ be remarked here 
that the direct link between two aryl groups may be induced by a variety^ of 
modifications of the btmzidine transformation which is virtually the isomerisa¬ 
tion of a diaryl hy^drazine to a diaminodiary^l. This transformation is discussed 
fully in the section on amines (Vol. II). 

Consideration of the peculiar optical and geometrical isomerisms met with 
in the diphenyi and terphenyl sections is deferred to Chapter IV of Vol. III. 

Polyaromatic Hydrocarbons without Direct Intra-abyl Linkage 

The main classes of compound to be discussed in this section are :— 

(1) 1'he diaiyl methanes. 
(2) The triaryl methanes. 
(3) The polyaryl ethanes. 
(4) The stilbene family. 

Diphenyl methane (323) is produced readily by the action of benzy^l chloride 
on benzene in the presence of zinc or anhydrous aluminium chloride,^ or of 

* Piimmerer and Bittner, Ber., 1924, W, 84. * Zincke. Ann., 159, 374. 
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metliylene chloride on benzene under similar conditions ; by the action of 
sulphuric acid on a solution of dimethoxymethane ^ (‘ methylal ’) in benzene, 
or from benzyl alcohol and benzene under the influenee of sulphuric acid. 

Di])henylmethane is a pleasant smelling liquid solidify ing at 26-27°, and boiling 
at 262°. The hydrogens of the methydene group are intensely reactive, readily 
oxidised to the keto-group giving benzophenono, and replaceable by bromine. 
The methylene group will also condense with aldehyde groups and enter into a 
variety" of reactions of a similar charaettT ; its structural analogy with lluorene 
is more apparent when the formula is written as {;i24). ^1-1 Diphenyl- 
methane (325), b. 286°, may be obtained by' (condensing acetaldehyde (convtui- 
iently in the form of paraldehyde) with Ixmzene in the presence of sulphuric 
acid. It may also be prepart>d by Xienwland's process, in which ac(dy leno is 

+ CHO 
( 

CH3 
(325) 

CH 3 

passed into benzene containing anhydrous cuprous chloride. The reactions 
discussed above are to a vide extent general, and lead to a variety of nuclear 
substituted diphenyl derivatives, none of which, however, are of paramount 
importance. 

TABLE XXXIII 

The Formation of Tritank 

^ Meyer, Her., 1873, 963. 



THE HYDROCARBONS 191 

Triphonyl rnothano (often called ‘ triiane whilst the triphenyl-methyl 
group is referred to as the ‘ trityl ’ group) is prepared by a variety of processes, 
chief amongst which is the interaction of cart)on totra(chloride and benzene, or 
of chloroform and benzene, in the presence of anhydrous aluminium cliloride. 
The use of chloroform ^ leads to the formation of some diphenylmethane ; the 
use of carbon tetracliloride, the sttip-w'ise action of which may be followed, as 
shown in Table XXXllI, gives as the final product tritylchloride, which gives a 
firm compound with aluminium cliloride of the structure :— 

(•'6 ^^5 
xo •• o« •• 

(’jH; SCU^I.'Al^Cl: 
xo •• *0 •• 

C’eH^ :Cl: 
• • 

w’hich is analogous to the formula AlgClfl. On decomposing this double com¬ 
pound w ith ether, the latter react>8 chemically, giving triphenylmethane ; this 
is the accepted laboratory procedure for obtaining the material which forms 

(CeH,]3CCiAKl3 ( -> 106H5130H + CoH^Cl + CH3CHO -f AICI3 

large white crystals, m. 9.‘f , b. 3fi(y\ The rea(‘tivity or lability of the methane 
hydrogen is, in this compound, remarkable, and governs its general behaviour. 
Thus any ix^agent capable of acting as an oxidising agent immediately oxidises 
triphonyImetiiane to the carbinol ; attempts at reduction lead to complete 
breakdow n of the molecule to benzene and toluene ; indeed, the looseness of 
attachment of atoms such m those of the halogens to the methane carbon atom 
is such tliat they may readily' Lk» removed by' reagents with the formation of 
* frtM3 radicles ’ of the (lombc^rg or tripheny'lmeth\'l-t\'{je. 'J'he study of those 
is almost a branch of organics chemistry in itself, and is dealt with in detail in 
Chapter VllI, Vol, III. 

The diphony'ltolylmethanes are of interest in relation to the triphenyl methane 
groups of dy'es. Thus, dipheny'l-rn-tolylmethane (326) has been obtained from 

/\ f /\ 

n 
\/ 

(326) 

leucaniline, and servos to assist in elucidating the structure of that compound. 
It should be added that although tetraphenylmethane cannot be made by the 
continuance of the action of aluminium chloride on benzene and carbon tetra¬ 
chloride, it can be made in small yield by reacting trityl chloride with phenyl- 
hydrazine or phenyl magnesium bromide (327).^ Once prepared, tetrapbenyl- 
metbane (328), m. 286'', b. 431° is a substance of exceptional stability, reacting 
not by splitting at the central carbon atom, but by substitution in the normal 
way into the phenyl nuclei. It has none of those peculiar properties which, 
when Gromberg went on to attempt the preparation of hexaphenylethane, led 
him to initiate the chemistry’' of free radicles. 

^ Kokiil6 and Franchimont, Ber,, 1872, 5, 906. 
* Gomberg, ibid*, 1906, B9, 1461. 
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aH, 

CpH 5—JLN.NHCgH, 
I -1- “ 

(\U, . ('. Cl 4 BrMg . C.H, 

<^’6^5 

C,H5-C—NH . NH . C.Hs 

air 

(327) 

t'aHj 

f, 

-N=-:N- 

I 
I 

. CeH^ 

C«H, 

(328) 

The PheaNylethylenes and Related Compounds 

Styrene^ phenyl ethylene, has already bcxm discussed. The three compounds 
shown below are the prototyj)e8 of the main classes of hydrocarbon in this 
family. 

<-_>ch_C'hQ, 0^=K1> 
Stilbene, diphenylethylene Tulane. diphenylacetylene 

m. 126”, b. 307°' ni. 60° 

Dihtnzyl, although it can be prepared by heating benzyl chloride with 
copper, is best prepared by the action of ethylene diclJoride on benzene in the 
presence of anhydrous aluminium chloride. It forms very large white crystals 
with a persistent smell, somewhat reminiscent of hyacinths, on account of 
which, together with its resistance to alkali and cold oxidation, it is used in the 
perfuming of soap. Pyrolysis in a reducing atmosphere converts dibenzyl to 

(329) (330) 

anthracene (330) and mild oxidation leads to the formation of benzaldehyde 
(329). 

Stilbene,—Was one of the earliest discovered hydrocarbons of this group, 
Williams ^ having obtained it in 1867 by the action of sodium on benzaldehyde. 
It is almost always in evidence when any compound of benzene, containing a 
single carbon in the aide-chain, is submitted to pyrolysis. Thus, toluene 
passed oV^r heated lead oxide gives stilbene ; * a summary of such reactions is 
given in t^ table below. 

It will bfe clear from the list shown, which is representative only, that stilbene 
must be a particularly stable structure. Stilbene forms lustrous white plates, 
of a peculiar odour, m. 125®, b. 307® ; that usually obtained is the trans- form 

^ WilliainB, Zeit.Jur Chem., 1867, 1432. 
* Behr and Dori>, Ber., 1873, 8, 764. 

Dibenzyl, diphonylethano 
m‘. 53^ b. 284® 
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TABLE XXXIV—Syntheses of Stiebene 

From— Treatment Eeference 

Bc^jizyl sulphide Pyrolysis Laurent, Berzelius, Jahres, 
25, 016 

Benzaldehyde Heating with Na Williams (Fief. 1, p. 192) 
Bonzaldi'hyde, sod. acetate Heat at 250° Michael, Am, Ch. J., 1879, 

and phe-nvlaceiic acid 1, 313 
^-DiphenyJothane Chlorine Kado, J. Pr. Chim., 1879, 

2, 19. 465 
tV-lJiph(’nylethanc I\vrolysi8 Otto and Drehor, Ann., 

1870, 154, 177 
Benzoin Heat with Zn dust Lirnpricht, Ann., 1870, 166, 

1 80 
Toluf'ne pHKSod over hot litharge Behr and Dorp (ilof. 2, p. 192) 
Dij)!icnylacetylenn Heat with HI and P at 173° Barbior, J., 1874, 421 
Load phony lacotate Distillation with 8ul]>hur I Radizowski, Ber., 1873, 6, 

! 390 
Th iol >on zaiTi id v Heat with Zn flust Bamberger, Her., 1888, 21, 

Lhpheiiyl cinziainate Hoat 
oo 

Anschutz, Ber., 1885, 18, 
! 1945 

I) iph f'll y 1< i j brorn oo t h ano Alcoholic potash Auwers, Ber., 1891, 24, 3308 
Th io bo M zald oh y d< > Hoat at 190° Baumann and Klett, Ber., 

i 1891, 24, 3308 

; the form has also hoen prepamd (.332) by the action of ultra-violet 
light on the tram- form ; it is an oil, b.p. 142-3"-121 mm. 

(331) (332) (333) 

Stilbeno adds halogens and hydrogen at the double bond in the usual way. 
Many stilbene derivatives are valued for their oestrogenio activity (q.v.), but 
those are not prepared direct from stilbene, many being prepared by a modi¬ 
fication of the method of Hell and Meisenheimer in which a substituted benz^d 
magnesium bromide (334) is allowed to react on benzaldehyde, followed by 
distillation of the alcohol liberated by sulphuric acid :— 

CH(OH)CH 

(334) 

The uiisymmetrical diphenylethylene (333) has also been obtained ^ by the 
action of alcoholic potash on 1, l-diphenyl-2-chloroethane. Tetraphenyl 
ethylene (336), white crystals, m. 221", b. 425°, may readily be prepared by 
converting benzophenone to ita dichloride (335) and reacting the latter with 
zinc 2 or magnesium :— 

(336) (336) 

» Hepp, Ber., 1874, 7, 1409. *B©hr. ibid., 1870, 8, 761 ; 1872, 6, 277. 

13 
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In view of the accumulation of aryl groups round the ethylene link, it is interest¬ 
ing to note that tetraphenylethylene adds hydi’ogen and chlorine normally,^ but 
does not add bromine—presumably owing to steric factors ; witli bromine 
there is formed 9, 10-diphonylphenanthrenc—in fairly gocxl yield (1137). 

(337) (339) 

DiphenylacetyJene (Tolan) (338).—^This is quite a stable hydrocarbon, 
cry^stallising in largo prisms, m. 62'\ b. 300‘\ whicJi may be distilled unehangCKl. 
The name ‘ Tolano ’ (dating back to its earliest preparation) is unsuitable, and 
in view of the reservation of the ' -ane ’ tormination for saturated hydrocarbons, 
should 1)0 discouraged. It may be prepaiod from dichlorodiphenylethane by 
the action of alcoholic potash.^ In strong sulphuric acid at (K)' it gives 
desoxybenzoin, and by oxidation that diplienyldiacetylone (m. 97”) which may 
also be obtained by oxidising the copper derivative of pheiiylacety Icne by 
alkaline ferricj^anides,^ and is likewise a stable crystalline substance (339). 
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APPENDIX II 

THE PETROLEUM INDUSTRY 

Petroleum constitutes one of the most valuable chemical resources of the 
earth’s crust. Quite apart from the fuel value of its products, petroleum (with 
which is included natural gas) is a storehouse of hydrocarbons from which can 
be made a vast variety of chemical substances of almost all tj^s. Thus, not 
only aliphatic, but aromatic derivatives can be obtained by suitable manipula¬ 
tion of the raw material. In addition, natural gas may contain up to 1 per cent, 
of helium. 
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The petroleum industry may be conveniently divided into the following 
sections :— 

1. Drilling, tapping and storing tlie crude. 
2. Fractionating the crude. 
3. Cracking, reforming and reconstituting. 
4. I^oduction of derived substances. 

The tvD first sections, important and ink^resting a.s they are, cannot be 
considered within the scope of this book ; the me(*ha.nics of obtaining and 
storing the crude constitute important sections of applied geology and of 
hydraulic engineering ; fractionation of the crude mater ial is a well-defined 
section of chemical engineering ; our first (‘onsidv ration must be the chemical 
nature of tlie crudes and the composition of the various fractions obtained. 

The composition of natural gas is largely methane and ethane, with between 
3 and 4 })er c^ent. of propane and about half that quantity of butane ; on the 
other hand, cracked gas can bf; productHi showing almost any dcvsired com¬ 
position of (^3 and t'4 hydrocarbons. Petroleum itself is classified according 
to the following constituents :— 

Faraffim.—The simple, straight and branched chain members of the 
chemical family. 

Ammatics.—The simple aromatic hyckocarbons. 
Naphthenes.—Single and multiiile rings of fully hydrogenated structure, 

'mainly cyc/opentane and eyeZohexane homologucs. 
Asphalts.—High molecular weight hydrocarbons of a complex nature, low 

in hydrogen. 

In addition, the asphaltic section often contains oxygenated members, and 
nearly all petroleums contain sulphur compounds, (k)ntrary to general belief 
it is almost impossible to obtain pure hydrocarbons direct fiom petroleum by 
any simple process of distillation or crystallisation. Not only is the iiumbt^r of 
actual substances in the crude a large one, but innumerable constant boiling 
mixtures are formed which further complicate matters. To obtain individual 
chemical substanc*e8 it is expedient to crack tJu^ higher boiling portions of 
petroleum and to isolate the C2—hy’^drocarbons from the light cuts of the 
cracked product and to reform these to substances of kiiowm structure and 
purity. 

The first separation carried out in the petroleum industry is distillation 
into three main fractions :— 

1. Straight run gasolines. 
2. Kerosenes. 
3. Higher fractions. 

It should be added that in the refiners’ terminology ‘ gasolines ’ includes all the 
light fractions up to 150"^^—although they’' may \h) stripped or ' cut ’ into various 
subsidiary fractions, such as light petrol up to 70'’, true gasoline 70-120^', and 
white spirit 120-150'^. Straight run gasolines are largely lower paraffins with 
such aromatics and naphthenes as boil within the range of distillation. Beferencie 
has already been made to the presence of aromatics in jietroleum (see p, 131); 
it may be added that straight run gasolines are of little value per se, and must 
bo blended befor they are of use as fuels for internal combustion engines. The 
proportion of such low boiling components in petroleum is small, and the 
following table shows the distribution of simple substances in an Oklahoma 
crude.* 

^ Adapted from figures compiled by Washburn, Jnd. Eng, (Jhem., 1933, 28, 891, 25. 
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TABLE XXXV 

Hydro Oil rboriw B.P. B.P. up to 100'’ B.P. above 100® 

Per c<‘Tit. prt‘Hc*nt Per rent, present 

n-Hexane 68-7^ 0-5 
2, 3"DimethyIbutario r)8-58*3'" I 
2- M et hj'lpontati o C0-4~00*6^’ y 0-3 
3 - M ot h y 1{ ri t ai le 63-2 j 
n-H('pta!u^ 98-4" 0-9 
2, 2-l)iTn(‘ihvIpentHne 79-5" 0-03 
2'MoUjvlh<‘xane 89-67*" 0-2.'; 
3-MethvIhoxano 91-8*^ Tracies 
n-0(;tauo 125-4" 1-0 
2-Mt5tliylheptario 117-2" 0-16 
n-Nonano 150-71° 1-0 
n^Docane 174° 0-8 
n/c/o-IVmi tan (i ^ Traces 
M n t yh't/dopi ‘iit am ‘ 0-2 
cyclo-Hexaiu^ 80-8 0-3 
Mot h ylcydo 1 loxano 100-8° 0-3 
1, L Diinothyln/c/o|M'ntano 87-5° 0-03 
NoiianaphthfMJOs — i Traces 
Boiv/.(^ne 80-1° 0-08 

Toluono 112° — 0-3 
Xyl 01108 138-144° — 0-28 
Ktliylbonzono 136-05" 0-03 

Totals 
1 

i 
1 2-89 3-57 

From the hgures it will be seen that the total of these fractions only 
repn^sc'iits about 7 ])er cent, of the crude material. Jn addition, it must be added 
that thoix^ are unidentified low boiling constituents in crude oil giving in all 
al)out 20 -25 per c(‘nt. of straight run gasolines. 

Korosones, the next highest boiling fractions in the distillation of crude 
petroleum, represent th<^ \arious cuts in distillation from 150-300° ; as with 
gasolines they tnay bo subdivided according to the purpose for which they are 
to be us(Hi. (Vude keros<uio covering the whole range 150-3TO° may bo cut for 
cracking later, or for Diesel fuel, or the earlier fractions may be used for solvents, 
the middle fractions for burning oils and the liigher fra(*tions reserved for Diesel 
fuel. The kcTosenos rejnesent some 40-50 |)er cent, of the crude, and have 
exijenonc*ed various changes of industrial value. Thus, towards the end of last 
centurj^ the}” w^ere of paramount value, the gasolines and higher fractions being 
merely waste products in the preparation of the kerosenes which were used as 
burning oils. The advent of tlie internal combustion engine raiscxl the demand 
for and value of the gasoline and heavy lubricating fractions, leaving kerosene 
as an article of rapidly declining use and value, until to-day most of it is 
* cracked ' and ‘ reformed ' to gasoline of high octane value, llie recoil in 
value of kerosene is, however, becoming apparent again, since the wide advent 
of the Diesid engine and its adaptation in small units for road transport; the 
demand for the heavier fractions for Diesel use has had its inevitable eonsequonco 
in a hardening of kerosene values. 

Kerosene from a chemical standpoint is an inextricable tangle ; it consists 
of hundi’eds of hydrocarbons piosent in comparatively small proportions, which 
are almost impossible to separate and characterise, lilough separations into 
aliphatic, naphthenic and aromatic can be carried out by taking into account 
the different physical and chemical properties of the groups, but no real 
‘ analysis ' of the kerosene (or higher fractions) has been macio. 
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The Higher Petroleum Fractions 

Vacuum distillation of the residue romaiiiing after the kerosenes have been 
removed leads to a series of distillates of gradually iriereasing viscosity, these 
constituting the lubricating oils. On chilling these distillates paraffin wax 
crystallises and may be pressed out and refined ; the m. pt. of the waxes depends 
largely on the cut of the vacuum oil from which they are prepared, and they 
comprise the paraffins to together with other hydroc'arbons. Apart 
from the so-called ‘ crystalline ’ ])araffin wax, there is an amorphous wax which, 
instead of ciystallising from the chilled cut, causes it to solidify into a gel, 
which after filtration through bleaching earth gives th(^ petroleum jelly or soft 
paraffin (‘ paraffi molle ’) of the pharmaceutical chemist. How^ever useful it 
may be in compounding ointments and cosmetics, its ap])earance is viewed 
with disfavour by refiners, as it monopolises a considerabk^ proportion of the 
valuable lubricating oils and in normal times is usually in excess of demand. 
Practically nothing is known concerning the chemical individuals pr(>sent in 
these higher fractions. 

It may bo added that there are other types of substances present in |K‘troleum 
besides hydrocarbons; oxygen compounds such as naphtlumic acids and 
phenols are found, and the residue from removal of the vacuum oils contains 
a high proportion of oxygen-containing asplialts. Sulphur compounds are 
almost invariable constituents, and some cnides contain nitrogenous bodies ; 
some of these constituents are set out in the table below^ :— 

TABLE XXXVI 

Sulphur compoundH Nitrogen Compounds 

Hexylthiophan C,H„S 
b. 

65-57/50 inin. g-Mothylquinoliiie 
Heptyltliiophan C7H148 74-70/50 mm. 2, 3, 8/lYipheiiyI(pniiolme 
Octylthiophan C,H«S 81-83/50 mm. 5, 6-Dihydropyrindone (340) 
wo - 0 cty Ithiophan C.H,.S 94-96/50 ram. 
Nonylthiophan C.H„S 106-108/50 mm. [ )“i n: in Decylthiophan C,oH„S 114-116/50 mm. 
Undocylthiophan 128-1;J0;50 mm. 
Tetradecylthiophan 168-17(»/50 mm. 

(340) (341) Hexaclecy It hiophaa C,.H„S 184-186/50 mm. 
Octadecylthiophan C„H„S 198-202/50 mm. Dtirivativas of pyrindaoino 
Thiophen C4H4S 80^ (341) 
Ethyl sulphide (C.H.),S 
Propyl sulphide (C,H,),S 
Butyl sulphide (C4H,),S 
Ethyl thiol C,H,SH 
wo-Propyl thiol C,H,SH 
wo-Butyl thiol C.HjSH 

Thiopbthen TO 
s s 

Alkyl thiophthons 

Finally, it may be added that the ash from the petroleum coke loft behind 
is often rich in vanadium and nickel. Thus, crudes from Kansas give an ash 
containing up to 20 per cent, of V2O5 and 6 per cent, of NiO. This vanadium is 
used industrially. 

Cracking and Reforming 

The study of cracking and reforming in the petroleum industry' has become 
almost a science in itself. Over half the gasoline used to-day is cracked spirit 

^ Buchler and Graces, Ind, Eng, Chem., 1927, 19, 718. 
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—and it is no exaggc^ration to say that this alone has had a profound effect on 
engine design. Since petroleum fractions are of so complex a composition it is 
not to be oxyx^cted that any very simple indication can be given of what takes 
place during cracking ; but reference to the formulae below will indicate some¬ 
thing of the possibilities ;— 

CH j( ;h,]j0h ..ch-Ch^ch^ch , 
-f 

CHJCH'j/JH'CHaCHlOH, ■f othylono {via 2CUa (’oHj 
c;h 4CH.. |,CH / :h ih==(;h„ H- 

+ CH,=OH, 

-t- cn,.CK, 
. CH, 

1 {’H,. CH.,. CH3 

Thew chang(^s are * idealised ' in the sensi^ that they represcmt the gradual 
removal of fragments of gradually increasing sizi^ from the original decane 
structure. It takes no account of the following facts :— 

(1) That during y)yrol3’sis coke and hydrogen are often produced. 
(2) Diem\s are obtained by double d(igradation of the stem. 
(3) That several of the smalk^r fragments can recombine to form branched 

chain hydrocarbons. 
(4) That cyclisation may be induced with the formation of naphthenes and 

aromatics. 

Thus, cracking may produce almost any type of hydrocarbon mixture, 
Thermodjmamic considerations of the free energies of the various hydrocarbons 
will enable the refimu’ to tell whether a giv^en reaction is feasible, but only ex¬ 
perience can t<dl him tlie nc'cessiiry time factor. Thus, in a given decomposition 
a hydrocarbon, may docomy)OHe in two different w-ays to give :— 

(i) -V Hjg f 
(ii) ■> Hj) r Hjj. 

Thermodynamically the free energies concerned may indicate that reaction (i) 
is more likely to preponderate over (ii) ; but if the reaction rate of (ii) is more 
rapid than that of (i), then this condition will be reversed. The time, pressure 
and teniy)erature of contact and the comyiosition of the cracking stock are all 
factors of paramount importance in the nature of the cracked spirit. The 
diagram below' gives some indication of the effect of time of contact on the 
nature of the product. 

It should be added here that the tj^e of petrol or gasoline obtained by this 
process of cracking is much more suitable for use in the modern high compres¬ 
sion internal combustion engine than is the straight-run gasoline from the 
original oil. Thus the compression ratio suitable for an engine on straight-run 
petrol is 1:3; that for one on good cracked spirit is 1 : 7, or even 1 : 8. Thus, 
straight-run petrol is of little industrial value, and is usually itself cracked or 
' reformed * by cracking under pressure to obtain a mixture of more unsaturated 
and arborescent hydrocarbons which are more suited to the modern engine. 
This process is often kno%vn as ‘ up-grading 

It must also be emphasised that during the process of cracking vast quan¬ 
tities of simple gaseous unsaturated hydrocarbons are obtained—ethylene, 
propylene, butene and pentenes w'faich are amongst the most important raw 
materials for organic synthesis (Fig. Ill) (see also p. 81). 
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C 
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o 
JO. 

E 
o 

U 

Time of Contact 

A. Unchanged cracking stock. 
B. High boiling, partly cracked 8to<?k, over gasoliiu^ range. 

C. Gasoline. 
D. Gas. 

E. Tar. 

F. Coke. Fio. HI. 

It is clear that the optimum time is that represented by the vertical line MM.^ 

APPENDIX III 

RUBBER AND ITS ANALOGUES 

Natural rubber examined from a chemical point of vww, appeared to l)e a 
complex hydrocarbon, and was accorded a formula Several observers 
had noted a volatile hydrocarlxm formed by the distillation of niblx^r, 
but it remained for Tilden ^ in 1882 to determine the structure of isoprene, the 
structural unit of rubber. Examination of isoprene followfxl, and it was soon 
realised that isoprene could be converted into rubber-like polymers ; in fact, 
Tilden in 1884 ^ remarked 

“ . - . if it were possible to obtain this hydrocarlx)n (isoprene) from some 
other and more accessible source the s^mthetical prcHluction of India 
rubber could be accomplished.'' 

from which it is clear that he realised the industrial significance of this work. 
There has been much acrimonious dispute as to who really discovertxi 

‘ synthetic rubber much depending on the pract ical definitions accorded to 
‘ synthetic ' and ' rubber ’. The facts ap]:>ear to be ivs follows :— 

1860 Williams,^ obtaining isoprene from rubber, allowfxi it to stand for some 
months, and noticed an increase in viscosity ; on distillation of this 
viscous syrup there remained behind a “ pure white spongy elastic 
mass which had the properties of rubber, but which contained 10-5 
per cent, of oxygen, corresponding to one atom of the latter to each pair 
of isoprene units. 

» Schott et (d„ Ber„ 1910, 48, 2202. 
*Himly, Ann., 1838, 27, 40; Williams, Proc. Roy, 8oc., 1860, 10, 616; Bouchardat, 

BvU, Boc, Chdrn,, 1876, 24, 108. * Tilden, Che.m, News, 1882, 40, 120. 
* Tilden, 1884, 47, 411. » Williams, Phil, Trans,, 1860, 160. 246. 
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1879 Bouohardat^ having distilled rubber, and obtained a crude isoprene, 
found that it could be converted by dilute aqueous hydrochloric acid 
into a material resembling rubber, but which contained a small amount 
of chlorine (1-7 per cent.) which Bourchardat himself regarded as con¬ 
tamination, but which may probably be due to the addition of hydrogen 
chloride to a small proportion of the double bonds of the j)olymer. 
Ignoring this small amount of chlorine, Bourchardat’s polymer had the 
formula His comment, after detailing the physical properties 
of the material was . all these properties appear to identify this 
polymer of isoprene with the substance from which isoprene is formed, 
narm^ly rubber.” 

1882 Tilden, loc. cit. Produced isoprene by an alternative route—the 
pyrolysis of turpeuitine. 

1892 '.rilden ^ reported that after standing for some time in a sealed bottle 
isoj>rene from ti;rj)entine had changed, and that in the syrup were 
“ sev^eral large masses of solid, of a yellowish colour. Upon examina¬ 
tion this turned out to be indiarubber ”. 

If by ' syntliesis ' is meant the production of the final product by a process 
involving an alternative method of producing the intermediate (i.e., in this case 
an alt(‘rnativ(> method of making isoprene) then no true s3mthesis could be 
carried out until after Pilden’s work in 1882. If by ‘ rubber ’ is meant a product 
identica.1 in all chemi(!al and meclianical respects with natural rubber, in which 
the ‘ n * of ((ViHs),, is equal to that in true natural rubber, then, as far as we 
are awarv, no true ‘ syntlietic nibb(^r ' has ever been made. What Williams, 
Bouehardat and ''rilden ac^hieved was the ‘ proximate synthesis and their 
products wore ‘ artificial rublxu's similar lo but not identical with the natural 
material. This does not, however, detract from the value of their work, and 
it appears that Pilden’s product must have approximated most closely to a 
tru<^ s^nithetic rubber. 

During the period 1900-1910 much attention was focussed on the structure 
of rubber and the ])ossibiliti0s of its industrial synthesis, the critical operation 
being the initiation of the })oIyinerisation of isoprene. Harries, in conjunction 
with the Bayer Po., and the Badische Anilin und Soda Fabrik, had carried 
out extensive work on the structun^ of riibl>er, and had discovered the influence 
of metallic sodium on tlu'^ polymerisation of isoprene, about the same time as 
Matthews and Straiige, a British svmdicate. The latter fik^d their Patent on 
OctoW 25th, 1910 ; ^ Harries and his firm on December 12, 1910. Thus, the 
British investigators hold priority, and maintained it in face of legal opposition. 
The German investigators made the matter of priority of discovery (apart from 
priority of Patent) a subject for bitter controversy^ in which accusations and 
claims wen^ mad(^ which were undignified, to say^ the least ; readers who are 
interested in the course? of the quarrel should consult Harries ^ and Scholtz,*'' 
and also Barron’s account in his recent book.^ 

From 1910 onwanls through the war of 1914-1918 work on artificial rubber 
received imj)etu8 from tv\'o sources—the price of natural rubber rose to as high 
as 15s, lb. ; during 1914-1918 the combatant nations, more esjXKuall.y Germany, 
experienced a shortage of nibl>t?r. Both factors led to a concentration of effort 
towards symthesis of rubber-like mate^rials, but although the materials were 
successful enough as ' stop-gaps their manufacture ceased with the war and 
the advent of clieap rubl:>er from the plantations. Since 1920 the viewpoint 
has changed ; now instead of adhering tenaciously^ to the principle of essaying, 

* Bouohardat, C.R., 1879, 89, 117. 
* Tilden, 1892. In a pajx^r to the Birmingham Philosophical Society. 
® MatthewE and Strange, B.P. 24,790/1910. * Harries, Ann., 1912. 895, 211. 
• Scholtz, “ Synthetic Bubber Benn, London, 1920. 
• Barron, ** Modern Syntlxotic Rubbers London, 1942. 
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the production of a comuiodity exactly the same as rubber chemically and 
mechanically, it has been realist that it is largely the mechanical properties of 
natural rubber that desirable, and that the nature of the molecule matters 
little as long as these mechanical properties are maintained ; indeed, with some 
of the newer artificial materials the chemical and physical resistance of rubber 
is surpassed. 

The Classification of Elastic Materials 

The viTiter has, so far, avoided the use of the term ‘ synthetic rubber ' 
which should logically be reserved for an artificially produc(‘d material identical 
in all respects with natural rubber. Such a substance has not yet been pro¬ 
duced, although many substances are in bulk production which have some, if 
not all, the properties of natural rubber ; many such substances are like rubber 
itself, hydrocarbons, but others are based on chlorinated hydrocarbons, or 
sulphur compounds. The classification of elastic materials given in the table 
opposite is baseil on that suggested by Barron {loc. cit,), and is simj>le and easily 
remembered. Th(^ classification avoids the use of ‘ elastoplast \ wliich un¬ 
fortunately, happens to be a registered trade-name, and introduces only one 
new torm ‘ synthelast a portmanteau word indicating the field of synthetic 
elastic materials. 

Tlie table also indicates the main sources of the monomers from which the 
various U’pes of sjmthelasts may be obtainen^l, from vhicli it will bo nok^d that 
the bulk of these materials are derived from j>etrolenm or acetylene—a small 
contribution being made from the hydrocarbons of coke oven gas. 

Natural Rubber Structure 

There is little doubt that rubber may bo regardwl as an unsaturated luTlro- 
carbon of the empirical formula (C5H9)„ ; it is soluble in various organic solvents, 
e.g., benzene, carbon disulphide, dipentene, etc., and shows its unsaturation 
by combining with oxygen, lialogens and nitrosyl cldoride. Ilio combination 
of rubber with sulphur (the process of vulcanisation) enablt^s it to retain its 
elastic properties at the same time as its resistance to wear is considerably 
increas^. 

Harries ^ expended much ingenuity on attempts to elucidate the structure 
of natural rubber, and developed the method of ozonolysis as a guide to the 
structure of unsaturated hydrocarbons. He obtained levulic aldehyde (with 
some levulic acid) by hydrolysing rubber ozonido and unfortunately concludcMi 

CH3. CO . CH2. CH2CHO CH3. CO . CH.3CH2COOH 

that the structure of nibber involved an eight-mombered ring, and was derived 
from dimethyl cyc/ooctadiene :— 

CH3. C . CHo . CH.. OH 

Ji ' II 
CH . CHjj. CHj . C . CH3 

presumably by a polymerisation through the partial valencies. Harries therefore 
regarded rubber as embodying the stnicture :— 

Me 
I 

Me 
J 

Me 
1 

. . . C . CH. . CH.. CH . . . C . CH. . CH. . CH . , . C . CH. . CH.. CH 

1 J! 1 1 II 1 
. . .CH.CH..CH..C . . . 

1 
. CH.CH..CH..C . . . 

1 
, . CH.CH..CH..C . 

1 
1 

Me 
1 

Me Me 

1 Hamiw. Ann., 1911. 888, 184 ; 1912. 885, 211 ; Ber.. 1918. 47, 2590; 1914. 418, 784. 
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He claimed at one time to have isolated a Zonetadione derivative but later 
admitted he was in error on this point. Harries sufi’ered from the ‘ ide6 fixe ’ 
and refused to accept the overwhelming evidence w^hich was gradually forth¬ 
coming in favour of the linear polymer structure for rubber as put forward by 
Pickles/ 

Mo Me Me 

. . . , im.. OH.. C=0H . OH.. OH . ,0-=Cm . OH' . OH. 

which is th(^ a(^c;epted basis for the modern (conception of rubber. It will be noted 
that levulic aldcdiyde would be a predominant product of ozonolysis of such a 
structure. 

The three important problems which the Pickles formula does not explain 
or deal with are :— 

(1) The st(creochemical structure of the chain. 
(2) The length of the chain, i.e., the value of n, in (CriHg),!. 
(3) Th(? relatioTi of elastic properties to the structure. 

Regarding the first of fhes(% it is dear that the sequence of unsaturated 
links in Tickles’ formula is capable of cis- and fram*-isomerism. Staudinger has 
used this to account for th(‘ diflcr(MK.‘es betw^een rubber and guttaperciia, wiiich 
ho regards as chv- and /m/i<s’-i.somers. 

OH., H VH, H c;h3 li CH3 H 
\ \ / \ / \ / 

--V ('= (’= =(! 

/ \ / \ / \ / \ 
-CH, ('H* .(JHj CHj CH2 OHj CH. 

Tram- form; : natural rubber 

(TH., CH* .(Tl^ H CH3 (’H, I£ 
\ ■ \ /' \ 

('==(: G-- (!= =(; (;= =(! 
/ '\ / '\ / 

/ \ / \ 
H CH^ ■ (Hj H CH3 CH, 

form; Guttaporclia 

GuttafKU’cha, wliich is empirically a rubber-isomer, is deficient in the elas¬ 
ticity characteristic of rublRU’, but both gutta]iercha and rubber yield the same 
cyc/orubbor on treatment witli cyclising agents.^ 

The question of molecular weight of rubbt^r does not appear to be capable 
of solution ; indeed, the older c(>neeption of lijiear polymers as built up of 
molecules with a definite^ numbeu* of units, is giving way to the view that the 
term ‘‘ molecule ” ought not- to be used in connexion with such substances, and 
that the solid materials do not necessarily involve a ropeditive molecular 
structure. This has bexm considered at some length by Staudinger, who re¬ 
garded linear polymers of this class as belonging to the group of ‘ giant molecules ’ 
of infinite size. Attcunpts made to determine the molecular w^eight of rubber 
by depression of the fnnvzing point of solvents have given a variety of values 
ranging from 10,000-250,000, or from 200-4400 isoprene units.^ 

The elastic properties of lim^ar polymers have never been satisfactorily 
explained, and older theories built up on the unsaturation of natural rubbers 
and early syntholasts have been discarded in the light of modern work on linear 
polymers such as polyisobuteno, wdu(h are fully saturated and which, never¬ 
theless, still have the mwhanical properties of rubber. It is, of course, true 
that the chemical properties of natural rubber are bound up with its unsaturated 

» Pickles, 1910, 97. 1086. * Ferri, Chim. Helv, Acta. 1938, 20, 149. 
» Sohade, Rubber Age 1941, 46. 387. 
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character; thus, its great drawback—‘ agoing ’ duo to oxidation—its reactivity 
with halogens, its capacity for vulcanisation with sulphur are all manifestations 
of its unsaturation, and as such are absent from the saturated linear polymers. 
Thus,’the conception of njbber a linear polymer is satisfeotory from a 
chemical standpoint, but sheds no light on the mechanical proj>erties. It is 
fairly certain that in a mass of rubber the linear molecules are not orientated 
in bundles (hbro-structure) but approach (at any rate in the raw, imworked 
state), a random distribution. There is also evidence that during th(^ process 
of stretching some, if not all, of those linear polymers paralk*! to the applied 
force are literally pulkxl into fragments ; recover} involves the n joining of a 
large proportion of the fragments ; fatigue is that point wiiore the proportion 
of fragments which do not rejoin becomes appreciable, and com])lete elastic 
return is not possible. 

Synthbi^sts 

A large variety of simple unsaturated molccul(‘H form linear polymers 
involving the repetition of a single unit. Kxamj)!es are shown in tlie table 
below 

TABLE XXXVIII 

Components Linear polymer. Unit shown in brackets Name 

Butadiene -A?H=CH . CH,[CH,. CH=-CH . - 8.K.B. Kul>l>er 
Buna (85-115) 

Butadiene -f -CH,. ca(/i. CH,[CH,. CH==CH . CH, Buna S and 8S 
styrene . Cll0 . CHal—CH,. ClH^Cn- • 

Butadiene + —CH,--CH(CN)CH;j[CH,. CH=:=CH l Buna N, Hycar 
acrjdic nitrile . CH,CH(CN)CHjj—CHj. OH-'-CH- - (/iK'Hiiguni 

Berbunari 
Butadiene -f- -CH,C(CH3),CH,[CHj . CH=CH Butyl KublH^r 

isobutene . CH,C(CH,),CH,1CH,. (.!H=:.CH- 
Chlorobutadiene —CC1=CH . CH,[CH,. C(Cl)==(n . CHjJCll,. Cl'I=-('H— Neoprene 
Isobutene --C(CH,),CH,tC(CH,),. CH,](.'(CH,),- Vistanex 
Vinyl chloride —CH,. CHCi[CH,. chcii~<.;h,- Vinylite Q 

Koroaeal 
l*'lainonol 

Dichloroethylethor CH,CH,- -S, -[CH,CH,0CH,CH,.S -S—]CH,CH,— 'I’hiokol B 
+ disodiuin tetra- \ 1 
sulphide 
(CICH,. CH,),0 -f 

s s 

Na,S4 

The raw materials for these substances are shown in Table XXXVll, and it 
will have been noted that with one or two minor exceptions they are derived 
from the petroleum or carbide sections of industry. The industrial production 
of synthelasts is divisible into two main parts; the production of the raw 
materials and the inducing of polymerisation. The problems relating to the 
first part are dealt with elsewhere in this work ; it is, however, necessary to say 
something here about the problems of polymerisation as they affect synthelasts. 

When chemical entities such as butadiene, polymeri8<^, the commonly 
accepted conception as put forward by Staudinger is that of the formation of a 
macro-molecule—a straight uninterrupted chain of monomeric units. The 
properties of the polymers depend on the length of the chain; with dimers 
and simple polymers, rise in boiling point and increase in viscosity are the most 
obvious features ; as the length of the chain increases so the viscosity inci’eases 
until at a certain point the polymers cease to have the outward characteristics 
of viscous liquids, and take on many highly desirable mechanical attributes. 
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Thus, syntholasts show the elasticity of rubber, but acrylic ester becomes a 
soft ‘ glass ' of resilience and strength, and methyl methylacrylate gives high 
polymt>rs which are tough, elastic and transparent with a very high trans- 
missibility for light. Thus, whilst some chains develop rubber-like mechanical 
properties, others show a transparent ‘ plastic ’ stnicture. This indicates that 
the problems of synthetic rubter and of ‘ plastics ’ are similar, if not identical. 

'J'he linear polymer t-h(K)i-y of Staudinger has b(^.en extended by Mark and 
llatli ^ to cover two and thnio dimensional polymers. Simple probability con- 
sidc^rations would indicate that the formation of unbranehed linear polymers 
is an idealisation, or a sirnjdification of what actually happens. In general, the 
factors leading to two or three dimensional polymers are :— 

(1) Branching. 
(2) Cross linkages. 
(3) CVclisation. 

Thus, v ith butadiene tlu^ ideal conception of a linear polymer involves :— 

(TI,=(dI , CM,. CHs. CH=CH . CH2. CHo . . . 

but if a further molecule of butadiene were to react th\iH :— 

CH2--CH . CH.. CH. . CH . CH2. CHo . CH2 . . . 

I 
c’H==c:;h . ch^cHj 

the chain will IxH'.ome arborescent, and by continuation of the process a nominal 
two dimensional structur(^ may be arrived at:— 

CHo-=CH . C'Ho. CH2. CH . CH2. CH2. CH2. CH==CH . CHo. CHg . . . 

I 
CH=CH . CH . CHa. CHj. CH^. CH==CH . . . 

CH=C^H . CH . CHj. CHj. CH, . . . 

I 
CH=CH . CH . . . 

! 

The mechanical projx^rties of synthelasts depend largely on the extent to 
which arborescence, in prefenmee to linear polymerisation, takes place. 

Thc^ oxistenc‘e of cross linkages also afl'cets the properties tending to increase 
brittleness at the ex}>onso of elasticity. The diagram below shows the type of 
stnicture characterised by the term ‘ cross hnkage and is in respect of the 
butadiene polymer. 

CH2==(:^H . CHo. CH2. CH==CH . CHo. CHo. CH===CH . CHgCHg. CH=CH 

Butadiene Butadiene 

CH2==CH . CHg. CH2. CH=€H . CH^ . CH^. CH==:CH . CHgCHa . CH=CH 

A particularly gof^d example of non-linear polymerisation is the effect of low 
percentages (1-2 per cent.) of divinylbenzene on polystyrene formation. In 
the absence of impurities polystjTene :— 

—CH . CHg. CH . CH2. CH . CHj. CH . . . 

G*H, CeHs cUs 
is formed from styrene. The addition of a few per cent, of divinylbenzene 
leads to an entirely different polymer, insoluble in solvents whioli easily take 

^ Mark and Hath, High Polymeric Reactions (N. York), 1941. 
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up polystjnrene. In this case, the presence of an occasional disubstituted 
benzene polymer links up the linear polystyrene chains to form a two or three 
dimensional lattice :— I 

CeH4 

CH . CHj 
1 

. CH . CH^ . CH 
1 

. CH„ .CH ■ CHa .CH .CH. .CH . 
1 j 

CeHs CeH 
1 

4 

1 
C„H 5 

CeH, 

CH . CHa . 
1 
CH. CHa .CH 

i 
• CH, . CH . CH., 

1 
. CH . 

1 
1 

CeH. 
1 

a CeH, 

I 

CeH, 

1 
CH. (H , . CH . . . 

Cyclisation is another process which loads to modification of the properties 
of a synthelast ; the elasticity is frequently dirninisluxl but not to the extent 
of brittleness, and difficulties due to steric factors are met with wlum such 
polymers are submittcKl to vnloanisation. (!;^'elisation can bo of various tvpos ; 
the commonest met with is the formation of a rinc at intervals in the chain, 
a proct^s which is more easily iinderstocKl if the formal straiglit-chain notation 
of these hydrocarbons is abandoned. If the chain is written thus :— 

{.‘542) 

the cyclisation may be conceived as the completion of a ring, or rings, by 
subsidiary links, or protrotopic action, as indicate<i by the thick lines above, 
Cyclisation can also take the form of an added ring, as indicated in the dotted 
lines in (.342), where the rings appear as excn^scences on the linear polymeric 
chain. The progrc'^ss of a reaction such as the polymerisation of a difunotional 
monomer (e..g., butadiene) almost inevitably produces a mixture of nn^lium 
length polymers and of raacro-molccules (both the latter being considered as 
linear), together with a varying proportion of two-dimensional stnictures. 
The mechanical properties of the finished synthelast will depend on tire varying 
proportions of these constituents, and this in turn on the course? of tlie poly¬ 
merisation. It is clear, therefort?, that the manner in which the polymerisation 
is brought about is of fundamental importance. The various conditions under 
which polymerisation is effected are :— 

(1) Direct polymerisation in the gaseous phase. 
(2) Direct polymerisation in the liquid phase. 
(3) Polymerisation in solution. 
(4) Polymerisation of a dispersion. 

Gaseous polymerisation has received practical application in this field, by 
the conversion of ethylene to polythene, but the earliest attempts to obtain 
synthelasts were by liquid phase polymerisation of diolefines such as butadiene 
and isoprene, more particularly the latter. The results, although encouraging, 
were not suited to large-sc^le work, and had the overwhelming disadvantage 
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that successive runs, under apparently identical conditions, gave widely differing 
products. This now appears to bo due to catalytic inHucnces of small traces 
of impurities. The use of ‘ directive ' catalysts (i.e., small traces of substances 
capable of direcjting the polymerisation almost exclusively towards one particular 
end-product) was initiated by the use of metallic sodium, first discovered in this 
capacity during attempts to purify isopreme by distillation over metallic sodium. 
At first the sodium was used in wire form, but latf>r, dispersions of the metal in 
dry paraffin v <>re uswi, and a more modern development is the use of surfaces of 
sodium deposited on combs or rods of zinc.^ Even with the improvements 
effected by the use of metallic sodium, control of liquid phase pol^mierisation is 
difficult, and the best results of sodium polymerisation are attained wlien the 
diolofino is dilutcni with an inert solvent such as benzene or cyr/ohoxarie, or when 
substances such as dioxane and amines such as aniline are added. The use of 
liigh pr(\ssures has also been invf^stigahHl, and has resulttHi in procc^sses for the 
dirtM't poKnnerisation of simple olefines, e.g., ethylene to ‘ Polythene a sub- 
stanc(> iiaving some of projx'rties of a s^mthelast. 

Since th(^ polymerisations described in the previous paragraph are exo- 
thernii(*, tlu'V are difficult to control, and evtin und(^r the l)est conditions the 
difficulty arising from differences of properties in successive and apparently 
identical batches is only diminished, and not entirely removed. By dispersing 
the monomer in an iiH*rt acjueous phase and carn,'ing out the polymerisation 
in the emulsion, many of tlie difiiculti(vs of homogeneous phase polymerisation 
disa]j{M^ar. The heat of rea(‘tion is rapidly disj>ors(>d and the ‘ grain ’ of the 
emiilsion controls the pr(.)p(^rties of thc^ final polymer. The process is in wide 
and increasing ns(s (\s]>ecially for the I'hiokol tyi)es. 

Emulsion ])ohinej‘i.sation lias proved of the greaUist value in the large-scale 
j)r(>duction of synthelasts, as it (mables large batches to t)e controlled and a 
tolerably uniform ])ro(luci to be })roduciKl. To disjxd any illusions as to the 
8imj)licity of this process, the following summary of the (*omments of Mark and 
Rath (/oc. cit,) on the subject are givi^ii. Up to ten comj)onents are needixl to 
build u[) a colloid system for emulsion polymerisation :— 

1. The Ixmc 2>hase. Demineralised water free from organic im¬ 
purities (00-80 ptT cent.). 

2. The main monomer. Butadiene, vinyl chloride, etc., present in 
proportion of 15-30 per cent. 

3. The addiiioiwl monomers. Styrene, acrylic nitrile ; 5-15 per cent, of the 
emulsion. 

4. The emulsifer. To produce the colloid disjjersion ; often a 
sulphonated fatty alcohol or acid. 

5. The stabiliser. An additional colloid to prevent premature 
discharge of the emulsion ; casein, glue, starch 
and gums are common in this capacity. 

6. Surface tension regulator. Present to maintain the most favourable 
emulsion particle size. Aliphatic alcohols 
Cg—^Cg are most commonly used. 

7. The catalyst. The main function of which is to accelerate 
the formation of polymer. Ozone, hydrogen 
peroxide, organic peroxides and peroxide salts 
are commonly us^. 

8. The regvlaioT. The mechanism by which regulators act is 
uncertain, their effect is to cut down branching 
and to limit polymerisation, as far as possible, 
to linear forms. Chlorinated aliphatic hydro¬ 
carbons are successful in this fimction. 

^ Nebidozsky, BM. Am, Chim., 1938, 55b ^1^* 
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9, fu controller. Since the particle size is a critical factor, and 
is susceptible to pu alterations, a buffer salt, 
usually an acetate or phosphate, is added to 
the mixture. 

It now remaiuvS to add something about co-pol^atK^risation, the process of 
polymerising two monomers at once. Tliis is a technique borrowed from the 
plastics industry where the most notable instance is the cjo-polyjuerisation of 
vinyl acetate and vinyl chloride. If these substances are polymerised individu¬ 
ally, materials are obtained of little practical interest; that from vinyl acetate 
is soft, too thermophastic for use, absorbs water, is chemically non-resistant; 
that from vinyl chloride is only slightly thermoplastic, and altliough somewhat 
brittle, is chemically resistant to a high degret^ No method of mixing of the 
two polymers proved satisfactory in blending their qualities, and co-]>olymerisa- 
tion of the monomers was resorted to ; the prodiud retained the cliemical and 
wotting resistance of the chloride polymer, but also acquired the thermo¬ 
plasticity and solubility of the polymeric acetate. 

Applied to s^mthelasts, the co-polymerisation of butadifuie with styrene, 
vinyl chloride or acrylic nitrile yields materials supe^rior in many respects to 
those obtained by the polymerisation of buttidiene alone, and a considerable 
proportion of industrial ‘ synthetic rubb(^r ’ is co-polymerised material. 

Industrial Synthelast Materials 

The highest tonnage of industrial s^mthelasts is undoubtedly of butadu^iu* 
co-polymerised with resin intermediatf^s. German firms produced sodium- 
polymerised butadiene or ‘ buna ’ (jBC/tadiene -AAtriuin) rubbers whidi wore 
characterised by numbers, e.g., buna-85, buria-115, and this manufacture' was 
taken up by Russia for their ‘ S.K.A.’ and ‘ S.K.B.’ which are still produced in 
very considerable quantity (60,000 tons in 1959). The Germans, however, 
largely dropped the straight-nin butadiene polymers in favour of co-poly¬ 
merised materials, thus initiating the Perbunan series (Perbunan and Perbunan- 
Extra and Buna-S). All the latter, together with Hycar and Chemigurn, are 
produced in the United States in considerable and increasing quantity. 

Buna-S is a co-polymer of butadiene with styrene, and although it offers 
no advantage over natural rubber in respect of solvent and oil n^sistance, it is 
superior in abrasion resistance. Tliis fact is of great im.portan(^e to the tyre 
industr}’', which absorbs a considerable percentage of the rubber output of the 
w'orld, and the United States has adopted Buna-S as a standard material for 
large scale tyre production. 

Neoprene is another synthelast of outstanding properties and importance ; 
when Nieuw'land, in 1925, prepared vinylacetylene by passing acetylene into 
aqueous cuprous chloride, the foundation was laid for the production of neoprene. 
The vinyl acetylene is produced in good yield and gives with hydrochloric acid 
the monomer 

Cl 

CH=CH + CH^CH-^ CH2=CH . feCH H- HCl-^ 

2-chlorobutadi6ne-l, 3 (chloroprene). Linear polymers of varying length can 
be produced by polymerising chloroprene, either en niusse or in emulsion form, 
which are characterised by marked resistance to oil and solvents. Neoprene 
was not introduced as a ‘ substitute " rubber, but as a product specifically 
devised to meet needs with which natural rubber was unable to cope ; such as 
hoses and valve diaphragms for ether, petrol and similar solvents, for vegetable 
and lubricating oils. The present annual tonnage of Neoprene approaches 
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100,000 and its superiority to natural rubbfu* for special purposes has been 
demonstrated by twelve years of industrial use. 

In general, it may be remarked that the industrial development of synthelasts 
has been a story of pc^rsisteneo over half a century ; Tilden’s vision in 1884 of 
‘ a synthetical India rubber ’ has many times during the last sixty years been 
described as ‘ uneconomic ’ or ‘ impractical ’ but has, nevertbeless, been 
pursued to a satisfactory conclusion. 

APPENDIX IV 

THE FRIEDEL AND rJRAFT8 REACflON 

In the spring of 1877 C. Friedel and J. M. Crafts, two workers in the labor¬ 
atories of Wiirtz in Paris, published a paper * on a new reaction in which anhy¬ 
drous aluminium chloride was used as a reagent for inducing tiu^ elimination of 
hydrogen chloride from h^^drocarbons and organic halogen c'ompoundfi. They 
realistxi tlie importance of the reaction as a new method of preparing alkyl 
derivatives of aromatic hydrocarbons, and in a remarkably short space of time 
ext(‘nd(xl their new' reaction to the preparation of di- and tri-aryl methanes, 
ketones using phosgene and acyl chlorides, and a variety of otlier compounds. 
BetwcH)n the years 1877 and 1888 these tw'o w'orkers laid the foundations of a 
section of organic chemistry which has proved invaluable in ail fields of in¬ 
vestigation.^ Twd summaries were published of their work by the authors 
themselves, and PTiedel died one year after the publication of the second. 

Thus, in their joint inv(^stigations, Friedel and Crafts had given to chemical 
science metliods of preparing hydrocarbons, ketones, di- and tri-aryl methanes, 
aurins, anthracene derivatives, anthraquinone, thiophenol, diphenylene sulphide 
and many others ; they had discovered the disproportionating action of alu¬ 
minium chloride on aliphatic hydrocarbons, and had patented the use of an- 
hydi’oiis aluminium chloride f(>r the refining of petroleum products. Others 
have since added to and exDuidod the range of these reactions, but valuable as 
these additions have been, it has to be conceded that few% if any, were not 
covered by the work of the two originals. 

Examples of the use of the Friedel-Crafts reaction for building up substituted 
aromatic hydrocarbons are innumerable, and almost every conceivable polyalkyl 
benzene has been prepared in this w'ay. It appears to be a general rule that 
second and third alkyl groups entering an aromatic ring under the influence of 
aluminium chloride, take up positions m- or^- to the existing substituent, e.g., 
ethylbenzene and isopropyl cliloride give a mixture of w- and p-ethyb>opropyl- 
benzene (343) with very little orf/io-isomer ; when rw-xylene is treated wuth 

Et/Y^H(CH3), 4- Et^ ^ 

m- p- 
(343) 

» Friedel and Crafta, Bull. Soc. Chim., 1877, 2, 27, 530. 
* Friedel and Crafts, C.R., 1877, 84, 1392, aromatic alkyl derivatives ; 1877, 86, 74, 

use of ferric chloride ; 1877, 84, 1450 CCI4 and CHCl,; 1878, 86, 884, sulphur ; 1878, 86, 
1308, CO|, SO| 1880, 91, 257, Tetra, penta, hexainethylbenzone ; 1881, 92, 833, Phthalic 
anhydride ; 1886, 100, 792, theoretical; 1885, 101, 1218, separation of xylenes and ethyl¬ 
benzene ; Friedel and Crafts. BuU. JSoc. Chim., 1877, 2, 28, 50 CHCl, and CCI4: 1878, 2, 
29, 49, Phthaloyl chloride ; 1878, 2, 29, oxidation w AlCh ; 1878, 2, 80, 140, other halides ; 
1878, 2, SO, 631, aniline; 1882, 2,87,49, petroleum hydrocarbons ; 1882, 2, 87,6, procedure ; 
1884,2,41,322, methylene chloride ; 1886, 2,48, 53, autocondonsation ; Ann. Chim. Fhys., 
1887, 6,11, 263 ; Friedel and Crafts and Ador, Ber., 1877, 10, 1854 ; Friedel and Vincent, 
BuU. Soc. Chim., 1881, 86,1 ; Friedel and Balsohn, Bxdl. Soc. Chim., 1881, 2, 35, 52. 

» Friedel and Crafts, Ann. Chim. Phys., 1884, 6, 1, 449 ; 1888, 6, 14, 433. 

14 
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II 
ch/'\'U, 

\/ \/ 
OH 3 0H3 

(344) 

methyl chloride, iiiesityloiio is almost the sole ])riin?ii y product (344). If a normal 
or sc^condaiy^ alkyl halide lx> used as an alkylating agent, rearrangement will take 
place if possible to a s(HX)ndar3" or tertiary form, 'riuis, when toluene is alkyl¬ 
ated the following results are obtained : in each case the ?//e/a-substituont 

CH 
n* Butyl 

bromide 

iao-Butyl 
bromldt* 

<fr-Butyl bromide 

\/ 
m- 75 per cent. 

oh/" 

\/ 
p* Il5 j>er cent. 

II(jh(CH3)ch,ch3 

V- 
m- 7U per cent. 
■fn- G2 |>er cent. 

C'H c IAmi II 

\- 
KV'H,);, 

p- !}() j>(*r (!ent. 

p- 38 per cent. 

predominates, and a rearrangement of the alkyl group ha^s taken place. (k>n- 
siderable tvork has been done to determine whether t]?e entering alkyl grou]) enttTs 
tlie wi-position first, and then rearranges to tlie /xrra-position, or \\4iether the 
oppc’site course is followed. The suggestion that paru-derivatives ai'e first 
formed^ has in general been tipheld, and Norris and liubinstoin have shown 
that at low temjK>ratures '//7-x\4ene yields largely p-butyl deri\ ativo, but that 
the proportion of w-isomer rises with the temperature ; Nightingale and Smith ^ 
have shown that p-butyl-aexylene rearranges to the 1, 3, o-isorner in the 
presence of aluminium chloride. 

In general it has been noted that the more alkyl groups there are in the 
initial hydrocarbon, the easier it is to bring about the entry of a further group 
by the Friedei-Crafts reaction. Thus, 1, 3, 5-trimethylbenzeiie is almost quan¬ 
titatively converted to 1, 2, 3, 5-tetramethylbenzene in a short space of time, 
whereas the conversion of benzene to tolumie proceeds much more slowly.'* 

In the absence of an alkyl halide the alkylbenzenes react quite readily with 
aluminium chloride, dealkylation and rearrangement frequently take place ; 
thus mesitylene gives not only some 1, 2, 3, S-U^tramethylbenzone but toluene 
and xylenes. Sometimes isomers unobtainable in other ways can be obtained 
by this method ; 1,2, 3-trimethylbenzene (hemimellitene) is not obtained by 
the action of metliyl bromide on xylene in the presence of aluminium chloride, 
but is readily obtained by reacting xylene with aluminium chloride alone.® 

One industrial application of tliis reaction in peifumery chemistry is the 
production of /er-butyl-^M-xylene (346) for the preparation of musk xylene. 

(345) (34B) 

* Moyle and Smith, J. Org. Chem., 1937, 2, 112. 
Schorger, J.A.O.S., 1917, 2671. 

* Norris and Rubinstein, ibid,, 1939, 61, 1163. 
* Nightingale and Smith, ibid,, 1939, 61, 101. 
* Jacobsen, JBer., 1881, 14, 2624. » Smith and Cass, J,A,C,S,, 1932. 64, 1603. 
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m-Xyleno (34t5) is the starting point; an ordinary Friedel-Crafts reaction with 
ter-butylchlorid© gives only a poor yield of the final hydrocarbon. By working 
below 50® and using onl}? 2 per cent, of aluminium chloride the yield can be 
raised to above 90 j)er cont.^ The same result is achieved ^ by using only a 
small proportion of isobutyl chloride and completing the reaction with gaseous 
isobutylene. 

'J'ho extension of the Friedel-Crafts reaction to the naphthalene field has 
proved difficult, 8in(‘e all but the most mild conditions decomposed the naphtha¬ 
lene structure. Nearly all positive experiments with naphthalene lead to 
/^^-substitution, Avhich in itself is most, unusual. Thus, using methyl chloride in 
the cold about 10 per cent, of ^-inethylnaphthalone is obtained (347). With 

(Ml) (348) 

tetralin it is nccossaiy^ to mofierate the reaction b\' using aluminium bromide ^ 
wiien gocxi yields of the (348) and j9-ifopropyl tetralins can bo obtained. 
The entry of alkyl grouym into the /^-position of naphthalene and tetralin appears 
to be exactly comparable with the m-p-entvy (and avoidamje of position) 
in the case of benzene and its homologucs. The ii8(». of dihalides and benzene 
leads to dihydroanthraccnes ; methylene dichloride and benzene give dihydro- 
anthracene itself (349) and toluene gives a mixture of 2-raethylanthracene, 
1, 2, 7- and other dimethyl anthracenes. Diphenyl and methylene cliloride 

CHgClg 

(349) 

CHs 
\x 

CH„ 

yield fluorene. Many other examples of this type have been observed, and 
attention has already been drawn (see p. 169) to the reaction by which Anschutz 
obtained anthracene in an attempt to elucidate its structure, namely, the 
interaction of tetrachlorethano and benzene in the presence of anhydrous 
aluminium chloride. The use of alkylbenzenes and polyhalogenated aliphatic 
compounds often lead to very complex mixtures, since anhydrous aluminium 
chloride has an action on the individual components, apart from promoting 
their interaction, and, further, often has a nmrranging action on the final 
products. Complex rings oftem ensue when aiyd halogouides react with such 
rings as naphthalene, e.g., Goml>erg * obtained an interesting fused ring fluorene 
derivative (351) from naphthalene and diphonyldichloromethane (350). It will 
ho noted that the carbon atem marked with an asterisk is carrying a hydrogen 

^ U.S.P. 2,023,566 (1935). * Gerhardt. BtichMoffind, 1930, 5, 67. 
* Barbot, BM. Chvni, $oc., 1930, 4, 47, 1314. * Gomberg, Ber„ 1940, 37. 1637. 
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atom in the final product, but in the initial raw material was attached to two 
rings and two chlorine atoms ; this shows that quite deep-seated changes may 
take place under the influence of anhydrous aluminium chloride, and that it is 
not safe to assume the structure of the final compound to be directly related 
to that of the redacting components. 

The alicyclic halides react similarly to the alkyl compounds, although except 
in the simplest cases, migration of halogen may occur as preliminary to the 
Friedol-Oafts condensation pro|x^r. ^Fluis, although cyclohexyl chloride (352) 
and chlorobenzene react normally to give a good yield of 4-ohlorophenylcyc/o- 
hexane (353)^ 2-chloro-l-acetoryrZohexane (354) yields a jpam-derivative when 

(354) (355) 

reacting with benzene (355) from which it is assumtHi that under tho influence 
of anhydrous aluminium chloride the halogen of tlio chloro-aceto compound 
migi'ates to the _para-position. 

\Vlien a halogen atom is attached to a benzene nucleus it is unusual for it 
to take part in a Friedel-Crafts synthesis with another aromatic residue. Ex¬ 
ceptions arc5 the reaction discovered by Chattaway of biomol>enzene and naph¬ 
thalene ^ in the presence of anhydrous aluminium chloride to give a-phenyl- 

naphthalene (356). The converse reaction also proceed (namely, a-chloro- 
naphthalene with benzene) but, surprising enough, )8-chloronaphthalene also 
gives the a-phenylnaphthalene in reaction with benzene.^ An interesting 
example of a condensed nuclear Friedel-Crafts reaction is the reaction of two 
molecules of 9-bromophenanthrene (357) in the presence of anhydrous aluminium 
chloride to give 2 : 3, 10 : 11-dibenzperylene (357a).^ 

The effect of substituent groups on the progi-ess of the Friedel-Crafts reaction 
may be summarised thus :— 

Aldehydes,—Chlorinated aldehydes give a mixture of substances with 
aromatic hydrocarbons and anhydrous aluminium chloride. Thus chloral gave 
some tetraphenylethane with a mixture of other compounds not identified. 
The method is not of great importance. 

^ Mayes and Turner, J.C.S,, J929, 600. 
* Chattaway and Lewis, ibid,, 1894, 669 869. 

Chattaway, ibid., 1893, 689 1185. 
♦ Clar, Her., 1932. 669 846. 
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Ketones,—Chlorinated ketones such as chloroacetone, react normally with 
aromatic hydrocarbons in the presence of anhydrous aluminium chloride, e.g., 

Cl , CHoCOCHo AlCla \CH,COCH, 

x/ 
mi ony 1 aco tone 

Ethersy on the other hand, do not react easily or normally. Thus, when 
chlormethylether reacts with benzene, diphenyl methane is produced.^ 

An unusual but valuable reaction is the action of cyanogen bromide vith 
hydrocarbons in the presenc^e of aluminium chloride to form nitriles. The 
reaction was thorouglily invcstigatixi by Karrer,- who observed that if the 
cyanogen bromide was fresh, gocxl yields of nitriles were obiaiiuxl, especially 
from condensed nuclei such as acenaphthene (358), and from thiophen (359) 
and the pol^^'methoxybenzenes, e.g., 1, 2, 3-trimethoxybenzene (360). 

CNJir 

AlCl, 'CN 

8 

(358) 

CH3() 

CH,0: ^ 
CNIJr 

CHjO 
\_// AICI, 

CH,0 

CH,0 

a-(.\viU)otiiiop}ien 

(350) 

C.H. 

,!N 
N 

N 

(361) 

N 

JCeHj 

'Ilie condensation takes place also quito reiidily with cy^anuric chloride ; 
with benzene, cyaphenino (a neutral, white cry^stallino product) is formed (361), 
whilst with polynuclear hydrocarbons, e.g., phenantlirone, or with /3-naphthol, 
pr^iducts are obtained which can b(^ used as dyestulfs. 

Aryldiazonium chlorides may also be induct to react with aromatic hydro¬ 
carbons in the presence of aluminium chloride when the principal products 
are bisaryl compounds, e.g., diphenyl:— 

.N^Cl + HCl + ^2 

Whilst this reaction is of little value for making diphenyl, it can 1>6 utilised to 
obtain a variety of otherwise inaccessible substances ^ such as the phenyl- 
pyridines (362) and i)henylthiophen (363). 

a- y- 8 

(362) (363) 

1 Verley, BtdL 8oc. Chim„ 1897, 3, 17. 906. 
* Karror et al„ H. Oh, Acta,^ 1919, 2, 482 ; 1920, 8, 261 ; Steinkopf, .4nn., 1923, 430. 87. 
* Mohlau and Berger, Ber,, 1893, 26, 1196, 1994. 
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A variant of this reaction which is of practical importance is the large-scale 
production of xeiiylamine which is obtained in excellent (80 jx^r cent.) yield by 
the interaction of azobenzene with btmzene siiturate^d with hydrogen chloride, 
using aluminium chloride as a promot/cr ^ :— 

_M /' \ + \_/ '^NH 

Sulphur halides and rolatotl compounds react with aromatic hydrocarbons in 
the prest'uce of aluminium chloride. 'J’lius, honzone, aluminium cldorido and 
sulphur dichloride givx' thianthreno (1164). 

SCI, 

+ 
SOI.. k Vvl 

(3H4) 

Benzene, with thiophosgono or thiocarbonyl kdrachloride ((Xl.j . S(^l) giv’^os thio- 
benzophenone, a deep bliio-giwn liquid.^ MichiU‘lis ^ a])}>litH^l tln^ Friedc^l-C.^rafts 
reaction to the preparation of aiTljdiosphine dichlorides, e.g., ph(^nyl})liC8phine 
dichloride (31)5) ; many examples of this scn’ies have been pnqiared by this 
method. 

f 
AlCI, 

(365) 

/ 

_/ 
PClo 

Synthesis of Kp:tones 

One of the most successful applications of the h^riedtd-(grafts synthesis is the 
formation of ketones from aromatic hydi’ocarbons and acyl halides ; the original 
Friedel-Crafts procedure (gradual addition of aluminium chloride to the acyl- 
halide diluted with the hydrocarbon) does not give very good yit^kLs, and 
Perrier’s modification is worthy of note in increasing tlie yield considerably. 
Perrier dissolves the acyl halide in carbon disulphide, and treats the solution 
with aluminium chloride, tlureby causing the formation of the double compound, 
which is then reacted with the hydrocarbon. In liable XXXIX will be 
found some notes on the various applications of this syntliesis. In rcBp(H*t 
of the references given in the end eolumii of this table, it may be added 
that only an occasional typical preparation is referred to (usually where the 
method is describcxl in detail) ; the number of original communications dealing 
with ketone synthesis is very largo (over nine hundred). 

In general it may be said that acyl halides react with Ixmzene and the 
fused ring benzenoid hydrocarbons consistently with the elimination of hydrogen 
chloride and the formation of the ketone. A very logical develojjment of the 
Friedel-Crafts reaction is its extension to the synthesis of aldehydes by the 
use of carbon monoxide. This is often referred to as the Gattorman-Koch 
reaction. The net result of the reaction may be expressed thus :— 

+ CO 
AICl, 

CHO 

but the reaction, like many types of Friedel-Crafts synthesis, requires the 

^ Pummerer and Binapfl, Ber., 1921, 64, 2768. 
* Fries and Vogt, Ann., 1911, 881, 312. 
® Bergreen, Ben, 1888, 21, 337 ; Vorlander and Mittag, Ben, 1919, 62, 413. 
♦Michaelifl, Ann., 1896, 298, 193 ; 1896, 294, 1 ; 1901, 316, 43 ; Ben, 1879, 12, 1009. 

Michaelis and Panek, Ann., 1882, 212, 203 ; Ben, 1880, 18, 663. 
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presoiico of hydrogen chloride and an activator, usually cuprous chloride. The 
true intermediate is formyl chloride which reacts with the hydrocarbon in a 
normal Fricxlol-Crafts fashion :— 

CO H HCl -> H.CO.(!] f -> HCO/'’~yil } HCl 
\_X 

Thus, the reaction is maintained on the recycled hydrogen chloride. The 
modification of the Gatternuinn-Koch reaction, somewhat confusingly known 
as tlio Oattermann reaction,^ uses hydrogen (or zinc) cyanide, hydrogen 
chloride and aluminium chloride, and depends for its activity on the imino- 
formyl chlorides formed 

H(W -1 H(;i -> HN--=(.’H.C1 -f / ~\0Me 

—HN==r(;H^~~^OMe -IlCo/''’^OMe 

It enables the syjith(\sis to be extendt^l to ])henols and ])hcnol etbers whicli 
are not, amenable to the Gattermann-Koeh reaction.^ Some examples of 
substances produced l)y this r(*action are shown below in outline :— 

^■1. 0 altr rma n n - K och. 

(3) 

CJl/'^f'Ha V\l/ ' ('H,, 

\/ 
m-Xylono 2, 4-DiiimthyIlK‘ii7,aMi'li,\il(‘ ’ 

(3) 

(i*) 

Diplieiiyl-4-al(lohydo * 

1 1 
— HCO 

—! 
— t'l (^li 

Ticu ^ nci 4 CO 

\ \ ' 
eo^/oUats. 1 

\/ 
(^HO 

HydriTulono-^-aldohydo 

B. OaUermann. 

CH,| 

HO! 

p-( 'iilorohoiizaldohyde * 

OH OH 

CH.p CHO -/\ i /\,/\ 

CH, 
\y 

-y 

\)\) k'H 
■' X/ X/ 

CHO 
p-Xyloiiol 2, 5-Dimothyl'4-hydroxyl)enzaldehydo ^ 4-Hydroxy-1-uaplithnldohydo ^ 

CHjOi 

CH,0! 

CH.O'" 

('H;,0 

/\i CHO HO /\r Cl HOf 

\/ 

|C1 

CHO 

Veratrolo 3, 4-Dimot.hoxyt>f>nzaldohydc • 2-Chloro-4-hydroxyb<’inzaldohA de ® 

' aatterraanii U a/., Ber,, 1898. 81, 1149 ; 1898, 31, 1765 ; 1899, 82, 278 ; 1899, 32. 289. 
® Clattennann and Kooh, ihid., 1897, 80, 1622. 
® Colornan and Craig, Org. Syn,, 1932, 12, 80. * Hey, J.C.B,, 1931, 2476, 

OaUermann, ^nn., 19()6, 847, 347. * ir.8.P. 1,939,005 (1933). 
’ Oattermann, Ann,, 1907, 857, 313. 
** Qattennanii and Horlacher, Ber., 1899, 82t 284. 
• Oattermann, Ann., 1907, 867, 313. 
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In addition to the various roactioiiB discussed, anhydrous aluminium chloride 
is able to bring about a variety of reactions, the chief of which are classified as 

(1) Addition, 
(2) Dehydration. 
(•1) f^clic dehydrogenation. 
(4) Polymerisation. 

None of tliese may stri(^tly be termed Friedel-Crafts reactions, although they 
are the logical developiiu^nt ol the method originall}' worked out by Friedel and 
(Vafts. For this and oilier rtnisons, it is convenient to consider them here. 

J he addition of ali])hatic to aromatic hydrocarbons, in the presence of 
aluminium chloride, takes place with some reluctance in the case of acetylene 
and benzene, which give dibcmzyl, togeth(^r with a mixture of other products. 
On the other liand, ethylene reacts quite readily to give ethylbenzene, and if 
the passage of ethylene be (‘ontinued the di-, and tri- and even hexa-ethyl- 
benztuies are fornKxl in good yield.^ I'he rea(‘tion is a general one, and proceeds 
with long-chain normal olefines at least uj) to Certain types of branched 
chain ethylene d(u•i^'aliv(•s however, crackixi by the aluminium chloride, 
and give pol^'-substituted products, e.g., di-isobutene, benzene and aluminium 
chlorides giv(> di-/cr/-butvlbenzt‘ne. 

The exkuision of this reaction to naphtlialenes, acenaphthenes, phenan- 
tlirones and their partially liydrogeriated products is described almost ex¬ 
clusively in tlie patent literature as the products have valuable wetting out or 
detergent properties. Tliere is little published systematic work on this phase 
of Fried(4-Crafts reaction. 

Ihe intiTaction of olefines with phenols and their ethers proceeds easily, 
and is the basis of a number of manufacturing procedures, especially for the 
manufacture of alkyl pluuiols, stich as krtAmiyl phenol, amylphemol and hexyl- 
|)henol. 

The fiddition may be carried out with unsaturated acids and aromatic 
liydrocarbonH,^ e.g., oleic acid gives 10-phenyioctadeeane aeid-1 (3fifi). 

C^H3[CIlj,].ClI--(dI[CH,j7COOH —CTi^fCHgJ^CH . [CH^lgOOOH 
AK.U I 

fiiird,’* in his resf'arch<^8 on the ketens, inve.stigatcHi their action on aromatic 
hydrocarbons, and obtained evidence of addition on the linos 

CH.=-CO < >C0.CH3 

the reaction did not appear to offer any advantage over, or even to compare in, 
yi(4d, with the more usual methods of production. Diketen ^ was sliown to 
give some iKmzoy lace tone ;— 

I- CHJ^OCH^CO ^COCHgCOCHg 

The addition can take place intrarnolocularly, as in the cose of l-(a-naphthyl- 
-2 *(l-cf^cZopenton-l-yl)ethane (307) which ^ enables the synthesis of cyclo- 
pmtanophenanthnme derivatives to be accomplished ; in this case is 1, 2-cijclo^ 
pentano-1, 2, 3-4-tetrahydro phenantliroTie (308). The reaction is general, and 

^ Schleicher and Buttgenbach, J. Pr, Chem., 1923, 106, 365. 
* Marcuflson, Z. Ang, Chem., 1920, 88, 231. * Hurd, J.A.C.S., 1925, 47, 2777. 
* Hurd and Kelso, ibid., 1940, 68, 1648, 
» Cook and Hewett. J.C.8., 1933. 1098 ; Cook and Hasolwood. ibkl., 1936. 767. 
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is one of paramount importance in the steroid field. It may be added that 
c^c/opropane behaves somewhat unusually in that it adds to benzene, giving 
the rt-propyl derivative. 

(367) 

/\ 

AICI3 /^/\/\/ 

Ethylene oxide can be induced to add to benzene, and if latter be kej)t 
w^ell in excess, a moderately good yield of pheny^lethanol can be obtaintxl.* 
Within reason, the yield of alcohol increases with tlie proportion of l)enzone 
present. 

Dehydration Reactions.—It is only natural that the affinity which aluminium 
chloride has for moisture should make it a convenient dehydrating agent. It 
is probable, however, that hydrogen chloride pla}^ a large part in the formation 
of the final compound. Tsukervanik and Vikhvova ^ obtained good yields of 
ethyl- and propyl substituted benzene and toluene from the appropriate hydro¬ 
carbon, and ethy'l or prop}'! alcohol in the })resonco of aluminium chloride. It is 
significant that the substituents enters the me/u-position, and that wlien working 
with a normal alcohol, a normal alkyl benzene is obtained, e.g. :— 

^ ('H.CHoCH.OH 

+ CH3CH2OH 

(CHoCH2CH3 

F f CHsC'HoCH^OH 

CH/ 

\/ 
('H2OH2CH3 

'\r-i 3i CH,f 

CH,CH,OH 

(;h„ch3 

Secondary and tertiary alcohols also react; tho reaction has bwai (extensively 
investigated by Houston and his co-workers.* 

The elimination of water from a molecule of a dicarboxylic acid anhydride 
and an aromatic compound is a reaction of fundamental importance. The 
reaction takes place in two stages, as indicated below, for benzene and phthalic 

anhydride. As the presence of aluminium chloride is essential in the first step 
which is additive, but not for the second which, although actually accomplished 
in many instances by the aluminium chloride, can, in fact, be brought about by 
a variety of dehydrating agents, these reactions are often considered purely as 
additions. 

> U.S.P. 2,126,968 (1938). 
• Tsukervanik and Vikhvova, J. Oen. Chen*., V.S.S.R., 1937, 7, 632. 
• Houston etal.,J. Org. Chem., 1938, 8, 251 ; 1941, 6, 662 ; J.A.C\8.. 1926, 48. 1966; 

ld36, 58, 439. 
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The reaction proceeds direct to the quinone more readily at higher tempera¬ 
tures and when the second reactant is a phenol, as for example in the synthesis 
of quinizarin (369) and hystazarin (370) from hydroquinone and catechol respec¬ 
tively :— 

(369) 

(X) OH 

"V \ /^/\ { }0 4(1 I 

OH 

CO OH 
\/\/\ 

1 I 

CO OH 

1, 4-Dihydroxy-2, 3-boiizanthra(|uiiioiie 

and may Ik> extended to diliydroxynaphthalenea.^ 
Whcm sufficiently stable, arylamines containing two aryl residues, only one 

of V'hic^h carries an —NHg group, will condense with phthalic anhydride, the 

CO 

;o + 

CO 

CO 
/ \/\ 

-> I 
\ / 
('O 

(371) 

/' ^ 
/ 

(372) 

yNH, 

simplest instanc-e being phthalic anhydride and xenylamine (371), which give 
2(4'-aminoplionyl)-anthraquinone (372), and the method is capable of giving 
products ^f great ooinplexity as, for example, when two molecules of phthalic 
anhydride (373) condense with phonothiazine to give 2, 3 ; 6, 7-diphtbalyl- 
phenothiazine (374). 

As this reaction is also given by substituted phthalic anhydrides, its poten¬ 
tialities are thereby increased ; and in the case of tetrachlorophthalic anhydride, 
reaction takes place with such bodies as nitrobenzene and dichlorobenzeno, 
with which the unsubstituted anhydrides do not react. The possible variants 
with this reac^tion are extremely numerous, and representatives of almost every 
type of structun*. can be prepared by its use ; it is extensible to succinic acid 
which reacts with benzene thus ^:— 

+ 
CHj—CO 

1 >" 
CH,-CO 

^°^CO. CHaCHa. COOH 

' Raudriitz, Her., 1929, 62» 509. 
* Kohior and Engelbrecht, */.AL.C.H., 1919, 41, 764, 
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and condenstxl rings behave likewise/ e.g. :— 

CHo-CHa 
I "I 

CO CO 

CH,—CO 

CH.,-CO \/V- 
COCH,CH,COOH /\/\ 

Hydrindene l-(r)'hydrindenyl)l)utanouo-1 -acid-4 

(375) 

On the other hand, the peculiarly active 3, 4 positions in acenaplithone load to 
the peri- succinoyl derivative (375). 1'he condensation is particularly valuable 
in building up the 4-carbon substituted phenolic others, e.g., /S-(3-inethyd-6 
ethylanisoyl)propionic acid (376) -:— 

OCH3 0(413 

/^CHnCH., 

ChI j + CHj—CO 

1 

CH,l ,(’OCH,,CH„C()()H 

CHj—CO (.'(70) 

Dehydrogenating Reactions 

Reference has already been made in the section on hydrocarbons to the use 
of aluminium chloride for ring closure by dehydrogenation. We owe much of 
our knowledge of this reaction to the patient researches of Scholl, who in 1910 ^ 
obtained perylene (378) from 1, I'-dinaphthyl (377) by baking it with aluminium 
chloride. This development of the Friedel and Oafts reaction is frequently 
referred to as ‘ ScholFs reaction 

(380) (381) 

Perhaps the simplest instances are the formation of phenanihrenequinone 
from benzU (379) and the formation of 9-benzanthrone (381) from a-benzoyl- 
naphthalene (380). The extensions of the reaction to give very complex 

1 Timer and Seligman, J.A.C.S., 1937, 50, 883. * Rico, ibid,, 1924, 45, 2319. 
* Scholl and Seor, MoncUsh,, 1912, 1. 
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qiiinones have proved valuable in the produc5iion of light-fast vat dyes. In 
general, the i)rinci})le involved is the production of a dibenzoyl derivative of a 
condensed benzctnoid strucdure, followed by a Scholl reaction for completing 
the network. An example is tlu^ formation of pyranthrone (383) from dibenzoyl 
pjnrene (382). 

(^O CO 

/\/ v 
1 li ' j 
\/ ,/\/ \ 

II 1 1 
AlCl, X/ \| ■./ 

I 1 11 
\/"' /' 

1 II 1 
/\ 
1 1 

X'UU 1 J 
\/\ / (’O \/ 
(382) (383) 

PLxainf)I(\s of tins reactif)n abound in the patent literature, since the end-products 
are largi'ly dyestulls. Sinne instances involving p]‘inci])les other than those of 
Himj)lo ring closure in homocyclic compounds are :— 

(1) The conversion ^ of 1-thienyl-1'-naphthyl ketone (384) to benzthiophan- 
throne-9 (385). 

\/ 

- i 

/ 

cu AK’U 

(.•JK4) 

..i ,(’•(> 

(385) 

CO CO CO CO 

(2) 'Fhe conversion ^ of benzoyl periinidono to tlie cyclic structure (386). 
The two exanipk's givtm above indicate that the reaction proceeds with 
sulphur and iiitrogc^n ring compounds. 

(3) Azobenzone giv(^s 3, 4-l>enzoquinazolino 9, lO-phenanthioline 

(4) All interesting instance of the ubiquity of this reaction is the demon¬ 
stration by Steinkopf ^ that tetraphenylthiophene (387) gives a dehydro- 
a-diphenanthr(‘nothiophene (388) by Schoirs reaction. 

‘ XJ.S,P. 1,749,956 (1930). * Steinkopf, Ann., 1935, 619, 297, 
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(5) It is not essential that tJio two parts of tlie final molecule be joined 
before appljnng Schoirs reaction ; in many cases the first link is made 
under the infiuenee of aluminium chloride. I'hus, when 2-amino- 
anthraquinone (389) is heat^ed with aluminium chloride, flavanthrone 
(391) is obtained via the diamino-dianthraquinoyl first formed ^ (390) :— 

GO CO CO 

v/ \/\ /\/ \/A /\/ \/\ 

' Cl) 

H,n/V 

\/\,/\x 
CO 

I (^0 
■ \/\/ VA 

CO 

(6) It will hav(* been observed that in the instances quoted above, ring 
closure takes place with the elimination of one moli^cule of hydrogen. 
This hydrogen has, of course, to fiiid aji a(‘ceptor, which in many ceases 

is the keto gi'oup, which becomOvS convert(‘d to \cHOM. Tliis accounts 

for the fact that in leaching out the melt from a Scholl r(‘action, the 
product often dissolves as a species of leuco-coinpound and the highly 
coloured quinone is only obtained on aerial oxidation of the hydrol. 
Another consequence of this fact is that where the bond structure 
allows, the quinone group may be completely nMluciHi with the (‘limina- 
tion of water, as when phenyl-1-naphthylphthalide (392) is submitted 
to the Scholl reaction ; here, the product is not a k(‘ton(‘,^ but the hydro¬ 
carbon 1, 2, 3, 4-dibenzpyrene (393). 

(392) (393) 

Mechanisms of the Friedel-Crafts Reaction 

In 1877, when Friedel and Crafts discovered the reaction between benzene, 
anhydrous aluminium chloride and alkyl halides, they visualised the action as 
taking place :— 

CeHe + Al^Cle-^ CeH5 . Al.O^ + HCJ 
, Al^Cl, + R . Cl-> CeH^R + Al.CIe 

They were, however, unable to detect the fonnation of the substance 
CeHj. AlgClfi. Two years later Gustavson ^ isolated some tnie addition 
compounds between benzene or toluene and aluminium chloride or bromide 
which he formulated :— 

AljBre . 6[CeHe] 

1 Clar, Her., 1930, 6^, 112. * Clar, ibid,, 193, 68. 112. 
» Guatavaon, BuU. Soc, Chirn,, 1879,2, 81. 71 ; Ber., 1878,11. 21610 ; 1879, 12. 863. 
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It was not at the time cle^ar wliethcr these complexes pla^^'ccl a part in the Friedel- 
Crafts B3mthesis or not. 

Recently Norris and co-workers ^ have reinvestigated the matter, and have 
established the fact that these* complex(is nec^d the halogen acid for their forma¬ 
tion, but that the formulation of Gustavson, sixty years previously, had been 
substantially c;orrect. On the otlu^r hand, it had alrea4rly beem demonstrated 
that alkyl halides (e.g., ethyl bromide) formed complexes with aluminium 
chloride by loss of hydrogen halide, e.g., 

Al2(;i6 f 4C2H5Br->4HBr + 

These additional products would tlwunselves react with aromatic hydro¬ 
carbons :— 

+ 6CeH,-^ Al,Cle. CsHie. 

This ternary complex is dissociat'd into its molecular components by heat, but 
will react with etiiyl bromide to form a luwv ternary prodiic't, 

Al^Cle . 0,H,e[(VH3Et3]e, 
i.e., a coiripk'X in wiiich vS-triethylbenzene has replaced the benzene of the 
former. The action of heat on this new' complex is, as before, to dissociate it 
into its com|>onents, but the precise mechanism by wiiicli the beuizene becomes 
ethylated is no ch arer. 

8cha.arschmidt, in attempting to elucidate the mechanism of alkylation 
postulat(*s a (omplex of aluminium halide, iiydrocarbon and alkyl halide, the 
latter being h(4d by normal valejieies and the ahirninium cliloride through 
auxiliary valencies, llhs would involve a sequence of vstructures such as :— 

Et 

(394) (395) (396) 

This could be visualised as if each chlorine atom of the AI2CI6 . C^Hjg complex 
associated W'ith a hydrogen atom of a benzene ring as in (394), thereby so 
loosening the second KekuI6 pair as to allow^ addition to (395), follow'ed by loss 
of hydrogen chloride to give the structure (396). This would explain the fact 
that in the vast majority of Frieded-Crafts reactions the new substituent enters 
a position meta- to the existing one. 

A similar sequence has also been postulated by Dilthey,* who in the case of 
benzyl chloride postulates a complex, [CeH5CH2]AlCl4, which is capable of 
activating one of the double bonds of the second aromatic structure sufficiently 
to allow of addition. Dilthey has extended his explanation to cover the 
ketone syntheses by the following sequence :— 

R . COCl + AljCle -[R . C0(A1C13)]A1CI4 

[R . CO(AlCl3)]AlCl4 + C^He 

CO . R(A1CI3) 
+ HCl + AICI3 

It is difficult to regard this as much more than a sjinbolised restatement of the 
facts of complex formation and Friedel-Crafts synthesis. 

> Norris et oZ., J.A.C.S., 1939, 61, 1163 ; 1940, 62. 1298 and 1428. 
« Bathey, Ber., 1938, 71* 1360. 

16 
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Dynamic investigations of tlio l^Viedel-Crafts reaction were made by Steele/ 
Olivier / and Martin/ but without shedding much light on the precise mechanism 
involved. It is, however, quite clear that one school of thought favours an 
explanation of the Friedel-Crafts reaction which involves the use of the complex 
as a factor in loosening the bonds in benzene sufficiently to enable addition and 
elimination of hydrogen halide. 

Another view is that these complexes do not take an active part in the 
reaction. It can be demonstrated that the majority of substances containing 
the —CO group form complexes with aluminium chloride of the type (397). 

Cl 

i 
R,. C=0^A1—Cl 

it, ii 
(397) 

The strength of attachment of the two pails of such a molecule may be such as 
permanently to withdraw' the attached aluminium chloride from the reaction. 
This is particularly marked in the case of ketones where, for example, consider¬ 
ably more aluminium chloride must be used in the synthesis of acetophenone 
from benzene and acetyl chloride, than is necessary for the formation of ethyl¬ 
benzene from benzene and ethyl chloride. There is, however, according to 
Thomas,^ doubt as to whether these complexes play any part in the reaction 
per se, other than determining the amoimt of aluminium chloride required. 

There is a general consensus of opinion that hydrogen chloride is essential 
for all aluminium chloride s^Titheses ; reactions in wliich the reactants are 
made anhydrous, and in w'liieh aluminium chloride is dry and free from hydrogen 
chloride proceed slowly or not at all ; aluminium chloride which has been 
heated in a current of hydrog(?n chloride is more active than tliat wiiich has not 
been so tn^ated. It ha.s been assumed, therefore, that hydrogen chloride and 
aluminium chloride react to form the complex (398) which can ionise ® to give 
the proton and a stable AICI4 ion, thus :— 

H 

00 X• • • 

Scio Ai "fci; 
00 • X 

: Cl: 
(398) 

H~ + Aicr^ 

This proton is held to be responsible for setting the benzene ring into an unst able 
state (399), making it reactive itself to\vards the alkyl or acyl chloride :— 

+ 
4- J_ 
’00 Co o* 
^ C ^ ^^C ^ 
88 °° 

0^0 

-fo o CO? 0+ 
00 

+ 

+ H+ 

(399) 

+ 
00 

;o CfOo o-j- 
°C ° o°cO 

00 °° - 
„C„ o Co+ 

cP, C °oo 
jOO “h 

+ Reactive state. 

1 Steele, Pr. Chem. Soc., 1930, 19, 209; J,C.8,, 1903, 88, 1470. 
* Olivier, i?cc. Trav. Chim., 1918, 87, 206; 1936, 54, 943. 
» Martin et al,, J,A,C\S„ 1936, 57, 2684. 
* Thomas, Anhydrous Aluminiuin Chlorine in Organic Chemistry A.C.S. Monograph 

o. 87. * Ipatiev et al,, J, Org, Chem., 1940, 5# 253. 
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It is held that the diRniptive effect of aluminium chloride on aliphatic hydro¬ 
carbons proceeds by means of the activated pioton from H[AlCl4], which 
captures an electron pair from a carbon link, and thus leads to a type of reaction 
which it is difficult to visualise hapj)ening in any other way :— 

CH3[CH2]eCH2. CH2[CH2]eCH3 f 
+ -CH2. [CH2]fiCH3 

. CH3[CH2]6CH3 + CH2=CH . [CH2I5CH3 + 

The general position may be summarised as follows. In the Priedel-Crafts 
reaction a disturbance of the structure of tlie aromatic hydrocarbon takfis 
place which enables addition to take place followed by formation of a substi¬ 
tuted hydrocarbon. It is not clear whether this activation is to a loose 
combination between the hydrocarbon and a proton from h^AlCl^], or between 
the hydrocarbon and the chlorine from an (AlgClg Alkyhalide) type of complex. 
Both these explanations depend fundam<mtally on the electron shortage of 
aluminium cliloride (AIOI3). Nc'iiitzescu ^ applicis this theoiy of electron shortage 
of aluminium chloride to explain its a(‘tion oji unsaturaled liydrocarbons, 
which thus becomes analogous to the catal^dic action of boron trifluoride. 
The compl(‘x between aluminium chloride and unsaturated hydrocarbons is 
vTitten thus ;— 

b c 
• X 'X 

aic::Cxd 
Aids 

b c 
• X • X 

a X C . C X d 

CKAl.'Cl 

Cl 
(400) 

leaving in (400) a carboniiim, or six-electron, carbon which is sufficiently active 
to attack an imsaturated bond as in benzene, or to give polymerisation in the 
absence of an addend. 

^ Nenitzescu, Aiuj. Chem,, 1939, 52, -31. 



CHAPTER IV 

HALOGEN COMPOUNDS OF HYDROCARBONS 

In this chapter are eonsiderod all those substances obtainable by the substitu¬ 
tion into a hydrocarbon structure of one or more atoms of fluorine, chlorine, 
bromine and iodine. It will be clear that whatever remarks have been made 
in previous chapters concerning the multiplicity of theoretical structures, apply 
a fortiori to the halogen substituted hydrocarbons. The numerical possibilities 
of this family have becm worked, out by Blair,^ who points out, for instance, 
that there are 1553 possible isomers even for so simple a substance as CjoHgiBr. 
Blair’s figures for the stereoisomeric and non-stereoisomeric monohalogen 
hydrociirbons are given in Table I. 

TABLE 1 

No. of i 1 1 •> 
Carbon Atoms j j ** 

3 4 5 
1 

0 j 7 s lu VJ 15 1 20 

'' i ' 
No, of isornors 1 1 | 1 

i i 1 
' 5 n 

j 1 
28 j 74 1 

i 1 
199 1553 j 12,832 ! 328,092 1 

I 

i 
82,299.275 

It is convenient to divide the saturated halogen compounds into three 
classes, primary, secondary and tertiary, according to the number of carbon 
atoms attached to the carbon atom carrying the halogen. This is illustrated 
by the four isomeric butyl bromides, two of which are ‘ primary There is a 

CH3 . CH2 . CH2. CH2Br CH3 . CH . CHgBr 

(1) 
primary 

CH, 

(2) 
primary 

CH, . CH,. CHBr 

I 
CH, 

(3) 
secondary 

CH, 

CH, . i . Br 

Ah, 

(4) 
tertiary 

pronounced diffenmce in behaviour between the various typos of primary 
halides, and also betw^een the methods by which they can be produced. 

CH3 

CH,CH,CH,CH,CH,Br CH, . CH, . CH . CH,Br CH,. A . CH,Br 

Ah, Ah, 
(6) (0) (7) 

Thus, all three amyl bromides shown (5) to (7) are primary, but differ consider¬ 
ably in respect of the lability of the halogen atom and the ease of production ; 
n-amyl bromide (1-bromopentane) (5) is readily obtained pure by distillation of 
a mixture of the corresponding amyl alcohol and concentrated hydrobromic 
acid; the isomeric l-bromo-2-methyl butane (6) is best obtained from the 
corresponding amyl alcohol by the action of phosphorus tribromide ; even so, 

^ Blair and Henase, 1932, 64, 1098. 
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part of the product will be the tertiary bromide (8) or 2-bromo-2-methyl butane. 

CH3 CH3 

CH3CH.,. i . Br CHj . i . CHijC ,C1 

A H3 A: 
(8) 

H., 

(9) 

The third isomer (7) is almost impossible to j)roduce, as any attempt to obtain 
it from the corresponding alcohol leads to a mixture of secondary and tertiary 
halides from which no primary halide can be obtained. The only representa¬ 
tive of this series known is the corresponding chloride (9) which is obtained by 
the direct chlorination of the hydrocarbon neopentane. 

This isomerisation during formation is common to the whole series and has 
been closely studk>d by Whitmore.^ It may be illustrated by a short considera¬ 
tion of other members of the ■! series. Thus, rea(?tion of the corresponding 
alcohols with reagents calculated to replace the hydroxyl group by halogen, 
might be expected to proceed according to (A) and (B) below :— 

(A) 

(B) 

CH3. CM . CH2 . CH2 , CH3 

OH 

CH, .CH,.CH . CH, . CH, 

-> CH,. CH CH2. CHg. CH3 

Cl 

i H 

CH3. CH.. CH . GHj,. CH3 

I 
Cl 

in practice a mixture of the 2- and S-chloropentanes is obtained, together with 
some secondary halides, whichever secondary alcohol is used, and even now 
there is some doubt as to which of the main products is 2-chloro- or 3-chloro- 
pentane. Further, any attempt to obtain the secondary chloride (10) from 
the corresponding alcohol leads only to the tertiary halide (11). Amongst 

CHj . CH . CH . Cl CH3 . C(C1). CH.. 

II II' 
CH3CH3 CH3 CHs 

(10) (11) 

the higher homologues, secondary halides of the type (12) have never been 
obtained, the tertiary halide (13) always appearing. This protean tendency 

CH, CH3 CH3 CH3 

II II 
CHj . C-CH . Cl-> CH3 . C-CH 

I I 1 
CH3 Cl CH, 

(12) (13) 

amongst the halides complicates their study, and in the absence of a simple 
method of determination of structure, this group has become one of the least 
studied sections of organic chemistry. 

There are three main methods by which halides may be obtaincHi :— 

(1) By direct halogenation of the hydrocarbon. 
(2) By addition of a halogen or halogen acid to an unsaturated hydrocarbon. 
(3) By conversion of an oxygenate compound—an alcohol, aldehyde or 

' ketone to the mono- or di-halogen derivative with halogen acids, phos¬ 
phorus halides, thienyl chloride or similar reagents. 

» Whitmore et al., 1933, 55, 812; 1934, 1269. 
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Fluoko- Compounds 

The reactions set out above are generally txnsatisfactory for the production 
of fluorine derivatives for wliich special methods are required. The action of 
fluorine on hydrocarbons is violent and often leads to a breakdown of the 
hydrocarbon to carbon and hydrogen. Even when the hydrocarbon is not 
wholly destroyed the variety of compounds formed is sufficient to make their 
separation extremely difficult. Again, hydrofluoric acid does not add to double 
bonds under nonnal conditions, and fliioro derivatives of the aliphatic series 
are produced mainly by interchange reactions such as 

C^H J + AgF-^ C2H5F f Agl. 

Exchanges can be madt> betv een chlorine and fluorine when antimony trifluoride 
reacts with polychloro hydrocarbons in the presence of antimony pentachloride. 
Thus, antimony trifluoridc* and carbon tetrachloride yifdd difluorodichloro- 
methane, CC'loF^, which finds application under the name ‘ Freon ’ as a refrig- 

30(1, + 28bF3 7,;^; -5001,F^ + 2SbCl3. 

erant. An extension of the r(^a(‘tion above is tlu^ interaction of carbon tetra¬ 
chloride and hydrogen fluoride in the presence of antimony pentadiloride 
prescuit in catalytic quantities. 

CCI4 f 2HF CCl.Fj f 2H.C1. 

It is interesting to note that the use of difluorodichloromethane in refrigera¬ 
tion is an example, almost unique, of the production of a ‘ made-to-measure ’ 
organic substance, rather than of the application of a well-known substance in 
a new capacity. 

Midgley and Henne ^ set out on paper the desirable properties of an ideal 
refrigerant. It should, of course, have certain thermodynamic properties, a 
latent heat of evaporation not lower than 25 calorichs per gram. It should 
boil at approximately ™~ 30"^, and its freezing point should be much lower ; it 
should be unreactive, insc^liible in water, odourless, non-toxic, non-(!orrosiv(^ 
and incapable of genc‘rating corrosive acids when in contact with water. It 
should b(' non-inflammabk‘ and chemically stable. One has only to rec^all the 
properties of ammonia and sulphur dioxide, the hitherto most widely used 
refrigerants, to realise how’ far they fall short of the ideal substamu;. Indet:d, 
it seemed scarcely probable that all these properties could be combined in any 
single substance. A search of the literature, however, revealed that difluoro¬ 
dichloromethane had been prepared in small quantity in Holland by Swarts,* 
and had at least some of the desirable properties. Repetition of Swarts’ work 
on a larger scale showed difluorodicliloromethanc to have the following pro¬ 
perties :— 

TABLE II 

PROPEKTIKS OF DiFLTJOHODIOHLOROMETHANE, CF^CI, 

Appear(mce. Colourless, odourless. 

Physical properties. B.p., — 30° ; m.p., — 155° ; density 1*40 — 0 00326^. 
Cp = 0-224 (liquid); Cp — 0-16 (vapour). 
Lalont heat of vaporisation, 33-9 cal./gm. at — 30°. 

Chemical properties. Inert; insoluble in water, non-iudanimable and has pronounced 
fir©-extinguishing proportios, e.g. butane mixed with twice its 
weight of difluorodichloromethane is non-inflammable. Without 
action on most substances when dry. In the presence of water 
attacks zinc and magnesium. 

^ Midgley and Hermo, Ind. Eng. Chem., 22, 542. 
* Bwarts, Bull. Acad, roy, Belg., 1907, 339. 
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Physiological properties. Inert.; almost non-toxic ; air containing 40 per cent, of difluoro- 
dichloromethano can be breathed for several hours without 
danger to life (compare the corresponding figures of 0*01 per 
cent, for ammonia and 0*1 per cent, for methyl chloride). 

In short, difliiorodichloromethane has all the propertif^s desired,^ and it only 
remaimxi for its production to bo carried out on an industrial scale. In spite 
of the fact that no organic fluorine compound had been obtained in industrial 
quantities previously, the manufacture of difluorodichloromethane was achieved 
by the methods indicated above, in which the yields approac^h 94 per (;ent. of 
the theoretical figure. 

The alkyl fluorides are little known ; methyl fluoride is a colourkiss gas, 
b. — 7S^y whilst ethyl fluoride boils at — 32^' and n-propylfluoride at ---- 2° ; 
normal hexyl, heptyl and octyl fluorides boil at 85'", lUr and 142'’ respectively. 
Of the unsaturated fluorides, vinyl fluoride has been obtained as a stable gas, 
b. - 51°. 

These substances are somewhat unexpectedly soluble in w^ater. They may 
bo prepared 

(a) by the action of the iodide on silver fluoride, 
(b) by heating tetralkyl ammonium fluoride, e.g. 

[(CH3),N]F->GH3F 1- N(0H3)3, 

(c) by heating together potassium alkyl sulphate with potassium fluoride, 
e.g. 

KF + C0H5KSO4-+ C2H5F. 

Little or nothing is known concerning methylene difluoride and attempts to 
prepare fluoroform, CHF.^, by interaction of chloroform and anlimon}^ fluoride 
have led only to the partial substitution of fluorine for chlorine, as in CHClFg, 
a colourless gas, b. — 40°, and, like the simple alkyl fluorides, easily soluble in 
wnter without hydrolysis.^ 

Fluoroform can, however, be preparcxi by heating bromoform and antimony 
pentafluoride. It is a colourless gas, b. -- 82°, without marked chemical or 
physiological activity. 

Carbon tetrafluoride is one of the most stable and inert of organic halides. 
It is a colourless gas, b. ~ 130°, m.p. — 191°, and was accidentally prepared 
by LeBeau by electrolysing fused potassium hydrogen fluoride with graphite 
electrodes ; ^ at the same time numerous carbon fluorides are fonned, including 
C,F«, b. - 79°^ C3F,, C,F,o, 

It is interesting at this point to note that on treating benzotrichloride with 
silver fluoride, benzotrifluorido is obtaineKl :— 

C«H, . CCI3 + 3AgF - CeH,. CF3 + 3AgCL 

When benzotrifluoride is oxidised the benzene ring is destroyed and trifltioracetic 
acid, CF3COOH, an intensely stable substance, remains. 

Aryl fluorides may be obtained by diazotising an arylaminc and running 
the cooled diazo solution into hydrofluoric acid of 65 -70 per cent, strength ; 
it is advantageous to use dilute sulphuric acid to dissolve the amine. In many 
cases it has been recommended that the fluoro compound be obtained by hiating 
the diazonium fluoroborate obtained by dissolving the amine in fluoroboric 

’ Thompson, Ind. Eng. Ckem., 1932, 24, 620. 
« Heime, 1937, 69, 1400. 
» Simon and Block, ibid.^ 1937, 69, 1407 : 1939, 61, 2962. 
♦ Swarts, Bull. Acad. roij. Belg.y 1934, 20, 782. 
* HoUomami and Beckman, Bee. Trav. Chim., 1904, 23, 232. 
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acid and diazotising the solution ; ^ the diazonium fluoroborate separates and 
may be washed, dried and decomposed, e.g. :— 

CeHgNH., + HBF4 + HNO2 
I 

CeH,F ~f N, + BF3. 

The fliioroboric acid method offers little advantage over the use of concentrated 
hydrofluoric acid, except in one or two special instances. In contradistinction 
to the other diazo/halogen replacements, the prc'seiK'o of copp(T affects the 
reaction adversely. Many lluorine substituted aryl compounds have been 
made by these methods for experimental purposes ; they are not of outstanding 
interest^—their physical properties arc usually very similar to those of the parent 
hydrocarbon, e.g. fluorobenzene is a colourless liquid, b. 85'’, and very similar 
in odour and general properties to benzene itself. p-Difluorobenzene is a 
similar liquid, b. 88'. 4, 4'-Difluorodiphenyi (14) was at one time sold in the 
di'ug trade, as it was thought to have a b(‘neficial effect in phthisis ; it has not, 
unfortunately, proved of real value in this connection. 

Monociiloro- Compounds 

The formation of alkyl chlorides, such as the simple monochloro- paraffins, 
by direct entry of chlorine into a paraffin, has already bec^n discussed (p. 75). 
The method is not suitable for the production of pure substances except in 
rare instances such as the chlorination of neop(‘ntan(s whtTe no ambiguity or 
isomerism can occur ; indeed, direct chlorination is the only suitable method 
for obtaining neopentyl chloride (l-chloro-2, 2-dimethyl })ropan(') (9). 

CH3. C(CH3)2CH3 + Clo-^ CH3. ClCH^O^CHoCl -f HCl. 

It is unusual to find the addition of hydrogen chloride to an unsaturated 
ethylene derivative a suitable method for arriving at an alkyl chloride, 
although in the case of 3-chloro-2-methylbutane (16) the only available synthesis 
is from 2-methylbuteno-3 and hydrogen chloride (15); fortunately, the presence 
of the i^o-propyl group assists the Edition. 

CH3. CH3. 
XH . CH=CH2 + HCl-^ >CH . CHCICH3 

CH3/ CH3/ 
(15) (16) 

The interaction of ethylene and hydrogen chloride has been studieci closely 
and the fact that ethylene in large quantities from ‘ cracker gas \ together with 
‘ synthetic ’ anhydrous hydrogen chloride are both available, has led to their 
use as a source of ethyl chloride. They are compressed and passed through a 
catalyst mass, reaction taking place readily. 

The conversion of the corresponding alcohol to the chloride is probably the 
most used method of obtaining the monochloro- derivative's of hydrocarbons. 
Methyl alcohol and hydrochloric acid readily react under pressure and in the 
presence of anhydrous zinc chloride to give methyl chloride :— 

CH3OH + Ha-+ HjO 

and this constitutes the method by which the material is produced industriafly. 

1 Balz and Schiemaxm, Ber., 1927, 60, 1186 ; 1929, 6B, 3036. 
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The reaction is equally satisfactory for producing ethyl, n-propyl, and many 
higher chlorides, but the ease with which the chloride is formed decreases as the 
series is ascended and thionyl chloride is a much better reagent, as both by- 

R . OH + SOCI2->• RCl + SO2 + HCl 

products are gaseous and leave a crude chloride as the main product. Mention 
should be made of Marvel’s reaction ^ for obtaining the higher members of the 
normal primary chloroparaffin series. A convenient glycol is selected and 
allowed to react with _p-toluene sulphonyl chloride ; one hydroxyl is thfTeby 
replaced by clilorine and the other esterified by the toluene-^-sulphonyl group. 

HO(CH2)nOH . CH.AH4SO2CI-^ 01{CH2)„0 .SO^CeH.CHa 

I CH,(CH2),,MgBr 

CHCH^U^CH, BrMgO . SOgCVH.CHg 

(17) 

If the product so formed reacts with a Grignard reagent the reaction indicated 
in (17) takes places and a chlorohydrocarbon is produced with a stem which 
includes both alkyl re^sidues. As ethylene, propylene and butylene glycols 
are readily available, this mt^tliod be(;omes available for the building up of any 
normal hydrocarbon stem. 

This is only one of several methods of employing the Grignard reagent for 
increasing the length of chain of an alkyl halide. Thus, chloromethyl ether 
reacts with a Grignard reagent thus :— 

CHgCHoCHgMgBr f ClCH^OMe-> CHaCHoCHaCHoOMe (18) 

I 
CHaCHjCHjCH^Br (19) 

giving, with propyl magnesium bromide, l-methox^^butane (18) which on heating 
with concentrated hydrobromic. acid, is demethylated and brominated to 1-bromo 
butane. (19). 

Malonic ester synthesis enables the chain to be prolonged by two carbon atoms 
at a time :— 

CHgCHgCHaBr f NaCH(COOEt)2-^ CH3CH2CH2CH(COOEt) 2 
hydrolyxlfl, etc. 

CHjjCHoCH.CHsCOOEt 
Ntt 

HBr 

CH3CH2CH2CH2CH.OH 
alcohol 3^22. 

CHaCHaCHaCH^CHjjBr 

the stages are sufficiently explained by the formulae above. 
Secondary alcohols react quite easily with hydrochloric acid in the presence 

of zinc chloride and unless complications ensue from intramolecular rearrange¬ 
ment this method constitutes the best method of preparation, e.g. ?<so-propyl 
chloride is obtained in good yield from w-propyl alcohol and hydrogen chloride : 

CH3. CH3. 
^HOH + HCl —r XHCl + H 2O 

CH3/ CH3/ 

on the other hand, attention has already been drawn (p. 229) to the difficulty 

of applying this method to other secondary alcohols. 

* Rossaiider and Marvel, J.A.V.iS,, 1928, 50, 1491. 



234 ADVANCED OKGANIO CHEMISTRY 

TABLE III 

Some Aliphatic Chlorine Compounds 

SyntemaMc name Farm Ilia B.P. Usual name. 

Chlorometliano ' 23-7° (m. - 103-6“) IVhHhyl chloride 
Chloroethauo . C,H,C1 + 12-2° (in. -140-8° Ethyl chloride 
1-Chloropropaijo 46-6“ (in. ~ 122-5“) n-Propyl chloride 
2-Chloropropane C,H,C1 36-f.° wo-Propyl chloride 
l-Clilorol)utaiie C^HgCl 77-9“ Buivl chloride 
2Chlorobutane 68-6“ icHO-Butyl chloride 
1 -ChIoro-2-mothyl- 

propano C4H,C1 66-5“ Butyl chloride 
2 - Cliloro - 2 -methyl - 

propane C^H.Cl 51-5“ /cr-Butvl chloride 
1 -Ohloropontane C,H„C1 106-6“ n-.^nyl chloride 
2-Chloro-2-inothyl- 

butane C.H„C1 8r)0° ^ir-Arnyl chloride 
1 -Chloro-2,2-<iimethyl 

propane C,H„C1 84-4“ neo-Pentyl chloride 
1 - (Thlorohexane C,H„C1 134“ n-Hexyl chloride 
1 -Chloroheptano C,H„C1 159“ n-Heptyl chloride 
l-Chlorooctano C.H„C1 180“ n-Octyl chloride 
1 -Chlorohentriaoon- 

tane . 0„H.,C1 - (m. 64-5“) Myricyl chloride 
Dichloromethane 39-8“ Methylene chlorid<^ 
1, l*Dichlorocthano C,H.CI. 58“ Elthvlidene chloride 
1, 2-Dichloroethane 84“ Ethylene chloride 
1, l-.I>ichloropropane CHaCH^CHClj 85-87“ 
1, 2-l)i('hloroproparLe C,H,C1, 97“ Propylene chloride 
2, 2-Dichloropropane CHaCCijCH, 69-7“ 
1, 3-Dichloropropan6 C.H.Cl, 120“ Triinetliylone 

1, 4-l-)ichlorobutane C4H«C1, 162“ 
chloride 

Tetramethylene 

1, 5-Dichloropentane C^H.oCl, 178“ 
chloride 

Pentainethylone 

Trichlopomethane . CHCl, 61“ (m. 63“) 
chloride 

Chloroform 
1,1»1 'Trichloroothane CH,. CCl, 74“ Methyl chloroform 
1,1,2-Trichloroe thane CH3CI . CHCl, 113“ Vinyl trichloride 
1, 1, 2-TrichIoro- 

propane CHjCHCl. CHClj 140“ 
1, 1, 3-TrichIoro- 

propane 
1, 2, 3-Trichloro- 

propane 

CHjClCHjCHCl, 146-148“ 

CH3CI. CHCl. 158“ Trichlorhydrin 
Tetrac hloromethan o CCI4 76-7“ (m. 24“) Carbon tf^tra- 

1, 1,2, 2-Tetraciiloro- 
othane CHCI3. CHCl, 146“ 

chloride 

Totrach loro thane 
1, 1, 1, 2-Totrachloro- 

ethane CH,C1. CCl, 130“ 
Pentachloroetliane . CHCl, . CCI, 102“ — 

Hexachloroothane . CCI,. CCl, Melts and snblimea 

Heptachloropropane CHCl, . CCl,. CCl, 
186“ 

248“ (m. 30“) 
— 

Octaoliloropropane . CCl,, CCl, . CCI, 269“ (m. 160“) 
Chloroethylene CHCl-CH, - 14“ Vinyl chloride 
3-C^loropropene -1 . CH,-CTI.CH,C1 44“ Allyl chloride 
2"Chloropropene-l , CH,-Ca . CH, 23“ jlJ-Chloropropylene 
l-Chloropropene-l . CHa-CH . CH, 36“ a - Ch loropropy lone 
l-Chlorobutene-2 . CH,. CH-=:CH . CH,C1 Crotyl chloride 
3-Chloro-2-methyl- 

propene-1 . CH,-C(CH,)CH,C1 72“ Methallyl chloride 
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TABLE III (continued) 

Some Aliphatic Chlorine Compounds 

Systematic name Formula ii.r. Usual name 

1 - Chloro - 2 -meth y 1 - 
propone-1 . (CH,)8.C-CHC1. 68° ?’«o-Crotyl chloride 

2 - Chlorobutadiene-1, 
3 CHj - CCl. CH-CH^ Chloroprono 

1, 1 -Dichlorcndhy lone CH,-CC1, 37° Acetylidene 

1, 2-DichJorcx)thyleno CHCl-CHCl (cis- 48°) 
dichlorido 

Acetylene 

L 1, 2-Trichloro- 
ethyleno CHCk CCb 

(trans- 60°) 

87° 

dichlorido 

(Triclene, Westrosol) 
Totracliloro(3thyIone cx:i,-cc4 120° Perchloroethylene 
Hoxach loro])roporio CCl, CCl .CCI3 210° Perchloropropyhmc! 
Octachlorobutorio-1 CCla -CCi . CC4CCI3 275° Porchlorobiit3dono 
Chloroethyiif) . CH~CC1 Spontaneously Chloroacot^dene 

Diohlorocthynci CC1~CC1 orC-CCb 
inflammable 

30° Dicdiloroacet^df^ne 
3-Chloro-propyue-1 CH = C.CH,C1 1 

i 
65° Propargyl chloride 

Tertiar}^ alcohols react with hydrochloric acid most readily, index'd, the 
usual method of preparing tertiary butyl chloride is to shake the alcohol with 
concentrakHl hydrochloric acid in a separating funnel wdien the reaction 

CH3 CH3 

CH,—C . OH-^CH,~0.01 

k I'H, 
proceeds almost to completion. The reaction is applicable to most tertiary 
alcohols. 

In cases where rearrangement complicates the conversion of alcohols to 
their chloro- hydrocarbons, thionyl chloride in the presence of pyridine is often 
used as a reagent, the pyridine taking up any acid or SO2 as fast as it is liberated. 

In the older literature frequent reference will be found to the use of phos¬ 
phorus trichloride and pentachloride for the conversion of aliphatic hydroxyl 
compounds to the chloro- hydi'oearbon. This method works fairly well, but 
has the disadvantage that esters, R3PO3, R3PO4, are formed at the same time, 
and that structural changes are easily brought about by the use of such drastic 
reagents. 

The initial members of the series, methyl and ethyl chlorides can be prepared 
when required in small quantities by the action of dimethyl or diethyl sulphate 
on a chloride—the most convenient being a saturated solution of calcium 
chloride in ethanol:— 

2(CH3)2S04 + CaCla-> 2CH3CI + Ca(S04)2(CH3)2 

The systematic and popular names of many of the members of the mono- 
chlorohydrocarbon series are shown at the beginning of Table III, together 
with their boiling points. 

Invaluable as raw materials for organic syntheses, there are few jioints of 
special interest attaching to the individual monochlorohydrocarbons. Methyl 
chloride has been used widely as a refrigerant and as a methylating agent; it 
is toxic, and for this reason has been, to some extent, replactnl in refrigeration 



236 ADVANCED ORGANIC CHEMISTRY 

practice by difluorodichloromethane. Ethyl chloride is valuable as an ethyl¬ 
ating agent, and has now almost entirely replaced ethyl bromide as a raw 
material for the maiuifactiiro of lead tetraethyl (g.v.). It is used in thermo- 
regulators for ambient heat control, as it boils at 56-58^ F., and when confined in 
an elastic capsule liquefies just below 60® F., causing the capsule to collapse, thus 
starting up the lieating devices. Ethyl chloride has been made recently in 
U.S.A. by the large-scale addition of hydrogen chloride to ethylene. 

POLYCHLORO- HYDROCARBONS 

For preparing higher chloro- derivatives an additional method is available, 
namely, the addition of chlorine to unsaturated hydrocarbons, as in 

(а) + CI2-CH.Cl. CHgCl 
(б) CH-CH + 2CU- 

a method w^hich allows of the formation of di- or tetra- substituted compounds. 
Tri- and penta- substitutcHi compounds must be obtained by a combined (or 
sequential) addition of hydrogen chloride and chlorine as in 

CH~CH -f HCJ-> CH2-CHCI + CI2-CHoCl . CHCI2, 

or by direct chlorination. Under some conditions, however, the addition of 
chlorine to acetylene is accompanied b}^ substitution and penta- and hexa- 
chloroethanes are obtained :— 

(a) CH=CH + 3CU = CHCU . CCI3 + HCl 
(b) CH=CH + 4C\ - CCI3. CCI3 -[ 2HC1 

Special methods are used for obtaining the di-, tri- and tetra- chloro substituk'd 
methanes w’hich will be refeiTed to specifically below. In occasional instances 
it is possible to obtain poly chloro hydrocarbons by the replacement of oxygen 
with chlorine; thus, the persistent action of thienyl chloride on glycerol gives 
1, 2, 3-triehloropropane 

CHoOH . CHOH . CH2OH-> CH2CI. CHCl. CH^Cl 

and aldehydes and ketones react w ith phosphorus tri- or penta- chloride to give 
di chloro- compounds in which two chlorine atoms are attached to a single 
carbon atom as in 

(a) CH3 . CO . CH3-> CH3CCI3 . CH3 
(b) CH3 .‘CH2. CHO-^ CH3 . CHg. CHCI2 

Methylene Chloride,—Discovered by Regnault in 1809,^ reference has already 
been made (p. 75) to the preparation of the series methylene chloride, chloro¬ 
form and carbon tetrachloride by the direct chlorination of methane. The 
difficulties of separation of the three named constituents can be overcome by 
the use of suitable plant; the formation of two- and three-carbon compounds 
and their complicating influence on the separation has not yet been overcome 
and the method has not yet been adopted for the preparation of pure compounds. 

Methylene chloride is mainly obtained as a by-product in the manufacture 
of chloroform by reduction of carbon tetrachloride with ‘ activated ’ iron. 
Carbon tetrachloride, which can be produced very cheaply from carbon di¬ 
sulphide and chlorine, is readily reduced by moist iron which has been * acti¬ 
vated ’ by a little hydrochloric acid. Although the main product is chloroform, 
considerable methylene dichloride is also obtained and is recovered from the 
fore-run of the distillation. In addition, it is possible to obtain methylene 
dichloride by the reduction of chloroform with sodium arsenite, but the method 

^ Regnault, Ann, Ohim, 1809, 71, 379. 
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has no industrial significance. Reduction of chloroform with the theoretical 
quantity of alkaline ferrous sulphate is one method w^hich has been adopted on 
the Continent for methylene chloride production on an industrial scale. 

Methylene dichloride is largely replacing ether as a solvent for extraction 
processes, both in laboratory and industry. Instances are continually being 
met where the final product must be extracted from an aqueous solution by 
shaking out with ether; in nearly all cases ether may, with advantage, bo 
replaced by methylene chloride which boils within a few degrees of ether, is 
non-inflammable and not only is insoluble in water, but does not dissolve water. 
Thus, the ope^ration of extraction is made less hazardous ; less costly, since no 
solvemt ‘ disappears ’ into the extracted liquid and the final solution on removal 
of the solvent leaves the product in a reasonably dry condition. 

Methylene dichloride is an unreactive body ; Carlisle and Levine ^ have 
examined its stabilit}^ and although it can be made to react with water thus :— 

CH2CI2 + H2O-^ CHoO + 2HC1 

very drastic conditions are needed to induce the reaction. 
Chloroform.—Liebig * and Soubeiran ® simultaneously reported the prepara¬ 

tion of chloroform by the action of alkalies on chloral and by the action of 
acetone and alcohol on bleaching powder. They regarded it as a chloride of 
carbon and it remained for Dumas ^ to demonstrate that it contained hydrogen. 
For the production of diloroform for anaesthetic purposes the action of bleaching 
powder on alcohol is mainly used in this country. It is a complex reaction in 
which the alcohol may be considered to bo oxidised to aldehyde which is then 
converted to chloral and hydrolysed :— 

CjHjOH-> CH3CHO CCl^CHO — CHCI3 + H . COOH 

In the process used by Poulenc, the efficiency of the older method is increased 
(for details, see under ‘Chloral’, Chap. VI) by ‘dissecting’ the preparation. 
Aldehyde is made in almost tlKK)retical yield by controlled catalytic vapour- 
phase oxidation ; vapour-phase chlorination yields chloral in good proportion 
and hydrolysis with superlieated steam not only yields chloroform but enables 
the formic acid to be retrieved as such. In America much chloroform for 
industrial purposes is made by the reduction of carbon tetrachloride with 
moist or ‘ activated ’ iron ; but the product so prepared has not been used 
for ansBsthesia. Chloroform for ansesthesia is usually packed with a small 
percentage of alcohol to remove any phosgene which may be formed by the 
action of light and moist air :— 

2CHCI3 f O2-2COCI2 + 2HC1 

The simplest way to purify chloroform for laboratory use is to cool a litre or 
two in solid CO 2 and acetone, pouring off the supernatant liquid when about 
two-thirds has crystallised ; on melting the remaining solid chloroform, and 
repeating the process, a very pure product is obtained. Chloroform melts at 
-- 63^ 

Chemically, chloroform is more active than methylene dichloride ; it is 
readily decomposed by alcoholic potash, giving the formate (a); with sodium 
and alcohol ethyl oriAo-formate is obtained (6). 

CHaa + 4KOH = 3KC1 + 2H2O -f HCOOK (a) 
CHCla + SNaOEt -= CH{OEt)3 + 3NaCl (b) 

^ Carlisle and Levine, Ind, Eng, Chem., 1932, 24, 1164. 
* Liebig, Pogg, Ann., 1831, 28, 444. 
® Soubeiran, Ann. Chim, Phys,, 1831, (2), 48, 131. 
^ Dumas, Ann., 1839, 82, 113. 
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Further, the hydrogen atom can enter into an aldol condensation as, for 
example, with acetone :— 

CHCI3 + CH3. CO . CH3 

The product (1, 1, l-trichloro-2-methylpropanol-2 or ‘ chloretone’) is used as 
an antispasmodic. In the presence of alcoholic potash, primary amines react 
with chloroform to give t^ocyanides (carbylaniines)—notorious for their 
repulsive odour :— 

R . NHg + CHCI3- R.N-C -^ R . NC + HCl 

The outstanding property of chloroform is, of course, its power of inducing 
ansesthesia w^hen its vapour is inhaled. This property, recorded in Edinburgh 
by Sir J. Simpson ^ in 1848, followed the use of ether in America, and the 
already widely reported observations of Davy on nitrons oxide anaBsthesia. In 
actual practice, mixtures of chlorofonn and ether and of ether and nitrous 
oxide are common. The mechanism of anaesthesia is biochemically obscure; 
Bancroft ^ has given an interesting explanation based on the fact that chloro¬ 
form and similar substances will induce coagulation in protein saline systems; 
the coagulation is reversible, and peptisation can be effected by removing the 
chloroform. This ability to recover is diminished after some hours when the 
process becomes irreversible. It is, therefore, held by many that anaesthesia is 
caused by the anaesthetic dissolving in the lipoid sheath of the nerve, and causing 
coagulation of the protein saline system within, rendering it temporarily in(‘Rpable 
of passing the impulses generated in the sense-perception machiner}^ The 
subject is not one which can be discussed in this W'ork at length ; the reader 
is referred, for a general summary of modern views on narcosis and ansesthesia, 
to the work of H. K. Beecher.^ 

Carbon Tetrachloride—CCI4, a heavy liquid (d 1*63), b. 76-7'", is the final 
product of the chlorination of methane, and was discovered as such by Regnault. 
It is prepared from methane and chlorine, and from the chlorination of carbon 
disulphide in the presence of iron powder :— 

CSa + 30^ — ca« + SjCla 

The separation of carbon tetrachloride and sulphur monochloride is avoided 
by cutting off the supply of chlorine when sufficient carbon disulphide still 
remains to allow the reaction 

CSa + 2SaCl2 CCI4 + 6S 

to proceed to completion—which it does readily, leaving a crude carbon tetra¬ 
chloride to be distilled from the sulphiu: and rectified. 

Carbon tetrachloride is widely used as a solvent, as a remedy for infestation 
by hookworm, and as a fire extinguisher, being second only to methyl bromide 
in the latter capacity. 

In general, carbon tetrachloride behaves as though one chlorine atom is 
linked differently; no or<Ao-carbonic esters are produced by hydrolysis in 
presence of sodium ethylate; ethyl or^Aoformate can be isolated, and it is 
presumed that a reaction proceeds with the formation of chloroform which then 

1 Simpson, Edin, Monthly Journal of Med. Sd., 1848, 8, 416. 
* Bancroft and Richter, J, Physiol. Ohem.t 1931, 85, 216. 
* Beecher, The PhyHol^y of AneBSthema, pp. 1-64, 1938, O.U. Press. 
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gives rise to the orthoiona&ie. Again, carbon tetrachloride reacts readily with 
silver perchlorate ^ to give trichloromethyl perchlorate, a reactive liquid 

CCl, + AgClO^->0013(0104) + AgCl 

instantly decomposed by water to form perchloric acid and 0013OH. The 
general behaviour is compatible with a tendency towards the formation of a 
structure 

OOI4 ^ [CClslCl 

The reduction of carbon tetrachloride to chloroform and methylene dichloride 
has already been mentioned. Oarbon tetrachloride gives some carbylamine 
when heated with a primary amine and alcoholic potash. 

i, 2-Dichlorethane (Ethylene dichloride)}—In 1795, Bondt, Deimann, Louwen- 
burgh and van Troostwick discovered ethylene di chloride by the union of ethylene 
and chlorine ; for obvious reasons it received the name ‘‘ Oil of the Dutch 
chemists'’. It is almost universally prepared by the direct action of (rhlorine 
upon ethylene, and considerable ingenuity has been directed towards obtaining 
a pure product. The use of crude ethylene (e.g. from the partial liquefaction 
of c*oke-oveii gas) is liable to give a chlorinated product containing other halogen 
d(Tivatives beside ethylene dichloride, and it is preferable to iractionate the 
ethylene to obtain a tolerably pure gas before chlorination. The most satis¬ 
factory condition for the production of high grade ethylene diehloride is the 
passage of dry ethylene into liquid chlorine ^; higher temperatures lead to 
some substitution, as well as addition. 

Ethylene dichloride is a stable substance ; its main use in the manufacture 
of ‘ Thiokol ’ ('lastomors has already been discussed, as also has its progressive 
conversion to acetylene by alcoholic alkali:— 

KOH KOU 
CH2CI. CH2CI —- CHCI-CH2-^ CH=CH 

It can be made to react with dilute aqueous alkalies to give ethylene glycol, 
and its interaction with sodium cyanide gives the nitrile of succinic acid, from 
which the industrial supplies of that acid are obtained. 

CH,a ^ CH,CN CH .COOH 

OH,Cl CH*CN CHjjCOOH 

Heating ethylene dichloride under pressure with alkalies of a suitable concen¬ 
tration in the presence of sodium acetate can give a mixture of vinyl chloride 
and acetate. 

Heated under pressure with sulphur dioxide, it forms a sulphonyl chloride :— 

CHjCl CHjSOaCl . . CH^v CaCl^ 
I * J2!,| * * *\o + 

CH^Cl CHaCl CH/ SO^ 

This substance, 2-chloroethanesulphonyl chloride decomposes readily with lime 
to give ethylene oxide. 

The reaction between ethylene diehloride and ammonia is of considerable 
industrial importance, and constitutes Kraut’s imthod^ of making ethylene 

^ Birckenbaoh and Goubeau, NcUurudag., 1930. 18. 630. 
* Bibliography of Bthylene Diehloride, U.S. Dept, of Agriculture, 1932, Miscellaneous 

Publication, No. 117. 
• Curme, Chem. Met. Bng., 1921, 85. 999. * Kraut, Ann., 1882, 212. 263. 
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diamine. The dichloride is heated with ammonia under pressure when the 
reaction proceeds :— 

CH.Cl CH2NH2. HCl CH2NH2 CHsjNHj, 
1 1 " _ 

CHjjCl 
^ 1 

CH.,NH2 . HCl 

1 

CH^NH 
1 

0H,NHCH, 
1 

I 
CHa 

1 
CHjNIKJH 

CHoNHs 
(20) 

1 
CHjNH^ 

(21) 

In addition the vsecondary amines (20) and (21), 6/.s‘(2-aniinoethy])amine and 
6i9(2-aminoethyl)elhylenediamine, are formed to a limited extent.^ 

Ethylidene chloride, CH/'HCU, a substance l(‘ss well known than its isomer, 
ethylene dichloride, is prepared in laboratory quantities by the action of phos¬ 
phorus peiitachloride on acetaldehyde. The yield is poor, and may be improved on 
a somewhat larger scale by autoclaving a<‘etaldehyde and j)h()Sg(‘n(s the reaction 

CH3CHO + COCl,>-> OH3CHCI2 t CO2 

proceeding easily and with little secondary decomposition. If required on 
an industrial scale, it could be prepared by passing the vapour of ethylene 
dichlorido over alumina at 400°, when it is split to vinyl chloride and hydrogen 
chloride, recombination by passage through aluminium (‘Idoride at 125° gives 
ethylidene chloride :— 

CH2OI. CH2CI CHCI-CH2 + HCl CHCIo.CH, 

Hydrolysis of ethylidene chloride jdelds acetaldehyde. 
There are three trichloro- derivatives of interest in tliis fi(*ld, namely, 

methylchloroform, 1, 1, 2-trichloroethane and 1, 2, 3-trichloropropane. Methyl- 
chloroform, CH3CCI3, is best made by chlorinating ethylidi^ne chloride, although 
it can be prepared by the prolonged action of phosphorus pentaddoride on 
acetyl chloride. Its isomer, 1,1,2-trichloroethane, is obtained by the regulated 
action of chlorine on eth^deno di chloride. 

1, 2, 3-Triehioropropane is easily obtained from glyctuol and thionyl chloride 
or phosphorus pentachloride ; it is a heavy liquid, b. 158°, with a pleasant 
smell. 

Tetrachloroethane, CHCI2 . CHCI2, a heavy, sweet-smelling liquid, highly 
toxic and a cumulative poison, is obtained by passing acetylene and chlorine 
into antimon}" pentachloride in tetrachloroethane solution. It is very reactive 
and in the presence of moisture rapidly corrodes iron, zinc, and similar metals. 
It is readily decomposed by alkalies yielding trichloroethylene, and with air 
and steam yields dichloroacetic acid :— 

CHCI2. CHClj ^ CHCl,. COOH 

It is one of the most powerful solvents knowm, and but for its toxicity hazard 
would be used more widely in industry. 

Penta- and hexachhroeihane, CHClj. CCl, and CCl, . CCl,. These sub¬ 
stances are produced as by-products in the preparation of tetrachloroethane, 
from which they may bo separated by fractional distillation. The main use of 
pentachloroethane is as a high-boiling solvent; the entrance of the sixth 
chlorine atom induces a striking change in physical properties; hexachloro- 
ethane is a crystalline solid, m.p. 186°, with a strong camphor-like odour. It is 

1 Fargher, J.C.S.. 1920, 117, 1361. 
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used in compounding smoke-screens—^mixtures of zinc dust and hexachloro- 
ethane; it also finds use as a plasticiser. 

Few of the higher chlorinated propanes or butanes are of exceptional 
interest; their physical properties are detailed in Table III; 1, 3-diohloro- 
propane is a valuable starting point for the ansssthetic cyclopropane, but few 
of the others have found application. 

Uns aturated Chlorohydrocarbons 

The simplest of these, vinyl chloride, OH2 —CHCl, is a gas at ordinary 
temperatures, b. 14^. It has a powerful odour, and whilst it can be prepared 
by the controlled reaction of alkahes on ethylene dichloride, it is nearly all 
manufactured by the direct union of acetylene and hydrogen chloride in the 
presence of cuj)rous cliloride :— 

CH-Cll i HCl-^ CH2-CHCI 

The polymerisation of vinyl chloride has been described in Appendix I., 
Chapter III. 

The })ol}uneric tendency is found also in alhd chloride, CHg^CH . CHgCl, 
obtain(‘d as an intermediate product in the manufacture of glyc‘erol from propy¬ 
lene. It is sold in large tonnage in America, and is the source of nearly all 
the ailyl compounds of commerce. The formation of some of these is shown 
below ;— 

.CHJ 
AUyl iodide 

Cone. 

ulcolidlic 
>al 

CHj==CH. CH.,OH 
Allyl alcohol 

Ally! chloride j 
AlcohoJh- 

amminiliiui 1 

thi(^cy4Uiate 

CH ,-4'll .CH,NCS - 
AliyI isothiocytuiatt^ 

(“ muHtard oil ”) 

H(’l 

All\’Iurnino 

CH2--CH . CH,X). (X)(CH.,)j(Tl, 
Allyl caproatc 

(“artificial pineapple flavour '*) 

Diallyl disulphide 
(“ oil of garlic ’’) 

. CH„NHCSNHj 
Thiosiii amine 

(Allyl thioui*oa) 

[CHs.=OH. CHoSJj 
Diallyl disulphide 
{“oil of garlic“) 

Although allyl chloride does not polymerise so readily as vinyl chloride, 
the tendency is still present, and Staudinger and co-workers ^ showed that 
a linear polymer 

. . . CH2. CH(CH2C1)[CH2 , CH(CH2C1)]^CH2CH(CH2C1) . . . 

was obtaincxi on prolongtxl standing; polymers with 5, 7, 9, 11, 12 and 25 
units were isolated. Analogous substances were obtained from 1, l-dichloro- 
ethylene.* 

Methallyl chloride, CH2=C(CH3)CH2C1, is obtained in industrial quantities 
by the direct chlorination of i^o-butene :— 

le 

CH2=C{CH3)2 + C4—^CH2=C(CH3)CH2C1 + HCl 

^ Staudinger and Flaitmann, Ann., 1930, 480, 92. 
* Staudinger H ol., Hdv, Chitn. Acta, 1930,18, 805 and 832. 
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and undergoes a se*ries of reactions similar to those desciribed in the (jaso of 
allyl chloride. It is an interesting fact that the chlorination of butene 
leads largely to a substitution product, and that addition is almost iindettH.‘t- 
able ; this is probably related to the well-known stability of the weo-pentyl 
compounds. The term ‘ all3d rearrangement' has been given to the shift of 
double bond wliich is encountered in this group ; thus, if meth} 1 vinyl carbinol 
is treated with a halogen acid a reaction takes place :— 

HCl 

CH3CH(0H)CH--==CH2 CH3CH-=:CH . CH,(1 
AgOH 

On the other hand, when the halide is treated with silvtM’ hydroxide the original 
alcohol is reconstituted and the shift takes place in the o])posite direction. 
The reaction is a general one, and an interesting t‘xample is that obstTved by 
Prevost,^ the abnormal reaction of the Orignard reagent with crot^d bromide 

CHgCH^OH . CH^Br 4 CH3MgBr—> ((^H3)/’II . (TU-OHo 

2-Chlorobutadiene’h 3 {Chloroprene).—Beferenct^ has alreadv been made 
(Appendix 1, Chap. Ill) to the place which this siibstaiKu' holds in the 
manufacture of ‘ Neo{)rene \ Its usual method of preparation is l)y the action 
of acetvlene on h^^drogen chloride in the pr(\sen(‘e of (‘atalysts :— 

CH^CH 4 CH-CH->(T1-C . CH-^Tl. -| IJCl - . ( H Cdl, 
Clil(>roi)n^no 

Apart from its rapid pol^mierisation to ‘ Neojuvnelittle a]>])lication of this 
compound has been develop(^d. 

Trichloroethylene, CH(d - CCI2.—This substance is readily obtaira^d from 
tetrachloroethane by the action of alkalies, and is probably the most widely 
used solvent of the series. It is preferable to tetrachlorcxHliaiie for man^^ 
purposes, as it does not so readily cause (corrosion, and, in general, its chlorine 
atoms are ineri. Pure trichIoroeth3dene is an excellent anaesthetic, and oflers 
certain advantages over chloroform; it is manufactured industrially for this 
purpose. It is also used in large quantities in mechanical degreasing plants 
and for fat extraction from pres8-(?akes in the vegetable oil industry. 

Chemicallj", trichloroethylene is a valuable source of chloroaceti(.^ acid, simje 
when heated with dilute h^^drochloric acid under pressure the follow ing rea(*tion 
takes place almost quantitatively. 

ClCH^CCl, CH^Cl . COCl --“4 CH2CI . COOH 

It is also the most convenient source of dichlorodinitromethane, Clgt^NOg)^, 
which is obtained by the action of nitric acid; whilst with formaldehyde and 
sulphuric acid it gives an ether, thus :— 

CH2O CHCI-CCI2 +JJ.0 /CHg. CHCl. COOH 

CH20^CHCI=CC1, '^CH,. CHa . COOH 

In alkaline solution, trichloroethylene is hydrolysed to glycoUic acid—^a method 
which is used for obtaining that acid for experimental purposes :— 

CCl, H.0 COOH 

(Lci •**““ (!h,oh 
> Pr^ost, Ann. Chim., 1928 (10), 10,121; Privoat and Danjat, BvU. Soc. Chim., 1930, 

47, 688. 
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When tetrachloroothane is reduced with moist iron, dichloroethylene, 
CHC1“ CHCl, is obtained. The industrial solvent used under this name is a 
mixture of tht^ and trans- forms which can be separated by careful fractiona¬ 
tion. They are probably the simplest compounds showing geometiical isomerism. 

Cl—C . H 
II 

Cl—C . H 

cW’dichlorofithylerie 
b. 

Cl—C . H 

^ran«.dichlorcH5thylono 

b. 60° 

Likf* methylene dicdiloride, dichloroethylene can be used to replace ether in a 
]arg(' variety of hiboratory extractions. 

Tetrachloroethylene, CC^o—CCU*—This substance is prepared from penta- 
chloroethane by a process analogous to the formation of trichloroethylene from 
tetrachloroidhane, nameh^ the elimination of hydrogen chloride :— 

CHCI2 

1 
cci.., 

-HCI 

CCI^ 

II 
CC13 

It oflers on(‘ advantage over the other non-corrosive chlorinated solvents 
namc^ly, a boiling j)oint of 120'^, which is an advantage in certain extractions 
'Fhe chloriri(‘ atoms are not (^asiiy reactive. It is used in textile soaps, and as 
a r(‘medy for liver-fluke in sheep. 

Ther(‘ ar(* only two chloro- dt'rivatives of acetylene possible, namely, 
C1('=('H and C1(J==CC1. Both have been prepared by passing the vapours 
of di- or tri-chloro(‘thylene over heated solid potash (120-150'"). They are 
spontaneously inflammable or explosive substances of considerable toxicity 
and powtTful odour. Th(\se abnormal properties led N(d to propose a divalent 
carbon structun*, e.g., C f'Cl.^„ for them, but no critical experiments have bt^en 
record(‘d leading to a vilification of this hyi)othesi8. 

On the othtT liand, the aJlyhuie chlorides are normal substances, such, for 
(‘xample, as allylene chloridi* itself (better known as 1-chloropropyne-l), 
(.TI^CeeC . (d, pri^pared by the action of allylene on sodium h}'’pochlorite. 
The isomeric l-chloroprop}nu‘-3 (CH^C.CHgCd) is obtained from i)ropargyl 

alcohol. 

Bromine Compounds 

A list of the names and properties of the more prominent bromine deriva¬ 
tives is given in Table IV on page 244. 

The direct bromination of hydrocarbons seldom produces compounds with 
more than one bromine atom per carbon, hence compounds with more than this 
amount of bromine must be obtained by indirect methods, such as the addition 
of bromine, or the replacement of aldehyde or keto-oxygen by treatment with 
phosphorus pentabromide. On the other hand, there are one or two satisfactory 
methods available for the preparation of the bromides which do not work well 
in the case of the corresponding chlorides. Thus, in proceeding from one 
halide to the next highest the Grignard reagent may be used thus:— 

C3H,Br CjH^MgBr ^ CjH^CH^OH CaHjCH^Br 

a variant method is to react the Grignard compoimd with monochloromethyl 

ether :— 

CsH^MgBr + CICH2 . OCH3-C3H,CHoOCH3 "ISr • ^^HgBr 
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TABLE IV 

Systematic name Formula B.P. Usual name 

Bromomethane Ca^Br 
C,HjBr 

4-6° Methyl bromide 
Broraoethane 38-4'' Ethyl bromide 
1 -Bromopropane CH^Br , CHjCHa 70-9° n-Propyl bromide 
2-Bromopropane CHjCHBr . CHa 596" wo-Propyl bromide 
l-Bromobuton© CHiBr(CH,),CH, 101-6" n-Butyl bromide 
2-Bromobutano CH, . CHjBrCHjCH, or «€C-Butyl bromide 
1 -Bromo*2-methylpropane CHjBr . CH(CH,)CH, 92" wo-Butyl bromide 
2-Bronio-2-inethylpropane (CH3),CBr 72" <er-Butyl bromide 
1-Bromopentane CH,Br(CH,),CH, 128" n-Amyl bromide 
2-Bromo - 2-methylbuteuie 
l-Bromo-2, 2-diTnethyl- 

CHaCBr(CH,)CH3CH3 108" /€r-Amyl bromide 

propane (CH,)3C . CHjBr 105" tU’o-Pentyl bromide 
1-Bromohexane 156" Hexyl bromide 
1-Bromoheptane CH,Br(CU,),CH, 178" Heptyl bromide 
1-Bromooctane CH,Br(CH,).CH, 202" Octyl bromide 
1-Bromohexadecane CH3Br(CH3)„CH, — in. 15" Cetyl bromide 
1 -Broniohentriacontane . CH,Dr(CH,),,CH, — m. 67" Myricyl bromide 
Dibromomethane . CH^Br, 90" Methylene dibromide 
1, 1-Dibromoethane CHBr,. CHg 110" Ethylidone dibrornido 
1, 2-Dibromoethan0 CH,Br , CHaBr 131", 111. 9" Ethylene dibromide 
1, 2-Dibromopropane CH,CHBrCHj.Br 142" Propylene dibromide 
1, S'Dibromopropane CHjBrC^HjCHjBr 167" Trimethylene 

di bromide 
1, 4-Dibromobutane CH3Br(CHa)jCH,Br 197" Tetrainothylene 

dibromide 
1, 6-Dibromopentane CH3Br(CH,)3CH,Br 223" Pcntoinethylene 

dibromide 
Tribromomethane . CHBr, 151", m. 7-7" Bromofonn 
1, 2, 3-Tribromopropane , CH^Br , CHBr . CH,Br 220'" Glyceryl bromide 
Tetrabromoethane . CBr^ 189", in. 94" Carbon tetrabromide 
Broraoethylene CH,-CHBr 16" Vinyl bromide 
l-Bromopropene-2 . CH,Br . CH-CHa 71" Allyl bromide 
Bromoethyne CHsCBr -2" Bromoacetylene 
Dibromoethyne CBrsCBr 77" Dibromoacetylone 

The ether which is obtained in this way can bo converted by boiling hydro- 
bromic acid to the alkyl bromide. 

The synthesis of Marvel is available for preparing tetra-, penta- and hexa- 
methylene dibromides. Thus, trimethylene dibromide (22) is treated with 
sodium phenoxide when the mono-phcnoxy compound (23) is fonned. This is 
transformed by the series of orthodox changes outlined below to totramethylene 
dibromide. 

PhONa 
Y 

Br. CHgCHjCHjBr (22) 
PhO . CKjOHjCHoBr (23) 

PhO . CH.CHjCHjCN 
PhO. CH;CHjCH^COOEt 
PhO . CHi,CH,CH2CHj.OH 
Br. CHjCHjCHjCHjBr 

KCN 
H2S04/Et0H 
Na/EtOH 
HBr 

In general, it may be added that the simple alkyl bromides are the compounds 
of this series most commonly met with. 

Methyl and ethyl bromides are useful methylating and ethylating agents 
for laboratory use, but find little industrial application in this capacity. The 
main use of methyl bromide is in fire-extinguishing plant; the release of methyl 
bromide in and around a fire area blankets the fire, and about 10-12 per cent, 
of methyl bromide in an atmosphere makes it virtually a non-supporter of 
combustion. 
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Bromoform, on account of its therapeutic use, is an article of commerce ; 
it is a very heavy liquid (d. 2*9) obtained by the action of sodium hypobromite 
on ac(^tone. When bromoform is allowed to stand with excess of sodium 
hypobromite, carbon tetrabromide is formed as a crystalline solid, m. 94°. 
Warming with alkalies readily conv(*rts carbon tetrabromide back to bromo- 
form, the reaction being reversible 

CBr^ + KOH nn; CHBrg + KOBr 

It appears that the ‘ positive ’ nature of one of the chlorine atoms in carbon 
tetrachloride is enhanoe^d in the corresponding bromine atom of carbon tetra¬ 
bromide which might, therefore, be written [CBr^JEr. 

The most important bromine compound in this series, from an industrial 
standpoint, is ethylene dibromidt^ CHaBr . CH^Br, which is used with lead 
tetraethyl in the production of anti-knock fuel. Without the bromide some 
metallic lead is produced wliich is only partially converted to the oxide ; the 
metallic material is deposit(‘d on, and interferes with, the ignition points. The 
use of ethylene dibromide h^ads to the formation of lead bromide which is 
harmless. It may be added that the chloride is not suitabk5—as load chloride 
is not formed under the conditions existing in the cylinder. Many tons of 
bromine are needed for this material—U.8.A. used over 6000 tons of ethylene 
dibromide in 1936—and it was in connexion with this chemical that the process 
of obtaining bromine from sea-water was industrially developed. It is now 
combined with the extraction of magnesium from the same source. The 
advent of simple processes for catalytic products of very high octane value 
fuels has to some degree lessened the need for * leading ’ petrol; it may be 
that these will, in future, replace the leaded fuel. 

Iodine Compounds 

Iodine compounds are produced less easily, in general, than the correspond¬ 
ing bromine derivatives. The direct introduction of iodine is exceptional, so 
that iodo-compounds are mainly obtaincMl by the replacement of the hydroxyl 
of alcohols by iodine, using hydriodic acid (or its equivalent, phosphorus, iodine 
and water) or by the addition of hydriodic acid to unsaturated compounds. As 
with the bromides, iodomethane and iodoethane (methyl and ethyl iodide) can 
be obtaincnl by the action of dimethyl or diethyl sulphate on potassium iodide :— 

(CH3)2S04 + K1 -—> K(CH3)S04 f CH3I 

K2SO4 + CH3I 

Some important aliphatic iodine compounds are set out in Table V on page 246. 

Some Reactions of Alkyl Halides 

The great ease with wliich the reactions 

R . Br + KI-> RI + KBr 
R . Cl + KI-^ RI + KCl 

proceed affords a simple method of making the alkyl iodides from the bromides 
or chlorides. The lability of the iodine in iodides makes them extremely re¬ 
active, and the ease with which they enter into reaction with sodio- derivatives 
of malonic ester, or form Grignard compounds, is contrasted with the difficulty 
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of inducing corresponding reactions with ilic cliloro- compounds. This lability 
is one factor in the difficulty of preparing iodine derivatives of certain branched 
chain hydrocarbons, since iodine is readily transferrt^d from one (carbon atom 
to another, e.g., when 7«-propyl iodide is refluxtMl for a few' hours it is converted 

TABLE V 

Some Iodine Compounds 

Syateimitlc name Formula B.P. Usual name 

lodomotharie . CH,I 42-6° Methyl iodide 
lodoethane CHjCHJ 72‘' Ethyi iodide 

j l-lodopropano CHaCHsCH,! 102-5^^ ?i-Pro})yl iodide 
j 2-Iodoproj)aiie CH3CHICH, 89-5^’ ns'o-l’ropyl iodide 
; 1-Iodobvitane . CH,(CH3)aCir2l 127’ n-Butyl iodide 
i 2-Iodobutaiio . CH3CH2CHICH3 120' .vrr-Biityl iodide 
i ]-Todo-2-mothvlpropan<> . 1 ir Butyl iodide 

2-lodo-2-iricthylpropaiie . (CH3)3CT 100 ■ /(T-Butyl iodide 
l-lodopontanc 150’ n-Ainyl iodide 
2-lodo-2-m«^thylbutaiie 127' /^T'Ainyl iodide 
1 -lodo-2, 2-dimethylpropaTie {CH^),C .im,i 1 i 133’ ; N(‘opentyl iodide 
1-Iodohexane . CH3{CH,),1 177" H(‘xyl ifxlido 
l-Iodoheptane CH3(CH..)J 204’ He])tyl iodide 
1-Iodo-octane . OHaCCHj-I 22 r Cletyl iodide 
2-Iodo-octane . CHa(CH.,),caiCH3 210' ;>irfc-Oetyl iodide 
1 -lodohexadecane CH3(CH,),d 2ir'/ir>nmi. in. 22^' Cetyl loflide 
1-lodohentriacontaiie -- in. 70“ Myncvl iodide 
Di-iodoraethaiie CH213 181", in. rrr>~8° Methylene iodide 
1, 2-Di.iodoethano . CHjI . — in. sr Ethylene iodide 
Tri - iodome thane CHI3 — ni. 120’ loilofonu 
l-lodopropene-2 CHj-CHCHjI 103" Allyl iodide 

to iao-propyl iodide, and the reaction is even more readily indiK^inl by heating 
under pressure. The reaction is not unknowm with bronio- and chloro- 
compounds, but is not always so readily induced with primary halid(‘8 ; how¬ 
ever, .sec-butyl bromide is readily converted to ter-butyl bromide by heating ^ 

CH3CH2CHCICH3 

luider pressure to 230°, an equilibrium being attained when 80-85 per cent, 
conversion to the ter- form has been fonnod, and the reader will recall, in this 
connexion, the many examples of radicle isomerisation observed during the 
Friedel-Crafts reaction between alkyl halides and aromatic hydrocarbons. 

1 Michael et al., Arm., 1912, 893, 81; J.A.CM., 1916, 88. 663; Brumd, ibid., 1917, 89. 
1978. 
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It may also bo added that owing to the lability of the halogen atom it is 
difficult to forecrast the course of any reaction in which an alkyl halide is in¬ 
volved ; thus, if l-ohlorobutane is passed through a heated tube, the expected 
d(?composition to butene-1 and hydrogen chloride takes place ; on the other 
hand, if the tube is packed with calcium chloride cis- and ^mR-^-butene are the 
products ; further, as might be anticipated, 2-chlorobutane yields a mixture of 
buteno-1, cis- and ^mR.v-butene-2 when heated alone; with calcium chloride 
the amount of butene-1 is halved, and the yield of butene-2 correspondingly 
increased. (See scheme at foot of p. 24t).) 

8(*v(Tal examples from the alkylene dibromide series show that the lability 
of the halogen is to a large extent governed by the nature of the groups attached 
to the carbon atom adjacent to that Avhich carriers the halogen. Thus, tri¬ 
methylene dibromide (24) (1,3-dibromopropane) reacts easily both with sodium 

BH^H2 . CHa. CH.Br 

(24) 

CTl 

BrCH^. C . CH-^Br 

CH. 

(26) 

CH, 

I 
BrCH^ . C . CHgBr 

CH. 

(25) 

BrCHo. C . CHgBr 

1 
CHs 

(27) 

cyanide to form a dinitriUi, and with aqueous sodium carbonate to form a glycol; 
neither the dimethyl- nor the methyl-ethyl-derivatives (25) and (26) react at 
all readily with (‘ither reagent; the methyl-ethyl derivative is quite unchanged 
by 33 hours’ boiling with aqueous sodium carbonate, although the phenyl- 
methyl derivative (27) is converted to the glycol completely after 12 hours’ 
boiling. 

Many experiments have been made to measure the lability of the halogens 
in a homologous series of aliphatic halides. The figures obtained by Segallcr^ 
are illustrat(>d in the curve below. The smooth curve represents the rate of 
reaction of the n-alkyl bromides with sodium phenoxide in alcoholic solution. 
Similar figures wctc obtairuKl by Haywood ^ in corresponding reactions with 
sodium benzyl oxide, . ()H20Na. In each case halides with iso- stems 
have an abnormally low* rf‘action velocity (shown in Fig. IV, by * X ’ for iso- 
butyl and iso-amyl). 

The sluggishness of the reacting halogen in iso- and ^erond^ry-halides is 
very well shown in the results of McElvain and Selb’s^ experiments on the 
interaction of halides with pijwridine at 90° ; the results are shown graphically 
in Fig. IV, the extreme activating influence of the aryl group will be noted from 
the values given for benzyl and phenyl ethyl bromides. 

J.CM,, mi. 105, 106. 
» McElvain and Selb, 1931. 53, 690. 

* Hay wood, ibid., 1922. 121, 1904. 
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PHENYL 
PRO'PYL 

NORMAL 

ALKh'L 
1 

PHENYL 

BRC iMlDES 1 ETHYL 

Nu?nber of Carbon Aioms in Alkyl Chain 

Fio. rV’'.—Carbon atoms in alkyl chain. 

It is sometimes convenient to classify the halides in the groups below :~ 

Group I Hal 

. CHjHal 

Group II CHCHjH 

<\ / 
Group III Group IV €H . OH 

/ / \] 

Group V fi.CR Group VI Hal 

/ 

in each case the line “-” indicates a normal chain of one or more carbon 
atoms; Groups I, II and III are primary halides ; Groups IV and V are 
secondary, and Group VI tertiary. 

Reactions involving the exchange of halogen for another group such as 
—OH, OAIk, —CN or with sodio- derivatives such as sodiomalonic ester, are 
only easily accomplished with Group I; Groups II and III react with difficulty 
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and with Groups IV, V and VI the tendency is to form an olefine and the acid 
e.g., 

CH3\^ 

CHs-CBr + NaCN - C=CH3 + NaBr + HCN 

CH3/ CH3/ 

with correspondingly poor yic^lds of the desired compounds. 
The tendency of iodine to form trivalent compounds, so characteristic of 

the aryl icxlides (scx^ p. 2.^)5) is but poorly developed in the aliphatic series ; 

indeed, it appears that for stability the group must be backed by 

unsaturation. Thiele ^ investigated the aliphatic trivalent iodine compounds 
and found th(^ chloro-iodo-ethylenes, e.g. (29), to be the only t3^es capable 
of forming stable compounds at ordinary temperatures. Thus, chloro-iodo- 
ethylene (29) forms the iodo-dichloride, the icxloso- and iodoxy- compounds :— 

ClCH=GHi 

(29) (28) 

/Cl 

'^Cl 
Na*COi 

CICH-CHIO C1CH=CHI02 

Reft*rence has already bcKui made to the conversion of halides by reducing 
agents to hydrocarbons (Chap. Ill) ; some of the more usual methods are 
summarised below. 

(I) Zbic’Copper-couple.—The use of this reagent (often called by the names 
of its originators, (dadsiorie and Tribe ^), is successful with iodides, and is 
best accomplished by adding the iodide to an alcoholic suspension of the 
couple ; the reaction proc.'eeds 

C2HJ + Hg-vCsHo + HI 

Various modifications of this reagent have been devised ; Zelinski ® used a 
zinc/palladium couple in the presence of dilute hydrochloric acid, and Clarke 
disptmsid with the couple and used zinc and hydrochloric acid. The applica¬ 
tion of the reaction to dibromidi‘8 was sho^vn by Linnemann ^ who obtained 
pure propylene from pro))vlenc dibromide, zinc turnings and water at 100®. 

CHa . Br . CHBrCH3-^ CHg-CH . CH^ 

It will be recalled that Thiele's ® original method for the preparation of buta¬ 
diene was to heat the tetrabromide with zinc and alcohol. Finkelstein has 
modified the reaction by complete elimination of the metallic factor, taking 
advantage of the instability of a)3-di-iodo compounds. Thus, ethylene is 
obtained by heating ethylene dibromide with a solution of sodium iodide in 
acetone 

CHaBr . CHgBr-> CH^I. CH^I-3^ CHg-CHa + Ig 

(2) The direct reduction of halides by hydrogen can be accomplished 
catal^ically, using platinum or palladium on some indifierent support—barium 
sulphate ® or calcium carbonate.® An alkali is usually employed to neutralise 
the halogen acid formed during reduction. 

* Thiele, Peter and Haackh, Ann., 1909, 869, 149 and 135. 
* Gladstone and Tribe, 1873, 28, 445. * Zelinski. Ber., 1901, 84. 2801. 
* Clarke, 1908, 80, 1147 ; 1909, 81, 113. 
* Linnemann, Ber., 1877, 10, 1113. • Thiele, Ann., 1899, 808, 339. 
’ Finkelstein, Ber,, 1910, 48, 1530. • Rosernimd and Zetsche, ibid,, 1918, 61, 578. 
* Bush and Stdve, ibid,, 1916, 49, 1063. 
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Attention has already been drawn to the tendency towards olefine formation 
in secondary- and ^er/iar^z-halides when heated with bases ; if water alone be 
used to effect hydrolysis the amount of olefine is decreased but not entirely 
eliminated. react readily with water and advantage is taken 
of this fact to estimate /cr^iar^z-halides in mixtures. Hc^ated with water under 
reflux for a short time hydrolysis of the /er-hali<l(‘'S is complete ; that of the n- 
and halides negligible ; titration of tlK‘ halogtm acid is therefon^ a 
means of indicating the amount of tertiaryAxixYxdi} in the original mixture.^ 

It is not proposed, in this volume, to deal with th(‘ interaction of halides 
and metals, this topic being considered in Chapt<‘r XJ, Vol. II (“ The Organo- 
metallic Compounds or with their reactions with ammonia, a subj(M't more 
suitabl}^ treated under the lieading of ‘ Amines \ 

Halogen Derivatives of CT ciopakaffins 

The chlorination of ryc/opropane proccHTls normally to a mono-chloro- 
derivative, togeth(T with some dichlororyc/opropane, probably the 1, Dde^riva- 
tive - (29a) 

(29a) 

At the same time, some rupture of the ring takes place and chlorinated propanes 
are obtained, chiefly 1, 3-dichloroproparie. Practically nothing is known about 
the chloro- derivatives of c^c/obutane and r/yrZop(mtane, altliough a l-chloro-l- 
methyl eyeZopentane was obtained by Markownikov ^ by a roundabout method 
from the l-nitro derivative. The corresponding 2-chlor()-l-in(‘thyl r?/c/op(*ntane 
w'as also pre^pared ; the scheme of preparation of these two compounds is shown 
below’ in outline :— 

By careful regulation of the conditions of reaction Fortey ^ was able to 
obtain good yields of mono-chlorocyctohexane by direct chlorination, and it 
may also be obtained from cycZohexanol by replacement of the hydroxyl group 
in the usual w^ay. On the other hand, chlorocyc/ohexam^ can be obtained 
almost quantitatively in a few'^ minutes by the action of the theoretical amount 
of sulphuryl chloride on eyeZohexane in the presence of a trace of benzoyl 
peroxide.^ Chlorination at 0® in diffused sunlight gives a complex mixture of 
chloro- derivatives from which Sabatier and Maihle ® isolated two dichloroc^/cZo- 
hexanes, and three trichloro- derivatives, one of which was characterised as 
^-trichlorocycfohexane. 

^ Michael and Leupold, Ann,, 1911, 879, 287, 
* Gtmtavson, J. Pr. Chem,, 1890 (2), 42, 495, 
»Markownikov, Ann,, 1899, 897, 385. * Fortey, 898, 78. 1932, 
* Kharaach and Brown, J,A,OJS,, 1939, 61, 2142. 
* Sabatier and Maihle, Ann. Chwn,, 1907 (8), 10, 535. 
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The laitor can be eoiiv(^rted by further chlorination to the solid 1, 2, 4, 5- 
tetrachlororyr/ohc^xane. 

All th(^ five isoini‘ri(^ (diloromethylcycZohexanes were prepan^d by Sabatier 
and Maihle, but thcur pi'operties are not remarkable. The physical properties 
of a few of tlu'i (dilorinated cycZoparaffins are shown in Table VI. 

TABLK VI 

Compound B.P. Density 

Chloroovc^cpropano .... 43^^ _ 

1, 1-Diohlorwyc/opropano . 75° 1-200 
l-OliIoro-l-racthj'icyr/oporitano . 123° — 
2“(’hloro-l-methylc3/c/opeiitano . 126° 0-928 
Chlororvc/ohoxaao .... 141-142° f/o® 0-991 
1, 2*l)iciilorocvr/ohoxane . 112-3°/50inm. 1-222 
1, 3, lO'Trichloron/r/ohoxano — in. 66° d^^ 1-510 
1, 2, 4, G-Totracliiorocyc/ohexaiie — rn. 173° 1 — 

Aromatic Halogen Compounds 

A dt‘S(*.ription has already been given of the production of chlorobenzene by 
the dir(‘Ot chlorination of the hydrocarbon in the presence of iron (p. 62). 
Continuation of chlorination gives o- and j^-diclilorobenzene (practically no 
w-derivative is formed) and further chlorination gives mainly the 1, 2, 4- 
with some 1, 2, ‘b and trac(‘s of 1, 3, 5-trichlorobenzene, followed by 1, 2, 4, 
5-tetra(‘lilorO', ])eiitachloro- and, finally, hexachlorobenzene.^ The physical 
properties of tht*se substances are given below in Table VII. 

tablp: VII 

! 
j Name Formula M.P. B.P. 

Corres ponding 
BROMINE 
Compourid.H 

Corresponding 
IODINE 

Compounds 

j 

1 M.P. B.P. M.P. B.P. 

Chlorobormuie . V.H.Cl — 45° 132° — 31° 155° ■—30° 188° 
1, 2-Dichloroteizoiio C.H.Cl, —17-6° 180° + 7-8° 224° + 27° 286° 
1, 3-l)ichlor<jlH>u5Mme . C.H.Cl, — 24-8° 172“ 6-5° 219-4° 40° 285° 
1, 4-l)ichlorobeiiZ(Mio — 53° 173° 89° 219° 129° 285° 
1, 2, 3-Trichlorobeuzone . i C.H.CI, 53° i 219° 87° — 116° — 

1, 2, 4-Triohlorobcii!Mnje C.H.C1, 17° 213° 44° 275° 91-4“ — 

1, 3, 5-Trichlorobeiizone 63° 208° 119° 278° 184-4° — 

1, 2, 3, 4-Tetrnchlorobenz<uio ('.H.Cl. 46° 254° — — 136° — 

1, 2, 3, 5-Tetrachlorobcnzene e.H.ci, 60° 246° 98° 329° 148° — 

1, 2, 4, 5'Tetrachlorobonzeno C,H,CU 137° 244° 175° — 254° — 

Poutachlorobeuzono . (■.HCl, 86° 276° 116° — 172° 1 — 

Hexachlorolxjnzono . 0,C4 226° 326° 315° — decoiTip. — 

140.150°j 

Apart from direct chlorination, there are two main methods by which 
chlorobenzene derivatives may be prepared:— 

(a) by the treatment of phenols with phosphorus pentachloride, a reaction 
which is seldom satisfactory on account of the difficulty of replacement 
of phenolic hydroxyl groups, and also on account of some chlorination 
which takes place ; in addition, part of the phenol is completely de¬ 
stroyed. 

* Jungfloisch, Ann. Chim., ISeS (4), 16, 264, 277, 283, 287; Willgerodt, J. Pr. Chem., 
1887 (2), 85, 391. 
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(6) The development of Sandmoyer’s method. In 1884 Sandmeyer was 
trying to obtain phenylacetylcne from aniline diazotised in hydro¬ 
chloric acid and cuprous acetylide ; instead of the hoped-for product he 
obtained a good yield of chlorobenzene, and on investigating the matter 
further found that the active agent was cuprous chloride.^ I he method 
is a general one, and is capable of very wide application for the pre¬ 
paration of both chlorine and bromine derivatives of aromatic compounds. 
Almost any amino- compound capable of diazotisation will give the 

reactions :— 

C.H,N,Br C.H.Br f N, 
t N, 

Li replacement by bromine it is necessary to diazotis(^ in hydrobroniic 
acid and to employ cuprous bromide as a (ataiyst. 

The mechanism of the reaction is obscure and will be discussed in 
detail in Chapter III of Vol. II. It may be added here, however, that 
Lellmann and Kemy,^ and Hantzsch,® obtained crystalline double 
compounds between the aryl diazoniiim halid(‘ and cuprous halide, and 
held the view that the dcHwnposition of the double compound gave rise 
to the aryl halide. 

The inclusion of the decomposition of the diazo compounds in the pn^sence 
of potassium iodide in the Sandmeyer series is incorrect, as thf^ rea(‘tion w'as 
discovered by Griess himself eighteen years earlier in 18()(i.^ Tlie suc’cess of the 
reaction is independent of the presence of copper or its salts, and procec^ds 

KN^Cl + KI-KI 4- N, + KCI 

The direct bromination of benzene proceeds similarly to the chlorination, 
but more reluctantly ; the formation, for example, of bromobenzene requires 
heat and a suitable bromine carrier (iron); the direct iodination of benzene 
cannot be carried out, and a mixture of ioduu' and nitric acid is iiw^d, whi(‘h 
forms iodic acid, the reaction then proceeding :— 

5CeH« + 41 + HIO3-> f :IH20 

d-di-iodobenzene can be obtained by continuing the reaction. 
In general it may be said that the halogen derivatives of benzene are very 

stable, holding their halogen atoms very firmly ; stern measures are necessary 
to make chlorobenzene react with caustic alkalies or ammonia, a temperature 
of 300° and concentrated caustic alkali being required in the former instance, 
and autoclave pressure and 200° temperature in the latter. The removal of 
halogen, particularly iodine, by copper powder to form di-aryl compounds has 
alrei^y been dealt with (pp. 180 fi’.). The reluctance to react is not, however, 
manifested in the case of the Grignard reagents, chloro- and bromo-benzene 
forming Grignard reagents normally, especially when ‘ started ^ with iodine or 
Gilman’s catalyst; indeed, dry chlorobenzene and magnesium W'ere shown by 
Gilman to form a Grignard compound in the absence of a solvent. 

1, 2, 4-Trichlorobenzene is obtained by the action of boiling alkaline solu¬ 
tions on hexachlorocydohexane. If benzene be allowed to become saturated 
with chlorine in sunlight and the absence of a carrier, * benzene hexachloride ’ 
(hexachlorocycfchexane) (30) is obtained; a peculiar substance existing in 
several stereoisomeric forms. When heated with alkalies 1,2,4-trichlorobenzene 

* Sandmeyer, J?er., 1884. 17, 2650. 
* Lellmann and Reray, i6id., 1886, 19, 810. » Hantzach, ibid., 1896, 98, 1751. 
* Grieas, Ann., 1866,187, 66 ; Ber., 1868,1, 190; 1885,18, 961. 
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is produced (33). The course of the reaction is most probably through the two 
intermediate stages (31) and (32). It will be observed that the first of these 
offers no alternative since the original molecule is symmetrical; the loss of the 
second molecule of hydrogen chloride could take place in several ways, but it 

Cl 

Cl 

(30) 

•Cl 

cir^ 

cii^ci 
Cl 

(31) 

appears that the allylic chlorine (marked * in (31)) is the most active, leading 
to the' formation of (32), from which the (elimination of a further molecule of 
hydrogen (chloride must of ru^cossity produce 1, 2, 4-trichlorobenzene. 

Recently, it has been showm that certain of the more highly chlorinated 
cyclic and aralkyl hydrocarbons are of outstanding value in the control of 
insect pi^sts. Of the more successful of these, y-hexachlorocyci!ohexane 
(‘ Gammexane ’) is a member of the group just described, whilst 1, V^his 
(4-clilorophenyl)-2, 2, 2-trichloroethane (‘ D.D.T.’) is a more complex compound. 

The original discovery by Faraday ^ in 1825 of a sohd highly chlorinated 
derivative of his ‘ bicarburet of hydrogen * (benzene) was followed during nearly 
a c(Mitury b}^ occasional references by Mitscherlich, Peligot and Laurent, 
Meunier and Matthews to its properties and isomeric forms. In 1912 v. d. 
Linden deraonstrat(xi that four distinct! isomeric forms of benzene hexa- 
chloride existed :— 

v.d. Llodon'B m. pt«. J. S. Smart'B m. pts. 

a-form 158° 157-5-158° 
P-fonn •2(X)° 309° 
y-form 108-111° 112-5° 
6-forra 129-132° 138-139° 

The more recent work of J. S. Smart; ^ has lately resulted in methods by which 
these four isomers may be obtained in a state of purity. Considerable difficulty 
has been experienced in ascribing specific structures to these isomers. If the 
cvc/o-hexane ring be n^gardfxl as planar (33a) there will be at least eight cis- 
tram- isomers possible ; but, as Hassel and Kringsttvd ^ proved by X-ray 
analysis and examination of dipole moment, ct/ctohexane consists almost ex¬ 
clusively of the tram- (strainless) ring form (336), from which the hexachloride 

(33a) 

_/ 

/ 
(33b) 

isomers are, presumably, derived. Of the sixteen possible configurations which 
can arise from this concept, only four structures are probable (one of which 
shows asymmetry of a type to give d- and i-forms) the others being excluded 

^ Faraday. M.. PhU, Trans, * v. d. Liiidon, Ber,, 1912, 46, 236. 
•So© Slade, Chem. ami Jnd,, 1946, 316. 
* Hassel and Kringatad, Ti^, Kemi. Bergvessen, 1930,10, 128. 
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by considerations of strain. These forms are shown in Fig. V with their 
tentative correlation with the four known isomers. These forms are 
easily understood from solid models, and the reader is recommended to build 
up the structures with Fisher-Hirschfelder units ; the impossibility of having, 
for example, all six chlorine atoms on the upper plane will then become obvious. 

It was soon apparent to the investigators that the y-isomer was the most 
effective insecticidally; lice, household flies, yellow fever mosquitoc^s and 
locusts are among the many forms of insect that are killed by extremtdy low' 
concentrations of ‘ Gammexane ’. 

D.D.T. or dichlorodiphenyltrichloroethane, was first prepared by Zeidler^ 
in 1874, by the condensation of chloral and chlorobenzene in strong sulphuric 
acid :— 

CHO 

ici3 ^ HtSOi 
CH- 

I 
CCl, 

Cl 

a method still used for its production. Its value as an insecticide was recog¬ 
nised in the period 1930-1936, and it was used in Switzerland for the destruction 

^ Zoidhr, Ber.. 1874, 7, 1181 
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of lice and similar pests. The recent war has brought about a considerable 
d(^v(ilopment of its use * in this respect. The ayjplication of one millionth part 
of a y (i.o. 10“^*-* gm.) per square centimetre of insect surface is stated to be 
fatal. 

Polyvalent Aryl Iodine Compounds 

Much of our know^ledge of this group of substances is due to Willgorodt, 
whose monograph (see Appendix I) is an authoritative summary of the data 
up to 1014. WillgiTodt ^ obtained the first member of the series by submitting 
a solution of iodobenzene in chloroform to a slow stream of chlorine, cooling 
meanwhik\ Phenyl iododichloride (34) separated in light yellow needles 

0“’'= f> 0“’ 1^'°' 
\/ \/ \/COOH 
(34) (35) (36) (37) 

It is a mod('rat(‘ly stable substance, but liberates iodine from solutions of 
potassium iodid(% and in lucast air decomposes to form iodosobenzene (35), an 
unstable substaiu'c which on boiling with water suffers a disproportionating 
reaction to givt^ iodolxuizene and iodoxybenzene (36). Attempts to recrystallise 
iodosobenzene from glacial ac(4ic acid led to the formation of the diacetate, 
C^.Hr,l(0(X)Cll.j)2, a crystalline salt of the hypothetical C6H5l(OH)2. 

Little us(‘ has been made of the higher valency ^ compounds of iodine in 
organic chemistry ; mention may, however, be made of the use of the calcium 
salt of od<)doxyb(‘nzoic acid (37) (prepared from anthranilic acid), in medicine, 
where it ap})cars to (^xert a palliative action in rheumatic conditions. In 
addition the iodoxy compoundvS have led to a knowledge of the iodonium com¬ 
pounds. Thu.s, iodoxy- and icnloso-benzene warmetl with a suspension of 
silver oxide yield a w ater-soluble, strongly basic diplumyl iodonium hydroxide:— 

CeH.IO i CVH5IO, ^ H,0 (CeH,),10H + HIO3 

the iodic acid is removcHl by the passage of sulphur dioxide, and on addition 
of potassium iodide, crystals of diphenyliodonium iodide separate. The re¬ 
action is a general one, and other salts of the aryl iodonium bases can readily 
be obtained. The eUxitronic significance of these compounds is interesting, 
and they may be formulattxi as follows :— 

(а) [CeHj^ICl]^Cl“ Iodobenzene temporarily takes on a Clg molecule, 
forming a decet of electrons round iodine; this 
stabilises to a covalency with the complex ion 
[CflHQlCl]+ and an ionic CP. 

(б) CgHgl 0 A second co-valency is introduce<l. 

(c) C^H^l 0 A third co-valency is introduced. 

O 

(d) [(CeHg)jjl]^I~ In order to accept the second aryl group and rnaintain 
the octet, an electron must be expell^ yielding the 

ionic structure shown. 

' Wcgt and Campbell, Chem, and Ind,, 1945, 164. 
»WiUgerodt, J, Fr, Chem., 1886 (2). 88, 165 ; Ber., 1893, 86, 1563, 1947 ; 1896 ; 89. 

1668 ; J. Pr. Chem., 1906 (2), 71, 640. 
® Masson, Kaco and Pounder, 1986, 1669. 
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Halogenated Homologues of Benzene 

When homologues of benzene are chlorinatwi the reac^tion takes one of two 
coursevS, substitution either of the nucleus or side-chain. It has already been 
stated (p. 88) that certain catalysts favour nuclear substitution and others 
direct entering chlorine atoms almost exclusively into the side-cthain. The 
latter is more usual, and pure samples of nuc^lear halogen substituted derivatives 
of toluene and xylene are best prepared fium tlu^ corresponding amino via 
Sandmeyer’s reaction. On the otluT hand, direct chlorination of the side-chain 
of toluene may be progressively carried out with the formation of 

Benzyl chloride CeH^CHoCl b. 179^ m. 39^^ 
Benzal chloride C.HsCHao b. 205" m. 7" 
Benzotrichloride CgHgCChi b. 220" rn. — 5" 

The reaction is carried out in the absence of catalyst, but is favourably influenced 
by sun or ultra-violet light. Industrially, the light from mercury vapour 
lamps in quartz containers is used to hasten the reaction. 

An alternative methcxi of introducing a side-chain into aromatic 
nuclei is to react an alkylbenzene with formaldehyde in the presence of hydrogen 
chloride ; the —CHgCl group enters para- or ortho- to existing alkyl groups ; 
e.g., w-xylene gives an oi-chloro-^-cumene (38) 

CH3 CH,., CM;, 

Qch. cu,o CH,0 

HCl' 1 

0H.,C1 

m 

further treatment leads to the entry of a further —(.'Hj^Cl group, leading to a 
durene derivative (39). 

The halogen of side-chain derivatives is very reactive, (‘quailing, if not 
exceeding, the reactivity of the corresponding alkyl halide. Thus, benzyl 
chloride reacts readily with dilute alkalies yielding benzyl alcohol; with 
sodium cyanide to give phenyl acetonitrile ; with potassium or sodium iodide 
in acetone a metathesis is obtained to the alkali chloride and bemzyl iodide, a 
somewhat lachrymatory solid, m. 24". As with alkyl iodides the side-chain 
halides of benzene homologues readily form Grignard compounds. 

Benzal chloride is produced industiially to servo as a raw^ material for the 
production of benzaldehyde which is produced from it by boiling with milk of 
lime :— 

. CHClg 4- Ca(OH)2 - CeH^CHO + CaClg + H2O 

Benzotrichloride is not intentionally produced industrially, but always occurs 
in the chlorination mixture wdien working for benzal chloride. On hydrolysis 
it yields benzoic acid, which remains behind os the calcium salt when the 

. CCI3 + 2H2O-^ CeH^COOH + 3HC1 

mixed chlorides are used and the benzaldehyde is stemmed out; acidification 
of the calcium liquors after filtration yields benzoic acid. 

Of the aryl derivatives with unsaturated halogen-substituted side-chains, 
only bromostyrene, CgH^CH—CHBr, has attained industrial importance. It is 
obtained by boiling cinnamic acid dibromide with sodium carbonate solution :— 

CeHfiCHBiGHBrCOONa-^ CeH3CH==CHBr + NaBr + CO^ 

It has an intense hyacinth odour and is used in perfumery for this quality. 
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Halogen Derivatives op other Hydrocarbons 

Direct chlorination of naphthalene gives 95 per cent, of the a- and 5 per 
cent, of the ^-chloro- derivative. They are readily separated by crystallisa¬ 
tion, but when j3-chloronaphthalene is required for synthetic work it is best 
made by the cuprous chloride Sandmeyer reaction from jS-naphthyl amine. 
l-Vogressive chlorination of naphthalene yields the 1, 4- and 1, 5- dichloro- 
conipounds with small amounts of other isomers. All the ten dichloronaphtha- 
lenes have been prej)aix>d in connexion with orientation studies in the naph¬ 
thalene series. The properties of some halogen derivatives of naphthalene are 
given in Table VIII. 

In the case of fluorone it is interesting to note that chlorination and brom- 
ination takes place in the ‘ 2, 7 ' positions 

just as if the parent diphenyl structure was present. 

TABLE VIII 

SuLmtHllCO 

Subatitueut 

F Cl Br 1 

a>MonolialogciioiiaphtliaIone -- b. 216° — b. 263° m. 5° b. 279° — b.305° 

^•Moaohalogeuoiiaphthaloiie! m. o9°b. 213° m. 56° b. 265° rn. 59° b. 282° in.64-5° b.303° 

DlCHIiOliON AFHTH AIJE NES 

Orientation 1. 2- 1.3- 1, 4- 1. 5- 1. 6- 

Properties Ill. 37° b. 281° m. 61° b. 289° Tn.08°b. 287° m.107° ra. 49° 

Orientation 1, 7- 1, 8- 1 
! 

2, 3- 2, 6- 2. 7- 

Properties in. 64° b. 286° m. 88° m. 120° m.l36°b. 285° 
i 
rn.114° 

Phenanthrene, on the other hand, halogenates in the 9, lO-positions first, 
giving the 9, 10- dichloro- derivative (41), further chlorination produces a 
2, 9, 10- trichloro- (42) and some 2, 7, 9, lO-tetrachlorophenanthrene (43), 

indicating that the next points of attack are the potential ‘ diphenyl ’ positions 
‘ 2 * and *7 \ In a similar manner the * 9 * and ‘ 10 ’ positions are the first 

17 
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points of attack in anthracene, the 9-broino and 9, lO-dibromo being tile first 
formed substitution products (44) 

Br 

/' 

\/\/ 
(44) 

API>KNJ)IX 1 
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CHAPTER V 

THE ALCOHOLS, PHENOLS AND ETHERS 

“ Having now prt^parod this aqua vita^ by distillation and rectification (take care 
that thou comest not near with a light during the process, and doest thyself damage), 
place in a still to every quart of this prepared aqtui vitae a quarter of a pound of well 
calcined sal tartari. Adapt this to a good sized alembic and distil in the water bath.” 

—Basil Valentinb. 

The material of this chapter is divided for convenience into the following 
sections :— 

Monohydric alcohols and phenols. 
Dihydric alcohols and phenols. 
Trihydric alcohols and phenols. 
Pol3’^hydric alcohols. 
Halogen substituted alcohols and phenols. 
The ethers. 

Hydroxyl c^orapounds with other functional groups, such as the h^^droxy acids, 
hydrox\^ aldehydes and ketones, are discussed under the appropriate section in 
the chapter dealing with the second functional group. 

Monohydric Alcohols 

Ethanol, commonly called alcohol, has been known as the active ingredient 
of fermented spirituous liquors since time immemorial. Distilled liquors con¬ 
taining up to 50-80 per cent, of alcohol were also known in antiquity, and as 
the quotation at the head of this chapter indicates, the art of preparing alcohol 
of nearly 100 per cent, strength was known some four hundred 3^ears ago. 
The synthesi.s of ethanol in 1855 hy Berthelot ^ was of considerable interest, 
although not the first synthetic preparation ; its interest, at that time, lay in 
the fact that from inorganic substances lime, carbon and water, acetylene could 
be obtained and converted almost directly to alcohol, then regarded only as 
a fermentation product. Various alcohols occur in natural products, mainly 
the fruits of plants, increasing in quantity^ as ripeness advances. 

General methods of preparation include :— 

(1) Hydrolysis and saponification. These two terms are frequentl^^ used 
as though the^^ are synonymous; the latter should be reserved for the 
action of alkalies on esters, whilst the former is to be used for splitting 
an ester into an acid and an alcohol by water. 

The two processes are sufficient!}" familiar not to need detailed de¬ 
scription, and an account of the relation between structure and ease of 
hydrolysis is given in Vol. III. It may be added here that the use of 
baryta for the hydrolysis of esters has much to recommend it, particu¬ 
larly with aliphatic compounds ; no coloured by-products are obtained, 
and the reaction process quite smoothly. It is, moreover, easy to 
remove the barium from the residue after removal of the alcohol, by 
addition of sufficient sulphuric acid to ensure its complete precipitation. 

(2) Alcohols are also prepared by Berthelot*s original method, which in¬ 
volves the addition of water to the double bond of an olefine, This is 

^ Berthelot, Ann. Chem. Phye,, 1885, 43| 385. 
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not a direct action, but, in the proot^ss referred to, is probably preceded 
by the formation of a sulphuric ester, which is hydrolysed to the alcohol. 
Thus, the* simplest (‘ase, that of ethylene, involves the formation of an 
ethyl sulphuric acid (1) which is hydrolysed to ethanol :— 

CH,=CH2 + H2SO4 —^ CH3 . CH,0 . SO3H CH3 . CH3OH + H3SO, 

(1) 

SiTice the discovery of tliis process in 1855, it has been the subject of 
considerable investigation directed towards its adaptation as a process 
for the industrial re(X)very of ethyhme. The occurrence of ethylene in 
coke-oven gas led to attempts by the Skinningrove Iron Co. to 
extract this valuable fraction by sulphuric absorption, followT^id by con¬ 
version to ethanol. The process was technically, but not economically, 
successful. The economic fault lay to som(‘ extent in the difficulty 
and cost of obtaining a small quantity of ethylene in high yield from a 
large volume of gas. It is preferable and economically practicable to 
extract this ethylene from the hydrocarbon frac^tion obtaint‘d when the 
coke-oven gas is worked up for its hydrogen in an ammonium sulphate 
plant. The treatment of the ethylene rich fraction then resembles the 
working up of ethylene from cracker or natural gas, and is a good source 
of industrial ethanol. It must not, however, lie thought that ethyl 
sulphuric acid is the only product of redaction betwwn ethylene and 
sulphuric acid. Some isethionic acid, CH2OH , CH2 . SO;,H, is alw^ays 
produced. 

The effect of catalysts, particularly coppc*r and vanadium ^ (the 
former in the cuprous staU*) is materially to iruTease tin* rate of absorp¬ 
tion of ethylene by sulphuric acid (se<^ also p. 88), and if the ])a8sage of 
ethylene is continued b€‘yond the point of formation of the ethyl sul¬ 
phuric acid, neutral diethyl sulphate* results. This is, of coursf^, no 
detriment to the formation of ethanol, as both neutral and acid sulphates 
are readily hydrolysed. 

Attention has also lxH)n given to the dire(^t hydration of ethylene, 
and Horsley * claims tlie use of a special cmlmium phosphate catalyst 
for speeding up the desired reaction :— 

CHg - CHj + H2O-> CH3CH2OH. 

(3) The formation of alcohols from halogen compounds also constitutes a 
valuable method of preparation. The reaction can, in certain easels, be 
effected by water alone at 100®, or preferably at a higher temperature, 
using an autoclave :— 

R . Cl + H2O ^ R . OH f HCl. 

The reaction is reversible, and can be made more effective by the use 
of an alkali or carbonate (o.g. CaCO^) to remove hydrochloric acid as 
formed. A good example of the use of this process is the hydrolysis of 
benzyl chloride with milk of lime to benzyl alcohol. 

(4) Alcohols may also be produced by desalkylation of ethers with concen- 
trattxl hydrobromic or hydriodic acids. This is, of course, the basis of 
the Zeisel reaction. Sulphuric acid is also c^ipable of effecting the 
removal of alkyl groups from ethers, but is seldom used as it induces a 
number of complicating side-reactions. 

^ Leboau, Damiens and Loisy, C.R. Cong, des Cornb. liq,, 1922, 664; also C.B., 1920# 
171, 50 and 1385; Damiens, Bull. 80c., 1923, 88, 80. 

*Hor»ley (to I.C.I.), E.P., 369,216, 1931. 



THE ALCOHOLS, PHENOLS A N I> ETHERS 261 

(5) A reaction of considerable theoretical importance, but of little practical 
value owing to general inaccessibility of the raw materials, is the forma¬ 
tion of alcohols by the action of nitrous acid on primary aliphatic amines 

R . NHjj + HNOg-^ R . OH + N2 + H^O. 

The reaction is by no means as simple as indicated by the equation above, 
and is further cornplicatcxl by the peculiar isomerisation which takes place 
during its course ; thus if n-butylamine is treated with nitrous acid 
practically no n-butanol is formed ; the main product is 2-butanoi.^ 
A similar rearrangement is met with when substituted allylamines are 
subjected to nitrous acid treatment, e,g. methyl allylamine, 

CH3 . CH^-CH . CH2NH2, 

gives rise to butene-1-ol-3, CH3 . CH(OH)CH=~CH2, as well as the 
expi^cted butene-2-ol-l. 

The methods for })reparing alcohols so far described have not been 
confined to any one class of saturated nionohydric alcohols. It is now 
necessary to distinguish betwwn those processcis capable of producing 
primary, secondary and tertiary alcohols. The best way of regarding 
primary, secondaiy and tertiary alcohols is in connexion wdth the 
carbinol group [ ] below^ The carbinol group of a primary alcohol 

CH3 . 

CH3 . CHg. CH^CCHaOHl [CHOH] CH3~[C—OH] 

CHj/ 

Primary Secondary Tertiary 

is attachcHi to a single carbon atom ; that of a secondary to tw^o, and 
that of a tertiary to thrcM> carbon atoms. In preparing secondary and 
tertiary alcohols the organo-metallic reactions are of considerable im¬ 
portance. Thus, the action of zinc dimethyl upon acetone is to produce 
trimethyl carbinol (1) :— 

CH3 . CO . CH3 + Zn(CH3)2-(CHajaC . OH. 

(1) 

The use of zinc alkyls is inconvenient, and the use of Grignard reagents 
has almost universally taken their place. Thus, diethyl ketone reacts 
with magnesium butyl bromide to give 3-ethylheptanol-3 :— 

C2H3 . CO . C2H3 + C^H^gBr-^ C2H3 . C(0H)C4H,. 

I 

Certain ketones, e.g. hexamethylacetone, (CH3)3C . CO . C(CH3)3, do not 
react in this w^ay with the Grignard reagent, n?duction to a secondary 
alcohol taking place, (CH3)3C . CH(OH) . C(CH3)3. Aldehydes react 
with the Grignard reagent to give secondary alcohols, although the 
yield is often unsatisfactory :— 

CH3CH2CH2CHO + EtMgBr-CH3CH2CH2CH(0H)CH2CH3. 

Most valuable in the formation of synthetic primary alcohols is the 
interaction of ethylene oxide and the Grignard compound :— 

CHsCHjCH^MgBr + -^ CHjCHjCHjCHaCHjOH 

^ Meyer, Bartieri and Forster, Ber., 1877, 10, 130. 
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The reaction gives good ^delds, and increases tiie length of the carbon 
chain by two units. If a substituted ethylene oxide is used (as propy¬ 
lene oxide) the alcohol obtained is primary but arborescent ^ (2). 

OH3.CH. 
C,H,,MgBr+ I >0 —> >OH.CH,OH 

CH/ CH./ 

(2) 

There is an additional method for obtaining primary akjohols from the 
Grignard reagent, namely, by the action of formaldehyde. Gaseous 
formaldehyde reacts readily, as also does the mixture of polymers 
known as ' paraform It should be added that esters are also (capable 
of reacting with the Grignard compound to give secondary alcohols, 
thus :— 

C4H,COOEt -I CsHj.MgBr — 
/OEt 

\OMtrBr 
C,H,CH(OH)C,Hn 

Doeaiiol-5 

The decompositions of the Grignard n^agent to give alcohols are sum¬ 
marised in the following diagram :— 

CH3(CHo),MgBr 

CH3(CH2)„MgBr 

CH3(CH.,)„COOEt + MgRiBr 
CH3(OH2)„CHO + MgliiBr 
CH3(CHJ„C0R2 -+ MgRiBr 

HCHO 

Ethylene -> 

Oxldo 

^ B3(ch 2)^+1 

CH3(GH2)nCH(OH)Ri 
(Ti;(CH2),CH(OH)R, 
ch3(cHo)„(;(OH)Ri 

k 

(6) Reduction Methods.—It is obvious that the redu(*tion of aldehydes 
yields primary alcohols ; reduction of ketones givt^ s('condary alcohols. 
For carrying out these reductions catalytic processes are particularly 
valuable ; nickel and hydrogen will 8erv(‘ for the reduc^tion, and for 
aldehydes of higher carbon number than 5, vapour-phase reduction 
with hydrogen in the presence of nickel is particularly succ^essful. 
Raney nickel in the cold can be used for some aldeh^^des ; with platinum- 
blackand hydrogen, aldehydes can be substantially reduced to the alcohol, 
only small quantities of the hydrocarbon being obtained ; on the other 
hand, ketones are almost entirely reduced to the hydrocarbon by these 
reagents. 

Other methods can be used for tht^se reductions and the com¬ 
monly used reagents are sodium and alcohol, sodium amalgam, mag¬ 
nesium in the presence of aqueous mercuric chloride and the zinc-copper 
couple. It may be added that when a comparatively weak reducing 
agent, such as sodium amalgam is used for the reduction of ketones, the 
formation of pinacones (tetra-substituted ethylene glycols) is frequently 
experienced, as with acetone. 

CHj CH, 
1 1 

CH, 
1 

CHa 
1 

CO +H- + CO -► C(OH)—C(OH) 
1 1 1 1 

CH, CH, CHg CH, 

* Grignaard. C.R., 1903, 1201, 
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On the other hand, the stronger reagents not only reduce any 
aldehyde or keto groups present, but may also remove any unsaturated 
groups, leaving a saturated alcohol. 

(7) The method of Bonveault and Blanc ^ is of inestimable value for the 
production of primary alcohols from the acids of similar carbon number. 
Thus if an acid be converted to its ester and reduced with alcohol and 
sodium, a good yii^ld of the eorresjmnding alcohol is obtained. The 
reaction proceeds :— 

CH,(CH2)„C00H 
ISHtrriflcution 

CH3(CH2)„COOEt 
Na + CsHiOH 

CH3(CH2)„CH,0H 

TIk^ method is capabk* of extension to two classes of compounds of 
practical importance :— 

(a) The aromatic; substituted esters, e.g. phenylacetic ester (3) 

COOEt CH2CH2OH 

(4) 

which givc'H pluaiyl-ethyl alcohol (4) frei^ from isomeric substances and 
from (;liloniie comj)ounds, as is necessary for its use in the perfumery 
industry. 

(6) The half esters of dibasic acids are reduced by sodium and 
alcohol only at the esterified end, thus enabling the production of hydroxy 
acids, which arc; valuable stai-ting materials for syntheses :— 

HOOC(CH2)5COC)Et-^ H0()C(CH2)5CH20H 
Acid pimolic ester Heptanol-7, ocid-l 

(8) In difficult easels monohydric alcohols can be obtained by the method 
of Simonini ^ whercd)y the silver salt of an acid is heated with iodine at 
100^^. The reaction leiuis to an ester (5) 

2CH3(CH2)7a)OAg f I2->CH3(CH2)7C00(CH2)7CH3 

(5) 
-> CH3(CH2)7C00H f CH3(CH2)eCH20H 

which can be hydrolysed to an alcohol and the acid from wffiich the 
process commenced ; the process is only used in cases where ordinary 
methods fail, or lead to an undesirod isomeric change. 

An interesting example of the application of Simonini’s reaction is his 
synthesis of pentadecanol-1, thus :— 

2 CisH3,COOAg 1 I2-^ 2AgI f CO2 + (\,H3,COOC,,H3, 
->C,,H,,COOH + C,sH,,OH 

(9) Cannizzaro’s Reaction has valuable possibilities in the aromatic field, 
e.g. the nitrobenzyl alcohols can be prepared from the corresponding 
aldehydes ; the method is merely to shake the aldehyde with a solution 
of potassium hydroxide, when reactions take place which are summarised 
by the equation 

2R . CHO RCHgOH + R . COOH 

^ Bouveault and Blanc* Bar., 1898, SI, 866, 
? Pimaninb ).8| 32b 
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Separation of the two products is usually quite simple, as the acid 
dissolves as the potassium salt, whilst the alcohol remains undissolved, 
and may be extracted with a suitable solvent. It is held by many that 
the r(>action takes place through the formation of an acyloin (6) which 
is later saponified to the acid and alcohol, e.g. :— 

2 aH.CHO-^ C,llfiOCii(OR)C,R, -f KOH-^ 
C^HgCOOK + HOCH AH5 

(6) 

This is supported by the fact that in the presence of dilute alkalies 
aldehydes are known to form acyloins, which can bo isolated and 
characterised ; it is also known that the acyloins are, themselves, 
hydroh'sed in the manner indicated above. There is, however, some 
evidence to show that the ester is formed, and Tischtchenko regarded 
the reactions as parallel:— 

2 K . CHO-> KCOOCHgK —> R . COOH f HOC^HgR 

This would make the reactions of Cannizzaro and Simonini of a similar 
type. 

(10) An unusual method, of limited application, is that of Guerbert,^ in 
which an alcohol is heated in a sealcMl tube to 240° with its sodium 
derivative ; the primary alcohol with twice the original number of 
carbon atoms is formed :— 

CsHiiOH + CsHiiONa-^ f NaOH 
decanol-l 

The alkali formed reacts with a further mok^cule of alcohol, giving 
the sodium salt of an acid and hydrogen :— 

C5H11OH + NaOH-3^ H2 + C4HeCOONa. 

General Properties of the Alcoholic Hydroxyl 

The reactions of alcohols, in so far as they are depend(uit on th(3 hydroxyl 
group, are divisible into three classes. Those in which the hydroxyl group is 
replaced entirely, those in which the hydrogen only of that group is replaced, 
and addition reactions. 

Examples of the first are :— 

(a) Replacement by halogens. 
(b) Esterification. 

Of the second ;— 

(a) Formation of the alkoxide, e.g. NaOEt. 
(b) Etherification. 

And of the third :— 

(а) The formation of urethanes. 
(б) The formation of hemiacetals. 

As so many examples of these reactions are encountered in discussing the 
individual dcohols, it is proposed to proceed immediately to this section. 

^ Guerbert, Ber,, 1888, 81, 487. 
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Some Individual Alcohols 

Methanol.—It is claimed that the leaves of certain plants and trees (Heracleum 
and Lime) give oft' small quantities of methanol. There is less doubt about the 
presem^e in many plants of methyl esters of various types, of which the salicylate 
in Gaultheria procunibens is typical. None of these, however, can serve as a 
source of the alcohol for industrial purpost^s. 

Until the last decade the main source of methanol was the spirituous liquor 
obtained during the distillation of wood. This, on rectification, gave a crude 
methyl alcohol, from which much fractionation could not entirely remove the 
a(i(;om|)anying acetone. Tin* crude ah*ohol has been known and used for 
several hundred y(‘ars. It wna the subject of a series of rest^arches by Robert 
Boyle, who in 1661 rcrnarkf d of it:— 

“ I took eight ouncc^s of rectified spirit of box wood wherein the acetous 
and neutral spirit remained confounded, as they had been in the first 
distillation ; and having poured this upon a quantity of calcined coral, 
suftici(Mit to siitiate l)i(^ acid corpus(^l(‘s (which quickly fell to corrode it 
with noise and bubbles), we g('ntly distilled it to dryness in a glass head 
and body, by whi(‘h rnc^ans we obtained of adiaphorus spirit but eight 
grains less than sevtiii ounces and a half.'' 

Th(‘ distillation of wood, as an industry, grew considerably in the nineteenth 
century, and ])rovid(*d a fair supply of wood alcohol, which in its crudest state 
was used as a denat urant for (^thanol (methylated spirit). The rectified methanol, 
although im[)ure, was used for industrinl ])urposes ; pun^ methanol for scientific 
work (an (^xp(‘nHiv(‘ substance) was obtaitUMi by the conversion of the crude 
ahtohol to oxalate by boiling with anhydrous oxalic a(‘id ; the purified oxalate 
was then decompos(Tl with alkali and the imdhanol recovcTcd and concentrated 
by fractionation. 

8yntheti(j methods liave iiow almost displaced the older mi^thods of produc¬ 
tion from wood-alcohol. The y)roctss8e8 w hich have been proposed for the 
Hjmthetic production of methanol are as follows :— 

(1) The formation of methyl chloride from the methane of natural gas, its 
separation and hydrolysis. 

CH^ -I- Clo-CH3CI + HCl-^ CH3OH 

(2) The formation of lithium or barium formate by the action of carbon 
monoxide^ on heated lithium or barium oxides ; followed by distillation 
of the formate under n^duced pressure wdien methanol, mixed with 
various im{)uritie8, was formed. The old Badische Anilin und Soda 
Fabrik attempt^i to introducie this method industrially. 

(3) The so-called Fischer-Tropseh process, in which carbon monoxide and 
hydrog(m are caused to combine at high pressure in the presence of a 
catalyst 

CO + 2H2-^CHgOH 

Only the last process remains as a practical achievement, and is now' operating 
on water-gas to produce a considerable tonnage of synthetic methanol w^hich 
has proved a valuable chemical asset. 

Methanol, owdng to its simplicity of structure, has few' reactions—it can be 
oxidised to formaldehyde, and by more strenuous t reatment it (^an be converted 
to (jarbon dioxide and water. *lt is, however, more violently reactive than 
other alcohols, and whilst forming sodium or potassium derivatives, readily 
attacks aluminium and magnesium converting them to methoxides with libera¬ 
tion of hydrogen. The formation of magnesium methylate is used to render 
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methanol anhydrous ; a few grams of magnesium dissolved in as many litres 
of methanol, which has been rendered as near anhydrous as possible, will remove 
any residual water by the reaction 

Mg(OCH,3)2 + H2O-> 2Cn30H 4 MgO 

Methanol gives nK^thyl chloride on treatment with hydrogen chlorides and on 
absorption in oleum and distillation yields diTuethyl sulphate 

CH,,OH + HOI H.,0 { CH,C1 
2CH3OH + 2H,s6^ —^ 2CH.,. HSO4-V (CH3)2S(), -I H2SO4 

Ethanol.—All the ethanol of commerce, with a small exception, is manu¬ 
factured from carbohydrate material—potatoes, grain or molasses by fermen¬ 
tation. The subject of fennentation is reserved for special trc'atment in 
Appendix II to this chapter, so that nothing further will be said on the subject 
here. Alcohol can, of course, be synthesiscK:!, but no synthetic process has yet 
proved an economic competitor to the h^rnuMitation method, although tlu^ 
sulphuric process is operating successfully in the U.S.A. 

The moat promising synthetic method for producing ethanol appears to be 
hydration of eth3dene with sulphuric acid 

CH4-CH2 + H,0 ™ CH/TI.OH 

Tliis method was discovered in 1826 by Faraday^ and Hennoll.^ Faraday 
ascertained that ethylene was absorbed b}^ concentrated sulphuric* acid, and 
Hennell, to whom he assigned the s(H*ond part of the investigation, showed 
that by diluting Farada^^'s solution, ethanol was obtained. The prcxicss was 
rediscovered by Berthelot in 1855. It is probable that the most satisfaet/Oiy 
method of utilising the process is to combine it with the synthesis of ammonia 
from coke-oven gas, using the ammonia to neutralise the dilutf^ acid from the 
hydrolysis, giving ammonium sulphates. It should b<^ possible to fc^ed the con¬ 
centrated sulphuric acid/ethylene absorbate into a column at about th(*t half-way 
level, with ammonia admitted to one of the lower plates and to take off (^thanol at 
the top, ammonium sulphate solution of crystallising strength at the bottom, 
and water somewhere between the centre and top plates. 

The difficult question to settle in any process of this nature is the degree? 
of purity required in the ethylene useni ; it appears that the Skinningrove and 
Bethune experiments failed economically, because of the large volume?s of gas 
containing low ethylene jMjrcentages which it was necessary to handle. In 
a synthetic ammonia plant handling coke-oven gas, concentration of hydro¬ 
carbons becomes necessary, and a fractionation of these would not prove 
unduly difficult. On the other hand, pure etlydene from cracker gas can give 
ethanol at approximately the same cost as that from molasses. 

The uses of ethanol are manifold; beverage spirit is in this and many 
other countries controlled by elaborat(? and strict Excise laws; all Excise 
calculation is carried out in terms of ‘ proof spirit whicjh was defined by Act 68 
Geo. Ill, as ‘‘ being such as shall at a temperature of 51'' F. weigh exacitly 

ths part of an equal measure of distilled water I'his works out at 49*3 
per cent, by weight or 57*09 per cent, by volume. The terms “ 50® o.p. ” or 
“25® up.’' (the letters standing for ‘ overproof' and 'underproof’) mean 
that, in the first case, 100 parts of the spirit require to be diluted with 50 of 
water in order to secure ' proof spirit ’; and in the second that 100 volumes 
of the sample requires the removal of 25 parts of water to bring the spirit to 
‘ proof strength 

‘ Faraday. PhU. Trans., 1825. 115, 448. 
> Hennell, ibid., 1826, U6, 240 ; 1828, 118, 365, 
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Although a ( oiiBiderable amount of alcohol is consumed in beverage form, 
far more is used industrially as a solvent, and raw material for synthetic pro¬ 
cesses ; the chemist has only to recall the innumerable instances when he has 
used ethanol in laboratory procedure, to visualise its corresponding importance 
to the (jhernical industry. Much industrial alcohol is used in a ‘ denatured ’ 
form, i.e. in admixture with small amounts of crude wood-alcohol, or crude 
pyridine bases, which, whilst not interfering with solvent powers, prevents 
usage as or corivorsion to beverage spirit. In addition, ‘ un-denatured ’ ah^ohol 
can, undei* special liccuice, Ixi used industrially where the denaturant would 
inteiiere with the pro(;ess. Thf‘re is, therefore, no reason why any industrial 
proc(^S8 requiring alcohol of any grade of purity should not be able to obtain 
it, free of beverage duty, always providing that no part of the alcohol is, or 
can be, us(‘d for potable^ purpose's. Ethanol is used also as a component of 
anti-freeze mixtures, and in fuels for int(unal combustion engines; mixtures of 
alcohol, petrol and benzene afford a stable and successful fuel. 

Absolute alcohol is b(*st obtained by removing watxT from the industrial 
96 per ctent. spirit by az(‘otropic distillation with benzene. The following test 
is useful in ascertaining whether alcohol is really ‘ absolute ’ (i.e. fret^ from 
water), (^specially in (connexion with est(;r condensations requiring anhydrous 
ethanol. The samj)le is divided into two portions of about 20 ml. and placed 
in two stoj)pered cylindei's ; to one anhydrous baryta is added and the tube 
imm(*diately stoppered and shaken. A Holution (‘ontaining barium ethoxido is 
obtained. When the supernatant liquid is clear a few drops is decanted into 
the untreated j)ortiori of the sample. The most minute trace of moisture will 
<‘auHe an 0})aleBcenc(‘ due to decomposition of the barium ethoxide :— 

BalOEts) 4 21UO-> Ba(OH)o + 2Et,OH 

Is this respect it is important from a practical point of view to note that 
the distillation or standing of alcohol over sodium does not remove the last 
traces of w^ater, since the equilibrium 

CoH^ONa f 4 NaOH 

lies appreciably on the left-hand side. On thi^ other hand, metallic calcium or mag- 
iK^sium are suitabk^ for drying alcohol, as they form at least one insoluble phase. 

The chemical reactions of ethanol are typically those of a primary alcohol, 
and may be summarised in tlie following c*quations :— 

CaH.OH + HCl -^ CoH.Cl + H2O Ethyl chloride 
CgH^OH ^ HBr-CgH^Br f li^O Ethyl bromide 

C^H.OH + HI -CgHJ + H2O Ethyl iodide 
CgHgOH -4- H2SO4 - CH3. CH2OSO3H + C2H5OH (C2H5)2S04 

I Diethyl sulphate 
-> CH2-CH.><-J Ethylene '' 

C2H5. O . C2H5 Diethyl ether 
C2H/)H I- CICOR -—> C2H5OCOR ] 

2C2H5OH 4“ 0(C0R)2  > 2C2H5OCOR \ Ethyl esters 
C2H5OH + HOOCR .C2H5OCOR I 

CaH.OH ^ HNO3 —> C:.H50N02 Ethyl nitrate 
C2H5OH f HNO2 —> C..H,ONO Ethyl nitrite 

C2H5OH + SO3 HO . C2H4SO3H Isethionic acid 
1--^ HOSO^—OCHs . CH2SO3H 

Ethiomc acid 

C,H.OH + NaOH 

C,H,OH4-P + I —* 
2C,H50H + 0, -. 

CjHjOH 
lermenUtlve 

CHsCOONa + Sodium awtate 

C,Hg Ethane 
2CH3.CHO+ 2H,0 Acetaldehyde 

CH3COOH Acetic acid 
oxIdaUoli 
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In most cases the implications and conditiotiKS of tliese reactions are discussed 
under the heading of the substances on the right-hand side of the arrow. There 
are, however, one or two reactions wtiich, unlike those in the list above, are 
peculiar to ethyl alcohol ; one is its simultaneous (‘hlorination and oxidation 
to chloral:— 

C2H5OH-► CCI3CHO 

which is used for the })reparation of that material, although the Poukuic process 
in which ethanol is oxidised in the vapour phase to aldehyde and then chlor¬ 
inated directly in the vapour phase to chloral, is more economical:— 

C2H5OH-^ CH3CHO + 3CI2-^ CCl,mO t 3HC1 

Another reaction peculiar to ethanol is the formation of fulminates with nitric 
acid and the nitrate of either mercury or silver (s('e Chap. IV., Vol. II). Under 
the infiuenee of a condensed electrical discharge various products are obtained 
from ethanol, in which butadi^Tie, CH~(>—C~CH, is the major constituent. 

Propmwl-1 (ri’Propyl alcohol), was first discov(‘re(l by ChaiK‘(‘l ^ in brandy 
fusel-oil, and has since b€*en shown to occur in most fus(‘l oils, especially that 
from the products of fermentation of the ni])a-])alm. 

Industrial^ 7i-prop3d alcohol is a by-product of the Fischer-Tropsch syn¬ 
thesis of methanol :— 

3C0 + 6H,-> C’aH.O | 2H2O 

the mechanism is obscure, but the existing dtunand has Ixmu) nud from this 
by-product formation. 

So far, none of the alternative syntlK\ses devis(^d from time to time have 
proved of industrial importance ; such syntln^ses havi^ only a laboratory interest. 
They include:— 

(a) The Grignard reaction from formaldehyde and ethyl magnesium 
bromide. 

(b) The reduction of ethyl propionate. 
(c) The conversion of natural propane to a mixture of 1- and 2- chlorides 

by direct chlorination, followed by saponification of the purified 
71-propyl chlorides 

(d) The catalytic reduction of allyl alcohol, or of acrolein. 

The reactions of propanol-1 are similar in nearly all respects to the giuieral 
reactions of ethanol listed on page 267 ; in most respects it is slower to 
react. One of the characteristic reactions of propanol-1 is accomplished by 
heating it to 250^ in an autoclave with an equirnolecular proportion of sodium 
propoxide. The reaction takes place at the a-hydrogen atom, giving 2 methyl 
pentanol-1 (6a) :— 

CH3CH2CH2OH 
-f NaOCH^CH^CHg 

CH3CHCH2OH + 

i 

CHs 

in,. CH.OH 

IHjCHijCH, 
Ka 

CHgCHCHjCH{CH3)CHjOH 

whilst by more drastic treatment the latter compound may be induced to react 
with a further molecule of propanol giving 2, 4-dimethylheptanol-l (66). 

» Chanoel, Ann., 1853, 87, 127. 
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n-Butanol.—alcohoJ was the last of th(‘ butyl alcohols to be disc overed, 
being first prepared by Liciben and Rossi in 1869. It is now almost exclusively 
produced by the fermentation of maize-mash or molasses by the method intro¬ 
duced by Fernbach and Weizmann (see Appendix II). The yield is about 
60 p<T cent, of the theon^tical conversion, and there is about half this amount of 
acetones produced simultaneously. The separation of these is easy, and in¬ 
dustrial butanol-1 is a fairly j)urc‘ product. It is the first straight chain alcohol 
which is not eompl(*tely miscible with water at ordinary temperatures. It 
is also prepared industrially by the catalyti(! reduction of crotonaldehyde :— 

CH, . (11 -CH . OHO-^ CHaCJHsCHgCH.OH 

7i-Pentanol.—This is r(‘adily obtainable from pentane, which is fractionated 
from natural gas, chlorinated, and the product fractionated to give a tolerably 
pure l-chlorop(Titane. Tliis, on hydrolysis, yields the alcohol. The other 
methods of syntliesis discussed earlier under ‘ General Mdhods ’ are available. 

Amongst th<‘ otiuT n-aic.ohols, ii-hexyl alcohol is prt^parixl industrially by the 
condensation of biityrald(‘hyde with acetal;’ehyde to give the unsaturated 
aldehyde (6r) whi(‘li is reduced catalyticall}^ to hexanol-1 :— 

CEfU.CH.CliO 4 0113(110 —> 
(113(^11441411:-4JH .CHO —CH3((JH2)4CH20H 

(Oc) Haxaiiol-1 

ji’Heptavol is deriv(*d almost exclusively from reduction of heptaldehyde 
from the (h\structive distillation of castor oil. An important member of the 
family of normal alcohols is dodecxmol-l or lauryl alcohol, now available in ton 
quantities by the catalytic ifnluction of ethyl laurate from the lauric acid of 
coconut oil, llus n^action is merely an extension of the reaction of Blanc and 
Bouvcault (sec* p. 203). Tht* crude product whi(‘h contains some even numbered 
homologues of higluT and lower carbon number, is capable of giving both 
dodeeanol-1 and tetradt‘canol-1 on molecular distillation ; the mixture is 
known as ‘ l^orol and is sulphatiHi to give the so-called ‘ sulphonated Lorol 
CH3(C’H2)jQCH20S()3Na, which is the sodium salt of lauryl sulphuric acid. 
These materials, which are entin»ly analogous to the soaps, are powerful surface 
tension reKlucers, and act, therefore, as d(^tergents. The names ‘ Dreft ’ and 
‘ Gardinol ’ are asso(uated with such substances, and there is no doubt as to 
their superiority over soap feu' geiu‘ral detergent purposes, especially as their 
activity is undiminished in slightly acid water, sea-water and hard water, all 
of which are without effect on the washing power. The oxidation of higher 
petroleum fractions give acids which, when subjected to the same process, 
yield powerful detergents of this class—one example of such is * Tec^pol *. 

The normal straight chain primary alcohols are shown at the commencement 
of Table 1, and it will be noUni that the names carnaubyl, ceryl, nuiissyl, 
montanyl, gimnyl and the like are omitted, as the work of Chibnall (see 
* Waxes A}>pendix) has shown them not to be chemical individuals but to be 
complex mixtures. The names should not again be ustM^l, and in order to save 
confusion reference should be made to the systematic name of the individuals 
of the series. 

Arborescent Primary Alcohols 

Iso-btUyl alcohol is the first primary alcohol with a branched chain ; and is 
the best known butyl ak^ohol, having btx^n isolated from fusel oil by Wiirtz. 
This is not a suflicient industrial source of the alcohol w hich is made in bulk 
by a modification of the Fischer-Tropsch synthesis using cobalt in the catalyst. 
This addition diverts more of the rtractants tow ards the reaction :— 

4(^0 4 -> (CH3)2CH . CHsOH 
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The reactions of lifo-butanol are not widely different from those of the normal 
primary alcohols, except that rearrangements occur ; thus during estenfication 
with mineral acids, e.g. HCl or HBr, considerable amounts of the tertiary 
butyl compounds make their appearance owing to an isomeric change :— 

CH,^ 
>CH . CH,OH 4- HBr 

HBr KaK 
>CH . CH,Br 9 parts 

CH,/ 
1 

CH,/ 
tl 

CH,^ i CH,^ If 

>C—CH, + HBr — >C . CH, 1 part 
CH/ 1 CH,/ 1 

OH Br 

Iso-amyl Alcohol.—Although this alcohol was originally found in fusel oil, 
and was extracited from it by frac^tional distillation for industrial purposes, the 
supply could not keep up with the demand, and it is now manufactured in 
bulk from the wo-pentane available from the petroleum industry. The pro¬ 
cedure is as follows :— 

CH3. 
>CH . . CH3 

CH/ 
CH3. 

mixed cliloro- 

t«o-pentanes 

CH, / CH . CHo. CH,C1 
UydroiyHia 

lra(‘tii)natiou 

CH,. 

CH, 

CH . CHa. CHoOH 

There is also a st'cond primary alcohol of the amjd series, namely, 2, 2-dimethyl 
propanol-1, or ‘ Tieopontyl alcohol ’ (9). Direct methods of obtaining this 
alcohol from isopentane are difficult to achieve, and in preparing neopentyl 
alcohol the following methods are used :— 

(1) Trimethyl acetyl chloride (7) is treated with the Grignard reagent from 
fer-butyl chloride (8) ;— 

CH,^ /CH3 
CHs-Vl. COCl -f- ClMgC^CHj-► 
CH,/ \CH, 

(7) (8) 

CH3\ CH3. 
CHa-^C , CH2OH + >C=CH2 + MgCljj 
CH3/ CH3/ 

(9) 

This reaction is unusual in its course, but is nevertheless probably the simplest 
way of making neo-pentyl alcohol in the laboratory ; industrially it can be 
prepared by the hydirolysis of neo-pentyl chloride. 

The reactions of neo-pentyl alcohol are anomalous and lead to tertiary- 
derivatives almost exclusively, or, in the case of halide acids, lead to fer-amyl 
derivatives and trimethylethylene :— 

18 
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TABLE II 

The Seventeen Hexyl Alcohols 

No. Name 
i 
j FormuLi ProjH'rtleH M^kIo of [)re|)aratlun, etc. 

1 HexanoM b. 157" (Sc(^ p. 269) 

2 HexaHol-2 1 CH3CH{0H)(CH,)3CH3 

i 

b. UT’ (a) Eroiii hexene-1 by shaking 
with H3SO4. dilating and dis¬ 
tillation 

(5) UediK'tiiHi of hexanone-2 

3 Hoxanol-3 b. 

i 
(а) Lthyl inagnenium bromide 

and n-butyraldehyde 
(б) From ethyl propyl ketoire, 

by rt'duction 

4 2-Mpthyli)etitanoM 1 b. 147" 

i 

A by-produ<-*t in the FiRchcr- 
UVoiwch synthesis of methanol 
from CO f H, 

(2) CiiK^rlHTt’s reaction (s('t' under 
‘ Propyl alcohol \ p. 268) 

5 2-M<.jlhyl[)t'iit!Uiol-2 CH„CHaCH,v 
VH, C . OH 
CH3 

b. 123 (а) From methyl magnesium 
bromide and etliyba-butyrate 

(б) From actdoue iUid n-propyl 
magnesium bromide 

6 2 • Methy IjKM 1 tan ol • 3 OH3. 

OH/ 

b. 128" (a) 1‘Vom i.sobiityraldehyde and 
ethyl magnesium bromide. The 
altroiiol has btMUi resolv’^'d via 
the .stry(‘hnine salt of the } 

phtlialic (vstor [ajj* ~ 12'4" 

7 2-Methylpentanol-4 CH 

1 CH3/ 

1 

b. 132" 
1 ! 
1 
i 

! i 
i 

1 Made indust rially tmin tho cata- j 
1 lytie d(‘hydration and hydro- j 

' genation of diatictono alcohol, | 
1 KoHolved via the brncine salt j 

of tlie i phthalic ester [x]^ 

-h 20-4" 

8 2-Methylp6ntanol*5 
(4-Methylf)entanol-l) 
Isoht^xyl alcohol 

>CH((JHa)aCHaOH 
CH,/ 

b. 148" ! («) Fn)in paraforrn tvnd woarnyl 
i magnoHiurn bromide 

1 (5) From etb^ Iem^ oxide 4^ wo- 
liutyl magnoHiurn bromide 

(c) From wobutylaeotoacetic j 
ester 

9 3-Methyl-peiitaiiol-1 CjH,. 
>CH . CH,CH,()H 

ch/ 

b. 153" Occurs in Roman chamomile. 
Synthosised from /»cc-biitylcar- 
binol via bromide and Grig- 
nard, reacting with parafonn 

10 3 - Methy 1-lientanol - 2 
>CHCH(OH)CH, 

CH,/ 

b. 134" From methyl ethyl aootoacetic 

ester via methyl «ec-butyl ke¬ 
tone by sodium and moist ether 

11 3-Methyl-pentanol-3 
Methyldiethyl 

carbinol 

C,H5V 
C,H Ac. OH 
CH/ 

b. 123" From ethyl acetate -}- ex(M.^8S 

Mg ethyl bromide (cf. syi'- 
thesis of terpineol) 

12 2-EthylbutanoM 
>CH. CHjOH 

c,h/ 

b. 140" By on aldol condensation between 
acetaldehyde and li-butyralde' 

hydo and reduction. By cata¬ 
lytic reduction of diethyl* 

acetic eater 
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TABLE II {continued) 

No. Name Formula Physical 
Properties Mode of preparation, etc. 

13 2, 3-l)imethyl- 
butanoM 

(CH,),CH . CH(CH,)CH,OH b. 146° Very difficult to prepare ; beat 
mode by reducing Me taopropyl 
acetic eater with aodiura and 
alcohol 

14 2, 3 Dirnothyl- 
butanol-2 

OH,—C—OH 

oh/ 

b. 118-122^ Grignard reaction from tri- 
methyleno oxide and methyl 
magnesium bromide. Or 
wobutyric methyl ester with 
excess MeMgBr 

15 2, 2-lJimothyl- 
butanol-1 
ter-Amyl carbiriol 

CH,-)CH • CH,OH 
CH,/ 

b. 135° 1 From fcr-arnyl magnesium brom¬ 
ide and paraform, or methyl 
formate 

16 3, S-Diniothyl- 
butanol-2 
Pinacol vl alcohol 

(CH,),C. OH(OH)CH, m. 6°; b. 121'' 
Mr -4-7-7'’ 

Reduction of pinacolone, from 
pinacol 

17 3, 3-I)im('thyl- 
butanol-1 

CH,\ 
CH,-3c . CHjCH.OH 
ch/ 

i 

b. 143 Ti^pol^entyl carbiriol (for its pre¬ 
paration see p. 280) 

TheTe is on(‘ striking oxc(‘ption to this rearrangement, namely, the ease with 
which 'W^opentyl alcohol is (‘onvert(;xi to its esters and thest? reconverted to the 
alcx)hol in almost theoretical yic^ld :— 

CH3 CH. 

I ,-, 1 
CH,. C . CHjO H 4 H0(X)CH3 CH.,. C . CH^O . COCH, 

1 ' 1 
CH, Cllj 

This, in view of lh(‘ extensive rearrangements which take place wlien the 
hydroxyl group is removed from weopentyl alcohol, has been taken as con¬ 
firmation that in esterification it is the alcohol that contributes the H, and the 
acid the —OH. 

The third primary amyl alcohol is 2-methyl butanol-1, 

CHgCH^lCHglCHCHgOH, 

a minor constituent of fusel oil, and often referred to as ‘ active ’ amyl alcohol, 
since its asymmetric molecuk* leads to optical activity. It was, at one time, 
soparaUxl from fusel oil by treating the amyl alcohol fraction with sulphuric 
acid and crystallising the barium salts of the amyl siil])hat<^8 so obtained. 
Repeated fractional cryst-allisiition effects a separation of the isomei*s. Recently 
a more rapid B(^paration has been achieved by treating the mixed alcohols with 
‘ urea chloride * (carbamic chloride) and fractionally crystallising the car¬ 
bamates :— 

CjH, 
'Nch . CH.OCONH, 

CH,/ 

CH,. 
X'H. 

CH/ 
CH,CH..OCONH„ 

8inc© l-ch!oro-2-methylbutane is available industrially from the chlorination 
of wpentane, it will soiwe as sourc/O of racemic ‘ active ’ amyl alcohol, when 
acquired. 
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Seoondaby Alcohols 

Propa7iol-2 {/i^o-propyl alcohol) (CH3)20H0H. This alcohol was first 
prepared by Berthelot ^ in 1855 by absorbing propylene in sulphuric acid, 
diluting the liquor with water and distilling. Unfortunately he made his 
experiments before the recognition of isomerism in the alcohol stories, and it was 
assumed for years that the alcohol prepared in this way was identical with that 
from fusel oil. It is interesting to note that it is precisely by this reaction that 
train-loads of propanol-2 are prepared to-day from the propylene obtained as 
a by-product of the petroleum industry. The sulphuric acid ahsorbate, when 
saturated with propylene, can be treated to give di-tuW-propyl other 

(CHalgCH . O . CH(CH3)2 

which is thereby obtained in large yield and at a low price. It is an excellent 
solvent, but its applications are, to some extent, limitol by its tendency to 
form explosive peroxides. 

Friedel ^ obtained t-sopropyl .alcohol by the strenuous nduction of acetone 
w ith sodium :— 

CH3COCH3 CH3CH(0H)CH3 

dilute sofiium amalgam gives pinacol (10) ~ 

CH3COCli3 CH,C{On)CH, 

CH3 CO CH3 CHgCiOHlCHa ^ 
(10) 

and Kolbe^ pointed out that this must b(^ the secondary alcohol, the existence 
of w*hich he had predicted. 

Prior to the use of propylene as a raw" material, i\vo-propyl alcohol was 
manufactured by the reduction of acetone by Friedel’s method, and now a 
curious volk-face has bwni made in industry, since a fair amount of acetone is 
manufactured in the U.S.A, by catahdic^ oxidation of uo-propanol. During the 
fonnation of f.so-propyl alcohol from propylene none of its normal isomer is 
formed, although 4-5 lb. per ton of methyli^obutyl carbinol (11) are formed :— 

CH3 CH3 

CH3 + \CH0H CH, ^HOH 

\CH0H CH3 -» 

dE, CH3 (11) 

This reaction is merely a modification of Guerbert’s synthesis, which 
proceeds very well with t>o-propanol and sodium ttyopropoxide. The process 
is used in the U.S.A, for manufacturing 4-methyl pentanol-2 (called, in industry, 
di-i«opropyl alcohol). 

t^o-Propyl alcohol is a subst^ince which rapidly attained industrial import¬ 
ance as a solvent; although it is not possible to use it for beverage purposes, 
it can stUI be used in essences, and for medicinal solutions for extenml applica¬ 
tion. 

In most properties iya-propanol resembles the primary alcohols; it forms 
an azeotrope with 12 per cent, of water. The formation of esters from iso- 
propanol, although proceeding normally, is more difficult to bring about on 
account, probably, of the steric factor ; it takes place more slowly and requires 
more active reagents; the same degree of inhibition is to bo observed in the 

^ Berthelot, Ann* Chim, Phys*, 1855, (3), 48» 399. 
• Friedel, Ann*t 1862,124, 324. 
•Kolbe, Z€U9chr. Chem,, 1866, 118. 
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formation of alkoxides from i^opropanol. On the other hand, as with the 
majority of secondary alcohols, it is easier to split off water and form the un- 
saturated hydrocarbon than with the corresponding primary alcohols. 

The main difference between isopropanol and its normal isomer, hes in its 
oxidation to acetone, sufficiently familiar not to need further comment. 

sec-ButanoL—De Luynes ^ prepared this alcohol in 1864, from erythrite by 
the following steps :— 

CHjOH CH3 
1 

CH3 CH3 
1 

CHOH 
1 

III CHI ac<‘(at« 

1 
CH . OCOCH3 

1 —* 

1 
CHOH 

1 
CHOH CH3 CH3 CH3 

1 
CH2OH 

j 

CH3 

j 

CH3 
1 

CH3 

A second synthesis, of Kanovnikov and Satzov,^ consists in h(>ating equi- 
molecular proportions of ethyl formate and methyl and ethyl iodides with zinc« 
sodium alloy. It may also be obtained from anhydrous aldehyde and zinc 
diethyl, followt^ by hydrolysis with water :— 

/ 4- 2H.O 

CH3CHO f Zn(C2H,)2-> CH3CH -- 

^OZnCgH^ 

C2H5 

CHsCH + C2H, + Zn(0H)2 

\ 
OH 

Ethyl magnesium iodide* can replace the zinc dialkyl. Industrially, an ample 
supply of butanol-2 is available by the absorption of butylene from cracker 
gas in sulpliuric acid followe<i by dilution and distillation. 

^ec-Butanol is the sim])leKt alcohol capable of being resolved into optical 
isorqers. The methcKl of Pickard and Kenyon is so widely uscxl (is to warrant 
description here. The racemic alcohol is allowed to react with phthalic 
anhydride when a half esteT is formed. This is capable of forming a mixture 
of salts with d-brucine, which are no longer enantiomorphous, and can be 
separated by fractional crvstallisation :— 

C*H, 

C,H, 

y^yCoocn. CH, 

'^''''COO[<i-brucine] 

-vd-brucine 
salt 

Fractional 
cryatalliaatlon 

-->J-brucine 

-^ d-f^rnbutanol 

HydrolyaiB 

-> i-i,sobutanol 

salt 

^ D© Luynes, Ann, Chim, Phyn,, 1864, (4) 2, 385. 
• Kanovnikov and SAtdBtw, Ann., 1875, 175, 374. 
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The Secondary Amyl Alcohols 

sec- alcohol (2-mothylbutanol-3) b. 112'' is a difficult material to 
obtain by direct substitution, and the easiest way to obtain it is to commence 

CH.CHov 

CH;i)C. OH 
CH,/ 

CH^CHBr 

CH.^C.Br 
->. / 

CH, 

(12) 

Il5^drol5"HiH A -? 
rrarraiij^omcut 

(13) 

(Ml,CO 

‘ \ 
(T13CH 
/ 

CHa . CHOH 

\ 

CHa 

(14) 

with /cr-arnyl alcohol (12); when this is brominatol, the halogcm entei's the 
position marked (*) and the liberated hydrogen bromide estei-ities the hydroxyl 
group, giving 2-methyI 2, 3-dit)romobutane (13). This, on treatment vdih alkali 
yields, by hydrolysis and rearrangement, a ketone reducible to th(‘ desired 
alcohol (14). The alc^ohol is an excelkmt source of nuMliyl ?'cVO-pro})yl ketone 
which is obtained from it by oxidation. 

Pentanol-S, often called diethyl carbinol (C2H5)2CHOH, was fornuTly 
prepared by the Grignard method, using ethyl formate and ('xcess of magiK^sium 
ethyl bromide :— 

.OMgBr 
EtMgJBr / 

H . COOEt-HCOEt 

'' Et 
.^(Hydrulyi-li) (Bi) 

UMyBt /Et 
^ / UydrolyalH / 

HCOMgBr -— HCOH 

'^Et 

(10) 

The intermediate stage, propionaidehyde (15) can, if availabl(‘, bt‘ used as 
a starting point. It should, howevt^r, be pointed out that there is no neciessity 
to observe the stages set out in the formula) above ; the intermediate (16) is so 
unstable that it breaks down spontaneously to propionaidehyde, so that by 
treating ethyl formate with rather more than twice its equivalent of ethyl 
magnesium bromide the product isolated on treatment with acid is p(^ntanol-3. 

Industrially, an ample supply of pentanol-3 can be obtained from 3-ehloro- 
pentane, a fraction from the chlorination of pentane. 

PerUanol-2 (methyl propyl carbinol), CH3CH2CH2CH(OH)CH3, can be 
obtained in a variety of ways ; the reduction of the appropriate ketone and the 
various systematic Grignard syntheses all proceed normally. Industrially, 
there is a choice of methods for production of this alcohol, either from pentene-2 
by hydration with sulphuric acid in the usual way, or from the 2-chloropentane, 
which is readily available from the chlorination of pentane. Industrial sec- 
amyl alcohol usually contains about 80 per cent, of pentanol-2 and 20 per cent. 
pentanol-3. 

H . CO 

(15) 

Tertiary Alcohols 

ter-BtUyl alcohol (2-methyl propanol-2) is the simplest tertiary alcohol. 
Discovered by Butlerov,^ in 1863, by decomposing the product of the interaction 
of phosgene and zinc dimethyl with water (16a). 

^ Butlerov, Zeita. Chem,, 1863, 484. 
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COCIo + 2Zn(CH3)j dig—(>-0ZnCH3 CH,-JCOH + ZnCHa(OlI) 

(IM CH, + Zn{OHj; 

Notidlcss to say, this most inconvoninnt piT])aration was soon replaced by more 
couvenif'iit metiiods, of whit^h the action of magnesium methyl iodide on acetone 
is one ;— 

CH3 CH3 CH., CH3 CH3 CH3 

\‘ 
CO + MeMgl-> C —> C 

/ / \ / \ 
CH, CH3 OMgl CH3 OH 

It is made industrially as a by-product in the manufacture of -scc-butyl alcohol. 
'J’his latter substance is manufacturcsl from butylene ; the industrial butylene 
contains some /sobutylene, which has to Ix^ scrubbed out by a mon^ dilute 
sulphuric acid than that used for the absorption of the butyhme itself ; it is 
the first absorption liquor that, on dilution and distillation, jields thec fe?--butyl 
alcohol. 

MeMgl C 

/ \ 
CH3 OH 

CH. 
HtSOj; and 

\( 
_/CH3 

CH; 
liydrolynis 

ch/ \()H 
h'fo-Bulylene Butanol 

[ of thr(‘u alkyl groups on a single carbon 
hydroxyl group is atiacluHi, h^ads to a comparatively unstable inoleeuh', and 
imparts new ])rop(Tties to the tertiary alcohols which are not eneounter(‘d in 
their primary and secondary isomers. Thus, tl)e lability of the hydroxyl is 
such that it is comj)l(^tely r(^})la(‘(^d by chlorine on shaking witli conctuitratcd 
hydrochloric acid at room t(‘mp(‘rature ; removal of the acid layer, washing 
and rectification of the /cr-butyl chloride is all that is required to obtain the 
pure halide. 

Again, /cr-butyl alcohol is dehydrated when warmed with dilute inorganic 
acids, giving -butylene. /er-Butyl alcohol is only very slowly esterified and 
must, tluTcfore, be remov(‘d from mixed butanol fractions to be used for 
solvent ester manufacture. Butlerov described in his early investigations a 
reaction v hich is onc^ of the more striking examples of the lability of the hydroxyl 
group in tertiary alcohols, namely, that on mixing (‘quimolar quantities of 
acetyl chlorides and ^cr-butyl alcohol a quantitative double decomposition is 
attaincKl :— 

..ncocH. 
"){'. OH CHa-Vf'! f HOOOCH.. 

VH/ ChY 
Kx(V'f»"> of 

diroeUiylariUhic 

. COCH3 
CH,/ 

butyl acetate 

In the presence of dimethyl aniline the acetate is formed. As tlu*re is no 
possibility of a direct oxidation of ^er-butyl aiculiol to an akhdiyde or ketone, 
as with primary and secondary alcohols, fairly vigorous measures are nec'cssary to 
achieve oxidation. The products are acetone, carbon dioxide, acetic acid and 
some wobiityrio acid (CHjljCHCOOH. 

} ncoc'H, 
cold 

Kxccf»"> of ' 
diroeUiylariUlnc 
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ter-A myl A Icohol. OH 2\ 
■ch3-V;.oh 
CH3/ 

Popov’s original method ^ of treating propionyl chloride with zinc dimethyl 
has long been replace<l by more convenient processes for preparing ter-amyl 
alcohol. The Grignard method could, if necessary, be used, and has been 
applied to obtain pure substances for characterisation. Fortunately, ample 
supplies of this material are available from the appropriate chloropentane. 
In practice the chlorination of pentane and i.?o-pontane are not, })rimarily, 
conducted for the purpose of obtaining <cr-amyl alcohol; but during the 

C2H5.OCl.CH3 ^1 
I - HjO I H,0 -f- 

CH3 I i 
(17) CH3(dl2C(OH)(CH3)2 

(10) 

chlorination some 2-chloro iw-pentam^ (17) is inevitably formed. During the 
subsequent treatment of the mixed halides to prcxiuce the amyl alcohols any 
2-chloro-i.s'o-pentane present is converted into /r/-meth}lethylene (18), which, 
on account of its low b.p. (38-4'') distils out alone. If it is allowed to stand 
with the stoichiometric amount of water, it forms “ amvlene hydrate ” or Itr- 
amyl alcohol (19). I’his reaction between tremethyh'thylene and water may 
be demonstrat'd by sealing a little fer-amyl alcohol in a stout-walled tube with 
some dilute sulphuric acid ; on standing in hot water, the liquid separates in 
two layers, one of amylene, and one of dilute acid ; on (tooling tlu/y coalesc'c. 
In this and other respects the projx^rties of /cr-amyl ah'ohol resemblit very 
closely those already described in connexion with ^cr-butyl alcohol. It is used 
in the dry cleaning trade, for ck'aning ‘ Celanese ’ by immersion, and is used 
as a ‘ spotting liquid i.e. to remove the spots (usually grease or sugar) from 
garments prior to dry cleaning with the more usual chlorinated solvents. 

Higher Alcohols 

The hexyl family is the last group of alcohols of which all the possible 
isomers are known. They are listetd with their boiling points and methods of 
preparation in Table II. Cm' method of preparation is so long that it has 
been omitted from the Table, and is given below'. It is the preparation of the 
most difficultly obtainable of the hexyl group—3, 3-dimethyl butanol-l, or 
w€o-pent3d carbinol. The starting point may be conveniently taken as pina- 

CH3 

I 
CH3—C'—OOCHj 

in, 

(20) 

Rcductiou 

CH3 

I 
CH3—(:;--ch(OH)CH3 

Ah, 
(21) 

08, + N»OH 

CH3 

I /OCS.SNa 
CH3-<>-CH<( ~ 

I 
CH, 

CH, 

CHo—C--CH< 
^OCS. SOH, Heat 

CH, 
(22) (23) 

> Popov, Ann., 1868, 146. 292. 
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OH., 

CH 3—cLcH=CH 3 

I 
CH3 

(24) 

OH3 

I 
CH3—C—CH... CH„0 . COAg 

i 
CH3 

(26) 

OH3 

CH3—C—CHa. CH^Br 

(25) 

Silver acetate 

Kon 

(JH, 

I 
.OHo.OHOH 

I 
CH. 

(27) 

cone (20), which can be reduced to pinac^ol.yl alcohol (21) and converted to 
the xanthate (22). On methylating the latUT (23) and heating the methyl 
derivative, /er-butyhethylene is obtained (24), which adds on hydrobromic 
acid contrary to Markownikov^s rule (25) ; probably owing to the steric factor 
of the /er-biityl group. The bromide can be conyert('d to the alcohol (27) via 
the acetate (26). 

Of the thirty-nine h(*ptyl ahohols theoretically possible, about fifteen are 
known, and of tlu^ eighty-nine octyl alcohols twenty-six are known. The 
following members of the group are available in quantity :— 

(1) 2, 4-Dimethyl pentanol-3, calhKi di-itS*oprop3i (tarbinol (28) formed in 

CH, 

CH./ 
'\CH CH(OH) . ('H 

.(;h. 

’H, 

CH; 

CH. 
:H . CH„ CH< 

A'HjOH 

V’H, 
(28) (29) 

the Fischer-Tropsch s^TitluMsis ; it is the main secondary alcohol formed, and 
is accompanied by smaller quantities of 2, 4-dimeth.yl pentanol-1 (29). 

Apart from the octyl alcohol (32), wiiich has for a long time been available 

CHaCTi/JH/JH.CH/^HjjCHOHCHg (32) 

from the destructive distillation of castor oil, the only octyl alcohol available 
in any quantity is 2-ethyl hexanol-1. This is obtaincxl by an aldol condensa¬ 
tion between two molecules of n-but\Taldehyde, giving the product (30) which 

CH3 

i 
CH* 

I 
CHjCHjCHgCHO + CH* 

(Iho 

CH3 

1 
CH* 

I 
-> CH3CH*CH*CH(0H)CH . CHO 

(30) 

CH3CH*CH*CH*CH(C*H5)CH*0H 

(31) 

is then dehydrated and reduced to the alcohol (31). Even-numbered alcohols 
from Cjo—C,* are articles of commerce, and a number of the higher alcohols 
have b^n synthesised by Chibnall, Piper and others in connexion with their 
studies oii waxes {q.v.). 

Unsaturated Alcohols 

The simplest unsaturated alcohol should be vinyl alcohol, but this is the 
enolic form of acetaldehyde :— 

CH/3HO 7—r- CH,=CH.0H 
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and it is a general rule that simple substances exist in the keto form almost 
entirely. The equilibrium that exists betwet*n such types is more apparent 
in substances such as acetoacetic ester (q.v.) in which the enol and keto forms 
exist side by side and may be separated, whilst where the molecular weight of 
a ^-ketonic est(*r is higher the two forms are even more stable. The pheno¬ 
mena associated with this equilibrium an' referrc'd to as ‘ tautomerism and 
are dealt with at length in Chapter IV, Vol. IJl. The —C(OH)^/— structure 
can bo stabilised by estcTifying or etherifying the hydroxyl group, thus divinyl 
other (q.v.), CH^-"CH . 0 . and vinyl ethyl ether, . OCgH^, 
are stable substances ; whilst vinyl acetate, CH2=--=(/H . is an im¬ 
portant industrial chemical in the plastics field. 

Jlii/l akoJiol, CH2=CH . CH.OH. In 1844 Wertheim^ isolated from garli(r 
(Allium satimim) an oil which he recognised as the sulj)hide of a new radicle, 
C3H5; he called this radicle * allyl \ and twiJve years later Hofmann and 
Cahours ^ first obtained the alcohol by treating the iodide (previously prepared 
by Berthelot from glycerol, phosphorus and iodine) with silvcT oxalate to obtain 
allyl oxalate, and passing a current of ammonia through the oxalate ; oxamid(' 
separated and the allyl alcohol was distilled from a cal(;iiim chloride bath. 
The alcohol occurs in the neutral liquor separating from tlu' liquid portion of 
the wood distillation products, and may be distilled out by taking advantage of 
the extrerael^^ low boiling azeotrope with 27-7 per cent, of water, whir h boils at 
87-5°, and may be distilled out of the liquid. Potassium carbonate added to the 
distillate salts out the alcohol itself, which may be rectifi(‘d ov('r baryta. Tlu' 
product contains a little propanol. 

The usual method for its synthetic preparation is th(‘ distillation of gly(‘eroI 
with anhydrous oxalic acid ; if the oxalic acid is a ‘ commercial ' grade, con¬ 
taining small quantities of oxalates, a little ammonium chloride is added to 
neutralise the effect of these salts which is to diminish tin* yield of allyl alcohol. 
The reaction appears to follow' the course show n below', in w hich tlu* mono a(‘id 

CH2OH f HOOP 

1 1 
CHOH HOOC 

CHOH 

oxalate of glycerol (33) is first formed ; it is customary to state that the next 
step is the loss of carbon dioxide to give monoformin (34); but Chattaway hfis 
showm that the major portion, at least, of the reaction go<3s through the neutral 
oxalic ester (35) which loses two molecules of carbon dioxide to form allyl 
alcohol. A little allyl formate distils with the alcohol and water. 

Allyl alcohol is a colourless liquid, with a pungent smell, which as a general 
rule is due less to the substance itself than to traces of allyl formate. Chemic¬ 
ally, allyl alcohol is reactive ; on pyrolysis it gives acrolein, which substance is 
also refiuiily obtained when allyl alcohol is submitted to aerial oxidation in the 
presence of platinum. It can bo reduced to propanol; hypochlorous acid adds 
to allyl alcohol to give the symmetrical chlorohydrin of glycerol contrary to the 

* Wertheim, Ann., J844, 61» 289. 
* Hofmann and Cahoura, idtd., 1856, 100, 356 ; 1867, 102, 286. 

CH,OCO CHo. O . VO . H 

CHOH COOH 

I 
CHjOH 

(33) 

(’HOH —~(Jtl 
j — COj HjO j 

(JH3OH (34) \ utiaun (34) 

CH.-O-OO 

\ i 1 
" CH—O—CO 

CHjOH 

(35) 
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prediction of the Markownikov rule. In general, therefore, it may be said that 
allyl alcohol normally fulfils its dual r61e of alcohol and unsaturated hydro¬ 
carbon. It has been proposed to use the ozonidc of this alcohol to make glyoxal, 
which it gives on hydrolysis. 

Methyl vinyl carhinol, CHg . CHOH . This alcohol, which is 
representative of the alkyl vinyl carbinols, is obtained by the Grignard method, 
from methyl magnesium bromide and acrolein. The solutions must be well 
refrigeratcxl. The reaction takes the normal course. The vinyl carbinols 

CH,=CH.CHO CH,=CM . CH(0H)CH3 

dehydrate normally as sc^condary alcohols, giving, in the case of methyl vinyl 
carbinol, butadiene ; by the use of the higher alkyl vinyl c-.arbinols we have 
almost the only convenient apj)roach to the alkyl butadienes ; the fi(‘ld has 
betm carefully invc^stigated by Bonis.^ 

Crotyl alcohol, CTdg . .(Ti^^OH. The reduction of croton aldehyde 
to the ak^ohol lias proven! a difficult task, and extremely poor yields of impure 
material was obtained until aluminium t\sY;propoxide was used as the reducing 
agent. The use of aluminium ethoxide and other alkoxides for the reduction 
of unsaturaX(^d alcohols to aldehydes is a very valuable reacition, as in the 
majority of cases the remainder of the molecule is entirely undisturbed.^ In 
prineiph‘, tlu.‘ r(^ac:1ion takes th(^ following course :— 

3K(T!0 i Al{OEt)3-^ 3CH3CHO + AliOR).., 

the volatil(‘ aldehyde being dislilltnl oil; with aluminium iso-propoxide, acetone 
is produced. Tlu‘ method has been widely apjdied in tlu^ vitamin A field (see 
(3uip. XI). The alternative^ method for the prt^paration of crotyl ah'ohol is to 
(ommcmci^ with methyl vinyl carbinol, whicdi on treatment with phosphorus 
tribroniid(‘ gives crotyl bromide, by rearrangement. This, on warming with 
acetJ{! acid and sodium acetate, gives crotyl acetate which may be saponified 
by a slight exceH.s of cold aqueous sodium hydroxide :— 

OH3CHOH .(’H===C;H2 0H.,(;H=-CHCH2Br 

C»;,CB-=4.’H('H,0.C0CH3 ” CH3CH=CM .CH5.OH 

Crotyl alcohol is a liquid which behaves as a norma! unsatiirated primary 
alcohol. 

Amongst the higher unsaturaUxl alcohols are ph>i;.ol, and the terpene 
alcohols nerol, linalool and citroiudlol ; tht^se are disc ussed in Chapters VIII 
and XI. 

Acetylenic Alch>hols 

Although th(5 acetylenic alcohols are not, of therasedves, of great importance, 
they act as most valuable links in the synthesis of various less unsaturated 
alcohols. The reaction of Moureu consists in condensing the sodium salt of 
an acetylene w ith an aldehyde :— 

R . C=C . Na f R'CHO-► R—C--C . CH(ONa)R' 

There are two important modifications of this methexi, namely, the use of the 
magnesium acetylene halide :— 

R . C^-C , MgBr f CH3CHO-> R . C=C . CH(0H)CH3 

and the action of acetylene in the presence of sodamide on a ketone. This latter 
reaction is probably the most important of all, in that it is capable of very wide 

^ Bouin, Anns CJhem., 1928, 9, 427 and 430. 
*Mi>drwein and bchinidt. Ann., 192:), 444» 221 ; Ponndorf, Z. Angew. Chem., 1920, 39, 

138. 
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application, with t^asily accessible reagents. The function of the sodaniide is 
to induce the formation of the sodio-enol derivative of the ketone (30)> which 
then reacts as follows ;— 

CH3 
1 

(’H3 
1 

CH3 
I 1 

CH. 
1 

CH 

.Na-NH, , C'H:-CH 

CH, (’„H,-,., /OH 

CH./ \ce-CH 
1 
CO 

, 1 

NaOC—{'—-CH 

CH, 
1 
CHj (36) 

1 
CH., 

Ethinyl methyl ethyl 
earhitiol 

The structure of the final alcohol is, of course, lirnik^i to the configuration 
/a 

CHfeC—V' OH, but a number of such alcohols are known, and some are used 
\b ^ 

in porfuincTv. TIuih, linalool, a difficult material to obtain from natural 
sources, is j)i-e])ared from methylheptenoni' (.‘57), through fJie substance 
3, 7-dimetbyl octyn-l, ene-6, ol-3 (38), which can be reduced to linalool (39) 

rH,C:==CH . . IK)CH3 
(37) 

OH, 

OH 

Na.NlI, 
+ 

C.U, 

(38) ('Ha. 0=f'H . CHj. CH.^C—C^C’H 

J'Ha iH3 

OH 

Methyl h(‘pt(‘none 

3, 7-l)imethyloctyn-l, en-0, ol-3 

(39) Llnalool 

] ‘ ■ 1 
CH3 CH3 

An additional method of producing the acetylenic alcohols, especially propargyl 
alcohol, is from tribromopropano (glycerol tribromhydrin) (4<)) or its analogues. 

(JH CHoBr 
j 

CH3 
jj 

CH3 
tl 

()HBr - 
j 

CEr . A'Br 
1 

Ale. KOH ^ Soti, acf'tttto 

CH^Br CHjBr CHgOH 
(40) (41) (42) 

Ale. KOH 

L. qii 
(43) 

The removal of hydrogen bromide to give 2, 3-dibromoj)ropen-l (41) is effected 
by potash, and the hydrolysis to the 2-bromopropen-2, ol-l, is carried out by 
heating with sodium acetate. This leaves the final removal of hydrogen 
bromide to be done by alcoholic potash, giving propargyl alcohol (43). 

Propargyl alcohol, b. 115^\ is miscible with water in all proportions and 
forms a monohydrate m. — 17^. Oxidation converts it to di-propargyl alcohol, 

MgBr + CO2 CO2. MgBr COOH 

CH 

C 

i: 

+ 2MgC3H3Br 
i 

HjOH i HjOMgBr 
(44) 

A 
III 
c 

Ah 

Hydrolyglu 

jOMgBr 

A 
III 
c 

A H^OH 
(«) 
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hexadiyn 2, 4-diol-l, 6. With magne^Bium ethyl bromides, propargyl alcohol 
reacts in an nniiHual manner, giving two molecules of ethane and a di-magnesium 
derivative (44) which absorbs carbon dioxide rapidly, giving a complex which 
on decomposition with water, yields y-oxytetrolic acid (45). Although many 
other acetylenic alcohols arc known, they are not of sufficient importance to 
warrant description here. 

Glycols and Glycerol 

In Scheele ^ published the results of experiments which he had con¬ 
ducted on the ‘ peculiar saccharine principle in expressed oils and fats ^ in 
which he showed that when oils and fats are heated with litharge in the pre¬ 
paration of emplastrum simplex, there is foriTKHi a water soluble syrup. He 
obtained the new substance from a variety of fats, thus showing their common 
basic j)rinciple to be the new sweet compound. He summarised his results 
thus :— 

Hence it is swn from tliis that all fatty oils contain a swee^t substance, 
w'liich differs from sugar and honey in these respects :— 

“ (1) That it cannot be brought to crystallisation. 
(2) That the 8W’(‘et substance can not only withstand much stronger 

heat before it is destroyed, but also that it ])asses ovtT into the 
receiver in part unchanged, with retention f)f its sweetness. 

“ (3) That it cannot enter into any fermentation. 
“ (4) That it mixes with spirituous alkaline solutions.” 

Che\reul, in 1811, named the compound ‘glycerol ^ and he and Beilhelot 
established tlu* trivalent nature of the* new alcohol, wiiich appeared to combine 
w ith three mol(*cules of a fatty acid to produce fats. 

When Wurtz, in 1855, discovered ^ glycol by boiling ethylene di-iodide with 
silver acetate to give a diac*.etate which saponiiii-d to glyc*ol with alkali, he 
not only obtaim»d an int(T(‘sting new' substance^, but also iilled the gap betw'een 
the monovalent alcohols and tlie trivalent- glvctTol ; indeed, it w’as the presence 
of this lacuna that induced Wurtz to carry out his experiments on this substance, 
which he named ‘ glycol ’—” pour marquer la double analogic qui lea relie h 

la glyc6rin(^ dime part, k I’alcool de Tautre 
General metluxis for the synthesis of glycols are mainly based on the use 

of halogen derivatives. Thus, when ethylene dichloride is heated with water 
and a base in an autoclave at 180^^ the glycol is formed :— 

CHgCl CHsjOH 
I +2H2O 1 +2HC1 
CHgCl-^ CH2OH 

This reaction is the basis of an industrial process for recovery of ethyleTie from 
cracker, natural and coke-ov<ui gases ; the ethylent^ is concentrated by frac¬ 
tionation, allowed to react with chlorine to form the chloride, and the latter 
heated in autoclaves with ferric hydroxide, producing glycol and ferric chloride 
solution. In the case of ethylene glyeol, the chlorhydrin can be more easily 
hydrolysed, and this method is used for its industrial production in the U.S.A. 
The ethylene is allowed to pass with chlorine into sodium hypochlorite solution. 
The action of chlorine on sodium hypochlorite is to yield hypodilorous acid, 
which then reacts with the ethylene :— 

(1) NaOCI + CI3 + H3O-2H(X^1 + NaCl 

(2) 2HOC1 + 2C,H, —> 2CH,OH . CH,01 

* Schoele, Kongl. Vetenakapg. Academiena. Nya Handlingar, 1783, 4, 324. 
• Wurt*, Ann., 1866,100, 110. » Wurtz, 4nn. Chem. Pkys., 1869, (3). 66, 402. 
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There is produced, at the same time, some ethylene dichloride—Gomberg ^ 
investigate the reaction closely, and found it could best be represented by the 
scheme :— 

HOH + CI2 

(a) + C0H4 

C0H4CI2 

HOCl f HCl 

+ (b) 

CH2OH. CH2C1 

The reaction (b) is more rapid than (a) and up to about 7 per c(Mit. solutions of 
ethylene chlorhydrin are obtainable without an appreciable formation of the 
diciiloride. The hydrolysis of the chlorhydrin to the gly(;ol is quit(^ readily 
brought about by treatment with superheated steam or with mild alkali under 
pressure. 

There are, of course, many other metluxls by which the halogens of a 
dichloride can be replaced by hydroxyl ; where the compound is a valuable one 
and must be conserved, the use of silver acetate followed by hydrolysis is 
recommended :— 

CHgCl ClLpCOCR., CHgOH 

(CH„)5 + 2AgOCOCH3 (in,)., (rH„)5 + 2CH3C00H 
I ■ -^I “-I 
CHjCl CHaOC^OCHg 

Closely related to this method, is that of Bouvoault and Blanc,^ in which the 
ester of a dicarboxylic acid is reduced with sodium and alcohol to the glycol:— 

CH2. COOEt 

I 
{CH3), 

CHj. COOEt 

CH3OH 

CH3OH Octane diol-I. 8 

Other substances may be reduced to give glycols, notably the dialdehydes, but 
owing to the difficulty of obtaining such substances, the method is of little 
more than theoretical importance, except in the cases of the dialdehydes of the 
phthalic acid series, which are more easily obtained, and which, on warming 
with alkali, give a double Cannizzaro reaction. In this way te^rephthalyl 

CHO CHaOH 

■O—Q 
CHO CH2OH 

COOH 

COOK 

alcohol can be prepared ; and is, of course, also obtainable from the aldehyde 
by catalytic reduction. The method of catalytic Reduction of aldehydes, 
particularly unsaturated, or hydoxy, aldehydes is a very fertile method for the 

CH3CH3CH3CH(0H)CH(C3H3)CH0 ^-2CH3CH3CHJCHO 
H. (46) 

,, CH3CHjCHjCH(0H)CH{CjH,)CH30H 2.Etbyl.hexsim diol-l, 3 

synthesis of glycols. Thus, if two molecules of aldehyde are allowed to imdergo 
an aldol condensation, and the product (46) is reduced catalytieally a 1-substi¬ 
tuted alkylene diol is obtained. This reaction proceeds also with epoxy com- 

1 Gomberg, J.A.C.8., 1918, 41, 1414. 
* Bouveauit and Blanc, Bvjl. Soc. Chim., 1004, (3), 31, 1203. 
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pouuds. Thus, furaldchyde and ai-etaldehyde condense to give furyl acrolein 
(47) ; this on reduction yields the a-o-diol, in this case, heptane diol-1, 7 (48). 

!CHO f CIIjCHO 

"(Y 

. CHO 

(47) 
5H, 

CH^—OH, 

I 1 
OHa OH 2 . CH^CHijCH ,OH 

\oH (48) 

It is only a step from this synthesis to the reduction of diketones, whicli is 
capable of yii'lding disecondary glycols. I'hus acetonyl acetone (49), reduced 

OH, OH, 

lleductlon 
OH.,—i H(OH) 

OH2—(X) (JHi,-X;iH(OH) 

I I 
OH., OH3 

(49) (50) 

by Hcxiium amalgam, yields hexane(iiob2, 5 (dimethylbutyleiieglycol) (50). The 
reduction of simple ktiioruvs yields di-tertiary glycols—as for example, in the 
wt‘ll-kno\vn reat^tion when acetone is reduced to pinacol :— 

010, OH3 
I I 

CA) + 00 

I I 
OH3 OH3 

Na/HK 

0H3 OH 3 

i I 
0(0H)—0(0H) 

! I 
0H3 0H3 

The reaction just citr^i is an idealisation of what really occurs; much of the 
acetone is redueuxi to /.so-propyl alcohol, and even a little propane is formed. 
To increase the* yield of pinacol, a mercury-magnesium couple is used. The 
acetone is ustxi (us a solvent for mercuric chloride, which is dropped on to mag¬ 
nesium covered with benzene. A very vigorous reaction ensues, and mag¬ 
nesium pinacol separates as a bulky solid which is fairly easily decjomposed to 
pinacol itself, A long series of pinacols has been prepared by this method, 
and are convenient starting x^oints in sTOthetic work. The pinacols are 
discussed from a theoretical aspect in Chax>ter IX, Vol. III. If attemx)t8 are 
made to obtain a glycol by the reduction of a diketone in which four or five 
methylene—or substituted methylene groups—8ej)araie the two carbonyl groups, 
ring formation and an intramolecular pinacol results. An instance is : 

CH3CO 

CH3 

io 
\ 

CHGH, 

CHsCH CHj 

3, 6-Dimethyloctan©- 
dione-2, 7 

HO CH3 

V 
C CHCH3 

CH3/1 

CH3CH CH, 

\/ 
CH3 

1,2, 3,4-T©tramethyl 
cyclo hexane diol-2,3 

Glycols are also fairly readily obtainable by opening the ring of 1, 2«epoxy 
compounds with the subsequent addition of the elements of water. The method 



288 ADVANCED ORGANIC CHEMISTRY 

is almost entirely coiitined to tho preparation of 1,2-glyeols, but the reaction is 
general and enables a number of the unsyinmetrically constructed derivatives 
of ethylene glycol to be obtained, e.g. ethyl ethylene glycjol (52) from ethyl 
ethylene oxide (51) ;— 

C0H5. CH . . CHOH 
I >0—- I 
oh/ CH,pH 

(61) (62) 

The reac‘tion is brought about by heating the oxide under pressure with water, 
when the ring opens and the glycol is productxi. In favourable instances the 
reaction (‘an be carried out witli dilute acid at 100®. 

Glycol Formation by Addition to a Double Bond,—Almost all reference books 
on organics chemistry refer to th(‘ addition of the elements of hydrogen peroxide 
to the e^thylonic double bond with the formation of ethylene glycol; that this 
is, indeed, a true addition ivaction which do(?s not proceed via the intermediate 
formation of an epoxide was shown by Wagner,^ who oxidisc'd 2-methyl but(me-l 
(53) with permanganate and obtained th(‘ glycol (54), although under (‘xactly 
identical conditions 1-methyl-1-ethyl ethylene oxide (55) was unaffected. The 

CH3 . CH. . C(JH3 

■ Ih, 
(53) 

CH3. CH. C(OH )C’H3 CH3 . CH 2. C 

CH.OH 
(54) 

"0 

CH2 

(55) 

use of 4-5 per cent, cold aquecm.s permanganate is recommended for this re¬ 
action, but barium permanganate is to be prehTred, (^specially in tin? presence 
of magnesium sulphate. The yields, however, are always disappointing, as 
much of the material is further oxidised. Various oth(‘r in(dhods have benm 
discovered for the addition of the elements of hydr(jgen peroxide to a double 
bond ; one of the most successful is the use of lead tetra-acetate, which forms tho 
diacetyl glycol, in goexi yield, thus leading to the glycol. An example of its 
use is Criege(‘’H preparation - of c^efohexane diol (58) from cyc/ohexene (56) 

/\ 

\/ 
(66) 

Hydr(^ly«ls 

4- PbiOCOCHa), 
iOCO(;h, 

lOCOCH, 
4 PbCOCOOHg), 

/\)H 

(57) 
\/ 
(58) 

OH 

via the diacetate (57). Again, it is not surprising to find that the action of 
hydrogen jjeroxide itself (preferably in acetic acid solution) yields glycols. 
The reaction appears to be particularly serviceable in the conversion of camphene 
(59) to camphene diol (60). 

(69) 

HjO, 

Nothing, so far, has been said concerning the use of Grignard reagents for 
the production of glycols; it is obvious that any diketone, keto-aldehyde, 
dialdehyde, hydroxy aldehyde or ketone, or any substance containing a com* 
bination of ester groups with hydroxyl, aldehyde or ketone groups, will, by 

1 Wagner, Ser., 1888, 21, 1230. * Criegee, Ann., 1930, 481, 263. 
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a suitablo application of th(* Grignard rt^ac^tion, yield a glycol which usually 
contains at least one tertiary group. One or two instances are given below :— 

(a) Acotonyl acetone (Gl) and magnesiurn-n-propyl bromide give 

CHaCO.CH, 

CH3CO . CH2 

(01) 

CHjCH )—CHg 

iH3 

GH3CHs,CH„C{OH)—OH2 

‘I 
CH, 

(62) 

4, 7-dimethyldecaiie diol-4, 7 (62). 
(b) Levulic oster (iVA) giv(‘S 2, 5-dimethyI 

GH^CCK'H^ ((’H3)3(^(0H)C;H3 

hexane dioJ-2, 5 (65) through 

MKCH»Br ((;h3),c(OH)CH2 

EtOOC . CHCM3OOCH2 (CH3),C(0H)CH2 

(6.3) (64) (65) 

the intermediate formation of the keto- alcohol (64). The result of this reaction 
is, therefore, exactly the same as if acetonyl acetone had botiii used as the 
starting material ; as, in many eases, th(^ keto- (\stcrs are more readily obtain¬ 
able, tlu^y are preferred. 4'he process reaches its logical conclusion in the 
interaction of the est<‘rs of dibasic a(‘ids to give the glycols, as in example :— 

(r) where malonie ester, in the pr(\sence of an excess of magnesium ethyl 
bromide, gives heptane diol-d, 5 (66). 

/COOEt ^CH(0H)C2H5 

(Tfs f 4MgEtBr LM^ 

\jOOEt-► \cH(OH)C3H5 
(00) 

(d) The Grignard reagent from an alkylene dibromide is capable of reacting 
with formaldehyde to give a glycol, or with an a-diketone to give a cyclic glycol. 
Thus, 1, 7-dibromoheptane, convertc^d to its double Grignard compound (67) 
and the latter allow^xl to react with formaldehyde gives nonane diol-1, 9 (70), 

BrCH3(CH,),CH3Br —- BrMgCH2(CH2)5CHaMgBr 
(67) 

+2CH,o HOCH2CH,(CHji)8CH2CHj.OH 
(70) 

which is identical with that obtained by the method of Bouvoault and Blanc 
from the diethyl ester of azelaic acid. 

By using an a-dlketone, cy(^lic compounds may be obtained as in Grignard 
and Vignon’s synthesis^ of 1,2-dimethyl ci/cZoheptane diol-1, 2(72) from 

CHg. CHaBr 

(5h, 

\:H,.CHsBr 

2Mg -► 

CH,. CH,MgBr 
/ 

CH, 

\;H,.CH,MgBr 

COCH3 

+ 
(i!(3CH3 

(71) 

dibromopentane, through its magnesium derivative (71). 

^ Grignard and Vignon, C.i?., 1907, 144, 1358. 

19 
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It may be added her(‘ that the aldol condensation followtxi by reduction is 
a prolific source of glycoJs ; thus i>o-butyraldehyde and formaldehyde react to 

CH3. CH3V /CHO .. CB,. /CH3OH 
>CH . (!HO i HCHO 

(73) (74) 

give the hj'droxy aldehyde (73); this, on reduction, gives 2, 2-dimothylpropane 
diol-1, 3 (74). This constitutes a valuable method t)f obtaining the primary 
glycols. 

The condensation of two molecules of tso-butyraldehydo leads to a complex 

/OH3 

(CHal/’HClHlOH). V . CJdO 

/ I N'H3 
>CHCHO 4- >C’HCHO /(TH3 

PH / PH / I / 
^'"3 (CH3)3CHCH(0H) . 0 . C'HjOH 

\cH3 

2, 2, 4-Trmiethyl|x^ntaiie diol-1,3 (75) 

glycol, 2, 2, 4-trimethyl pentane diol-1, 3 (75) by re<luctiou of the intermediate 
aldol. The use of dilute alcoholic potash for the preparation of aldols of the 
semi-aromatic type, often leads to the formation of glycols direct, part of the 
ethanol being oxidised. This gives, in the case of benzaldohyde and iso- 
butyraldehyde (7b), 2, 2-dimethyl-1-phenyl propane-diol-1, 3 (77). 

-f (CH3)3CH . CHO ^~'\cH(0H)C(CH3)3CH30H 

^ Alt oholic KOH ^ 
(76) (77) 

In addition to the reactions already described for the preparation of glycols 
there are a number of methods which are of constitutional significance only. 
Examples of such are 

(a) the treatment of aliphatic diamines with nitrous acid to give the corre¬ 
sponding glycol:— 

2HN0i 
^ HO{CH.),OH + 2H2O + 2N, 

{b) the reduction of uiisaturated glycols to saturated compounds ; 
(c) the hydrolysis of glycol esters ; 
(d) the reduction of polyhydroxy compounds with formic acid, e.g. erythrite, 

or mannite ; 
(e) the intramolecular condensation of alcohols under the influence of 

ultraviolet light:— 

2C^H,OH-^ CH3CH(0H)CH(0H)CH3 

General Pbopebties of the Glycols 

(1) Whilst the majority of glycols are less stable than the normal mono- 
hydric alcohols, they exhibit greater stability than the dialdehydes and dike¬ 
tones. In certain instances, especially if two of the carbon at<jm8 adjacent to 
the glycol structure are tertiary, the glycols exhibit a tendency to dissociate :— 

(CH^hC . C(OH). C(OH). C(CH3)3 (CH3)3C . CO CHOH . C(CH,), 

(78) (79) m 
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Thus, symmetrical dimethyl ^\-t€,rtiary butyl ethylene glycol (78) decomposes 
into ^er-butyl methyl ketone (79) and <€r-butyl methyl carbinol (80) ; the latter 
soon dehydrates and rearranges to tetramethyl ethylfme. 

(2) The action of halogen acids on glycols is precisely what might have 
been expected from analogy with the monohydric alcohols, namely, the forma¬ 
tion of the (corresponding halides. The reaction constitutes an important step 
in the synthesis of higher dibasic acids from the lower nunnbers of the series, 
as shown in the sequence of formulae helow^ :— 

COOH OOOEt OH2OH CH,Br CH2CN COOH 1 
- (('H,)„ 

1 

MCH,)„ - 
1 

1 1 
--.(CH2)„ — (CH2)„4.2- 

1 

(!00H 

I 
(JOOEt (TH2OH 

1 

(JH„Br CHjCN 

1 
('OOH 

The tendency shown towards a pinacol/pina(cone (change is exhibited by the 
halides of ditertiary glycols, and if pinacol is subjected to the action of con- 
(centrat(d hydrobromic acid, a dibromo compound is obtained (81) corresponding 
in carbon structure to that oi pinacone, into which it is converted by 
hydrolysis (82) :— 

('H,- 

CH,' 
.('-(:< 

! I h.'H, 
OH OH 

OH/ I 
Br 

CH„\ 
("H3-^(' . COCH3 

CH/ 

lilUir (^i) Uy^lrolysis (82) 

(3) Glycols rea(!t readily with nitric acid to form the dinitrate 

CHoOH CH.ONO. . *” HIvOj I ^ “ 

CH^OH CHsONO. 

One of the characteristics of the polyhydric alcohols is the ease with which 
tlum^ nitric esters are formed. TIk^ compound d(dineatcd above is often call(d 
‘ nitroglycol but the more systematic term glycol dinitrate is to be prefeOTcd. 
Pho8j)h()ric a(*id forms the mono csUt (83), but boric acid has a special mode 

CHgO . P0(0H)2 

AhjjOH 

(83) 

HO. .O—€H, 
I 

)-(:^H, o- 
(84) 

HO^^ .0—CH^- 

HO-^^^—C'Hsj. 
H 

(85) 

of esterification which characterises all substancjes containing a 1, 2-glycol 
structure. An additional hydroxyl group becomes associated with the boron, 
and an acid is cr(*ated by the expulsion of a proton. In this way a moderately 
strong acid is produced, much strongcT than boric acid itself. This formation 
(explains the analytical procedure of adding glycol, glycerol or mannitol to boric 
acid solutions to obtain a solution suitable for titration. The esterification and 
etherification of glycols procen^ds normjilly, di-esters being obtained. Many of 

^ONa 

CHg Br—CHa 

J + I 
CHa Br— 

\0Na 

(87) 

CH.OH HOCH, CH, 

A: + 
HaOH HOCH, Kxtl 

CIH, ( 

i)Hj Im 

(86) 
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the esters, half esters, ethers and ether-esters of ethylene glycol are valuable 
solvents, and are manufactured in industrial quantities. Ethylene glycol 
forms an internal double ether (86) ‘ dioxane which is not only a valuable 
solvent but, when sufficiently purified, is also an excellent cryoscopic medium 
for molecular weight determinations. Dioxane can also be obtained by treating 
di-sodio ethylene glycol with ethylene dibroinide (87). 

Glycols are readily oxidist^d, but it is more convenient to discuss the products 
formed in connexion with each individual glycol. In general it may be said 
that the main stages in the oxidation of ethylene glycol are glycollic acid, 
oxalic acid, and formaldehyde :— 

CHoOH ' COOH OOOH HCHO 
I “ -. I I -. 
OH,OH COOK HCHO 

This reaction takes place biochemically as well as in vitro, and it is this fact 
w^hich precludes the use of ethylene glycol as a solvent for medicinal and 
fl^avouring agents ; in addition, the ethers of ethykuie glycol have an intrinsic 
toxicity which makes them dangerous, e8j)ecially in the case of dioxane. 

On the other hand, 1, 3-propylone glycol (88) forms malonic and acetic 
acids as stages in its biological or chemical oxidative d(‘gradatiori :— 

CHoOH COOH COOH CO., 
I ' —> i —.V I 
CH, CH, (;il3 

I J ' J I 
CH.OH CHoOH COOH COOH 

(88) 

This makes propylene glycol much more suitabh^ for medicinal or food usage. 
The dehydration of glycols can take place in a variety of ways ; the products 

obtained being dependent largely on the structure of tin* glycol, although the 
conditions of reaction also affect its course. The five principal methods of 
dehydration are indicated in the scheme below :— 

\ / 
C- O o —c 

The reactions proceed simultaneously, and it is always difficult to get one to 
proceed with entire exclusion of the others. The formation of unsaturated 
alcohols is observed only with a few uncommon a or ^ glycols, or cyclane diols» 
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A typical instance is the action of traces of iodine on 2, 4-dimethylpentane 

(CK3)2(J(0H)CH,C(()H)(CH3), (CH3)oC=CH . C(0H)(CH3)2 
(89) (90) 

diol 2, 4 (89), which leads to 2, 4-dimothyl penteiic-2, ol-4 (90). In the cyclane 
series the partial dehydration of 1, 8-terpin (91) to terpineol (92) is an excellent 
example of this reaction :— 

CH. CH. 

A">' 
1 1 

1 

1 j 
i 1 

V" 
1 1 
\/ 

A“““' 
CH. CH. CH. CH, 

(91) (92) 

The formation of dienes by the dehydration of glycols is a reaction which 
accompani(^s the ]hnacone transformation, and in some eases almost obscures 
it. Thus, pinacol (94) heated with small quantities of sulphuric acid yields 
the diene (95) in largo yield ; with dilute sulphuric acid in the warm, or by 
standing in the cold wnth more concentrated acid, the pinacone (93) is the 
j)repond(^rating product ;— 

^- >(1—(X — 
i'll'/ - OH/ I i Xm, 

(93) OH OH 

(«4) 

CHa CHa 
- I I 
CH,==0--C=CH2 

(95) 

when, however, the hydroxyl groups are so far apart as to be almost independent, 
the reaction pri>(HHM.is almost exclusively to the diem^—such an instance is 
diphenyl decane diol ^ (96) w'hi(‘li on dehydration with zinc chloride gives an 
excellent yield of diphenyl dtM*adiene (97):— 

:.'H(OH)(OHa),rH(OH)/ 
'V— 

(96) 

The formation of epoxides from a-gly(‘ol8 is not easy and the yields are 
very poor ; thus, ethylene glycol gives a very low yield of ethylene oxide by 
dehydration—most of ilu* product being a mixture of the mono ether and 
dioxane. In the case, however, of jS-glycols doubly substituted in the central 
carbon atom, oxide formation proceeds satisfactorily, e.g. 

CH3, 

CH3> 

CH 

A HOH 

Ahoh 

Ah. 

(98) 

CH.. 

CH,' 

vn, 

I 
CH 

(99) 

CH,-CH—CH. 

V 
OH —^ 

/ 
CH, CH—CH. 

(100) 

CH,-CH(CH.) 

/ \ 
CH, 0 

V / 
CH,-CH(CH3) 

(101) 

3, 3-dimethylpentane diol-2, 4 (98) yields the 1, 2, 2, 3-tetramethyl propylene 
oxide (99) (better called 3, 3-dimethyl 2, 4-epoxypcntane), whilst in the case 

1 Losauitch, O.i?., 1911,168, 390, 
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of 1, 4- and 1, 5-glycols the formation of the epoxy compound is the normal 
course of the reaction, e.g. heptane diol 2, 6 (100) gives 2, 6-epoxyheptane (101). 

Several references have been made to the pinacol-pinacone transforma¬ 
tions, and it is nei‘essary at this stage to point out that the change referred to 
by this name is nuTcly one of a long series of similar rearrangements, many of 
which liave importance as synthetic processes. Thus primary-secondary or 
primary-tertiary a-glycols yield aldehydes, e.g. in (a) and (6) below, whilst 

(a) (CH3)2C--CH,0H 
1 

-H,0 
(CH3)aCH . OHO 

OH 

(b) CMIg . CH(0H)CH20H CHjCHjjCHO 
- HaO 

(c) CgHs. CH(0H)CH(0H)CH3 . - HaO (JeHjCJH;. COCH 

in (c) the conversion of a di-secondary glycol to a ketone is itidicated. Again, 
in the case of secondary-tertiary glycols numerous transpositions can occur, 
the nature of \N hich are outside the scope of this book. 

Some Individual Glyc’ols 

Enough has been said during the pn^vious survey of synthetic methods for 
the pre})aration of glycols, to cover all the important processes by which glycol 
is obtaiiK'd, The industrial synthesis from hypochlorous a(‘id and ethylene 
followed by hydrolysis of the chlorhydrin so prodiued, is iist^l on a vcTy con¬ 
siderable scale. 

Ethylene glycol is a syrupy liquid, considerably more viscous than (dhanol, 
and less viscous than glycerol; it has a sM’eet taste, and is miscible with water 
and alcohol in all proportions. It has m.p. — 12-T'',^ and boils at 197*5'’. It 
is used for a variety of industrial purposes—particularly as an anti-freeze 
material, and for the preparation of its esters for use as solvents. It readily 
forms a cyclic acetal with acetone (102), which is quite stable and boils at 

CH 

CR 

HOCHo CH3. .0 -CH2 

I ‘X I 
HOCHji CM/ 

(102) 

92*6'’; this behaviour is characteristic of a-glycols, and is of great value in the 
study of the sugars, where the cycUc acetals of the hexoses afford more easily 
crystallised products than are the sugars themselves, whilst the ‘ blocking ’ of 
the groups by acetone affords a means of localising the action of other reagents. 

The conversion of glycol to its esters and ethers follows a normal course 
and, in view of the particularly important part played by these esters in the 
solvent and lacquer industry, it is proposed to summarise their properties in 
Table III instead of disseminating the data through the special sections 
appropriate to esters and ethers. 

The mono ethers are known as the ‘ cellosolve ’ family ; ‘ cellosolve ’ itself is 
the ethyl derivative ; the others are called ** methyl “ propyl and “ butyl 
cellosolve 

Dioxane is obtained ^ by direct dehydration of the glycol by heating with 
4 per cent, of its weight of sulphuric acid, or by heating it with ferric sulphate.^ 

^ Parka and Kelley, 1925, 47, 2089. 
* Favorski, J. Russ, phys.-chem, Soc„ 1906, 88» 741. 
* van Alphen, i?ec. Trav* Chem., 1930, 49» 104. 
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Dioxano (^an be isolated by sti^am distillation, but dioxane and water form a 
mixtuns boiling at 90” from which the former must be thrown out by saturation 
wnth salt (NaCl). 

TABLE III 

SowTE Ethylene Glycjol Estehs and Ethers 

Mono-compoimd Di-coiniXMjud 

Dirivative 

Dent-it y B.P. Don^dty 

Esters 

Fonnic 179-180° 0199/50° 174° M93/0° 
Acetic . 187-189° 190° M09/15“ 
Butyric 220° 240° 1-024/0° 
Stearic 

c £
 1 

Benzoic 
/176-180°/720 mm. 
\(m. 45°) 

360° m, 73-4° 

Ethers 
1 

Methyl 125-126° 0-9647/20° 82-83° 0-S628/20° 
P^thyi . 135-136° 0-9297/20 123° (••8484/20'' 
n-Propyl 150-151° 0-9135/20° 160-161° 0-8389/20° 
7i-Butyi 171-172° 0 901° 195-196° 
Amyl 182° 
Phenyl 147°/25 mm. 

0-8926° 1 

154°/2 mm. 
Benzyl 

1 
134-135°/13 mm. j 

1 ^ 

Dioxane is a liquid (in. 11”, b. 102”) which has unusual properties; it 
app<‘ars in many ways to b<‘have as an oxonium compound, forming stable 
‘ salts ’ with sulphuric acid, and with metallic' halides. It can be chlorinated 
to give a 2, 3-diohIoro derivative, wiiich reacts with ethylene glycol to give 
naphthodioxane (in, a, 109-112”; mj3, 133-130” (103). 2, 3-Dichiorodioxane 
may be hydrolysed to glyoxal (104). 

^OH 

CHjj CHO 
1 I 
CH.^ CHO 

CHj CH, CHj CHCl '^OH (104) 

1 I --- 1 I 
OHj CHj CHj (;HC1 ^0. ^0.^ 

\)/ '^0^ CH„ CH (IHo 

CH^ (^H CH„ 

(103) '^0'^ 

N aphthodioxano 
a fomi m. 109-112'^ 
P fonn m. 

The proi>ert/ie8 of some of the homologous glycols are shown in Table IV. 
Of the glycols mentioncHl in Table IV, propylene glycol-1, 2 has a special in¬ 

terest as being available in industrial quantities, from the propylene isolated from 
cracker gas ; butane diol-2, 3 is also of considerable biochemical interest, since 
it is obtained in many fermentations as an intermediate between the sugars 
and the final products. In some cases it is possible to arrest the further de¬ 
composition 01 the glycol and to isolate the glycol in a pure state; this is so 
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in the case of the fermentatioii of glucose by B. Asiaticw^ inobili^s, when about 
one quarter of the weight of glucose used can be recovered as butane diol-2, 3. 

TABLE IV 

SoMK Glycols 

Njudo I Formula M.r. Ii.l*. Other data 

Propane diol-1, 3 HOCH,. C:H,CH,C)H 216" d2« 1*0597 
Butane diol-1, 4 1 H()CH,(CH,)2CH,0H 19' 235" (l*« 1*020 
Pentane dioM, 5 H0CH3(CH3)aCH20H — 236" 0*994 
Hexane dioI-1, 6 42" 250" Diplionvl urc'thane m. 172" 
Heptane diol-l, 7 HOCH2{CH8)jCHjOH 22 5" 262" 

! mm. 

m. 137" 

Octane dioM, 8 H0rH3{CH3)»CH30H 62-3" 164" 12 „ m. 172" 
Nonane diol-I, 9 46" 177" 15 
Decane diol-1, 10 H0CH2((’H.,)sCH20H 74-5" 171)’ 15 
IJiideeano diol 1,11 HOCHd^'n.p,CH,OH 62-5" 178^ 12 [Jiac'ctiite b. 181-3'/13iuin. 
Dodecano dioM, 12 H()CH,(('H3),„(’H,()H 81" 185.' 8 „ in. 36" 
Tridecane dioM, 13 h(k;h.(('h,.)„ch/)h 76-4" 196' 1 U) ..... 

Tetradecane diol-1,14 HOCH4CHo)i..CH/)H 85" 200" i 9 — 

Pontadecane diol-1, 15 88" ! 1 _ j _ ___ , Diacetute m. 30" 
Hexadecane diol-1, 16 H()CH3{CHa),4CH.,OH 91-5" 197-9' 3 ^ in. 47*2" 
HeptadtK'ane diol-1, 17| 96-5" I 2(M.5M 2 - 
Octadeoane diol-1, 18 HOCH,(CH3)ioCH‘()H 98-6' 1210-11'; 2 
Nonadecane diol-1,19 HOCH2(CHj),.CH.()H 101" 1 1 212-4"! 1-5! 

1 

Eicosane diol-I, 2(» HOCH.(CH2),«(’H‘oH 103" 1 1215-7"! L5 
Heneicosane dioM, 21 H()Ch‘((:h,),,oh20h 105 i 

j 
1223-4'^; 1-5^ ,, in. (>0" 1 

1 

Propane diol-l, 2 ' HOCHj . CH(0H)CH3 

r 

I j 

141" 1 
188-9 ! 
raeeniie 

<!'1-051 1 
Diphenvl undJiane m. 201"- 

Butane dioI-2, 3 CH3CH(0H)CH(0H)CH5 ^ L.. 1 in<‘SO ! 
■2nr' ! 

Dijilu'iiyl urethane m. 175 
Butane diol-1, 2 CHj.CH^CHiOHlCHaOH ^ i — 91-2 ‘15 inin. 1 Given d- and Lfomig 
Dimethyl-2, 3 butane , (CH3)3C{0H),C{0H)(CH3)3 j 36" i 171-2" ; Pina<.‘ol (or pinaeoline) 

djoI-2,3 j 
i 1 1 j 

Unsaturated glycols are known, those beloagiug to tin* a.ct.‘tyl(me series 
being parlicularly easy to obtain from the dimagnesium derivative of dibrorao 
acetylene. For example, with formaldehyde (trioxymf'tliyhme servf^s) it give.s 

2CH2O + BrMgC^CMgBr —HOCH.. C.^C . CH^OH 

(lOo) 

butyne-2, did-1, 4 (105) a stable substance which is capable of distillation 
(b. 157°) without appreciable dec^omposition. The reaction is geiMTal, and 
higher members of the series can be obtained by th(* use of the appropriate 
aldehyde, e.g.:— 

2CH3CHO + BrMg . C-C . MgBr —^ CH,,(JH(OH). C-C , CH(OH)CH3 
Hoxyiie-,‘J, diol-2,5 

Glycerol and the Trtols 

Although, apart from glycerol, triols are infrequently encountered, many 
have been prepared, one or two of which are described later; it is proposed, 
however, to discuss the chemistry of glycerol first. Many synthes(^« of glycerol 
have be^n described, one of which is the elegant method of Pictet and Barbier,^ 
in which glycollie aldehyde is allowed to react with nitromethane (106) in the 

^ Pictet and Barbier, JBT. Oh. Acta, 1921, 4, 924. 
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presence of potassium bicarbonati^ to give a true nitroglycol (107), which is 
reduced to the amine (108) by amalgamatexi aluminium and converted to 
glycerol by nitrous acid in absolute alcohol (109). 

CH^OH CH2OH 
1 

CHoOH CH/JH 
1 

CHO OHOH 

I 

(JHOH 
1 

1 
CHOH 

CH3NO, + 

1 

CH, (^H, 

I 

HNO» in CH^Oi-l 
nlcnhol 
. V f 1 Afl \ 

KHCO, ^ 
NO, 

(109) 

(106) (107) (108) 

Other syntheses involve the hydrolysis of 1, 2, 3-trichloropropanc and the 
reduction of dihydroxyacetone, whilst a variety of syntheses, now relatively 
unimpf)rtant, centre round the formation of glyceric aldehyde from acrolein, 
and dihydroxy acetone from formol and nitromethano, the latter r< act ion 
b(nng discovered by Piloty.^ 

So far, little sucrusss has attended the pr(^p:iration of glycerol by purely 
synthetic mf^a,ns, although a plant has been erected for this process in the 
U.S.A. The matter is largely one of economics ; sinc(^ glycerol is produced as 
a by-pixKiuct in the soap industry its basic cost, ])rovid(Hl the demand remains 
within th(‘ scof)e of available supplies, is purely a matter of the extraction 
cost. If, therefore, a synllndic procx'ss for glycerol production is to compete 
with tlH‘ re(;overy process, its (‘osts, including that of raw and ancillary materials, 
must be less than the cost of recovery from the sweet liquors^ of the soap in¬ 
dustry. It is clear that tlu‘ only three-carbon compound available on an 
industrial scale, wliich could serve as a source of glycerol, is propylem^; this 
would have to j)ass through the following stages :— 

CHg CHoCl CHgCl CHgCl CHoOH 

I I “ I I I ‘ 
CH-*- CHCl-V CH-CHCl —^ CHOH 

I I II I I 
CH, CH, CH, CHaCl CH^OH 

The steps in tliis synthesis are all readily accomplislu^d by simple reagents, 
and are reasonably quantitative in |>erfonnance, but the conversion of 142 kg. 
of chlorine to hydrochloric acid for each 36 kg. of propylene treated (or for each 
85 kg. of glycx^rol produced) is, in itself, a very considerable economic * millstone * 
for the process to carry. 

Industrially, the liquors from the sajxuiitication of tlio triglycerides of 
fats are the main raw materials for the production of glycerol; there is, in 
addition, an increasingly large amount of liquor from the aqueous hydrolysis 
of fats under pressure in the presence of catalysts. The neutral liquor is 
vacuum evaporakxi and the glycerin removtHi from the concentrate by dis¬ 
tillation with superheated steam in vacuo, 

A third method is available for the production of glycerol, namely, the f(‘r- 
mentation of glucose, or of molasses by special 5"ea8ts, in the presence of sul¬ 
phites. This is an application of the well-known fact that glycerol is productnl 
to the extent of some 3 per cent, in nearly all fermentations ; the yield can be 
increased to 20-26 per cent, by diverting the course of the fermentation with 
sulphites. 

* Piloty, Ber,, 1807, 30, 3161. 
* * Swoet liquor * m the fluid remaining after the soap has separated from the solution 

obtained by the saponifloation of a fat. 
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Glycerol is norinaIl3' seen as a liquid of very high viscosity ; its m.p. is 
18-19'^, so that for a considerable portion of the 3^ear it will exist in the supt^ - 
cooled condition. The cr^^stallisation of glycerol is induced by nuclei of the 
solid material, and once started in a large scale plant can be a profound nuisance ; 
such solidification renders the emptying of drums only possible after prolonged 
thawing and blocks pipes, etc. ; it is fortunatel}’ of rare occurrence. When 
pure, gl^'cerol distils unchanged at 290°—in the presence of water or metallic 
salts it decomposes on distillation with the formation of some acrolein. 

The chemical properties of glycerol are largel}^ those of an aliphatic alcohol ; 
oxidation produces gh^ceric aldeh^^de (110) or dih\"droxy acetone (111), or a 
mixture of both, often called ‘ gl^Terose * ; further oxidation gives rise to 
gfyceric acid, tartronic acids (112 and IKl), whilst even stronger measures lead 
to oxalic acid :— 

C^HO (X)0H (112) 
1 

CHOH 
1 

CHOH 
CHjOH I i 

1 -> CHjOH (110) CHjOH COOH 
CHOH 1 

1 - -> CH.OH COOH ((OOH 
OH2OH 1 1 

CO (’0 
1 

CH,OH (111) COOH (113) 

Reduction of glycerol gives successive!}" propylene glycol, w-pro])yl alcohol and 
propane, whilst dehydration giv(‘S, if persisted in at ternpiTatures of 285-295°, 
a polyglyc(Tol. On the other hand, when glycerol is dehydrated more vigor¬ 
ously, e.g. by passing through a tube heaWl to 450°, a fracture of the cluun 
occur.s, in which acetaldehyde and formaldehyde arf‘ tlic^ main products :— 

OH^OH . CHOH . CH.OH-^ 
[GE.OE , C(0H)=G;H.>J-> (IH^OHCOCH3-> 
i ^ ** CH^C^HO f HCHO 

[CH2OH . CH=CH(OH)]-^ CH2OH . CHg. CHO —> . CHO 

The diagram also shows the decomposition of glycerol to acrolein, probably 
through the steps shown ; in practice acrolein is obtainable in fairly good jdeld 
from glycerol by distillation Mith potassium acid sulphate. 

Halogen acids differ considerably in their action on glycerol ; hydrochloric 
and hydrobromic acid convert glycerol to the chloroh^^drins and bromohydrins, 
but hydriodic acid gives allyl iodide and some propjdene. Esters and ethers 
are readily formed from glycerol, and whilst the esters with fatty acids con¬ 
stitute the fats {q,v.), the ethers and simpler esters are largely used in the 
solvent industry. The trinitric ester—^knoMu as * nitroglycerin *—was dis¬ 
covered by Sobrero ^ in 1847, by the usual nitration methods. He notices! 
its peculiar physiological action but, luckily, did not observe its explosive 
properties ; this remained for Nobel * in 1867. Some properties of glyceryl 
ethers are given in Table V. 

The great technical and industrial importance of glycerol somewhat obscures 
the other triols of which a large number is know^n. The alkyl glycerol type, 

1 Sobrero. C.i?.. 1847, 24, 247. 
* Nobel, DingL Poly. Journal, 1867, 183, 221. 
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TABLE V 

Some Glyceryl Ethers 

Substituent 
groups 
. - 

a-Moiu)-f*ttK'r.s a, 7-l)i-(‘th(;TS 
. 
adt-y-Tri-ethors 

Ethyl b 222" (ij?° b 191" cl-r 0-952 b 181" d“?° 0-860 

iTopyl 1) lI8-22‘’/lr.mm. <ljr 1-074 b 210-18" djf 0-926 b 232" 

<-Propyl . b 198-99" d'f 0-914 

Butyl 

ter-Butyl . 

b 138-40 /22 mm. il^f 1-002 

m 28^ djr 0-921 

tw-Amyl . b 254 ’ lijT 0-970 b 205" djfo-ooi 

Ih'xyl b J80";30mm. dj;?“ 0-987 

Octyl b 234"/30 mm. d‘,r 0-990 

Hoxadot yl lit 04-5" 

0(dft(Joc\'l . m 70-71'-' 

Allyl 
i 

hi ! 240" (looomp. <ij;° MOiri b' 22.7-27' ! d-F 0*991 

01r*yl . j b 230-30 ,5 mm. 1 j 
1 

I'hcnyl . im 
- 1 

1 07-H' b. 185-7"'15 mm. ;m 80-r 

odJliloro- 
ph<‘nyl . ni er." 1 b. 250' 19 nun. 1 

/;-ChIoro- 
piiimyl . 

1 

80'’ b. 214 /19 mm. 1 
t 

Ibmzyl b 104-00 /2 mm. 
>tro 

(ir: 1130 
* 

b 198-204"/ 2 mm. j djFMOlj 1 
i 

Trityi m 92-4" im 
1 1 

174-70" ! 
i 

1 
i 
1 

i 

il. (^IIOH . CllOH . is prepjiml by tlu‘ following Hoquciu'c* of ivactiorhs 
from a<Tolt‘in 

OsHjMgHr -- . 1 1 j 
CHO 

1 
CHOH 

1 
CHOH (’HOH CHOH 

1 
1 

CH 

1 
OH 

1 ^ 

1 

CHBr 

1 

j 

__ CH0('0('H3 
NaAc 1 

CHOH 
.NaOH j 

('Hj CH, CHjBr CH2OCOCH3 CHjOH a Ethyl 
glycerol 

The alkyl glycerols resemble glycerol in physical properties, e.g. 

a-Mothvl glycerol CH^. CHOH . CHOH , OH,OH b. 102-164"/ir) mm. 
a Ethyi glva^rol CgHj. CHOH , CHOH . CH,OH b. 105-166^'l^) mm. 
a-Propyl glvoorol CjH,. CHOH . CHOH . CHjOH ra. 60-62^ b. 167-1(KS /U mm. 
a-Butyl glyWroI C^H,. CHOH . CHOH . CH,OH m. 53 54", b. 175476"/17 mm. 

Higher members of this series are related to sphiiigosine (q.v.), which a|)peiirs 
to be a pentadecylene glycerol derivative. Many other substituted glycerols 
have been prepared in which a number of smaller groups have bwn substituted 
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in the available positions. An example is sym-aaa'a'-tetramethyl glycerol 
(112), which is prepared the following steps from mesityl oxide (113) 

CH3 CH3 (JH3 CH3 (’H3 (’H3 CH3 
\ / \ / \ / \ / 

c 
II 

COH C.OH o'. OH 

(!h 
1 

-CHCl 
1 

—^ (^;hci 
1 

— -y CH . OH 
1 

(!;o 
1 

CO 
j 

C.OH (3. OH 
1 1 / \ / \ 

CH3 
(113) 

cn. CH3 CH3 OH3 CH3 
(112) 

The triols in which the three hj^droxyl groups are not attachcHi to adjacent 
carbon atoms are fairly numerous ; thi^ methods by which they are prepared 
are, in general, adaptations of the methods which have been previously de¬ 
scribed ; thus, pentanetriol-1, 2, 5 is obtained by the following sequence of 
operations ;— 

CH3 
1! 

CH, 
II 

CH^Br CH,0C0CH3 CH„OH 

L 
1 

CH 
1 

j 

CHBr 
1 

CHOCOCH3 
1 

1 

CJHjOH 

C’H.3 OH, 
1 

OH., 
1 

CH, CH, 
1 

Nil j *” Ur* j “ K.Ao 1 

CH3 4 C.113OH CH., CHj, t’H, ‘ 
1 

(’Hj 
j 

COOEt 
j 

CHjjOH Ah^oh (^JH,OH 
1 

CIHjOH 
One iriol, 2, 3, 5-trimethylhexanetriol-2, 3, 5 (114) is produced in nuxierate yield 
with pinacol during the reduction of acetone with vsodium amalgam. It is a 
very viscous syrup, easily soluble in water and is readily transformed by oxalic 

CH3 CH3 CH3 CH^^C.CHg CH3 CH3 

\'^roHj 
CH,.C .OH 

CH3 

CHj—C.OH 
i 1 

(rH3)3C C.(CH3)3 CH3.0 

C.O HI 

CH3 CH3 

acid, first into a tetrahydrofurane derivative and then to the bicyclic compound 
(115). 

Another member of this series, in which the three hydroxyl groups are 
isolated from each other, is the so-called ‘ pentaglycerol This is 2-methyl-2, 
methylol propanediol-1, 3 obtained by the condensation of one molecule of 
propionaldehyde with three molecules of formaldehyde (116):— 

CH3OH 

CH, .CHj.CHO + 3CH,0 CHj.C^HjOH 
Cft(OH). \ 

CHjOH 
(116) 
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Unlike glycerol, pentaglycerol is a crystalline solid, m. 199’, which sublimes 
without decomposition. It is, of course, easily soluble in water ; its trinitric 
ester has explosive properties similar to those of glyceryl trinitrate. 

The tetra-, penta- and hexa- hydroxy- compounds are dealt with under the 
heading of ‘ carbohydrates * in view of their peculiar relation to the sugars. 

The Hydroxy Cyclanes 

Attempts to prepare c^c/opropanol (117) have proved unavailing, and only 

CH2=CH . CHgOH 

(117) 

CH2~-CH(0H) 

(118) 

allyl alcohol or propanol are isolated when procicsses calculai^ed to produce 
the cyclic alcohol are carried out. On the other hand, cycfobutanol (118) can 
be obtained by the action of nitrous acid on cyc/obutylamine, or alteniatively 
the silver salt of cycZobutane carboxylic acid is treatKl with iodine at 100°, when 
the following imction tak(‘s place :— 

CHa—CH . OOOAg CH.™CH . GOOCH — CH2 CHCOOH^ HOCH CH. 

i 1 — r 1 I I “-i I I r 
CHa—CHg CH2—CH2 CHg—(Mg CHg—CH^ CHg-XM^ 

(118a) 

giving the ester (118«), w^hich may be hydrolysed with the production of cyclo- 
butanol. It is a liquid, b. 123°, which is readily oxidised to succinic acid by 
nitric acid, although with chromic acid an intermediate stage of cycZobutanone 
is recognisable. Passed over an alumina catalyst-mass, it is convened almost 
quantitatively to butadiene and waiter. 

Cyctopentanol, a liquid, b. 141°, is obtained easily by the reduction of the 
corresponding cycZopentanone (119) by hydrogen when passed over an active 
nickel catalyst at 180° ; another method is by the hydration of ci/cfopentene 
(120) by Demjanov’s method.^ 

ri 
\/ 
(120) 

H,0 j' j 

(119) 

The main product of the nitric acid oxidation of cyck?pentanol is glutaric acid ; 
some succinic acid is simultaneously produced. 

Ui/ciohexanol, is probably the most widely known member of this series ; 
it is always obtained in quantity by the reduction of phenol by hydrogen in the 
presence of a suitable catalyst, usually some form of nickel. The reaction is 
almost quantitative, although some cyciohexanone is produced. It is easier, 
in practice, to produce cyc/ohexanone by catalytic reduction, and to submit 
this to a further reduction under suitable conditions. CycfoHexanol is a solid, 
m. 26° b. 161°, appreciably soluble in water and strongly hygroscopic. In 
general, little can be said of its chemical activity that is not summarised in the 
statement that it behaves as a secondary alcohol; oxidation leads to adipic 
acid, and when carried out catalytically with air is an industrial process of 
great value, giving a raw material for one of the nylons and also for a variety 
of other synthetic products. 

^ Demjonov, Boc, Pkyst. Ohem, 1910, 42, 850. 
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The preparation of ct/cZoheptanol (121) is accomplished either by the reduc¬ 
tion of cycfoheptanone (suberone) with sodium amalgam or by the action of 
nitrous acid on hexahydro benzylamine,^ an unusual example of an ‘ intrusive ’ 
ring reaction :— 

(121) 

If ryciooclatetrene is converted to its epoxide by perbenzoic acid in cholro- 
form, the epoxide can be substantially iWuced to cyc/ooctanol by hydiogeii in 
the presence of palladium :— 

A variety of other cyclanols are known ; thus some cyc^opropyl carbinol is 
produced in the conversion of cyc/obutylamine to rycZobutanol by nitrous acid ; 
but no n/ci(obutyl carbinol is produced from cyc/opentylamine ; the former 
reaction is in opposition to that with benzylamine. In addition, there are 
alcohols of this series, homologous to rycZohexanone, obtained by catal}i:ic 
reduction of the cresols and xylenols, and Vavon ^ has investigated a wide 
variety of alkyl hexanols, both from the point of view of their pn^-paration 
and from that of their stereo-isomerism. 

Many of the higher members of the series are also terpene substances and, 
as such, are discussed in Chapter IX ; e.g. terpineol, menthol and pulegol. 

The Phenols 

The simple phenols are among the most familiar of organic substances. 
Phenol itself was discovered by Runge^ in 1834 from the fractionation of coal 
tar ; he called it ‘‘ Kohlenolsaure ”—which became translated as “ carbolic 
acid ”, although Laurent in 1841 named it ‘‘ phenyl hydrate ” or “ phenicj 
acid ”, whence is derived its systematic name. Gerhardt coinc^d the name 
‘ phenol * reahsing that phenol is a kind of alcohol. The fact that phenol 
could be easily obtained from coal-tar led to its manufacture in bulk as early 
as 1860 at Offenbach by Sell, and at Frankfurt by Bronner. In this country 
the manufacture of phenol was undertaken by Grace Calvert and Lowe (later 
Grace Calvert and Thompson) near Manchester, in 1861. It was not until 1867 
that Lister drew attention to its antiseptic properties, which were, apparently, 
suggested to him by the analogy with creosote (the derivation of the word 
‘ creosote ' is an allusion to the flesh-preserving qualities of the substance). 

Many phenolic substances occur naturally ; thymol is a comparatively 
simple example, and carvacrol, eugenol, guaiacol and a host of others are to 
be found in plants. Traces of phenol itself occur in animal fluids, and urine 
may contain up to 1 per cent. 

Much of the phenols, cresols and xylenols of industry arises from the distilla¬ 
tion of coal; low temperature tars have often over 40 per cent, of phenols, 
and such tars will undoubtedly come into prominence shortly, when low tem¬ 
perature pithead carbonisation becomes an accomplished fact. Ordinary coal- 
tar contains less phenols than the low temperature tar, but the proportion is 

^ Willstatter, Ann,, 1901, S17, 21S, 
* Vavon. Sw a series of papers in Bull, Soc,, 1926-1932. 
•Runge, Pogg, Ann,, 1834, 81, 65; 82, 308. 
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still considerable, and for many years coal-tar was the main source of such 
substances ; the demand for phenols, however, caused by the development of 
the plastics industry, has led to a position in which the coal-tar industry cannot 
supply the whole requirements of industry and supplementary phenol has to be 
produced by synthetic means. 

The general methods for introducing the phenolic hydroxyl into an aromatic 
nucleus are as follows :— 

(1) Caustic fusion of the sulphonic acid :— 

NaOH 
-f- NaHSO, 

This })rocess can be used for monohydric, dihydric and somt? trihydric 
phenols, and is thti basis of one industrial method for converting benzene to 
phenol. The difficulty of obtaining sufficiently economical utilisation of 
sulphuric* acid in this process is one reason for the intensive* research which 
has been directed towards the production of benzeiie-su4)horuc acid ; vapour 
phase sulphonation of benzene in which the vapour of the hydrocarbon is 
passed through hot sulphuric acid at a temperature too high to allow of reten¬ 
tion of the water fonned appears to be one form of solution of this aspect of 
phenol manufacture. 

(2) A iiitro group can, if sufficiently activated by the presence of other 
‘ acid * groups, be replaced by hydroxyl either directly or indirectly. Thus, 
u-dinitrobenzene is converted to o-nitrophenol (122) ; the same behaviour is 

(122) 

CU3j 
NO,! 

(123) 

ch/\no, 

(124) 

observed with uns\Tiimetrical trinitrotoluene (123), which gives some dinitro- 
p-cresol (124) on treatment with alkali. 

(3) If chlorobenzene be heated with 15 per cent, soda solution in the presence 
of copi)er at 3(X)''' for twenty hours,^ an almost theoretical conversion to phenol 
is obtained :— 

CeHgCl + NaOH-^ CgHj^OH + NaCi 

This reaction has bt^en suggesUKi as an industrial method for the preparation 
of phenol, but the wasteful use of chlorine (1 kg. for each kg. of phenol produced) 
makes the process normally uneconomic. 

When the benzene ring contains ‘ acid ’ substituents, the reaction proceeds 
more easily. Thus, o- and p-chloro nitro benzenes give o- and p- nitropheiiol in 
good yield when heated under pressure with dilute alkalies :— 

OH OEt 

and by using sodium hydroxide in 00 per cent, ethanol the reaction can be 
extended to obtain good yields of o-nitrophenetole. Even the presence ot two 

* Meyer and Bergous, Ber., 1914, 47# 3165. 



304 ADVANCED ORGANIC CHEMISTRY 

halogens serves to increase the east? of their rtanoval. I'hiis symmetrical 
dibromotoluene (125) yields oroinol on alkaliiu' fusion :— 

(125) 

(4) Oxidation of (‘vclanols frequently gives phenols ; thus menthol gives 
thymol; camphor gives carvacrol, and nearly all terpene alcohols and ketones 
yield some phenolic body on oxidation under suitable conditions. The trans¬ 
formation of menthone (120) to tetrabromo dimethyl coiimaron (127) on oxida¬ 
tion with bromine, and the rediu^tionof the coumaron to thymol ^ is shown thus 

CH. 

CH« 
/ 

ICO 

Br 

Br/\ 

CH„ 

-CBr. CHj Bn^ 

Br 

Menthone (126) 

\/ 
Br 

iCO (TIBio CH, 

m. r ^ 

\ / \ „ / 
Br CH3 

\ / 

CH 

\CH 
OH 

Br 

(127) 

^0 

Th}7nol 

(5) Acetyl phenols, or acyl phenol ethers are reduced easily, and often 
nearly quantitatively to the corresjKmding alkyl phenols, l^hus, p-w-valeryl 
phenol is reduced by zinc and hydrochloric acid to p-n-amylpher)ol (128), The 
reaction has proved valuable in tlu^ development of ph(*nols, such as amyl-zn- 
cresol (129). 

CH3(CH,)3C0<^0H CH3{CH3),/^0H 

"" (128) 

CH3(CH3)3Co/ CH.,(CH3) 

OH (129) OH 

(6) The homologues of phenol may be prepared by <^ond('nsing that substance 
with an aliphatic alcohol in the presence of zinc chloridt*, sulj)huric acid, or an 
alkaline bisulphite. The ^-isomer preponderates over the ortho-compound 
formed at the same time :— 

CH2CH3 

+ HOCHjCHj-^ + HO 

The course taken by this reaction is very reminiscent of that of the Friedel- 
Crafts reaction; n-alcohols give iso or tertiary alkyl phenols, and wo-butanol 
gives tertiary butyl derivatives :— 

* Baeyer and Seuffert, Ber„ 1901, 84, 40. 
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(7) Probably the best method of obtaining alkyl phenols is by passing the 
appropriate alkylone into a solution of phenol in one part of sulphuric and nine 
parts of acetic acid. Thus, ethylene gives the ethyl phenols, propylene propyl 
and i^fo-propyl pln^nols. Hexene-1 gives a considerable proportion of hexyl 
phenol (130) :— 

-f. CH2=CH(CH2)3CH3 

(130) 

The amount of odsomer produced appears to decrease witli the increase in size 
of the entering group. 

(8) It is, of course, often jiossible to obtain a phenol by dealkylation of its 
ethers ; thus anisole or jdienetole give phenol on heating with concentrated 
hydriodic acid. In addition, some phenolic acids lose carbon dioxide on 
heating to giv(^ the })heriul, lliis is particularly valuable in the production of 
pyi'ogallol by the action of he^at on gallic acid :— 

HO HO 

HC) 
(9) Th(^ reaction CgH^ f O-> C^H^OH is possible ; Friedel and Crafts 

observ(d it iii th(?ir early researches ^ when oxygen was passed through a stirred 
suspension of anhydrous aluminium chloride in benzene. The yield is poor. 
Other oxidising ag(‘nts—ozone*, hydrogen pcToxide, give similar results. It is 
only vheii c(*rtain acid groups are present in the molecaile that the reaction 
becomes of practical im})ortance. Idius, nitrobenzene gives a 45-50 per cent, 
yield of o-nitrophenol when luxated in potash suspension :— 

\>« 
A similar reaction takes place when phenols are fused with caustic soda, a di- 
or trihydric phenol being obtained by oxidation. Thus phenol gives resorcinol 
and phlorogluciuol:— 

OH OH OH 

(10) Phenol is produced, among other products, when a solution of phenyl 
magnesium bromide is oxidised. Some of the reactions are set out in the 
scheme below^ :— 

20 

* Friedel and Crafts, O.B,. 1878, 86, 884. 
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(11) It is, of course, possible to prepare phenols by the loss of nitrogen 
from a diazonium compound. The reaction is a valuable synthetic method, 
but is not used for large-scale production. 

> -f-N, 

Phenouc Propebties 

Phenols differ in their acidic properties from alc‘ohols, being able to exhibit 
an acid reaction to indicators and to react with solutions of bases to form salts, 
which are, however, easily dissociated. Tliey are d(U‘omposed by carbon 
dioxide, although when dry and heatc^d to lOO^' they react v\ ith (?arbon dioxide 
to form phenyl sodium carbonate, . COONa. The strength of the 
phenolic a(ud properties is enhanctHi by the presence of nitru- or halogen sub¬ 
stituents in the ring ; thus, nitrophenols and ehloropheiiols are stronger acids 
than phenol. 

The hydroxyl group of phenols is readily alkylated by tlu^ use of the sodium 

NO., -ONa + IC3H, 

M.'jSO, 

N»OH 

(132) 

NO./' /.OC.,H, 

(131) 

\/0CH3 

salt and an alkyl iodide, as with p-nitro{)henol propyl ether (131); for methylation, 
dimethyl sulphate is available in the presem^e of alkali (132), and the r(HM*nt 
manufacture of diethyl sulphate in bulk makes the corresponding (‘thylation 
equally easy. 

Esters of phenols are readily obtained ; in many cases the acid chloride is 
used as the acylating agent; but acetic anhydride in pyridine, with a trac^e of 
sulphuric acid in the capacity of a catalyst, is probably the best and most widely 
used reagent for the purpose. 

The hydroxyl group of phenols may be replaced by a variety of groups ; 
the use of phosphorus pentachloride leads to replacement by chlorine, although 
the use of phosphorus oxychloride gives triphenyl phosphate, a valuable paint 
and varnish intermediate (133) :— 

POCl, 
/OC.H 

O ^ 1/- OCeH 
\OC,H 

(133) 

f> 
5 

5 

KCN 

(134) 

The triphenyl phosphate reacts very smoothly with potassium cyanide to give 
the nitrile (134). Phosphorus pentasulphide converts phenols to thiophimols ; 
and ammonia replaces the hydroxyl by the amino grouji. Thus, phloro- 
glucinol in ammoniacal solution deposits crystals of phloramine (3, 5-dihydroxy 
aniline). 

The higher phenols and naphthols give good yields of amino-compounds 
when submitted to the action of ammonia and sulphites (Bucherer’s reaction).^ 
The reverse change is used also for converting amines to phenols. The industrial 
production of jS-naphthylamine from )S-naphthol and ammonia in the presence 
of sulphites is an instance of the application of Bucherer’s reaction. 

1 Bucherer, J, Pr. Chern,, 1904, (2), 09, 88. 
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The reaction of ammonia with simple phenols is best carried out by the use 
of ammonia-zin(j (chloride which gives a higher yield (up to 75 per cent, of the 
theoretical quantity). The oxidation of alkyl side-chains in phenols is of 
intert'^t. Thus, th(‘ cresols on oxidation give hydroxy benzoic acids ; the 
xylenols and thymol, which contain two alkyl side-chains attached to the 
nucleus, an;* capable of giving not only the diearboxylic acids on oxidation, but 
also, by the use of milder reagents, a monocarboxylic acid. As it is nearly 
always the alkyl group adjacent to the hydroxyl wliich is oxidised to carboxyl, 
souK^ otherwise^ unavailable cresotini(i acids can be obtained, e.g. a.s’-m-xyienol 
giv(‘s 3-methyl-(>-hydroxybenzoic acid (135); p-xylenol (136) gives 4-methyl- 
2-hydr(>xyb(‘nzf)i(‘ acid (137). 

ch/\™» ch/Y'OOH 

(135) 

chA^JIqh ^ CH3V^_JoH 
(136) (137) 

If phenol itself be submitted to strcjiuous oxidation by permanganate, meso- 
tartari(‘ acid is obtained, although the yield is not good. The course by which 
this acid is obtain(‘d is j)robably a«s indicatenl below :— 

OH VO (’OUH 

f li 

/\ 
/ \ f HOOO 

i ‘ Hooi: 
— . .. (X) -V M'OOH 

COOR 

1 
CH(OH) 

I 
CH(OH) 

C»OH 

f (COOH)2 

Phenols are r(‘a(lily halogenated (see p. 311), and equally easily nitrated and 
nitrosated (s(‘e fha]). 1, Vol. II) ; it is \indoubtediy true that the presence of 
a hydroxyl group in the ring makes the nucleus mu(4i more susceptible to the 
attack of reagents since*, in g(‘neral, the phenols are far more reactive than the 
corresjK)n(ling hydroearl)oiis. 

The* r(*inaining rc'actions of phenol are suinmariscH^l unclear the following 
lu*adings, since* many of th(*m will be dealt with in detail under a specific group 
later in this book. 

(I) Format ion of Phenolic Aldehydes.—Neither Etard’s chromyl chloride 
reac'tion, nor the* formyl chloride Friedel-Craits reaction is satisfactory for the 
intrcxluction of the aldehyde grouj) into phenols, so that the Gattermann 
reaction with hydrochloric and hydroc‘yanic acids is used (138) ; an imine is 
formed which reacts readily with dilute acids to give the phenolic aldehyde ; 

H0/'\ HC)f 

01 . CH==rNH \/ 
(138) 

UOi 

\/ V 
jlCHO 

HO//^ 
HCl 

C.NCjHs 

HOi NH HOf 
H,0 

/ 
(139) 

1—0 . OHjOHg 
V/ 
(14(t) 

—COOH2CH3 

aryl and alkyl nitriles can be iwed in a similar reaction in which ketones are 
formed as in (139) and (140). The formation of the aldehydes of this series 
can also be accomplished by the reactions of Reimer and Tiemann,^ in which 

* Reimer and Tiemann, Ber., 1876, 9, 824, 1268 ; 1878, 11, 770. 
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chloroform and phenol are allowed to react in the presence of alkali. The 
course of the reaction appears to be as follows :— 

.OH 

XH(OH): 

OH 

^CHO 

OH 

Both o- and p-hydroxy benzaldehyde are formed. The replacement of the 
chloroform by trichloroacetic acid improves the yield of aldehydes consider¬ 
ably. The Tiemann-Reimer reaction is of no value for introducing the aldehyde 
group into polyhydroxy phenols. Methylene chloride or carbon tetrachloride 
in place of the chloroform yield benzyl alcohols or benzoic acnds respoctivc^ly. 

(2) Coupling Rmciions.—Diazonium salts couple readily with phenols, 
another example of the enhanced reactivity of the phenolic ring ; the compounds 
obtained are often highly coloured, and form many of the azo-dyes of (commerce. 
If the position para to the hydroxyl group is free, coupling almost invariably 
takes place at this point; failing this the positions ortho- to the liydroxyl are 
the seat of coupling ; from phenol itself 2, 4, iS4ris azo compounds are obtainable. 

(3) Isocyanates and thiocarbimides react with phenols to give the car- 
bamic and thiocarbamic esters :— 

CeHjOH + OCN . -^ CeH,0 . CO . NH . CgH^ 
CeHsOH + SON . C^li^ > CeH ,0 . CS . NH . t\H^ 

(4) The formation of naphthopyrylium bases from naphthols is discusvsed 
in Appendix IV to this chapter. 

(5) Phenols condense directly with malic acid in the presence of sulphuric 
acid to give coumarins (alternatively prepared from o-phenolic aldehydes via 
the Perkin reaction). 

HO 

/\ 
HO 

HO! 

CTH. 
HO 

IHO , HOCH=CH.COOH + (142) HOl 

C’H 

COOH HO' CO 
\/\0/ 

HO . CH . CHaCOOH 
I (HI) 
COOH 

OH 
--> 

The malic acid (141) appears to react as though it had lost the elements of water 
and carbon dioxide to give formyl acetic acid (142). The reaction is a general 
one and capable of very wide application—to almost all phenols in which one 
position ortho- to the hydroxyl is froci. 

(6) The chemistry of the phthaleins, succineins and related compounds is 
discussed in Chapter XIII of Vol. II. 

Some Individual Phenols 

The discovery and natural occurrence of phenol has already b(^m mentioned. 
The recovery of phenol from the appropriate fraction of coal-tar (150-200°) is 
carried out by alkaline extraction ; the extract is treated with about 15 per 
cent, of the acid required completely to neutrahse the alkalies, when much 
extraneous material is precipitated. The residual liquor is then precipitated 
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with acid and the resultant oil dried and fractioned. The phenolic fraction is 
purifit)d by freezing and partial thawing ; phenol melts at 42-43^ and boils at 
181-3°. 

The oxidation of phenol by reagents not sufficiently powerful to destroy it 
offers an intricate problem for solution. It appears that pyrocatociiol and 
hydroquinone (143) and (144) are not the first products to be formed, but are 
the results of a long series of changes in which p, p' and o, p'-dihydiDxy diphenyl 
(145) are involved. These dihyciric phenols are again oxidistKl and, if moder¬ 
ately powerful oxidising agents are used, maleic acid is finally produced. These 
reactions are set out in the scheme below :— 

Sulphonation of phenol proceeds first to th{> or^/io-sulphonic acid, which is 
product'd almost exclusively if the solution is kept below 3°; on allowing the 
temperature to rise the para acid is produced by migration of the sulphuric 
group :— 

Th(* o-sulphonic acid is miscible with water in all proportions and is a useful 
antiseptic, milder in its action on the tissues than is phenol itself. 

The nitration of phenol j)roc(>tHis readiU^ even in 20 per cent, nitric acid, to 
give a mixture of the o- and ;>-nitrophenols. Even with pure phenol a substantial 
portion is resinific'd, and whilst the ortho isomer can be removed almost quantita¬ 
tively by distillation in sb^am, tlu^ para- isomer is difficult to separate from the 
resinous material; the formation of such resins can be eliminated by nitrating 
phenol in ethyl acetate solution, and alternative methods have been evolved 
for the production of the nitro-bodies from o- and p-chloronitrobenzene. 

Phenol is a most reactive substance, and will react with unsaturated hydro¬ 
carbons in the pi-esenee of acetic and sulphuric acids. Thus ethylene can, 
under pressure, be induccxl to react with phenol to give ethyl phenol (146); 

(146) 

(149) 
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Styrene (147) reacts with phenol to give a 4-hyciroxydipheiiylethaiie (148) 
and c^cZohexene yields 4-r^yc/ohexylphenol (149) ; in the latter case both diphenyl 
oxide and dir7/r/ohexyl oxide are also formed. 

The action of methanol on phenol in th<‘ presentee of alumina at 4(X)° and a 
pressure of 200 almosphe 
(150). 

res, gives almost entirely o-cre ‘sol, with a little xantliene 

/\OH 
r I ---V HOf'X /\/^\/\ 

II I I 
[ ii + CUjOH 1 J L 1 

\,/ 
-y 

\/ 
(150) 

If the temperature and pressure be increased, the whole of ])henol (provided 
the requisite amount of m(‘thanol be pn‘S(uit) is eonverte{l to lu'xamethyl 
bcuizene. 

If ethanol is allowtni to react with plumol in tlu^ pn\sene(‘ of anhydrous 
aluminium chloride, some /j-ethyl phenol can t)e isolated ; but the yield is 
greater when ether is used in pla(‘e of ethanol. 

It has already becui mentioned that, by an extf*nsion of the Tiemann- 
Reim<‘r reaction, phenol reacts with carbon t("tracliloiid(^ to yiekl p-hydroxv 
benzoic a(*id; if the condensation of thes(* n^actants takes ])lac(‘ in the presence 
of zinc chloride, an e?itirely different course of readion is obsei'vaal, both 
aurin and leucaurin art* obtained, together with other })roducts :~- 

OH 
/ 

V /y X X \_/> 
^OH 

/ _/■' 
/ 4- 

“^OH-. H 
X \ 

HOOC. CV-OH 

\ f 
c . -.< >OH 

\ 
OH 

^>OH \C2)oh '-y \oH 
\_ 

(151) LtMJcaurin Aurin (^i-rosolio acid) 

Aurin and leucaurin are much more easily obtaimni by lieating phenol with 
oxalic and sulphuric acids (151), The aurins are described more fully in (.’hapter 
XIII, Vol. 11. 

The condensation of phenol and formaldehydt^ is discuss(‘d in Ap})endix III 
in relation to ‘ Plastics but it may be addcnl here that j)lu‘iiol is capable of 
reacting with almost every aldehyde or ketone, through the* labile* hydrogen in 
the ^-position, e.g. with acetaldehyde, j), /^'-dihydroxy-1, 1 diphtuiyl ethane 

CHa . CHO + CHg—(;h 

\_-X 
(152) 

(; 

/ \/ \rm 

is obtained (152), and with acetone the corresponding p, jir?'-dihydroxy-2, 2 
diphenyl propane (153) is the product. The interaction of phenol, formaldehyde 
and dimethylamine to give dimethylaminomethyl phenol (154) is an interesting 
extension of this reaction. 

+CH2O+ NH(CH3)2 

(154) 
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The Cresols 

The existence of a homologue of phenol in cow’s urine \\aB proved by 
StMeler ^ in 1851 ; he called tlie new acid ‘ taiirylicj acid ’ ; Fairlie ^ obtained 
what he termed ‘ hydrate of cresyl ’ from coal-tar creosote, but it remained for 
Engelhardt and Latschinov ^ to discover tin* existence of three isomcTic cresols 
which they obtained by reactions set out in the scheme below :— 

Dittzo, 5^, 
(diHf. by 

OrioBS, 1860) 

■VH. nu 

/\S0,H 

CH., 

Thymol 

CH, CH., 

CH, 

NH,. OH SO.,H 

o-C?rs()I is (•apab](‘ of being separated from the crude cresylic acid fraction 
of the tar acids by (*ar(‘fiil distillation. It forms a solid crystalline mass m. 
30-F' and b. ltd . The r(‘actions of o-cresol resemble those of phenol, except 
that th(* direct action of bromine upon it is to give tribromotoluquinone (155) 
by simultaneous oxidation and bromination :— 

Br CH. 

^OH t 

Hr Br 

(155) 

m-Creml.—The r(‘sidu(‘ after the fractionation of o-cresol eontains w- and 
/)-cresol8 in proportion of 3 })artH of the former to 2 of the latter. Simple physical 
methods insufficient to separate these two isomers, and a large variety of 
chemical means have* been propos(M:l in order to obtain comparatively pure ni- 
and ^-cresols. Of those the sulphonic acid, acetate and urea processes are 
probably the most aatisfaidory and widely used. In the sulphonation processes 
the mixed cresols are converted to the sulphonic acids (156) and (157) by warming 

(166) (157) OH 

with just under their weight of 94 per cent, sulphuric acid. On cooling a mass 
of crystals of the jp-cresol sulphonic acid separates, and can be centrifuged from 
the mother liquor which is rich in the m-acid. Distillation witli superheated 

^ Stiklolor, Ann,, 1861, 77, 188, * Fairlie, J.C.S., 1853, 7, 232. 
• Engelhardt and Lat«chinov, Zeitschr. Chem,, 1809, 618. 



312 ADVANCED ORGANIC CHEMISTRY 

steam reconverts the sulphonic acids to their crosols and furnishes a compara¬ 
tively pure p-cresol, with a m-cresol of about 80 per cent, purity. By taking 
advantage of the fact that the m-cresol sulphonic acid is decomposed by super- 
hc^ated steam at 125*^, whilst the para-acud requires a temperature of 160"^, 
further enrichment can be attained. 

In the acetate process as developed b}^ Monsanto, the m- and p-cresole are 
treated with a solution of sodium acetate in solvent naphtha when the double 
compound with m-cresol separates alone ; after washing it may be heated 
vith solvent naphtha, when the addition compound is broken down to sodium 
acetate and m-cresol, the latter being recovered from the solution at 98-100 per 
cent, partly by fractional distillation. This leaves a p-cresol-rich solution in 
solvent naphtha which on agitation with anh^'drous oxalic acid gives a p-cresyl 
compound separating in crystals, from which p-crosol may be isolat(‘d in a state 
of purity. 

In the urea process equimolecular proportions of the mixed (^r(\sols and 
urea are warmed to TO"" vdien the heat of reaction takes the temperature up to 
120^ and a clear solution is obtained. Cooling is allowed to take place until 
the first crystals appear, at which point petroleum spirit (boiling range 120-150") 
is added with stirring and the (‘ooling coils tiinud on, using brine. Stirring is 
continued until the temj)erature n^aches 0"^, whcui a brei of crystals and liquid 
is obtained ; the cr} st.als, which are sej)arated by centrifuge, are a compound 
of m-cresol and urea ; it can be decomposed by wann water when the m-cresol 
separates as an oily layer above the concentrated urea solution. PurifitHl by 
vacuum distillation, it contains 97-100 per (ent. of m-cresol. The p-cresol 
remaining in the petroleum spirit is recovered by the oxalic acid process 
described above. 

m-Cresol is liquid at ordinary temperatures ; pure specimens nu^It at 4° 
and boil at 202-203", whilst chlorine oxidises m-cresol to trichlorotoluc|uinone 
(158), bromine gives the tri-bromo compound normally (159). /*!?o-propyl and 

(160) (161) 

56C-butyl alcohols when heated to 200° with m-cresol and anhydrous magnesium 
chloride give the o~ and p- wo-propyl and «ec-butyl derivatives (100) and 
(161). An interesting reaction of m-cresol is with trimethylcne chlorhydrin; 

CHj/ ^OH f CICH2 . CH2. CH2OH- 

o 0 

(’H CH, 

OH 

CO 
(163) 

CH, 

(162) 
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3 (3-methyl phenoxy) propanol (162) is obtaincHl which, on oxidation with acid 
or neutral permanganate, followed by dehydration of the acid so obtained, 
yields 7-methylchromanone (163), a liquid with a pleasant smell of citron. 

p-Cresol, the formation of which has already been described, is a white 
solid resembling phenol in appearance and odour ; it has a sharper smc^Il, 
however, and is a more powerful bactericide (m. 35-36'^, b. 202^). 

In some respects the reactions of p-crcsol differ from those of its two isomers ; 
thus, on oxidation with ferricyanido a keto-diphenyl oxide derivative (164) is 
obtaimd, which gives a normal oxime, semicarbazone and phenylhydrazone. 

(164) (105) 

When oxidised with p(TsulphateR (in lunitral solution) p-cresol is converted to 
4, 4'-(lihvdroxy dibonzyl (165) ; in acid solution the dibenzyl d(Tivative is not 
isolated, hut passes into the ald(*hyd(^ ((*f. oxidation of dibenzyl to benzaldehyde, 
Chap. VI). llie reduction of jr)-cresol can be controlled to give either the methyl 
n/c/o-hexanone (166) or the m(4hyl cycZo-hcxanol ^; to obtain the former, 

CM, OH 

H as H (167) 

CH3 H 

H trana OH (168) 

p-oresol is inducted by hydrogen in the presence of finely divided platinum and 
of semicarbazidc hydrochlorid(\ the s(.^micarbazone of methyl cyc/o-hexanone 
separating as fast as formed. The reduction (tarried out on ^j-CTesol in an 
emulsion with gum arabic yields, in the presence of acetic acid and at a tem¬ 
perature af 70'", the cf.^^-methyl cyc/o-hexanol (167); at 10'" and in neutral 
suspension the as'-isomer is obtained (168). 

The lability of the hydroxyl group in p-cresol is nowhere more apparent 
than in the condensation which it undergoes with acid chlorides. Thus, with 
acetyl chloride, reaction takes place readily to give acetyl-p-cresol (169), and 
this on beating decompos('s, giving some p-xylene ; the yield in this case is 

CH3COCI + NaO^^Hj — > GH3CO . 

(169) 

poor, but in the case of fumaryl chloride reasonable yields of dimethylstilbono 
(170) are obtained, and the reaction is of synthetic importance. 

CHj^^ONa + CIGO . CH==GH . COCl + NaO^^Hj 

CH3^^0COCHr=CHCO. -> 

(170) 

The Xylenols 

All six xylenols can be obtained from coal-tar phenolic fractions, although 
in some cases the separation is extremely t<xiiou8. The xylenol fraction of the 
tar acids, from 206-224° is usually split into two fractions, 206-217° and 217- 
222°, the latter containing the bulk of the 5-m-xylenol; in low temperature 

^ Perton ®nd Vavan, BuU, Soe, Chim,^ 1923, 3$^ 538, 
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tars this is a very large fraction from which considerable supplies of 3, r)*xylenol 
are obtained industrially by Kest-er’s method. The 217-222'^ fraction is re¬ 
crystallised from petroleum spirit (low boiling) from which pure 3, 5-xyienol 
separates ; the residue from the ether crystallisation, after nnnoval of the 
solvent, is treated with 26 jior cent, caustic soda, wiien th(^ sodium salt of 
3, 5-xylenol separates ; alternatively, the residtu' of crude 3, f)-xylenol from 
the first crystallisation <ian be distilled and monochlorinated to give pow’(‘rful 
antisc^ptics of the ‘ Cresantol ’ class. Th(' physical characteristics of the 
xylenols are given in Table VI, together with those of some of the higher methyl 
phenols, the reactions of wiiieh it is unnecessary to ])articulari8e. 

TABLE VI 

Some Higher Phenols 

Name Structurt* M.P. li.P. Other 
pr(>p<*rt l<*H 

1, '2, 3-Xyh'n(»l (CH8),C,H,.0H(J.2. 3) 

. 

73" 213" d,5 1()34 
1, 2, 4-Xylt'nol (CH,)AH,.0H(L2, 4) 05' 222 * 
L 3, 2-Xvl('n<)l . OH (1, 3, 2) 203" 
1, 3, 4-Xvlonol (CHj)j(',H3 . oh (1, 3, 4) 0.- ’ 200" dgrt 1-030 
1, 3, 5-Xvlenol (CH,),c,H,.oH(i,;i. r>) 04^^ 220 
I, 4, 2-Xyl<'/K)I . OH (1, 4.:;) 75'^ 209’ cl,« 0*971 
^•(.'uTTienol (CH3),C3Ha . OH (1, 2. 4, 5) 73'^ 234-235 
Hoiniinollitol (CH,).C,H, .OH(I. 2, :{. 5) 8L 
Mf'sitol . (C'H3),(’,H,.0H(1,3, 5,2) 70.7P'’ 220" 
Prt^hnit^l . . ■ (CHjhCeH . OH (1. 2, 3, 4, 5) 80-87'^ 200 i 
I >urol . . (CH,)/:,11 . OH (1, 2, 4, 5, 3) 117" : 250^ ) 
Pentamethylpheiiol j (CH,hC« . OH 1 125^ ! 207 ; 
o-EthylpJionoI . j C,H,.C3H,0H (I, 2) j 203" i 
ty*-EthylphenoI . i C,H5.CVi,OH (I, 3) ; f 214*" i 
7j-Kthyiphoiiol , ! C,H5.C«H,0H (L 4) 219 i 
p*7t-PropyIphenol . | CVH, .C,H40H(1,4) i 232 ' a l oos) 
/j-if?o-Prop\iphenol i (CHjbCH . C,H4 . OH (1. 4) i 61^ 229" ! 
/;-<cr-Butyiphenol . | (CH,),C . C4H4 . OH (L 4) 1 238" ! d,50iH)8 

/>-^<^r-AiTiylphpnol . j (CH,MC,H4)C . C4H4OH (1,4) ! 94'^ i 260 i 
Thymol . . j (CH,),CH . C4H,(CH,)0H . (4, 1, 3) i 51-5^ I 233-5" 1 
Carvacrol . . 1 (CH3)3CH , C3H3(CH,)0H , (4. 1, 2) -j- 0-5^ j 

i 
238" 1 

1 
1 

Th^Tiiol, one of the oldest known members of the phenol group, wasobtKirved 
as a d€*posit in oil of thyme, and was for a long time known in England as 
“ sal volatile thymis ” before the Berlin apothecary, Neumann, obs(Tve^l it 
in 1719 ; it has been known from time immemorial in India as ‘ flowers of 
Ajowan It has been isolated from many essential oils, and is characterised 
by a very pleasant odour, and a pow^erful antiseptic action. 

Many s,>Tithe8es of thymol have been devised ; the most practical method 
of obtaining thymol is the transformation of menthono (171) by heating with 

CH3 CH3 

(171) (172) 

sodium to 350"", when hydrogen is evolved (172). Menthol may bo used in 
place of menthone, but is usually loss readily available. Much thymol is pre¬ 
pared from Ajowan oik Many syntheses of thymol have been described which 
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indicate its constitution. Thus, cymene can be nitrated, reduced to amino- 
oymene (173), and by the usual methods converted to thymol, as indicated in the 

(J77) (170) 

forinulic (173 to 17G). It is, however, more' expeHlitious to reduce nitro-c^yinene 
ekictrolytieally in sulphuric acid solution, where it passes through the hydroxyl- 
amine stage to amino-thymol (177), and by diazotisation and heating in alco¬ 
holic solution may be conviTted to thymol (170). 

Carvacrol constitutes about 80 per cent, of origanum oil, from which it 
can be extract(xi by aqueous alkalies, followed by precipitation and fractiona¬ 
tion. It may be prepanKl by the direct sulphonation of cymene, followed by 

(178) (179) (180) 

caustic fusion of the sulphonic acid (178) to give carvacrol (179). It may also 
be obtained directly from carvone (180) by heating the latter with phosphoric, 
formic or sulphuric, acids. The change involves numerous stages. 

The fustnl ring phenols, iiaphthols, phenanthrols and their analogues con¬ 
stitute a very important group of substances. It is proposed to deal first 
with the napiithols. a-Naphthol (181) was the first to be prepared, and was 

NH. OH 

(181) (182) 

obtained by Griess ^ in 1867 by the diazotisation of a-naphthylamine. Th(> best 
method of preparing pure a-naphthol is to heat a-naphthylamine with 45 per 
cent, sulphuric acid under pressure for 8 hours at 200'^, a pressure of 15-16 
atmospheres being dt^velope^d. On cooling, the a-naphthol is separabxl from 
the ammonium sulphate liquor and distilled in a good vacuum. a-Nai)hthoI 
can also be prepared in a grade suitable for some industrial purposes by the 
caustic fusion of scxlium naphthalene a-sulphonate, but the marked tendency 
of the sulphonic group to migrate to the /^-position means that the product 
will be contaminated with j3-naphthoL a-Naphthol forms brilliant needles, 
m, 94'", b. 280°. It is only slightly soluble in water, but readily forms a soluble 
sodium salt. Like phenol, it has antiseptic powers, and in general it may be 

» Grioss, 1867, 20, 89. 
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said that the naphthols are true phenols in their chemical behaviour, although 
the hydroxyl group of the naphthols is more labile and reacts, for example, 
with ammonia to give the corresponding amine quite readily. 

jS-Naphthol, which crystallises in plates, m. 122'", b. 286°, is always prepared 
by the caustic fusion of sodium naphthalene-jS-siilphonate (182), and after 
separation, is distilled in vacuum. It is widely us(h1 for the preparation of 
azo-dyes, and as a developer in calico printing. 

The naphthols are interesting in respect of their reduction to tetrahydro 
bodies; reduct^ with sodium and alcohol, a-naphthol gives exclusively the 

ar- oc- 
totrahydro jS-naphtliol 

m. 59^^; b. 276" b. 262° 

ar-tetrahydro compound, whilst ^-naphthol under similar circumstances yields 
a mixture of ac- and ar- tetrahydro jS-naphthola in which the former predomin¬ 
ates. Wliilst the ar- tetrahydro naphthols are entirely phenolic in character, 
the ac- isomers behave as aliphatic secondary alcohols and may, for example, 
be oxidised to the cyclic ketones. 

All five pheiianthrols are known, and their preparation is indicated in the 
scheme on the opposite page. 

The sulphonation of phenanthrene at 120° yields up to 30 per cent, of each of 
the 2- and 3-sulphonic acids, with little 1- or 9-acid. The remainder of the 
phenanthrene is converted to disulphonic acids. At 60° appreciable quantities 
of 1- or 9-sulphonic acids are obtainable (about 15 per cent, of the 9- and 10 
per cent, of the 1-acid), but are difficult to separate from the other products. 
Thus, although all four acids yield the conesponding phenanthrol on caustic 
fusion, only the 2- and 3-phenanthrols are conveniently obtaim^d by this means. 
1-Phenanthrol is obtained by using Haworth’s method to obtain 1-keto tetra- 
hydrophenanthrene (183), which on bromination yields a dibromide ; the latter 
on boiling with dimethylaniline loses the elements of hydrogen bromide, and 
gives 1-phenanthrol. 9-Phenanthrol is made from phenanthrene quinone by 
conversion to the dichloro compound (184). Reduction of the latter with a 
saturated solution of stannous chloride in glacial acet ic acid containing hydrogen 
chloride yields 9-phenanthrol. 4-Phenanthrol is difficult to obtain ; the con¬ 
densation of succinic acid with )3-naphthaldehyde has been used for its prepara¬ 
tion, but the yield is poor. It is probably tiasier to obtain 4-phenanthrol 
through the methyl ether by Pschorr’s method :— 

COOH 
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The drawback to this method lies in the inaccessibility of 2-nitro-3'methoxy- 
benzaldehyde. 

The Anthranols 

Three anthranols, or Jiydroxyanthracenes, are theoretically possible ; all 
have been prepared, but little is known of the 1- and 2-compounds, They can 

OH 

l-Anthranol 2-Anthranol 

be obtained by the caustic fusion of the anthracene sulphonic acids, and are 
solids with a peculiar odour; the oc-form (l-anthranol) has m. 153^, but the 
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jS- or 2-anthranol decomposes about 200"". They have a very mark(Hl tendency 
to pass by oxidation into the corresponding hydroxyanthraqninone (see 
Chap. VI). 9-Anthranol, often referred to as ‘ anthranol is a valuable inter¬ 
mediate in the production of benzanthrones, used industrially for the manu¬ 
facture of Indanthrene dyes (g.v.). It is obtained by dissolving anthraquinone 
in concentrated sulphuric acid and reducing to anthranol with aluminium 
dust; on pouring into w'ater anthranol separates; it changes readily, even on 
storage alone, to anthrone (185), m. 154°. The distinction between anthrone 
and 9-anthranol can be most easily made by examination with a U.V. source ; 
anthranol is fluorescent, whilst anthroiK' is not. The convc^rsion of anthrone 
to anthranol is carried out by solution in alkali and pn‘cipitation by cold 
dilute acid. 

POLYHYDRIC IhlENOLS 

Of the simple dihydric phenols, orcinol was the first to be discoven^d by 
Robiquet ^ in 1829 ; he obtained it from a plant then known as Lichen orciiui 
(now Variolaria dealbata) and this gave rise to the name. 

The lichens, of the Rocella and Lecanora species particularly, have betui 
uscmI from very early times for the production of colouring matters for dyeing 
and Other purposes. Outstanding amongst such colours an^ litmus and archil. 
Both are impure products, and both are obtained from tin* same lichens by 
difterent treatnmnt. Litmus, one of the first reagents with which chemists 
become acquainted in their studies, is a mixture of subHtanc(\s of unknown 
constitution ; even the derivation of the name is shroiuh^d in mystery ; the 
Continental word ‘ lackmus ’ may be derived from ‘ lacca musci ' (a lake pre¬ 
pared from moss). Be that as it may, the Dutch appc^ar to have been the 
first to use litmus, for the purpose of colouring their ch(>eses. Th(‘ preparation 
of litmus involved pounding the lichens with carbonate of potash and allowing 
the mixture to stand in putrid urine ; after a time the r<Hidish-})urpl(‘ solution is 
treatc^d with lime and potash and the whole mass allow^ed to dry of!’, wiien it forms 
the familiar blue pellets in which it is sold. A variety of litmus is obtained 
by allowing orcinol to stand with ammonia and sodium carbonate solution at 
60-80° for a few days. On addition of hydrochloric^ acid a precipitate is obtained 
which in many ways resembles litmus but probably contains thf^ various dyes 
of that commodity in different proportions. French or ribbon litmus is obtained 
in Southern France from the sap of Croton tinctoriuniy which is absorbed in 
clean waste rag and dried in the sun. On exposing the imprc^gnakHl material 
on heaps of dung covered by straw% the pigment is formcKl as a result of the 
action of ammonia on the dried sap ; the impregnation and sequential treatment 
is repeated until an accumulation of pigmented material has bmi built up ; 
this preparation gives a brighter red than lichen litmus, and before the advent 
of synthetic dyes had taken the place of litmus in the Dutch cheese-making 
industry. 

Archil is said to take its name from the Oricellari, a prominent Florentine 
family of the Middle Ages, who introduced the archil method of dyeing blues 
and purples from the Levant. The word is, however, of older origin than the 
family so named. The lichens were treated with stale urine and lime in large 
casks and the mixture was well stirred and allowTxi to stand for months, during 
which time the dye was formed. Later, a purified archil known as ‘ French 
purple ^ was obtained, and from this the dyestuff orceine has bc>en isolated. 
In the light of the researches of Pavolino,^ orceine appears to have the structure 

' Robiquet, Ann. Chem. Phyft., 1829, (2), 42, 286. 
^ Pavolino, Aui. IV, cong, naz, chvtn. pura appliccUa, (1932), 1933, 557. 
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(186) ill acid solution. The partial 83nnthe8i8 of orceiiie was achieved by the 
interaction of dihydroxy-4, 5-dimethyl diphenoquinone (187) and two mols. 
of orcinol. These substanc^es are akin to tho8(^ contained in cudbear, and 
used in the Scottish islands for tweed dyeing. It is easy to see how such 
substances, when boiled with milk of lime, yield orcinol. 

OH OH (187) 

The next dihydric phenol to be isolated was catechol (variously known as 
catechin, pyrocatcH;hol and o-dihydroxybenzene), by Keinsch in 1839. Zwenger^ 
made an examination of the substance, which was obtained by the dry distilla¬ 
tion of catechin, and (coined the name ‘ brenzcatechin ’. Shortly after this, in 
1844, Wohler ^ observcxl that cpiinone was easily reduced to a colourless crystal¬ 
line body, idc'iitical witli that then recently obtainetd by Caventou and Pelletier 
by the pyrolysis of quinic acid. Wohler called the new substance hydro- 
quinone, an allusion to its method of formation. Last of the simple dihydric 
phenols to be*, discovereil was resorcinol, isolated in 1864 ® from the caustic 
fusion of galbanum resin. Its great similarity to the then well-known orcinol 
led to its benng named ‘ resorcinol 

CaiecJioL—Occurs widely in natural substances, either combined, as in the 
catechu tannins, or free as in the leaves of the Virginia creeper (Ampelopsis 
hederacce). Numerous synthetic methods are capable of yielding this phenol, 
such as the (‘austic fusion of o-iodo-, or o-bromo-phenol, or phenol-o- sulphonic 
acid. It was at one time obtaimMl from bt^chwood creosote by demethylating 
the fraction distilling between 200-205° (mainly guaiacol) with hydriodic acid. 
It is best crystallised from benzene or from 1, 2, 4-xylenol. Iiuiustriall}^ cate¬ 
chol is now made by the alkaline fusion of o-dichlorobenzene, and is available 
in bulk quantities. It forms large crystals, ni. 105°, b. 240°, which readily 
darken in air. It reduces silver salts in the cold, and, with a suitable restrainer, 
can be used as a photographic developer, 

In chemical behaviour, catechol is a typical phenol; it is characterised—as 
indeed are nearly all o-dihydroxy phenols—by the formation of an emerald 
green colour with ferric chloride solution. This is probably due partly to 
complex formation at the two hydroxyl groups; catechol is able to form 
Werner complexes quite easily, and a series of highly coloured complexes of 
catechol with ammonium molybdate and cyclic bases has been studied. Thus, 
if catechol is dissolved in an ammoniacal solution of ammonium molybdate, large 

garnet red crystals of the compound (188) separate ; pyridine can take the 
place of ammonia, and with excess of it, complexes of the type (189) are formed. 

^ Zwenger, Ann., 1841, 87, 327. 
» WChior, ibid., 1844, 61, T45 and 1848, 65, 349. 
* Barth and Hlosivetz, ibid,, 1864,180, 364. 
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Oxidation of catechol by dry silver oxide in ether yields o-benzoquinone ^ 
(194), whilst catalytic reduction gives m-quinite {cis-cyclo-hexane diol) (190). 

With halogens, it is possible to obtain tetrachloro- or tetrabromo-(catechol; 
excess of the reagent oxidises it to the corresponding tetrahalogen substituted 
o-quinone (191). Thionyl chloride gives a thienyl catechol (192), and thiocar- 
bonyl chloride gives a thiocarbonyl catechol (19,'l). 

Many of the ethers and half ethers of cat€>chol are of considerable importance 
(see Phenol Ethers, p. 335). 

Resorcinol is obtained by the dry distillation of numerous natural resins 
and products ; one of the best is th(‘ impure braziiin, which H(q)arates from 
Brazil wood extracts on standing. The methcMl universally used in industry 
is the caustic fusion of the sodium salt of benzene-m-disulphonic acid (195) 

SOjNa OH OH HO OH 

A NaOH NaOH 1 

‘ HO^^OH ^ X--/ 
HO OH 

(195) (196) (197) 

readily obtained by the sulphonation of benzene. The time of fusion and 
amount of alkali must be restricted or the reaction proceeds further with the 
formation of phloroglucinol (196) and diresorcin (197). It is interesting to note 
that benzene-p-disulphonic acid also gives resorcinol on caustic fusion, as do all 
three brombenzene sulphonic acids. Resorcinol forms large prismatic crystals, 
m. 119°, b. 276°; it has a faint odour (somewhat reminiscent of a-naphthylamine) 
and a pronounced antiseptic action, being used in this capacity in dermato¬ 
logical practice. 

Resorcinol is capable of a wide range of chemical changes, and whilst the bulk 
of industrial resorcinol is used as an end-component in the dyostufiFs industry, 
it can also be used as a starting point for syntheses. Thus, on pyrolysis over 
tungstic acid at 500-550° it yields a mixture of hydroxy dipheiiylene oxide and 
dihydroxy diphenylene oxide (198) and (199). 

Resorcinol may be converted almost quantitatively to m-phenylene diamine by 
autoclaving with ammoniacal ammonium sulphite solution, whilst it condenses 
readily with j^-amino phenol to give resorufin (200). 

» Willstatter, et al., Ber., 1904, 87, 4744. 
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Many reactions of resorcinol are best interpreted upon the assumption that 
it can exist in the mono- and di- ketonic tautomeric forms :— 

OH CO CO 

/\ {\u 

Thus, resorcinol reacts readily with acetic acid in the presence of zinc 
chloride to form resacetophenone (201). The reaction is general, and can be 

OH OH nu n wn 

loH '-liP I 
C(XM. 

(201) 

carried out with most organic acids ; thus trimethylgaUic acid yields the 
3, 4, 5-trimethoxy-2', 4'dihydroxybenzophenone (202). 

Acid anhydrides, particularly cyclic anhydrides, also react readily with the 
' active * hydrogen of resorcinol; the reaction is of wide application, succinic 
and glutaric anhydrides from the aliphatic section, and nearly all homologues 
and analogues of phthalic acid give the reaction, (impounds from succinic, 
glutaric, phthalic and diphenic anhydrides are shown in formulae (203) to (207). 

“v 

''^OH 

y' H,SO, \/ \/ \/ 

CH,— 

(203) 

CHj 0 

CH, CO 
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All the members of this class show fiuoresceiu^e, and the group are known as 
‘ fluoresceins \ The name ‘ fluorescein ’ is usually applicHi to the compound 
from resorcinol and phthalic anhydride which, on solution in alkalies, prcxluces 
so intense a fluorescence that its presence is used as a test both for resorcinol 
and for phthalic anhydride. The structure of this alkaline fluorescein has 
usually been conveniently represented by the formula (205) embodying a 
quinonoid structure analogous to that of the phthaleins. It appears, however, 
that the two hydroxyl groups are intact, and that an oxonium form is obtained 
(206) by the action of alkali. The derivatives of fluorescein are brilliantly 
coloured and although, in the majority of cases of little value as dyestuffs, one 
or two of them have a limited industrial application. Some typical examples 
are set out below :— 

(211) (212) 

Tetrabroraofluorescein (208) or Eosin, is a briUiant red substance used for 
many kinds of red ink, in cosmetics, and for dyeing silk. Its ethyl ester 
forms a sodium salt which is soluble in spirit, and is callexl ‘ Spirit Eosin 
The dye Rose Bengal (209) is made by condensing dichlorophthahc anhydride 
with resorcinol and iodinating the product. Apart from its use as a histo¬ 
logical stain, it is used in dyeing silk a brilliant pink. 

Phloxine (210) is obtained from tetrachlorophthalic anhydride and resor¬ 
cinol, followed by bromination. Its main application is as a histological stain. 

The condensation to fluoresceins process equally well with gallic acid, 
and the primary substance formed is the gallein (211). The action of sulphuric 
acid on this substance leads to ring closure through the carboxyl group, giving 
a substance coerulein (212), the chromium lake of which is an extremely fast 
blue silk dye. 

Resorcinol will react quite readily with ketones through the labile hydrogen 
position ; the hydrogen becomes attached to the oxygen of the ketone and a 
tertiary alcohol is obtained. Thus, with acetone a little dihydroxyphenyl 
dimethyl carbinol (213) is obtained; the bulk of the acetone is, however, 
converted to mesityl oxide by the hydrogen chloride used as a condensing 
agent, so that the main product is dihydroxyphenyl methyl i.9o-butenyl car- 
binol (214). 
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(0H3)X’=CH . COCH3 

I iici OH 

Qoh 
ho.^v;h.), 

(213) 

OH 

. C . OH 

CH-C(CH3), 
(214) 

If zinc chloride in added to the reaction mixture, the condensation with acetone 
takes another course, forming xarithenes (215). 

(2ir>) 

Hydroquinone 

WdiilfT used a varif^ty of reducing agents to prepare hydroquinone from 
quinon(‘; th<\v included hydriodic acdd and hydrogen telluride—“but he (‘on- 
eluded that sulphur dioxide is the most suitable reagent for the purpose. 
Industrially, iron and sulphuric acid is used. 

This m(‘thod has scTved for the production of hydroquinone ever since ; it is 
a substance manufact\ired in considerable quantity for photographic purposes, 
being a good develojxT (i.e. it reduces silver salts in the cold). It has been 
synthc^sised by alternative routes involving the condensation of two molecular 
proportions of bromoacetoacetic ester using sodium. The reaction is then 
continued as follows ;— 

CH. BrCHCOOEt 

1 i - 
2Ntt ( 

CO -h CO 

1 1 
CHBr CH3 

EtOOC. 

COOEt 

COOEt Ho/Vx)OEt HOi 

CO 
EtOOC! 

lir, 

OH 
\/ 

OH 

It is also interesting to note that hydroquinone can be obtained by the action 
of hydrogen jx'roxide on phenol, and also in very small quantity during the 
fusion of phenol with alkalies. In addition, small quantities of hydroquinone 
are found in the products of pyrogenic decomposition of many aliphatic com¬ 
pounds, especially the salts of succinic acid. 

Hydroquinone forms well-defined leaves or prisms (usually the latter) 
which melt at 169°; it is fairly soluble in water, and distils and sublimes 
unchangcxl. 

The oxidation of hydroquinone has been the subject of much study, partly 
on account of the ease with which it passes into quinhydrone and quinone, and 
partly on account of the widespread use of hydroquinone as a developer. The 
oxidation of aqueous solutions of hydroquinone by aerial oxygen is catalysed 
by traces of manganese. The reput^ catalytic action of certain of the enzymes 
of lucerne and of lac is due to their content of manganese, which may, of 
course, be the cause of their activity in other directions. 
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Whilst in the majority of reactions hydroquinone behaves as a phenol, 
forming ethers normally, it has one or two reactions which are unusual. Thus, 
when shaken with a solution of ferric chloride and ^er-butyl alcohol, it gives 
a di46r*butyl quinone (216). 

Wohler, in 1884, described a ‘ green hydroquinone * which he obtained by 
the cautious reduction of quinone, or the correspondingly caut ious oxidation of 
hydroquinone. Later he found that by mere admixture of quinone and hydro¬ 
quinone solutions the ‘ green hydroquinone ’ was instantly formiKl. Wohler 
became lyrical about his new compound :— 

“ Green hydroquinone is one of the most beautiful substances which 
organic chemistry has produced. It is very similar to murexide, but 
excels it in lustre and beauty of colour. In this respect it bt^ars the 
greatest resemblance to the metallic green of the rose*chafer, or of the 
feathers of the humming bird. . . 

This compound is only one of a long series which dejKmd for their existence 
on the fact that the subsidiary valency of the oxygen in p-quinone is not fully 
occupied, presumably due to a weakening of this bond by the Ixuizocjuinonoid 

phenol compound is analogous (phenoquinone, No. 218). The most satisfactory 
way of regarding such compounds is as if the residual affinity of the oxygen of 
the keto or quinone group is satisfied by a field of affinity set up by the whole 
of the adduct, by virtue of its benzenoid character. The whole field of mole¬ 
cular compounds has been the subject of much research, the results of which 
were summarised by Keiffer in 1927 (see Appendix I). The constitution of 
quinhydrone is usually written as in (219), only one quinonoid group being 
involved ; there is, of course, the possibility that the second group is to some 
extent involved, but it must be remembered that it is the whole residual affinity 
of the aromatic structure which satisfies the residual oxygen affinity. These 
phenomena are entirely in line with the formation of hydrocarbon picrates, 
styphnates, and the molecular compounds of trinitrobenzene and its analogues, 
where a precisely similar relation exists between the nitro group and the 
general residual affinity of the aromatic structure, as in (220), the compound 
between trinitrobenzene and anthracene. The halochrome salts obtained 
with adds and y-pyrone structures are also best interpreted as examples of the 
same tendency (221). Hydroquinone is also able to exercise a salt-forming 
action with amines; it forms stable, crystalline products with ethylifcilliiliie, 
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benzylamine, dimethylamine, diethylamine and many others. The condensa¬ 
tion of hydroquinone with acetoacetic ester in the presence of sulphuric acid 
to give a methylhydroxycoumarin (222) is an important synthetic method. 

NO,r W02.C,4H,o 

V 
N02 

(220) 

CH, 

HO /\ 

OH 

0 

/\ 
HO CH 

+ 1 HsSO« 

COOEt 

Oboinol 

Comment has already been made on the first isolation of orcinol and 
its related compounds from lichens. It may be obtained from suitable lichens 
b}'^ boiling with lime-suspension in water, filtering, and precipitating the tannins 
and pigments with dilute hydrochloric acid. The filtrate is Umed again and 
the orcinol extracted with benzene after removal of the calcium and evaporation. 

Orcinol is obtainable by the caustic fusion of a large variety of m-sub- 
stituted compounds, such as symmetrical bromotoluenesulphonic acid, «-di- 
bromotoluene, etc. 

From aliphatic sources it can be obtained from the following sequence of 
reactions. AcetoiK‘ dicarboxylic ester (223) is condensed with itself in the 
presence of sodium to give a homologue of diketocyclohexenetricarboxyhc 
ester (224). This, on saponification, gives an orcinol carboxylic acid, which, in 
turn, can, after hydrolysis, b(? converted to orcinol by loss of COg. 

COOEt 

Ah, 

c<A 
Ah,^ a 
\;ooEt 

CO—CH,. COOEt J,, 

H,—COOEt 

(223) 

COOEt 

I 
C 

30 C. CH,. COOEt 

Ah, Jh . COOEt 

CO 
(224) 

Hor ^ CH3 

)H 

Orcinol forms large crystals, m. 107-108°, when anhydrous. In general, its 
chemical reactions are analogous to those of resorcinol; contrary to the state¬ 
ment of Whitmore, it forms an orcinol-phthalein, homologous with fluorescein. 
If orcinol is warmed with a little chloroform and caustic potash, a purple-red 
colour is produced and on diluting the solution, an intense greenish-yellow 
fluorescence is observed. When fused with alkali, orcinol is converted to 
phloroglucinol. 
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Trihydroxybbnzenes 

Scheele, in 1786, obtained pure gallic acid, and by the action of heat obtained 
p}TOgallic acid, or pyrogallol. It is not (^lear whether or not he regarded it 
as an entirely new product; but he was surprised to find that gallic acid and 
the sublimed material both gave a precipitate with ferrous sulphate. For 
many years it was regarded as a purified gallic acid until Gmelin distinguished 
it from the formtu* acid. Berzelius, in 1845, established its composition. The 
method of 8che(4e is still the only method of obtaining this compound which 
is practicable ; it has been slightly modified, and the decarboxylation is now 
carried out by beating gallic acid with half its weight of water in an autoclav<^ 
at 200-210^ ‘ 

Pyrogallol (1, 2, 3-trihydroxybenzene) forms lu^xlles, m. 132' ; b. 309'^. 
Pyrogallol is associated in the mind of practical chemists mainly with its 

use as a photographic developer, and its use in gas analysis for the absorption 
and estimation of oxygen ; alkaline solutions of pyrogallol rapidly absorb 
oxygen becoming a deep brown colour. Tiie main substance produced in this 
absorption is purpurogallin (225), which was obtained in good yield by 
Willstatter and Heiss ^ by oxidising p3TOgaliol with ferricyanide. Purpurogallin 

HO HO OH HO 

HO 

ohhoQ^ 
«« HO (22tl) 

CO—(’0 HO 

^>OHHO<^ . \_ll Ico 
V__/ \/ + 
HO A 

HO COOH 

OH COOH 
HO 

—^HO< /= 

HO CO 

on ^ ‘>- 

HO OH HO OH HO OH 

= 0 

(225) (227) (228) 

is a substance which apj)ears to have tin* cyclopentadienone structure (225), 
and is presumed to be formed by the sequence of reactions shown above. 
The o-quinonoid diphenyl derivative (226) is unstable, and passes by an 
extrusion reaction to trih\'drox3-2-phen3'l-5-hydrox3T2/c^-jHUitadienone (225), 
or purpurogallin. Acids convert the latter substance to a trihydroxy 
naphthalene carboxylic acid (227), which was characterised by Perkin.^ This 
sequence of reactions by no means exhausts the changes taking place during 
the absorption of oxygen by alkaline pyrogallol; there is, in addition, always 
a little carbon monoxide produced, and several other organic substances are 
formed, including 2, 3, 2', 3', 2", 3"-hexahydroxytnbenzoqumone (228). 

Pyrogallol is very reactive, and shows an unusual lability of structure, 

which is probably due to its ability to assume a partly ketonic form ; it reacts 
with bisulphite to yield 3-keto-6, 6-dihydroxy-1, 2, 3, 4-tetrahydro benzene- 
2-8ulphonic acid (229) in which, by some deep-seated change, the oxygen of the 
third hydroxyl group has migrated. Aldehydes and ketones react readily with 
pyrogallol, either through the ring as in the case of thedyestuff base (230) obtained 

^ Wilktattor and Heiss, Ann,, 1923, 438» 17-33. 
* Perkin and Stevens, J,C\S,, 1903, 193. 
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from pyro/^allol and benzaldehyde in the presence of hydrochloric acid at 100°, 
or through th(^ hydrogen atoms of two adjacent hydroxyl groups, as in the case 
of the reaction with acetaldehyde (231). 

Phlorogliicinol, 1, 3, 5-trihydroxybenzene is the only other trihydric phenol 
commonly m(^t with. It oc^curs naturally as part of several glycosides, particu- 
larly phloiidziu, which is found in the root bark of the apple and pear. The 
chemistry of phloridzin is discussed in connexion >^1th the subject of glycosides 
(Chap. VIII), and it was from phloretin (the aglycone of phloridzin) that 
Hlasiwetz,^ in 1855, first prepared phloroglucinol; he coined the name to 
indicates the origin of the material and its sweet taste. 

Phloroglucinol (232) is manufactured by two methods ; in the IJ.S.A. by the 
(*auNti(‘ fusion of resorcinol :— 

r>H H0/>H 0« HO 

OH OH 

OH 

(232) (233) 

I he proc'css has the drawback that di-resorcin (233) is produced at the same 
tirrK% and it is difficult completely to separate it from the phloroglucinol. The 
pres(m(u^ of di-nvsorciri in phloroglucinol is a serious disadvantage in the pro¬ 
duction of dye-line prints. 

In England, phloroglucinol is manufactured by oxidation of trinitrotoluene 
to trinitrobenzoic acid (234), followt'd by acid renluction in which reduction of 
th(' nitro groups and decarboxjdation to triaminobenzene (235) takes place. 
The liquor is then boiled with alkali and the three aminf) groups of the tri- 
amino benzeiK^ are hydrolysed to hydroxyl (236). By this process a pure 
product is obtained. 

COOH 

2 NO21 flNOg 

v;. reduction 

NH.,f ^NH, 

H, 

alknli 
HOf \OR 

/2 OH 

(234) (235) (236) 
Phloroglucinol can also bo obtained by heating sodiomalonic ester to 145°, 

when the following r(!action takes place :— 

COOEt 
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On treating the residue with dilute hydrochloric acid and boiling, the ester 
groups are hydrolysed, carbon dioxide is lost, and phloroglu(‘inol formed. 

The industrial value of phloroglucinol lies in its ability to couple with three 
molecules of a diazo compound to produce a deep purple, almost black dye. 
This is the basis of the so-called dye-line prints used by architects and engineers 
in the copying of plans and drawings. Paper impregnated with a stabilised 
diazo comjKumd is covered by the semi-transparent tracing of the drawing to 
be reproduced and the whole is submitted to ultra-violet light from a mercury 
arc. The diazo-compound in the portions exposed is destroyed ; that in 
those places covered by the dark lines of the drawing is preserved. The paper 
is then passed between rollers moistened with a buffered solution of phloro¬ 
glucinol when coupling takes place between three molecules of diazo-compound 
and one of phloroglucinol, thus giving a dark lino wherever a similar dark line 
exists in the original tracing. 

The structure of phloroglucinol shows a definite tautomerism betwixm the 
trihydrox}"phenol and the triketo form. Thus, all the common r(*action.s of a 
phenol are given, such, for example, as the formation of ethers e.g. triethyl 
phloroglucinol (237), and the coupling with diazonium compounds ; on the 
other hand, phloroglucinol forms a trioxime (238), a crystalline substance 
exploding at 155*^. A solution of phloroglucinol decolorises iodine, but 

Eto/ ,OEt HO. N= .OH H0/\0H 

u y 
OEt II NH, 

N.OH 
(237) (238) (239) 

although the iodine cannot be extracted by carbon disulphide, evaporation of 
the solution leaves only phloroglucinol behind, the iodine passing off with the 
vapour during evaporation. When phloroglucinol is treated with concentrated 
ammonia, phloramine (239) is obtaim?d. With amines, the reaction is more 

C,H,NHf C.Hj . NH 

NHC2H5 NH . CeHs 
(240) (241) 

deep-seated ; with ethylamine, a diethylamino compound is formed (240) and 
with aniline, three molecules react to give the compound (241). There is no 
doubt that the keto-form assists in the formation of these compounds. Phloro¬ 
glucinol forms addition compounds with one, two or three molecules of 
sodium bisulphite. 

Phloroglucinol reacts with glacial acetic acid, first to give an acetyl deriva¬ 
tive, but in the presence of zinc chloride the reaction proceeds further and the 
pyrone derivative (242) is obtained. Phloroglucinol al^ combines readily with 
nitriles. 

^ HO 

HO C-CH, 
(242) 

The third trihydric phenol, 1, 2, 4-trihydroxybenzene, or hydroxyhydro- 
quinone is a substance but little known. It is obtained by the caustic fosion 
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of hydroquinone, during which operation an additional hydroxyl group enters 
the ring. It is extracted by ether from the acidified melt and may be crystallised 
from warm water ; it forms inonoclinic crystals, m. 141 

Several higher hydroxybenzene derivatives are known, of which the m. pts. 
are given below :— 

1, 2, 3, 4-Tetrahydroxybonzene, m.p. 79°, Apionol. 
1, 2, 3, 5-Tetrahydroxybenzene, m.p. 165°, Hydroxyphloroglucinol. 
1, 2, 4, 5-Tetrahydroxybenzene, m.p. 215°. 

The Ethers 

Ethers may be regarded as anhydrides derived by the elimination of the 
elements of one molecule of water from two of alcohol :— 

R . OH + HO . R-^ R . 0 . R 

This reaction takes place quite re?idily, and in the case of substances in which 
two hydroxyl groups are attached to the same carbon chain, a cyclic ether is 
obtained. 

CHgOH CH,, 

CHjOH ^ 
CH, 

Such a configuration is often referred to as an oxide (e.g. ethylene oxide), and 
the internal ether group is named an “ epoxy group. 

The history of our knowledge of ether goes back to the sixteenth century 
when a German physician, Valerius Cordus, obtained ether by mixing thrice 
rectified spirit of wine with oil of vitriol, and after allowing the mixture to stand 
for some time, distilU^d off the etheT on the water bath. Many of the older 
chtmiiists mention a similar spirit, and Basil Valentine refers to a substance of 
“ subtl(% pc'netrating, pleasant taste, and agreeable smell Little was heard 
of the properties of this substance until in 1730 Frobenius published a paper ^ 
on the “ spiritus vini ii^ihereus ” in which he described many of the properties 
of ether, but did not give the method of its preparation, which was kept secret 
until after his death in 1741. When his method of preparation was finally 
published it was found to be merely a modification of the older process whereby 
spirit of wine was dehydrated by sulphuric acid ; he had, however, observed 
that a moderat<3 amount of acid would serve for the dehydration of a consider¬ 
able amount of alcohol, the same acid being used over and over again, the 
ether and water distilling together, leaving the acid almost unimpaired in its 
dehydrating proj>ertie8. This explanation of the action of sulphuric acid was 
not mention^ by Probtuiius, but was first propounded by Fourcroy in his 
treatise on chemistry at the commencement of the nineteenth century. The 
continual us© of sulphuric acid for many successive quantities of alcohol was 
a puzzle for the chemists of that time, and they w^ere at a loss to account 
for the fact that the acid, after having extracted the water from the alcohol, 
parted with it so readily. The mystery deepened with the introduction by 
Boullay * of a ** continuous ether process, and in the absence of a proper 
explanation the “ theoryof catalytic action was devised by Mitscherlich ^ 
(Roscoe, on this procedure quoted the comment:— 

“ Denn ©ben wo BegrilFe fehlen 
Da stellt ©in Wort zur rechten Zeit sich ©in ”). 

1 Frobeaius, PhU, Trana., 1729-30, 86, 283. 
• Boullay, Diaaertation aur Vither, Paris, 1816. 
* Mitscherlich, Poifg. Ann., 1834, 81* 273. 
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Gradually, however, the following facts came to light:— 

1. The first product of the action of sulphuric acid on alcohol is ethyl 
sulphuric acid. 

2. Ethyl sulphuric acid, when heati^d with water was observed to give 
ether ; an observation which led Liebig to the belief that the ether was 
formed by the decomposition of ethyl sulphuric acid into ether, sul¬ 
phuric acid and sulphur trioxide, which, of course, combined with the 
water present to regenerate sulphuric acid. 

3. Graham noted that when pure ethyl sulphuric acid is heakM:! alone, no 
ether is produced, thus invalidating the previous workers’ conclusions. 

4. Williamson, in 1850, by using a fresh conception of the structure of 
ether, was able to advance what is substantially the correct explanation 
of its formation. 

Williamson, adopting the I.iaurent-Gerhardt conception of the formula of 
ether as propounded the view that just as alcohol could be (considered 
as water in which one atom of hydrogen had been replaced by the ethyl radicle, 
so ether could be considered as the product obtained by the r(‘placement of both 
hydrogen atoms by ethyl radicles. He made many experiments to att<mii>t 
to substantiate his view ; he was the first to react “ ethylate of soda ” witli 
“ iodide of ethyl ” to obtain ether :— 

C2H5O , Na + I . -> C2H5OC2H, f Nal 

whilst his explanation of the continuous formation of ether was epitomised in 
the tw^o equations :— 

1. C2H5OH + H.SO4 — C0H5.8O4H + HoO 
2. C2H5OH 4- C2H5SO4H —V + H2S()4, 

and by carrying out the second reaction with pure substances, he was able, 
experimentally, to verify his hyjiothesis.^ 

The validity of the second (K|uation was soon proved, both by Williamson 
and others, by the preparation of mixed ethers from ethylsulphuric acid and 
other alcohols. 

The catalytic theory has by this time been almost lost sight of ; Sendorens 
pointed out, how^ever, that the amount of sulphuric acid requirtni for (etherifica¬ 
tion of an alcohol decreased very considerably as the molecular weight of the 
alcohol increased, until with the higher alcohols only 1 or 2 per cent, of acid 
was required. His results are summarised in Table VII. 

TABLE VII 

Quantities of Sulphuric Acid required for Etherification 

Alcohol 
Temperatures 

Sulphuric Acid 

(vol. per Cfint. of alcohol). B.P. 
Alcohol 

B.P. 
ether 

Temp, for 

etherification 

Ethyl . 78” 35” 126-130" 100 
Propyl . 9T 88” 120-125” 40 
Butyl 117” 141” 123-126” 26 
wro-Butyl 108” 123” 120-122” 20 
iso-Amyl 130” 171-172” 130-135” 10 j 
Heptyl . . i 175” 262” 140-145” 3 
Cetyl 344” 140-145” 2 
iao-Propyl 83” 68” 08-100” 16 
^ec-Butyl 101” 120” 103-104” 6 
Peiitanol-2 118” 162” 120 2-5 
Octanol-2 . . 1 1 nr 263” ! 135’ 1-5 

* Williamson, Phil. Mag,, 1IJ50, 837, 350. 
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This data, and subsequent evidence that in some cases even smaller quan¬ 
tities of acid could bring about etherification, led to a recognition of the dual 
role of sulphuric acid in the process ; as a dehydrating agent, when present in 
quantity, and as a catalyst in cases where the equilibrium 

R . OH + HO . R-:r. R . O . R f H^O 

lies sufficiently on the right-hand side to render dehydration unnecessary. 
The main drawback to the use of sulphuric acid in ether formation, is not 

that it is ineffective, but that it induces dehydration in other directions leading 
to the formation of hydrocarbons, and even of carbon itself, and that it is, 
itself, partly reduced with the formation of sulphur dioxide. This may be 
avoided by the lise of dilute acid in many cases, and Senderens was successful 
in applying acid of the composition H2SO4, 3H2O to the fonnation of ethers 
in cases where the strong acid wais either unsuccessful or led to side-reactions. 
Two cases in point are the etherification of benzyl alcohol, and allyl alcohol, 
the latter exploding in the presence of a small quantity of strong sulphuric acid, 
whilst with dilute acid the ether is formed normally. The use of sulphuric acid 
of this strength is particularly valuable in the formation of aralkyl ethers, and 
by its use benzyl, cinnamyl, phenylethyl and cycZohexylbenzyl alcohols are 
readily converted to the corresponding ethers. 

There are several other methods by which the force of the strong acid may 
be mitigated; thus, both alkali hydrogen sulphates and sulphonic acids can 
be used as reagents for etherification. With the bisulphate, the action appears 
to take a course parallel with that observixl when sulphuric acid alone is used ; 
with benzene sulphonic acid, however, a definite intermediate stage is easily 
isolated :— 

CeH^SOgH f HO . R-CeH^SOgR + H^O 
CeHgSOaR f HO . R-^ R . O . R f 

The isolation of the intermtxliate sulphonic ester enables mixed ethers to be 
prepared :— 

R'OH + C.HsSOaR"-> R' . O . R" + CeH^SOaH 

There are several reactions by w hich ethers may be prepared, which obviate 
the use of a dehydrating acid ; a number of these are indicated below :— 

1. The use of dimethyl or diethyl sulphates for the conversion of hydroxyl 
compounds to their methyl or ethyl ethers. Thus, phenols of all de¬ 
scriptions are converted to the corresponding ethers when treated in 
alkaline solution with dialkyl sulphates. This reaction is equally applic¬ 
able to aliphatic compounds, and has proved of paramount value in the 
investigation of glycosides. In the case of phenols the yields are excep¬ 
tionally good. 

2. In cases where other methods fail, the original method of Wiirtz can 
often be used. This involves treatment of the corresponding alkyl 
iodide with silver oxide :— 

(CH3)3 C . I + Ag^O + I. C{CH3)3 (CH3)3C . O . 0(CH3)3 

The reaction has the advantage of proceeding at a low temperature, so 
that isomeric changes can, to a large extent, bo avoided. 

3. The method of Williamson, indicated previously in this chapter, can be 
used successfully for the preparation of mixed ethers. 

4. An ingenious method of obtaining aralkyl ethers was devised by Sigmund 
and Marchand,* in which an acetal is submitted to catalytic reduction 
by hydrogen in the presence of nickel:— 

CeH, . CH3. CH(OEt)3 + H*-> . CR^. CH^. OEt + C^RfiR 
When the acetal of phenylaoetaldehyde is reduced in this way, ^-phenyl- 
ethyl ethyl ether is obtained, which is a valuable perfumery substance. 

* Sigmund and Marchand, Monatsh,, 1927, 44, 207, 288. 
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The ethers are largely valued for their solvent and physiological properties, 
being comparatively inert chemically; indeed, it is difl&cult to associate any 
functional reactions with the ether group. The following reactions are those 
most generally given by ethers, and are mainly decompositions. 

1. The action of hydriodic acid on simple ethers is to regenerate the hydroxyl 
group, leaving the second radicle in the form of an iodo compound. 
Thus, with veratrole (243), two molecules of methyl iodide are formed, 

(243) 

and catechol is regenerated. In the case of simple ethers a similar 
reaction is observed :— 

C2H5.0 . + HI-> CaH.OH + CgH^I 

Naturally, if the concentration of the acid is sufficiently high and the 
conditions of reaction are appropriate, the second molecule of alcohol 
will yield ethyl iodide as well. In cases where the conditions are such 
that the second molecule is not converted to the iodide, the iodine appears 
invariably to become attached to the smaller residue ; 

thus, CH3(CH2)sOCH3 + HI-CH3(CH2)50H 4 CH3I 
when methyl hexyl ether is treated with hydriodic acid, methyl iodide is 
almost exclusively produced. This reaction forms the basis of Zeisel’s 
method for the determination of methoxy and ethoxy groups in aromatic 
substances, whereby the methyl and ethyl iodide producxHl from such 
groups is volatilised out of the reaction mixture in a current of carbon 
^oxide and decomposexl by passage through alcohoUc silver nitrate 
solution ; the silver iodide produced is a measure of the original alkoxy 
groups. 

2. With many ethers it is possible to detect the addition of halogen acids to 
the ether oxygen, which behaves as though it is only partially saturated ; 
a similar addition is observed with the Grignard reagent, and accounts 
for the obstinate retention of ether by compounds such as magnesium 
ethyl iodide. This subject is discussed more fully in Vol. 11. 

3. Acyl and phosphorus hahdes attack ethers ; the action of acetyl chloride 
in the presence of zinc chloride upon a typical ether is shown in the two 
equations:— 

CH3(CHa)50CH3 + CH3COCI-^ CH3(CH2)5C1 + GH3COCH3 
ch3(ch2)50ch3 + CH3COCI —>m^ci + ch3(CH3)3COch3 

The mixture of chlorides and ketones is difficult to separate. 
4. Ethers can be chlorinated, but the compounds formed are usually 

mixtures of the mono-, di- and tri- chloro compounds, together with the 
compounds obtained by the action of the hydrogen chloride formed, on 
the ethers, and only in rare cases can a satisfactory yield of the mono- 
chloro ether be obtained. 

Some Individual Ethers 

Dimethyl ether, CHjOCHg, was discovered by Dumas and Peligot in 1835 
by the action of sulphuric acid on methanol; they called it “ methylene 
hydrate The substance is best prepared by this method, and is a gas boiling 
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at “ 2V, It is readily absorbed by sulphuric acid, which takes up 600 times 
its volume and the ether can be released by allowing the acid solution to drop 
into an equal volume of water. At one time dimethyl ether was used as a 
refrigerant, but has been displaced by substances which are more satisfactory 
from a thermodynamic standpoint, and which are less inflammable. Dimethyl 
ether is moderately soluble in water, which at 15° dissolves about 40 volumes 
of the gas. If, at some future time, it becomes necessary to use large quantities 
of dimethyl ether it could readily be obtained by passing the vapour of methanol 
over a mass of alumina at 250°. The conversion to the ether is almost complete. 

Chemically, the most interesting reactions of dimethyl ether are those with 
the halogens. Straight admixture of the ether and chlorine at ordinary tem¬ 
peratures leads to explosion ; but by suitably diluting the reac^tants chloro 
derivatives of dimethyl ether can be obtained. 

The monochloro derivative CICH2OCH3, is best prepart^d by the action of 
a stream of hydrogen chloride on a mixture of methanol and formaldehyde ; 
it is a liquid of somewhat lachrymatory tendency, b. 59°. The following 
chloro- and bromo- derivatives of dimethyl ether are also known :— 

1. ^-Dichlorodimeihyl eth^r ClCHgOCHgCl.—This is the lowest chlorinated 
compound obtainable in quantity by the direct chlorination of dimethyl 
ether. It is a colourless liquid with a penetrating smell, b. 105°, and 
is very soable. With water it is converted to hydrochloric acid and 
trioxymethylene, and may be obtained from the latter by the action of 
phosphorus trichloride. 

2. Trichlorodimethyl ether, b. 131°. 
3. Teirachhrodimethyl ether, b. 130°. 
4. Hexachlorodirnethyl ether, which, with the two previous compounds, is 

obtainc^d during the direct chlorination of the ether. It is unstable, and 
decomposes at about 100° to give carbon tetrachloride and phosgene 

CI3C . O . CCI3-> CCI4 + COCI2 

5. The following derivatives from the higher halogens are also known :— 

Monobromcxiimethyl ether, b. 87° 
Monoiododimethyl ether, b. 124° 
^-Dibromodimethyl ether, b. 155° 
^-Di-iododimethyl ether, b. 211° 

Diethyl ether, C2H5O . C2H5, may be obtained by any of the general methods 
outlined above ; in industrial practice, the production of ether is carried out 
either b}^ passage of alc/ohol vapour through heated glacial phosphoric acid, or 
by the passage of preheated alcohol vapour over a contact mass of alumina at 
temperatures round about 250-280°. 

Diethyl ether is a limpid colourless liquid, b. 34*6°, and remaining liquid 
down to — 125°. It is an excellent solvent, and finds considerable application 
in this capacity both in the laboratory and in industrial plant. The major 
disadvantage in the of ether as a solvent for extraction from aqueous 
solutions lies in its solubility in water. Thus, at 12°, water dissolves one-tenth 
of its volume of ether, and ether one-fiftieth of its volume of water. The eflFect 
of this is that considerable amounts of ether remain in the extracted liquid, 
and the ethereal extract contains about 2 per oont. of water, which will, of 
course, remain behind when the ether is removed by distillation. Many sub¬ 
stances, both organic and inorganic, such as ethanol or hydrogen chloride, 
increase the solubility of ether in water. The replacement of ether by methylene 
dichloride os a solvent for extraction obviates those disadvantages, as well 

as removing the fire hazard. 
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The chemical properties of ether are typical of the group ; oxidation in air 
is readily brought about, and in excess of ether vapour considerable amounts of 
acetylene are produced ; ether vapour in moist air gives some hydrogen 
peroxide, whilst in the presence of a heated platinum surface, ether is oxidised 
to trioxymethylene peroxide. Such peroxide compounds sometimes accumu¬ 
lates in tlie^ “ still-bottoms ” of stills used to recover ether, and have caused 
dangerous explosions. One of the best methods for preventing such explosions 
is to add a little alcohol to “ useii ether before recovery ; the alcohol decom¬ 
poses the peroxides quietly and is not itself carried over through the column 
into the distillate. 

Apart from its solvent activity, ether is valued as an anesthetic; this property 
appears first to have been applied, but imperfectly published, by Dr. C. W. 
Long in America, and although he carried out surgical procedures with ether 
anaesthesia in the pt^riod 1842-1845, his failure to effect publication led to 
confusion of his claim for priority with thos(‘ of Morton and Jackson, who 
about this time had observed the anaesthetic action of ether. In this country 
the use of ether was introduced and popularised by Sir James Simpson of 
Edinburgh, who pe^rsevered vith its use in surgery, despite considerable op¬ 
position. The ether used for anaesthesia must be free from traces of akh^hydes 
and peroxides, and is usually stored in completely full bottles of non-actinic 
glass, out of direct light, and with the addition of a small amount of alcohol 
which diminishes the aldehyde formation and combines with any traces of 
aldehyde that may be formed. Many symmetrical and unsymmetrical ethers 
have been prepared ; some of the more important are listed in Table VI11. 

TABLE Vlll 

Some Members of the Kthkr (Jrout* 

Formula HiO . Ilf 
! 

1 B.P. 

j DENSITY 

Group Ri ! Group Ka 
t 

Dcn'^lty 

Methyl Methvl —2:P5° --26^ 0-7374 
Methyl Ethvi 11° 0° 0-7252 
Methyl Propyl 39° 0° 0-7471 
Methyl Ally! 43° 11° 0-770 
Methyl Propargjl 61° 12-5“ 0-830 
Methyl Butyl 71° 13' 0-748 
Methyl itfo-Butyl . 60° 0° 0-7507 
Methyl Amyl 100° 
Methyl Heptyl 160° 0° 0-795 
Methyl Octyl 173° 0° 0-801 
Ethyl Ethyl 34-6° 0° 0-736 
Ethyl Vinyl 36-5° 0° 0-7625 
Ethyl Propyl 63° i 0° 0-7646 
Ethyl Mo-Propvl 64° 0° 0-7477 
Ethyl Allyl 68° 11° 0*770 
Ethyl Propargyl 82° 15° 0-832 
Ethyl Amyl 120° 
Ethyl Hexyl 136° 
Ethyl Heptyl 167° 0° 0-796 
Ethyl Octyl 180° 0° 0-801 
Ethyl Cetyl m. 20° 
Vinyl Vinyl 39° 
Propyl Propyl 89° 14-6° 0-7626 
Ally! Allyl 94° go 

0-806 
Butyl Butyl 142° 16° 0*7726 
Amyl Amyl 187-6° 0° 0-7988 
Heptyl Heptyl 127°/8 mm. 20° 0-8066 
Octyl Octyl 292° 10° 0-820 
Cetyl . Cetyl m. 66° b. 300° 
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31101*0 are also a few aralkyl ethers of interest ; Cannizzaro, in 1855, pre¬ 
pared dibenzyl ether, GgH^CHg . 0 . CHgCgHg, by heating benzyl alcohol with 
anhydrous boric acid in a sealed tube at 120-125''. In 1908 Meisenheimer 
showed that when benzyl alcoliol is heated to 210° with a small quantity of 
dilute sulphuric acid for two hours, a good yield of dibenzyl ether is obtained. 
The use of benzenesulphonic acid, or of potassium acid sulphate, also leads to 
good yields of this ether, which is an oil b. 296-297°. Various mixed ethers 
of the benzyl series have been prepared, as also has di-cycZohexyl ether ; the 
latter is obtained as a liquid b. 239-240 by a Sabatier reduction of diphenyl oxide. 

Ethers of the Glycol Series 

The ethers of this series are divisible into three main classes ; the simple 
ethers in which one or both of the hydroxyl groups of the glycol have become 
etherified ; the epoxides or simple ring ethers, and the cyclic ethers such as 
trioxymethylene. Dealing with the simple ethers first, there is little fresh 
that can be added to what has already been stated concerning the preparation 
of ordinary ethers. They are almost universally prepared by heating the mono- 
halohydrins with the sodium derivatives of alcohols or phenols :— 

HO . CHj. CH,C1 HO . CHjj, CH^OEt 

yCH^Oa .CHaOH 

(4, CH, 

\;H„(:1 ^CHjjOCgHs 

The fully etherified compounds are obtained by a similar procedure applied 
to the disodium derivatives. With simple glycols, the methyl or ethyl ethers 
can be obtained by treatment with dimethyl or diethyl sulphate in alkaline 
medium. An additional method for the preparation of the monoalkyl ethers 
of ethylene glycol, is the interaction of the sodium derivative of the alcohol 
w ith ethylene oxide :— 

CHg. Na CHgONa CHoOH 
I >0 -h I —> 1 I 
CH/ 0 . C3H7 OHa . O . C3H, CHa. O . C3H, 

This reaction proceeds readily, and makes the simple half-ethers of ethylene 
glycol easily available industrially. 

Several types of Grignard reagent can be utilised for the preparation of the 
di-ethers of glycols ; thus, alkoxyacetals react with aryl magnesium halides 
to give aryl substituted ethylene glycol ethers, e.g. :— 

CH,.OEt 

CH(OEt ), . OEt otc. 

A somewhat similar method which gives excellent yields of the acetylenic glycol 
ethers is the interaction of the double Grignard compound from dibroni') 
acetylene with a chloroether (Diomieau’s reaction) ^:— 

C . MgBr CIC2H4 . OEt C , CH^CHa . OEt 
III + -. m 
C . MgBr C1C,H4 . OEl C . CHaCH, . OEt 

whilst the unsymmetrioal glycol ethers can often be obtained by a variation of 
Hamonet*8 reaction * 

EtO . (CK^)^. CH^Mgl + ICH* . OMe-> EtO . {CH*)70Me 

The ethers of this series are excellent solvents for the resins and lacquers and 
are widely used industrially in this capacity. 

» Diormoau, C’.J?., 1906. 142. 92 ; 1907. 146, 128. 
■ Hamonet, BuU. Soe. Ghim., 1905, 888. 528. 
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The Epoxides 

Wurtz, in 1859, discovered the first epoxide, ethylene oxide, by the action 
of potash on glycol chlorhydrin, and recognised its nature. Very few epoxides 
occur naturally, cineole and chenopodiole being exceptions, as also is the 2, 3- 
epoxybutane found by Henry and Paget ^ in chenopodiuni oil. The nomen¬ 
clature of this series of compounds has been derived from two main systems, 
one of which uses the term “ oxide and relates the compounds to the appro¬ 
priate unsaturated hydrocarbon, e.g. “ ethylene oxide while the second 
system uses the prefix epoxy in conjunction with the name of the saturated 
hydrocarbon, e.g. “ epoxyethane Wliilst the “ oxide ” terminology has 
become firmly established for the two compounds ethylene and propylene 
oxide, for more complicated substances, the epoxy method is to be preferred. 

Methods of Preparation of Epoxides 

The direct attachment of oxygen to the double bond of an unsaturated 
hydrocarbon can take place ; Pigoulevski ^ showed that octene-1 is (converted 
to 1, 2-epoxyoctane at lOO'" in the presence of traces of aldehyde (which appear 
to act through the fonnation of peroxides). When ethylene is passed with air over 
suitable catalysts at 200-350°, there is a partial conversion to ethylene oxide. 

The oxidation of unsaturated hydrocarbons to their epoxides is one sU^p 
in the formation of glycols from unsaturated compounds by the action of 
hydrogen peroxide, but it is unusual that the epoxide stage can be isolated. 
In the case of condensation products of aromatic aldehydes with aliphatic 
ketones, as in benzylidene acetone, the epoxide can be isolated in good yield :— 

CeHsCHO + CH3COCH3 CflH5CH=CHCOCH3-- C.H^CH—C^HCOCHs 

For the isolation of good yields of epoxides from unsaturated hydrocarbons, 
the organic peroxides are particularly suited ; this reaction (often called by 
the name of Prileshaiev 3) proceeds best with peracetic and perlx^nzoic acids, 
and may be summarised by the equation :— 

CeHgCO . 0 . OH + C^H^-x CeHsCOOH + CaH^O 

The reaction has been used by Meerwein ^ as a means of investigating the 
influence of structure on the reactivity of unsaturated hydrocarbons. It 
should be added that some of the corresponding glycol is always produced with 
the epoxy compound, and appears to be formed by the addition of water to 
the epoxide. The reverse process constitutes a satisfactory method for the 
preparation of the epoxides ; heat alone, or the presence of an acid, is usually 
sufficient to induce the reaction, although the products are usually mixed with 
aldehydes or ketones produced by the isomerisation of the epoxide at the 
moment of liberation. This reaction is most successful with the aromatic 
glycols, and of the aliphatic compounds, those which undergo the reaction most 
readily are the pinacols, where some epoxide usually accompanies the pina- 
cone produced in the pinacol-pinacone transformation. 

One of the most successful methods for the preparation of epoxides is the 
removal of the elements of a halogen acid from a halohydrin. This reaction, 
summarised as 

* Henry and Paget, 1926, 1649. 
* PigoulevBki, J. Chim. Gm» JRunae., 1934, 4, 616. 
* Fdleshaiev, Ber,, 1909,42» 4811. ^ Meerwein et al,, J, Pr, Chem,, 1926,118,9 ; 29. 
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can be brought about by solid caustic alkalies, by their concentrated solutions, 
by strong ammonia and other bases. A very similar reaction is the simul¬ 
taneous dehydration and deamination of a-aminoalcohols by nitrous acid. The 
reaction of nitrous acid on 2-aminocycZopentanol, discovered by Godchot and 
Mousseron ^ is typical, and takes the following course :— 

OH2—CH . OH CH2—CH 

CHo CH.NHg CH2 CH 

If an attempt is made to apply this method to 2-aminocycZohexanol, then an 
extrusion reaction takes place with the formation of the aldehyde of cyclo- 
pentane (this, incidentally, is the best way of obtaining this substance). 

A similar reaction, of some considerable interest, is that developed by Spath 
in connexion with his work on the alkaloids, and which almost constitutes an 
extension of the method of exhaustive methylation. Thus, if a tetra-alkyl- 
ammonium hydroxide in w’hich one alkyl group carries a hydroxyl group p—to 
the nitrogen, is heated, trimethylamine or one of its analogues is evolved, 
together with water, and an epoxide remains. Spath, in his investigations on 
pseudoconhydrine ^ obtained 1, 2-epoxy octane (245) by the action of heat on 
2-hydroxyoctyl trimethyl ammonium hydroxide (244) 

/\ 
CH3(CH2)5CH(0H)CH2 . N(CH3)30H-CH3(CH2)5GH—CH2 

(244) (245) 

The reaction is equally applicable to aralkyl compounds, as shown by the 
formation of 1-phenyl-1, 2-epoxypropane (247) by heating the quaternary 
methylamine hydroxide from ephedrine (246) 

_ /N(CH3)30H 

/ ’ '\CH(OH). CH -CH . CH, 

\CH. 
(246) (247) 

Further, this process can be applied to cyclic compounds, as, for example, the 
morpholones. Thus, the quaternary hydroxide from dimethyl ethyl morpho- 
lone (248) yields 2-methyl-l, 2-epoxybutane (249) on heating :— 

(CH3)30H 
N 

/ \ 
CH3 . HC CHj 

oi 
W \C,H3 

0 
(248) (249) 

CHj . CH* CH* 

> I + ^l/CH, + N(CH3), 
COOH 

22 

^ Godchot and Mousseron, C.jR., 1934, 198, 200. 
* Spath al., 1933, 66, 591. 
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The most interesting physical characteristic of the epoxides is their extremely 
low boiling points, in comparison with those of the corresponding glycols, 
thus :— 

Epoxide 
(B.r.) 

Glycol 
(B.P.) 

Ethane . 10-5° 197^* 
l^ropane 189® 
Butane . 64-5° 192° 
Pentane 9r 205° 
Hexane iir 224' 
Heptane 144'* 240° (deoomp.) 

Some Individual Epoxides 

Ethylene Oxide,—When this compound was first prepared by Wiirtzin 1859, 
he regarded it as a “ link between organic and mineral chemistry on account 
of the fact that its speed of reaction with many inorganic substances resembles 
that of the bases. Thus, it unites instantaneously with dry hydrogen chloride 
and with acetic acid, and precipitates magnesia from solutions of magnesium 
salts. These reactions enabled Wiirtz to detect a parallel with ammonia. 

Apart from the methods which have already been mentioned for the pre¬ 
paration of ethylene oxide, the following are of interest:— 

1. The action of heat on choline :— 

HOCHj. CH2N(CH3)30H —> CH2~™CH2 + N(CH3)3 f H^O 

2. The action of silver oxide upon ethylene dibromide, or of sodium oxide 
on the addition compound between ethylene and iodine monochloride :— 

CjH^Br^ -f AgjjO-^ CHj—CHj + 2AgBr 

I. CjH* . Cl + NajO-> CHj-CH, + NaC^I f Nai 

3. The action of bases on glycol chlorhydrin is the commonest laboratory 
method of obtaining the material in small quantities. 

Industrially, ethylene oxide is prepared by the oxidation of mixtures of 
air and ethylene in the presence of catalysts ; considerable amounts are obtained 
during the production of glycol (q.v,), together with dioxane. 

Ethylene oxide is a gas, condensing to a mobile liquid of ethereal odour at 
10-5®. It is widely used (often as a mixture with nine times its weight of carbon 
dioxide) as a fumigant for foodstuffs, especially dried fruit and cereals. Such 
a mixture is adequate to deal with the disinfestation of grain and fruit, and 
leaves the material free from odour or toxic properties. Some ethylene oxide 
is used as a raw material in organic syntheses. 

Wiirtz, in his original experiments on ethylene oxide, observed that it 
polymerised on standing to a white crystalline mass, m. 56®, and the formation 
of polyethylene glycols was explored by Louren9o a few years later ; he observed 
a series of polymers to which he ascribed the structures 

Diethylene glycol 
Triethylene glycol 
Tetra-ethylene glycol 
Penta-ethylene glycol 
Hexa-ethylene glycol 

HO.C2H4O.C2H4OH 
HO . (C*H4.0)2CjjH40H 
HO . (C^4 . 0)3C2H40H 
HO . (C2H4 . 0)4C2H40H 
HO . (C*H4 . 0)5CjH40H 

' WurU, 1862, 16, 387. 

b. 250® 

b! 230725 mm. 
b. 281725 mm. 
b. 325725 mm. 
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The polymer of Wiirtz appears to contain about thirty molecules of the 
oxide, while by the use of stannic chloride, polymers with a molecular weight 
up to 6000 are fonned. Some of these polymers are wax-like solids, and are 
industrially valuable substances; the trade-name ‘ Carbowax ’ is used for the 
polymers of M.W. 1500-4000. The reactions of ethylene oxide are numerous 
and of great interest; many are associated with the opening of the oxide ring, 
although in others (a small minority) the ring remains intact. The principal 
reactions are shown in Table IX on page 340. 

The name propylene oxide is usually given, not to the 1, 3- epoxide, but to 
the 1, 2- compound CH3CH—CHj. When propylene from cracker-gas is 

treated with hypoehlorous acid propylene chlorhydrin is formed ; this, in 
turn, on treatment with caustic alkali, gives propylene oxide 

CH,CH CH3CHCI CH3CH 
1 1 \ 
I 
CH, CHjOH 

/ 
CH 

Industrially, propylene oxide is produced by the passage of air and propylene 
over a copper or silver catalyst, when a mixture of propylene oxide, propylene 
glycol and propanol is produeexi. Prouylene oxide is a liquid boiling at 35°, 
and is capable of being separatf^d into optically isomeric forms. Its reactions are 
v(‘ry similar to those of ethylene oxide, although the various materials derived 
from it have not been so widely investigated. 

The rnonochloro-derivative of propylene oxide, usually called epichlor- 
hydrin (250) is probably the most widely encountere’^d epoxide, after ethylene 
oxid(^ itself. Discovered by Bertholet in 1856 by the action of alkalies on the 
mixed chlorhydrins from glycerol and hydrochloric acid, it is usually obtained 
by this process :— 

CH2OH CHjCl CHjCl 
1 1 

CHOH 

1 

-> CHOH — 
1 

-> CH. 
I 1 1 ^0 
CHjOH CHjCl ch/ 

(250) 

It is a mobile liquid with an odour reminiscent of chloroform, and is an 
excellent solvent for lacquers and resins; like propylene oxide, it can be separ¬ 
ated into dextro- and Icevo- forms. Chemically, epichlorhydrin shows mainly 
the reactions of the oxide ring, rather than of an active chlorine group. With 
w^ater the monochlorhydrin is regenerated ; with alcohol, the diethyl ether of 
glycerol monochlorhydrin is formed. The action of hydrogen cyanide and the 
halogen acids is very similar to their action upon ethylene oxide. Both the 
epibromohydrin and epiiodohydrin are known. Some of the properties of the 
more commonly encountered alkylene oxides are shown in Table X. 

In addition to the aliphatic epoxides there are many cyclanic and aromatic 
examples of this series. The cyclane epoxides are subdivided into the three 
classes, nuclear, juxtanuclear and extranuclear. The chief nuclear epoxide is 
cyclohexme oxide, or 1, 2-epoxycyc&>hexane (251). It may be obtained by 
stirring a suspension of cyclohexene and mercuric oxide, and allowing chlorine 
slowly to bubble through the liquid. Hypoehlorous acid is formed, and is 
imm^ately taken up by the eyefohexene to form 2-chlorocycZohexanol; this, 
on treatment with caustic soda solution, yields cychhexene oxide as a liquid 
b. 131°, with a very powerful odour. 
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TABLE IX 

Rbaotions op Ethttlenic Oxide 

Beagent CoivdltionR Course of reaction 

Sodium amalgam 
Hydrogen . 
Air . 
Bromine 

Hydrogen chloride ^ 
Hydrogen bromide . 
Hydrogen iodide J 

Hydrogen cyanide 

Nitric acid . 
Acetic acid 

Acetic anhydride 

Water 
Methyl 'j 
Ethyl > alcohols 
Butyl J 
Glycol 
The oellosolves . 

Grignard reagents 

Hydrogen sulphide 
Hydrogen sulphide 
Ammonia . 

Dimethylamine . 
Diethylamine 

Hydrazine ^ 

Phthalimido ® 

Aldehydea and ketones 

Aqueous 
Ni at 125^^ 
Pt at 200° 

Forms ethanol 
Forms crotonaldehyde in good yield 
Forms glycollic acid 
Forms ruby-red crystals of a compound, 
(CjH40)jfBr|, which is somewhat un¬ 

stable (m. 65°) and gives dioxano 
when shaken with Hg 

Toolod 

In ether 

In cold HaSO* 

In sealed tul^ 

In ether 

The halohydrin is regenerated ; a 
method which is useful for making 
laboratory quantities of the brorno- 
hydrin and iodohydrin 

Yields hydracrylic nitrile HO.C1H4CN 
(ethylene cyanohydrin) 

Yields glycol dinitrate 
Gives a mixture of glycol mono- and 

diacetates 
Forms glycol diacetate and the acetates 

of the polyglycols 
Regenerates gl>'Col 
Methyl “ Cellosolve ”, which are the 
Ethyl > half ethers of glycol 
Butyl J HO . C,H4 . OR 

Valuable solvents 
Diethylene glycol 
The “carbitok”, HO.CaH^.O.CjH^.O.R, 

where R is methyl, ethyl or butyl. 
Valuable solvents 

Give addition compounds which re¬ 
arrange to normal Grignard 

Alone . 
Aqueous 

Methanol at 40-50' 
Methanol at 40-50' 

Aqueous 

CHav vR CHa.R CH, . R 
I >o<; —I — 
CH/ ^MgBr CHj.OMgBr CH,OH 

compounds, giving primary alcohols, 
(see also p. 261) 

Gives thiodiglycol (HO . 
Gives monothioglycol, HO . C1H4.8H 
Yields the ethanolamines — 

Mono- NHa . CH, . CH,OH 
Di- NH(CH, . CH,OH), 
Tri- N(CH, . CH,OH), 

Valuable wetting and emulsifying 
agents 

I >ime thylominoethanol 
Diethylaminoethanol (for Procaine 

manufacture) 
The compoimd — 

SnCl, 

NH . CH,CH,OH 

I 
NH . CH,CH,OH 

Enables the ethylene oxide to be con¬ 
verted entirely to mono-ethonolamine 

NCH^|CH,OH 

HjNCya^OH 
Give cyclic acetals, or dioxolones 

^ Knott and Broimdson, Ber,, 1902, 35, 4474. 
* Gabriel and Ohle, ibid,, 1917, 50, 820. 
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TABLE X 

SoMK Common Epoxidks 

341 

Name Formula B.r. Propertiea, etc. 

Ethylene oxide 12” Mobile liquid 
Propylene oxide . CH,. CaHjO 35” Mobile liquid, chloroform 

odour 
1, 3-Epoxypropane CHaCH^CHj 

o 00 Miscible with water, 

CH,CH,CH . CH, 65“ 

pleasant odour 

1, 2-Epoxy butane 

2, 3-Epoxybutano CHaCH . CH . CH, . 54” cit- (d)„ 0-8063 
O

 \
 

60° trans- (d),, 0*8272 

1, LDimethyi ethylene (CH,),c—-c;h. ca 56” From the chlorhydrin 
oxide 

1, 2-Epoxypentane 
i 

CH3(CH,),CH—CH, 91” Action of potash on 

\o/ 
2-chloro hexanol-1 

itfo-Propylethylene oxide (CH3)3CH . CH—CH, 00
 

to
 0 Potash on the product of 

HOCl on wo-propyl- 
ethylene 

2, 3-Epoxypentane CH,CH,CH—CH. CH, 80” 

1, 2-Epoxyhexane CH,(CH,),CH—CH, . 119” ! 

V)/ 
1, 2-Epoxyheptane CH,((Tf,),CH—CH, . 144” From perbenzoic acid and ! 

1 1 \o/ 
heptene-1 | 

1, 2-E{>oxyoctane . j CH,{(«,)jeH—CH, . 158” From perbenzoic acid and | 

\o/ 
j octene-1 

1, 2-Epoxvhexa(l( (ano . ■ in. 22 ; b. 177”/12 mm. From 
* 1 

! \o/ 
1 

heating tetradecylcho- 
line 

The reactions of c^c/ohexene oxide resemble, in many ways, those of ethylene 
oxide, but, in addition, the compound has a strong tendency to pass into cyclo- 
pentane aldehyde (262), a reaction which may be completed by passing the 
vapour over alumina heated to 300*^. When warmed wdth acids, or their 

/ \ (252) 

O
 

O
 

IJoH c
 

o
 

o
 

o
 

(263) (264) 

anhydrides, cyctohexene oxide is converted to the di-acyl derivative of the 1, 2- 
glycol (254), and on treatment with aqueous ammonia the aminoalcohol (263) 
is formed. 

When cyciohexadiene (265) is treated with perbenzoic acid, the di-epoxide 
(266) is obtained, which is a liquid, b. 66®/11 mm.; with benzene, of course, no 
trioxide is obtainable, althougn it is possible that such a compound may be 
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one stage in the decomposition of benzene triozonide. Several mono-epoxides 
have been obtained from seven and eight membered unsaturated rings; thus, 

(255) 

epoxyci/dooctane (257) is a crystalline compound, m. 45^, which boils without 
undue decomposition at 190“^. 

The simplest aryl epoxide is styrene oxide (259), a liquid, b. 192*^, obtained 
by the action of alkali on styrene iodohydrin, in turn, obtained from styrene 
itself by the action of mercuric oxide and icxiine (258). One of the more 

HgO +1, -f H,0 

==CH2 . CH^OH CH, 

(258) (259) 

interesting aromatic epoxides is the methyl analogue of the previous substance, 
1-methyl-1-phenylethylene oxide. The synthesis of this compound commences 
with the action of phenyl magnesium bromide on chloroacetone (260), when 
the chlorhydrin (261) of the required epoxide is obtained. This, on treatment 
with alkali, yields the epoxide (262), which, upon distillation at ordinary 

MgBr -f CICH2COCH3 

(260) > CH3 (262) 

pressures isomerises to hydratropic aldehyde (264) ; with concentrated sul¬ 
phuric acid at — 15°, it yields phenyl acetone (263). The isomeric 1-methyl- 
2-phenyl ethylene oxide (265) exists in tw^o geometrically isomeric forms (a- 
and /?-), both of which can be resolved into optically active pairs. 

^j-Diphenyl ethylene oxide (266) also exists in cis- and trans- forms, although 
they are optically homogeneous ; the cis- form is obtainable by the peracetic 
acid oxidation of tso-stilbene ; the trans- form may bo obtained from diphenyl 
choline (267). 

(267) 
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The intensely stable tetraphenyl ethylene oxide (269) can be obtained 
either by the oxidation of tetraphenylethylene (268) with perbenzoic acid, or 
by the dehydration of benzpinacol (270). 

5 

C,H. /0\ /C.H 

>“X, C«H 

OH OH 
C«H 

CeH 
(268) (269) (270) 

The Fubans 

The tendency of glycols to form an internal ether or epoxide, continues 
with the longer stems, and as the number of carbon atoms increases, a change 
in ease of formation of the epoxide is noted. Thus, trimethylene oxide (1, 3- 
epoxypropane) (271) is most difficult to obtain from the glycol by direct means 
—a fact reminiscent of the difficulties of cycZo-butane formation ; on the other 
hand, the formation of five and six membered epoxide rings proceeds with 
ease, and the process is irreversible ; once the epoxide is formed it show s little 
tendency to pass back again to the glycol. Thus, when butane diol, 1-4 is 
heated with 60 per cent, sulphuric acid, 1-4 butylene oxide is formed, better 
knowm as tetrahydrofuran (272), b. 67°, since it is the parent structure of the 

r'H ow 
' 2 ' via chlorhvfirlii 

I -^-* 
CH„. CHoOH 

(271) 

CHjj—0 

I ! 
CH,—CH3 

CH, -CH, 12- 

I I 
CH3OH CH3OH 

eo% HtSO. 9^* 

CHj CH, 

(272) ^0^ 

widely distributed furan family. This tondency towards the formation of a 
stable ring is shown also by pentamethylene glycol (273), but higher glycols 
suffer rearrangement before ring closure takes place, for when tetradecamethy- 
leno glycol is heated with 60 per cent, .sulphuric acid, 2-nonylpentamethylene 
oxide results (274). 

CHa 

I I 
CHjOH CH,OH 

CH, 

CH, CH, 

CH, CH, 
\/ 

0 
(273) 

CH, CH, 
/\ 

CH, CH, CH, CH, 
1 [ -► 1 1 
CH,OH CH,(CH,)aCH,OH CH, CH(CH,)gCH 

X/ 
(274) 0 

CH—CH 

H CH 
\/ 

0 
(275) 

Although tetrahydrofuran is a comparatively stable substance, it is sur¬ 
passed in stability by furan itself (275), which contains two double bonds, 
and which should, at first sight, be a particularly unstable substance. On the 
contrary, however, it has a considerable degree of stability and, in addition, 
some of the attributes of aromatic character. 

i'uraJdehyde is the derivative of furan most commonly met with ; it was 
first prepared by Oobereiner in his attempts to obtain formic acid by the 
oxidation of sugar with manganese dioxide and dilute sulphuric acid. Some 
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furaldehyde, distilled as an oil, which Dobereiner called “ artificial oil of 
ants ^ ; Stenhouse - obtained better yields by using flour or sawdust as a raw 
material, but it remaint>d for Fownes,^ in 1845 to obtain considerable quantities 
of furaldehyde, vhieh he did by distilling bran with dilute sulphuric acid ; he 
named the new liquid ‘ furfurol * from ‘ furfur the onomatopoeic Latin word 
for ‘ bran and ‘ oleum ’ ‘ oil The ‘ ol ’ termination being reserved for 
alcohols, ‘ al ’ has been substituted, and ' furfural ’ has been commonly em¬ 
ployed to name this compound ; since the name is used as a root for all com¬ 
pounds of the class, the duplicated first syllable is often omitted ^ fural * or, 
more commonly, ‘ furaldehyde ’ being used. 

Furan itself was first prepared by Limpricht ^ in 1870 by distilling barium 
pyromucato with soda-lime ; the discoverer of this compound regarded it as a 
phenolic derivative from a hypothetical C4H.,, and named it ‘ totraphenol 
Baeyer recognised its true structure and also its relation to furaldehyde. 

Furan occurs in wood-tars, and because of its low b. pt. (32®), can be isolated 
readily by fractionating the forerun of the distillation of such tars. 

Furan is a colourless mobile liquid with an odour as of chloroform; it is 
unaffected by sodium or caustic alkali, but polymerises instantly and ex¬ 
plosively in the presence of traces of hydrochloric acid. One of the most 
interesting reactions of furan is its direct condensation^ with aniline (276) to 

+ r~i 
\/ 

0 NH2 

(276) (277) 

give a-naphthylamine (277). The reduction of furan is not readily accom- 
phshed ; even palladium and hydrogen require a high temperature and pressure. 
Further, halogens substitute, and do not add to, furan ; thus 2, 5-dibromo- 
furan is obtained from furan by the direct action of bromine, and may be 
hydrolysed to maleic acid. Furan vapour reacts with ammonia or hydrogen 
sulphide when passed with either over alumina at 450®, giving pyrrole or thio- 
phen. When furan vapour comes into contact with a pine-shaving soaked 
in hydrochloric acid, a green colour is obtained. The a-methyl analogue of 
furan (sylvan) is found in wood tars, and may be fractionod from the fore¬ 
run of the tars mentioned above. It is a liquid, b. 63®, which resembles furan 
in many ways. 2, 5-Dimethylfuran, b. 94®, also accompanies furan in wood 
tars, and may also be separated from the products obtained wh(‘n sucrose is 
distilled with lime. 

Certain anomalies exist in respect of the nomenclature of df^rivatives of 
furan ; thus the group (280) as in furylac^etic acid is referred to as the ‘ fury I ’ 
group ; but the group (281) as in furfuryl alcohol (279) is the * furfiiryl ’ group. 

JUcHjCOOH U^H’COOH 1!^ JlcHjOH 

0 (278) 0 0 (279) 

Cr 
0 (280) 

a-ftuyl 

0 0 (281) 

^ Ddbereiner, Schweigg, Journal, 1831, 689 368. 
» Stasnhouse, PhU, Mag., 1841 [.31,18, 122 ; 185(), 87, 226. 
* Fownes, PM. Tram., 1846, 185, 263. 
^ Limpricht, Ber., 1870, 8, 80. * Oliver! and Canxoneri, ibid., 1887, flO, 220. 
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On the other hand, pyromucic acid, now more generally known as furoic acid 
(282), contains the a-furoyl group (284). The group (285) is termed the ‘ fural * 

a*furoio acid 
(282) 

CH=CH . COOH 

CO 
(283) 

J—cu= 

o 
(X-furoyi (285) 

(284) 

group ; thus, compound (283) has been called ‘ a-furalacetic acid *, alterna¬ 
tively ‘ a-furylacrylic acid The anomaly lies in the fact that most of the 
group names, e.g. fural, furoyl, are the equivalents of the similar word with the 
first syllable duplicated, as in furfural, and furfuroyl; in one instance, however, 
this is untrue—‘ furyl' and ‘ furfuryl' are not equivalent—the latter being a 
homologue of the former. This is apparent in considering the names of the 
compound (286), which is a-furyl propionic acid, or a-furfuryl acetic acid. This 

JbHjj. CHiiCOOH JcRtOB. 
0 (286) 0 (287) 

anomaly is confusing, and can be overcome by abandoning the use of ‘ furfuryl *; 
the only difl&cult case is that of ‘ furfuryl alcohol ’ (287), which can easily be 
termed ‘ furyl carbinol 

One of the most prolific methods of synthesing furan derivatives is from 
substances showing a 1, 4-diketo structure. Thus, octanedione-3, 6 (288) is 
readily dehydrated in its dienolic form (289) to aa'-diethylfuran (290). Di- 

CH- -CH 

.io i CO. C,H, . C i. 
(288) o. 

« HO 
(289) 

0 
(290) 

-H,0 

hydrofuran (291) is obtained by heating erythritol with 80 per cont. formic 
acid to 200-210® ; a nmction which appears to take the course ;— 

HO . CH-CH . OH 

3H, CH, HOOOH 

H OH 

H . CO , O . CH- 

I 
CH, 

-CH.OH. 

CH, 

/ 
OH OH 

CH*=<M 

\ / 
o 

-f 2H,0 + CO, 

(291) 

Dihydrofuran is a colourless liquid, b. 67°, which is, unlike furan itself, 
indifferent to acids and alkalies. The action of bromine on furan gives the 
2, 5*dibromo derivative, an oil boiling at 165®. Its most interesting reaction 

+ 0 + 2H,0 

-2HBr 

(292) 
HO 

CH=:CH 

0(t djOOH 

is its conversion to maieio acid (292) by the combined action of air and water. 
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Furyl Carhinol (Furjuryl Alcohol).—ooinpound occurs naturally in 
clove oil, and is found in the oil from roasted oofTee, together with the corre¬ 
sponding mercaptan and their thienyl analogues. It can he obtaincni either by 
the reduction of furaldehj^de or by the Cannizzaro reaction with furaldehyde 
and dilute aqueous alkalies. 

Industrially, the bulk of furyl carbinol is obtain'd by the catalytic reduction 
of the aldehyde ; it is accompanied by tetrahydrofuryl (‘arbinol, since the 
nucleus is reduced as well as the side-chain. Furyl carbinol and its tetra- 
hydro derivative are similar in general properties but can be separated by 
fractional distillation. They are miscible with water and organi(? solvents, 
and are utilised as solvents for lacquers and varnishes. 

Numerous fused-ring compounds derived from the fiiran series are knowm 
including :— 

f 'll ii" "1 
„ 

1 li I 
_ 

1 II 1 
\/\ / \/\ / y y \ 

0 0 6 

(293) (294) (29r>) 

Coumaron Coumaran Uiphenylono o.xidt? 

Coumaron and coumaran w(Te both unfortunat(‘lv named : the former as 
“ cc)U)n;u'o;v‘ ” is not, as the last syllable of th<^ nam<' should (‘onnote, a kedone, 
nor is “ coumarane a saturated hydrocarbon. The alternative names benz- 
furan and dihydrobenzfuran are to be preferred, esjMHially in view of the 
fact that coumarin is the accepted name of a different type of ring. 

Coumaron (benzfuran) was first prepared in 1883 by heating couniarilic 
acid (296) with lime. The loss of carbon dioxide leads to the formation of 
coumarone (207), which has also been found with indene in the fraction of coal- 
tar naphtha boiling between 168^ and 175"". (bnmarilic acid is obtained from 
coumarin by the process outlined in the formulae below :— 

/\/\ 

0 
CJouTnariii 

Br. 

CO 

Br 

Cold 

0 

(;o 
/yV'- 

J 
o 

^ COOH 

6h 

\/\/ 
0 
(296) 

ICOOH cuo 
\/\/ 

0 
(297) 

KOH 

Coumaron may also be obtained direct from coumarin by passing the vapour 
of the latter substance^ through a tube heated to 850'’. Other methods by 
which the parent member of this family may be obtained are from * salicylalde- 
hyde and chloroaccjtic^ acid (298), which when melted together form a resin 

* Fifctig and Ebort*. Ann., 1883, 216* 162. * Rossing, Ber., 1884, 17, 3000. 
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which, on extraction with alkali and re precipitation with hydrochloric acid, 
gives the aldchydoph(*noxyacetic acid (299) ; this, when heated with acetic 
acid and acetic anhydride, is cyclised by an intramolecular Perkin reaction, 

/CHO 

2COO H 
(2»S) 

CHO 

OCH2.coon 
(299) 

Ac./) -f CHaCOON;^ 
/\ 

\/\ 
0 

(300) 

at the same tinit^ losing carbon dioxide and forming coumaron (300). Komppa ^ 
prepared coumaron by the loss of the elements of hydrogen chloride from 
o-hydroxy-oi-chloro-styrene (301). 

OH Cl 

-OH KOfr 

(31 
/ / 

O 
(:/U) 

C/Oumaron is a colourless liquid, h. 173"’—iIk^ })rop(*rli(^s of which resemble 
those of furan in many ways, particularly in its ability to polymerise into 
n‘sins in the preseiua^ of trac(‘S of acids. The resins (‘ coumarone resins ’) are 
valuable as varnish bas(‘s, and are used industrially. 

(Joumaron is reactive ; on reduction it gives an excellent yield of o-ethyl- 
phenol, coumaran being formed as an intermediate stage (302). 

('H 

-CH, 

0 
/ 

O 

CH2 
/ 

OH 

(302) 

Tho interesting researelies of Kramer and Spilker * have shown that when 
benzene and coumaron vapours ai'c passed through a red-hot tube, phenau- 
threne is produet'd in good yield, and that other hydroc-arbons behave similarly, 
naphthalene giving chrysene :— 

u 
\ 

It is probable that the preseiu^e of thes(‘ hydrocarbons in coal-tar is accounted 
for by this reaction. 

Many coumaron derivatives are found in natui'o, and constitute a large 
group of fish and insect poisons investigated by E. Spaith. An account of 
some of these is given in Chajjtor VII, in connexion with the lactones. 

\/N)/V 
(303) 

Diphonylene oxide (303) is best prepared by distilling a mixture of phenol 
and lead oxide ; phenol and diphenylene oxide pass over and may be separated 
by taking advantage of the insolubility of the oxide in aqueous alkali. It is 

* Komppa, Ber., 1895, 28* 2986. * Kramor ai»3 Spilkur, M/., 1890, 28, 84. 
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also obtained in small quantities in the tars of many destructive distillations, 
especially of carbohydrate materials, and has been found in fair quantity in 
‘ stuppfettThis latter material warrants a short description, as it appears 
in the literature as the source of many aromatic hydrocarbons. When the 
mercurial ores of Idria were smelted, the mercury passed over, together with 
a black plastic mass—or ‘ stupp This ‘ stupp * still contained much mercury 
which could not be separated by mechanical means and was, therefore, re¬ 
distilled ; mercury passed over, together with a crystalline oily mass, the 
‘ stuppfett \ This was a mixture of hydrocarbons from which Goldschmidt 
and Schmidt ^ isolated the following :— 

Phenanthrene . 
Pyrene 
Fluoranthrene . 
Naphthalene 
Ch^sene . 
Anthracene 
Methylnaphthalene 
Ethylnaphthalene 
Acenaphthene . 
Diphenyl . 
Diphenylene oxide 
Quinoline 

Per ceut. 
45 
20 
12 

3 

>2-3 per cent. each. 

It is more than sixty years since ‘ stuppfett ’ was obtained at Idria, but exam¬ 
ination of its hydrocarbons led to the recognition of several structures which 
had not previously been observed. 

Diphenylene oxide is a sohd, crystallising in plates, m. SI'", b. 288°, and is 
extremely inert. 

Among the more complex fused rings of the furan group are the brazans 
and morphenol. ^-Brazan has been separated from the higher coal-tar 

^-brazan Morphenol 

fractions by chromatographic adsorption.* It is also obtained by a com¬ 
plex rearrangement of brazilin on heating with reducing agents; it is 
not directly related structurally to brazilin- jS-Brazan forms white plates, 
m. 202°. jS-Brazan was synthesised by Kostanecki and Lampe in 1908® from 
3-hydroxybrazanequinone (306), previoiisly obtained by Liebermann ^ by the 
condensation of resorcinol (305) with 2, 3-dichloro-a-naphthoquinone (304). 

‘ Qoldachmidt and Schmidt, Monats., 1870, (2), 2. 1 JBer., 1877. 10. 2022. 
* Winterotein el al,, Z, Phyeid, Chem.t 1934, 2^, 158. 
» Kostaneoki and Lampe, Ber., 1908, 41. 2373. * Liebermann, ibid,, 1899, 82. 924. 
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When hydroxybrazanquinone is reduced with hydriodic acid, hydroxy j9-brazan 
(307) is formed, and from this jS-brazan itself may be obtained by distillation 
with zinc dust. 

Morphenol and its simple derivatives were noted as breakdown products 
from the morphine group of alkaloids over sixty years ago,^ but so little was 
then known about the structure of phenanthrene, that it was impossible at that 
time to attach a structural formula to the compounds, and two decades passed 
before the significance of their relation to the alkaloids was realised. Mor¬ 
phenol, a white crystalline compound, m. 145"^, is obtained as its mono-methyl 
ether (308) by the acid decomposition of a-methylmorphimethine (see Vol. II), 
which is readily demethylated to morphenol itself. 

COOH COOH COOH ' 
(313) (314) (316) 

Morphenol (309) yields phenanthrene on heating with selenium and 3, 4-di- 
hydroxyi^henanthrene (310) on treatment with sodium. This dihydroxy 
derivative (morphol) has been s^mthesised by the process indicated in formulae 
(311) to (315), Since morphenol contains an ether link and a free hydroxyl 
group, its relation to morphol leads to the acceptance of its constitution as 
3-hydroxy-4, 5-epoxyphenanthrene (309). 

Some Cyclic Ethers 

Apart from the epoxides and simple polymethylene ethers, which have 
already been discussed, there exists an important group of cyclic ethers com¬ 
prising dioxan, trioxymethylene and paraldehyde in which two or more ether 
oxygen atoms are present in the ring. Casual references to the formation of 
dioxan (316) aa a by-product in the manufacture of glycol have already been 
made ; when the quantities obtained in this way are insuflScient for industrial 
needs, dioxan can be obtained by heating ethylene glycol with a little sulphuric 
acid, under pressure. 

OH HO 0 

/x 
CH, CH 

in, CH 
\/ 

o 

2 

2 

(316) 

J Vongerichten and Schrdtter. Ber., 1882. 16, 1484, 
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Dioxan (316), m. 9^, b. 102'", is a colourless, slightly viscous liquid which 
is miscible with water in all proportions ; it has very valuable solvent pro¬ 
perties, but on account of its toxicity, great t*are must be exercised in its use in 
bulk. Its solvent properties and low\ melting point (O'") make dioxan an 
excellent substance for the dt^terininatiori of mok^cular weights by cryoscopy. 
With water, dioxan forms an azeotrope, b. 87 \ of the approximate composi¬ 
tion, OjHyOg, HgO. Chemically the oxygen atoms of dioxan are remarkably 
active, having a strong tendency towards the formation of oxonium compounds ; 
thus crystalline double compounds containing the oxonium structure are 
formed with mercuric chloride and bromide, with halogCMis and halogen acids, 
and with many substances such as iodoform. 

TrioxVMETHYLEN e (Thioxax ) 

For many years the so-called * })araformaJdf‘hyd<^ \ first obtained by 
Rutlerow ^ in 1859, was n’gardwl as a trim('ric substance analogous to paralde- 
iiyde, and w^as frequently depict(^d in text-books as trioxyniethylene (317) an 

O 
/\ 

CHg.CH CH.CHg 
I I 
0 0 

\ / 
CH . CHg 
(318) 

('iTor which appears to have originated with Hofmann ^ in 1860. Paraformalde¬ 
hyde w^as shown by Staudinger and Santer to consist of a mixture of hydratcsd 
linear polymers of formaldehyde and to have the structure HOCH2(CKTl 2)n(^HO. 
Pratesi,® in 1885, obtaim^d trioxymothylene (better known as ‘ trioxan ) by 
heating paraform with a trace of sulphuric acid in sealed tubes at 115", The 
cooler part of the tube at the upper end became filled with a mass of sublimed 
crystals of trioxan ; various improvements in the methods of preparing trioxan 
have been made from time to time, but the (experiments of Frank ^ showed that 
it was possible' to obtain trioxan in bulk quantities by distilling a 60-65 per 
cent, solution of formaldehyde in water with 2 per cent, of sulphuric acid. 
The aqueous distillate is continuously extracted by methylene chloride, by 
which means the trioxan may be removed and necovered by distillation. 

Trioxan is a colourless crystalline solid, m. 61-62", b. 115", boiling without 
decomposition. It has a pleasant odour, somewiiat like chlorofonn ; the acid 
odour of fonnaldeh3"de is quite absent. Like dioxan, trioxan is capable of 
forming an azeotrope with water w^hich contains 30 per c(mt. of the latter 
component and distils at 91*5". Crystals of trioxan are capable of being bent 
without fracture, and have a strong electrical polarity. One end of a long 
crystal will discharge an electroscope wiien presented to the plate. 

Chemically, this trimer is characterised by stability, and in many rcspect^g 
resembles dioxan. It neither hydrolyses nor d(3polymeri8e8 in aqueous solu¬ 
tion, and needs boiling for five hours with 2 per cent, sulphuric acid to regenerate 
formaldehyde to the extent of 50 per cent. Heated dry with traces of strong 
acids or of zinc chloride, the depolymerisation is complete, anhydrous formalde¬ 
hyde being produced. In the presence of an acceptor, this formaldehyde reacts 

1 Butlerow, Ann., 1859, 111, 242. * Hofmann, thuf., 1808, 146, 357. 
* Pratesi, Oazz. Chim. JtcU., 1885, 14, 139. 
^ U.S.P, 2,304,080 (1942), C. E. Frank (to E. 1. duPemt & Co,). 

0 
x\ 

CH, CH, 
I I 
0 0 
\ / 

CH, 
(317) 
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most readily, and since the trioxan is itself soluble in many organic solvimts, 
formaldehyde reactions can be accurately controlled in a single phase, which 
is not possible with gaseous formaldehyde or paraformaldehyde. A similar 
degree of control can be made in the polymerisation of j)henol-formaldehyde 
mixtures. Phenol-trioxan mixtures at 70° in the presence of one part in 
ten thousand of sulphuric acid polymerise steadily to transparent solids. 

The homologous paraldehyde (^-trimethyltrioxan) (318) is obtained by 
the action of a trace of sulphuric acid on aldehyde. It is a liquid, b. 124°, and 
is a useful soporific. One of its advantages is that unlike many sedative drugs, 
it acts during the cerebral excitement engendered by continual alcoholic excess. 
It has a nauseous taste. Chemically it resembles trioxan in many ways, but 
is more readily depolymerised, dilute sulphuric acid being capable of effecting 
this process at 50°. Hibbert showed that mixed substitutixl trioxans can 
be obtained by allowing mixtures of aldehydes to stand in the presence of a 

0 
/\ 

(Cli3)3C . CH CM . C(CH3)3 
I I 
o o 
\/ 

(319) CH . CCI3 

trace of sulphuric acid ; an example (319) is obtaiiu^d by the condensation of 
two moles of trimethylacetaldehyde and one of chloral. 
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APPENDIX II 

PYRONES AND PLANT PIGMENTS 

The parent rings of the whole family of plant pigments are the pyrans. 
Neither a- nor y-pyran have been isolated, but the corresponding a- and 
y-pyrones are known 

CO 

a-pyran y-pyran a-Pyrone y-Pyron© 

From y-pyran are derived the anthocyanins, and from the pyrone structures, 
the flavones and chromones arise. 

The anthocyanins are glycosides obtained from the flowers and fruit of 
plants, and they constitute the bulk of the red, blue and violet pigments found 
in vegetable sources. Thus, the cornflower owes its blue colour to cyanin, which 
occurs to the extent of 0*75 per cent, in the dried petals ; dark coloured flowers 
such as black pansies contain as much as 33 per cent, of anthocyanin, whilst 
the dark red dahlias (e.g. ‘ Bishop of Llandaff ’) contain up to 20 per cent. 

Nearly all the anthocyanins appear to be glycosides derived from the 
structure 3, 6, 7-trihydroxy-2-phenylben2pyrylium chloride (319). The main 

14-OH Pelargonidln 
13, 14-diOH Cyarudin 

13, 14, 15-tri OH Delphinidin 

[fi] 
(319) 
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TABLE XI 

Some Anthocyanins 

363 

Name 

Callistephin 

Fragarin 
Gloxinin 
Punicin 

I’elargonin 

Salvianin \ 
Monardoein J 

Chrysanthoinin 

Asteriii 
Sambuciii 

Ida? in 

Antirhinin 
Keracyanin 
Prumcyanin 
Mecocyanin 
(.’yanin 

Oxycoccioyanin 

Peon in 
Vicin landU 

(iontianin 

Violanin 

Delphinin 

Ainpelopein 

MyrtilUn 

Petunin 

(Prunulin) 

Malvin 

Hintutm 

Cbmofin 

Aglycone Other Compoiicnto Source 

Pelargonidin 3-Gluco8ide Red Aster (CaUistephus 
sinensis) 

Clove carnation (Dianthus 
caryophyUus) 

Pelargonidin 3-Galactoside Strawberry (Fragaria) 
Polargonidin 3 - Rhamnoglucoside Scarlet Gloxinia 
Pelargonidin 3-Digluco8ide Pomegranate (Puntco grana- 

tum) 
' Geranium (Pelargonium 

zonale) 
Polargonidin 3, 5-Diglucoside < Dahlia (D. variahUis) 

Pink cornflower (Gentaurea) 
Gladiolus (scarlet) 

2 mols. glucose -f 2 mols. Salvia (S. Splendeus) 
Pelargonidin malonic acid -f 1 mol. < Golden Balm (Monarda 

p-hydroxycinnamic acid ^ didyma) 
Clirysanthemum (C. lndi‘ 

cum) 
Red Aster (CaUistephus 

(Cyanidin 

1 

1 

3-Gluco8ide J sinensis) 
j Blackberry (Rubus fruti- 

cosus) 
Elderberry (Sambucus 

^ niger) 
[ Cyanidin 

1 

S-Galactoside Cowberry (Vacdnium vitis- 
idosa) 

Cyanidin 

Cyanidin 
Cyanidin 

Poonidin (Cyanidin 13- 
methyl other) 

Poonidin 
Delpliinidin 

Delphinidin 

Delphinidin 

Delphinidin 

Delphinidin 

Ampelopeidin (14-Methyl| 
delphmidin) 

Myrtillidin (? Methyl- 
delphinidin) 

Petunidin (? Methyl- 
delphinidin) 

Bialvidm (Delphinidin 
13, 15*dim0thyl ether) 

Malvidin 

Hiniutidin (7,13,15- Tri 
methyl delphinid in) 

Apigenidin (5, 7, 14-tri< 
ny^Ey»S*pheiiylbenB 
pyrylinim olilofm) 

3-Rharanogluco8ide 

3-Gentiobioeide 
3, 5-DiglucoBide 

3’(jrluc08ide 

3, 5-DiglucoBide 
3-Gluco8ide 

S-Rhamnoside 
3, 5-Digluco6id6 
' Glucose -f P'hydroxy 

cinnamio acid 
Glucose -f rhamnose -f 
p-hydroxyciimamic acid 
2 mols. glucose 
2 mols.p-hydroxybenzoic| 

acid 
3‘Gluco8ide 

S-Glucoside 

Glucoeide 

S-Glucoside 

3, 5-Digluooeide 

3, 5-DigluooBide 

Monogluooside 

Antirrhinum 
Sweet cherry {Prunus avium)\ 
Sloe {P. Spinosa) 
Poppy (P. RhoBfie) 
Dahlia, Pansy, Cornflower 

and Rose 
Cranberry {Vaccinium 

oxycoocoe) 
Red Peony (P. OfficinaliB) 
Vetch (Vida). A mixture 

Blue salvia (8. Patens) 

Gentian (Q. AcavUs) 

Black Pansy (Viola tricolor) 

Larkspur (Delphinium 
consolida) 

Ampelopsis quinquefolia 

Bilberry (Vaccinium myrtillis) 

Petunia (P. hybrida. hort.) 

Black Grape (e«g. Homburg) 
(Vitis vinifera) 

Primulas (Polyanthus section) 
Cyclamen 
Mallow (Malva sylvestris) 
Primulas (P. visoosa and P. 

integrifolia 
Primulas (P. Hirsuta) 

Oesnera Ftdgsns 

n 
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Robinson ^ proceeded still further and synthesised the anthocyanins malvin, 
polargonin, cyanin, chrysanthemin and oenin. The synthesis of malvin is 
typical, and involves the following steps :— 

(1) Aoety!syringeyl chloride is converted to an o>-diazo compound by diazo¬ 
methane (341 and 342). 

(2) With aqueous formic acid this is converted to the trisubstituted deriva¬ 
tive of (x>-hydroxyacetophenone (343). 

(3) This substance yields a glycoside with j3-bromoacetylglucose (344). 
(4) A glycoside is prepared (340) from phloroglucin aldehyde (339) and 

jS-bromoacetyl glucose. 
(5) The two glycosides are condensed together to give acetylmalvin 

chloride which gives malvin (identical with the natural product) on 
deacetylation with baryta (345). 

TABLE XII 

Reactions of Some Anthooyanidins 

TEST 

I 11 III IV 

Add 10% 
NaOH and 

flhake in air 

Extract with 
amyl alcohol; 
add godlum 
acetat« and 

trace of ferric 
cliloride to 

extract 

Di^trihiition bet ween 
1 % HCl. Aq and 5 % picric 

acid in aui»ole/ethyl 
iaoamyl ether (6:1) 

Distribution 
between 

1 % HCl. Aq 
and cyclo- 

hexanol/toluene 
(1:6) 

Petuiiidin . Destroyed Pure blue Slightly extracted Not extracted 
Delphinidin Destroyed Pure blue Not extracted Not extracted 
Cyanidin . Stable Pure blue Some extracted 1 Pale rose 
Pelargonidin 1 Stable — Completely extracted Extracted 
Peonidin . Stable — Completely extracted Extracted 
Malvidiii . Stable Completely extracted Faint blue 

In Table XII a few of the distinguishing reactions of the anthocyanidins 
are sot out. It is emphasised that the colour exhibited by aji anthocyanin 
present in flowers depends on the pH of the plant fluids. Thus, the colour of 
the red rose and the coniflower, so obviously different, are due to the same 
anthocyanin, cyanin ; in the rose the pH is approximately 4, in the cornflower 
10-11. 

The IYavones 

There are three main divisions into which plant pigments of the flavone 
group fall, according to whether they are derived from the flavone, flavanone 
or flavonol structures. 

Flavone 

CO 

/\/\ 

/ \_ 
o 

Flavanone 

CO 

V-OH 

Flavonol 

‘ Robinson et al., J.C.S., 1924, 1£5. 188 ; 1925. 127, 166 ; 1826. 1968 ; 1931, 2666, 
2701 ; 1932, 2299. 
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It will readily be seen that the structures are the ketone analogues of the 
anthocyanidin structures ; indeed, the relationship is so intimate that quercetin 
(346) has been reduced by magnesium and hydrochloric acid to cyanidin (347) :— 

OH CO 

I 

Hol . 

OH 
OH 

OH 

/\/\0H 

/■ ' \_/ 
O 

xOH Mt* I «<’' HO! 

OH 

\/\/ 
0 

>OH 

[CIJ 

(346) (347) 

Flavone occurs naturally as the ‘ meal ’ or ‘ farina ' found as a water-and- 
insoct-repellant on various Primula species (P. puJverulenta, F, japonicay P. 
sikkimensisy P. miricukiy etc.). Miiller ^ observed that on recrystallisation of 
this meal from benzene or ligroin tolerably pure flavone, ni. 98°, is obtained. 
Various processes are available for the synthesis of flavone itself, the most 
satisfactory being, probably, that of Kostanecki and Tambor,^ in which 
o-ethoxybenzoic ethyl ester is condensed with acetophenone (348) in the 

(348) 

^ CO 

PH (T)/ \ \pH 

OEt 

CO 

Na HI 

(349) 360) 

presence of sodium giving, thereby, o-ethoxydibenzoylmethane (349), The 
latter compound gives flavone (350) on boiling with hydriodic acid. 

Some typical flavones are shown in Table XIII, and are mainly derived 
from 5, 7 ihydroxyflavone, or chrysin (353). This latter occurs in the early 
leaf-buds of various species of poplar, and accounts for the golden, shimmering 
appearance of these trees in early spring. The synthesis of chrysin is accom¬ 
plished by condensing phloroacetophenone trimethyl ether (351) with ethyl 

CH3O 

CH3OI 
\/ 

CO . CH3 

OCH, 

(361) 

CH,0 CO 

CH,0! OC^H, 

(362) 

CHj 
i 
co- 

‘ Muller, Traru. C.S., 1016, 107, 872. 
* Kostanecki and Tombtir, Ber., 1000, 88, 330. 
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benzoate in the presence of sodium when a substituted dibenzoyl methane 
(352) is obtained. The latter being boiled with hydriodic acid is demethylated 
completely, and the flavone ring formed by loss of the elements of water from 
the enolic form. This procedure is entirely analogous to the formation of flavone 
itself from the corresponding 2-hydroxydibenzoyl methane. 

Similar syntheses have been arrived at for the majority of the a.glycones 
illustrated in the second column of Table XIII. 

TABLE XIII 

Some Flavoke Pigments 

Poflition of hydroxyls In 

Glurosldp or 
Combined 

«/ \/^ \„ 
relat^'d AKlycono 1 1 I’ Source 

Structure with 

’ .>A.A ■ X 
H 0 in If. 

_ Chrysin _ T). 7- l^oplar (Populus sjxicios) 
Apiin Api^^enin Apiosa and 6. 7. 14- Pargley {Fetroselinum sativum) 

glucose 
Ajithemiii Apigonin Gluooao r>, 7. 14- Chaniomilfe (ArUhemis nohUis) 

2 molfl. 
Acaciin Apigeriin lihainnoso 5, 7, 14- False Acacia {Robinia species) 
Baicalin Baicaleiii Glucuronic 6, 6, 7- Skullcap {Scutellaria baicalensis) 

acid 
— Lut^liii — 5, 7, 13, 14- Dyers wold {Reseda luteola) 

Dyers broom {Oenista tinctoria) j 
(ralutoolin Iwutoolin Glucose 5, 17. 13, 14- Goats-ruo {Galega officinalis) j 
DioHinin Diosi notin 2 rnols. glucose 6. 7, 13, 14- Scropkvlaria nodosa ! 

+ 1 mol. 
rhamriORO 

14 methyl ! 

Scutellarin Scutellaroin Glucuronic 5, 6. 7, 14- Scutellaria species 
1 acid 

LotiiBin Lotofiavin j 2 mols. TctniJiydroxy Lotus {L. Arabica) 
1 
1 
i 
1 

glucoftt^ 
1 rnol. HCN j 

1 

Flavanone Pigments 

In this comparatively small group of pigments, the pyrone ring is fully 
saturated, so that they are virtually derivatives of 2, 3-dihydroflavone. This 
substance is related to chalkone (354), or benzylidene acetophenone. When 

(356) 

~H|0 
(367) 
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o-hjrdroxychalkone (355) is gently boiled with alcoholic sulphuric acid, flavanone 
is produced (367), presumably via the intermediate substance (356). Very 
often the chalkono and the corresponding flavanone (357) exist side by side in 
their natural source. Thus, the Dhak tree (BiUea frondosa) has the chalkone, 
butein and its related flavanone, butin. These are both shown in (358) and (369). 

CO 

(358) 

♦ho! 

CO 

\ 

0 
(359) 

OH* 

~^OH* 

This hypothesis was confirmed by the work of Perkin and Hummel/ who were 
successful in s^mthesising the two trimethyl ethers of butein and butin (position 
of the etherifying groups is shown by ♦ in the formulae (358) and (359)). Other 
examples of flavanone pigments are shown in Table XIV. 

TABLE Xrv 

Some Flavanone Pigments 

Dyestuff or 
pigment Agiycone Sugar or other 

component 

Eriodiotyol Eriodiotyol V 
glycoside 

Hesperidin Hesperitin 7-Rhamno- 
glucoside 

Butin 
glucoside 

Butin 7-glucoside 

Naringin Naringenin 7 Rhamno- 
glucose 

Glucose Sakuranin Sakuranetin 

Carthamin 

(7-monoxnethyI other 
of naringenin) 

A Chalkone Glucose (in 
OH C(OH) position a|() 

° is™ 

PofitioD of hydroxyls in 

6, 7. 13, 14 

5, 7. 13, 14- 
(14-methyl) 

7, 13. 14- 

5. 7. 14- 

5, 7. 14- 
(7-methyl) 

Source 

Eriodkiyon califomi~ 
cum 

The peel of citrus f mite, 
e.g. orange and lemon 
(C7. Aurantium and C. 
Z/imonum) 

Dhak tree (Butea 
frondota) 

Citrus dscumana 

Japanese prunus 
species 

Safflower or false saffron 
(Carthamus tinctorius) 

The Flavohols 

These differ from the flavones in having an additional hydroxyl group in 
the 3.position of the flavone ring; they form, therefore, a close link with m^ny 
at the anthocyanidins. Ravonol itself (yellow needles, m. 168°) is obtained 

‘ Perkin and Hummel, Trans. CJS., 1904, 85, 1459. 
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from flavanone by the action of amyl nitrite and hydrochloric acid on its 
alcoholic solution. An oximino derivative is formed (360) which, on boiling 
with dilute acids, yields flavonol (361). 

CO CO CO 

HCl 

(360) (361) 

There are many examples of flavonol pigments found naturally, and their 
chemical identification depends on the fact that the pigment itself possesses 
the same number of hydroxyl groups as the products formed from it by hy¬ 
drolysis. Thus, myricetin, for example, is a hexahydroxy compound giving 
gallic acid and phloroglucinol on hydrolysis :— 

• 

With flavone or flavanone pigments, the hydrolytic products have one hydroxyl 
more than the compound from which they were formed. 

Some of the characteristic members of the flavonol group are shown in 
Table XV. The principal method of synthesis is via the flavanone, from the 
appropriate chalkone. In this way, ksempferol (362) has been synthesised by 
the following sequence of reactions :— 

(362) 

0 



362 ADVANCED ORGANIC CHEMISTRY 

TABLE XV 

Some PYavonol Pigments 

j Hydroxyl groups In 

PIgmcut Aglyrom* 
1 

Sugar or otl^er 
rompouent 

6 
1 Vi i:i Source 

S 0 U\ 15 

Galanga Galungiii 
i 
3-Gliico8itl(' 3. 3, 7- (Galanga root {Alpinia 

glycoside i officinarum) 
rVoung fustic {lilius 

Fustin Fisetin ! 3-RhamnoHide 3, 7, 13, 14- < cotinus) 
1 Quetracho {Q. Colorado) 

Kwmpferide Kc'ompferol 14-Methvl ester 3, 5. 7. 14- Galanga root. 
Kaempferitriii Ksempforol 3-Dirhamnoside 3. 5. 7. 14- /ndifjofera arrecta 
Kflempfr'riii Ka^nipferol 3-l)iglucoside 3, f). 7, 14- ‘ Seiuia ’ (Cassia ^p,) 
Robiniii Kaempferol The trisaccharidt 3, 5, 7, 14- Falser tnuicia {Hobinia 

robinoao 
(Glucose -f 
2 mols 
rhainnose) 

psewlacacia) 

Datisciii Datiseotin Rutinoso 3, 5, 7, 12- Bastard Hemp (Datisca 
(glucose -f 
rhamnose) 

cannabina) 

Quercitriii Quer<xdiii 3-Rhamno8ide 3, 5, 7. 13, 14- inner or ‘ quorcitixm ’ 
bark of Bark oak (Q. 
tinrtorm) 

i#o-Quercitrin Quem^tin 3-Glucoside 3, 5, 7, 13, 14- (k)ttoJi {Oossypium) 
Quercirneritiri Quercetin T-Glucoside 3, f), 7, 13. 14- Cotton {GtKHsypinm) 
Serotin Quercetin ’•Glucoside 3, 5, 7, 13, 14- Black Cherry {Prunus 

nerotim) 
f Rue {RxUa gnimokm) 

Rutiii Quercetin 3-Riitino8ide 3, 5, 7, 13, 14- < Capparu apinoaa 
Sophora japmi im 

Xanthorhom* Rhainnetin ■{-Hharnninoside 3. 5, 7, 13, 14- “ Persian berries " 

nin (Quercetin-7- (galactose -f- 2 (7-methyl) {lihamnus sp.) 
mononiethyi 
other) 

i 110 Is r ham nose) 

— i^o-Rhamnetin 3, 5, 7, 13, 14- f Wallflower (Chciranthu» 
(Quercetin- 

13-mono- 
methyl ether 

(13-methyl) J ^P’) 
; R(5d clover {Trifolium 
L prate/Me) 

— Rhamnazin — 3, 6, 7, 13, 14- Persian berries 
(Quercetin-?, (7, 13-dimethyl) 
13 dimethyl 
ether) 

— Morin — 3, 5, 7, 12, 14- Old fustic {Chlorophora 
tinctoria), Osage orange 
(Madura auraniiaca). 
‘Jakwood’ (Artooarpus 

Myricetin 
intcgrifdia) 

Myricitrii) 3-RhamnoBide 3, 5, 7. 13, 14, Box myrtle (Myrica 
15- rubra), Sicilian sumach 

(Rhus coriaria). Log¬ 
wood leaves (Hcmat- 

Gossypetm ?-Glucoside 3. 5, 8, 13. 14- 
oxylon campechianum) 

Goesypitrin ' (k)tton (Oo$$ypitm) 
Queroitagitrin < Qiiercitagetin ?-Gluco8ide 3,5,6,7,13,14- African marigold (Tagde$ 

patula) 
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The main synthetic methods in this field are well illustrated by the synthesis 
of quercetin by Kostanecki,^ and by Allan and Robinson.^ The fjourse of the 
reactions are sufficiently described by the formulae set out below :— 

GH,0 (X>CH3 0CH< >0C^H3 

Synthesis of Quercetin 

OCH3 

'\0CH3 CH3O CO 

rY ■ 
x.-^ 

~ HoO 
j 

Ux c:h3oL 

Phlorac(!tophniioiui-4, fl-dimothylethor 

CH3O (X) 
X\ / \ HCl.CH.OH 

o 

CH3O CO 
/x/ \, 

CH,0! 

Tetramethylether of quercetin 

05H„?sO, CH3O 
IICl. CH,OU >\ 
OCH3 

Y0CH3 CH3o[ . 

__0CH3 

’^"'Yoch, 

HiSOi.CHjOH 

'(]H 0CH3 

CH(2^0CH3 

2-Hydroxytf^tramothoxy ehalkoiie 

>0CH3 

0 
(Kostavkcki) 

HO CO 

/N/ \oH 

0 
Quoreotin 

OR 

^\0H 

HO CO 
/ \ 

^CH, .OCH, 

OH 
sthoxyphloroacetophenonc 
(Aixan and Robinson) 

rc 
“Y0CH3 

0 
_ 3 v(-ratric add 

Y0CH3 

Vera trie anhydride 

HO CO 
^\ / \ 

_C)CH3 

^0CH3 

0 
Triinothyl ether of quercetin 

The wo-Flavone, Dihydropyran, and Xanthone Family 

In this section several small groups of natural pigments are brought together 
for convenience. The wo-fiavones are derived from the structure (363), in 

(363) (ionifltein (364) 

which the subsidiary phenyl group occupies the ‘ 3 ’-position. The principal 
members of this group are set out in Table XVI, from which it is clear that 
they bear considerable resemblance to the normal flavones. Synthesis of 

' Kostonecki et al., Ber,, 1904, 87, 1402. 
• Allan and Robinaon, 1924, 126. 2192 ; 1926, 2334. 
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Mo-flavones is effected by ring closure of derivatives of phenyl benzyl ketone, 
as shown below with formonetin :— 

CO 

C,HsCH 

C.H*CH.O! 

Na -f ethylfurinate 

OCHo 

TABLE XVI 

Some wo-Flavones 

OCHs 

0 
Formonetiii 

Dyestuff Aglycone Sugar or other 
component 

Genistin Crenistein 7-Glucoflide 

Prunetin Geuistein 14-Methyl other 

^•Baptiflin ^•Baptigenin 7-Rharanogluco8ido 

T Tectorigenin Glucoside 

Ihdin Irigenin 7-Gluco8ide 

Daidzin Daidzein 7-Glucoside 

Position of hydroxyls In 
6 CO 12 13 

7\/^l 
8-0 

16 1& 

5, 7. 14 

5, 7, 14 
(14-methyl) 

7, 13, 14 
(13-14inethylene- 
dioxy) 

6, 6, 7, 14 
(6-methyl) 

5. 6, 7. 13, 14, 15 
(6, 13, 14 trirnethyl) 
7, 14 

Source 

Dyore Broom {Oenuia 
tindoria); also coiitaiiia 
genifltein. From soya 
bean (S^ hi^>ula) 

Prunus sp. 

Baptma tinctaria 

Iris (/. florerUina, ger- 
manica and pallida) 

Sovrt 

1 
The dyewoods, brazil-wood and logwood were used quite early in the 

history of dyeing to obtain purple and black shades, and are, to a limited 
extent, still used for this purpose. The brazil-woods, of which there are several, 
are varieties of Ccesalpina; the main types are 

CoMoipina crista,—Pernambuco wood, from Jamaica and Brazil. 
Ccesalpim braziliensis,—Brazil wood (true), from Brazil. 
Ccesalpim echiruUa,—Peach wood, Central and Northern S. America. 
Ccesalpina Mppan,—Sappan wood, Asia and the Philippines. 

The active principle of these woods is brazilin (365), which is oxidised to a 
deep red quinonoid dye brazilein (366), which gives the dark mordanted shades. 

HO HO 
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Crystalline brazilin was obtained by Chevreul ^ as long ago as 1808. The correct 
empirical formula was worked out by Liebermann and Burg in 1883. The 
constitution of brazilin (365) and brazilein was largely established by the 
researches of Perkin and Robinson,^ and depends to a considerable extent on 
the breakdown of trimethylbrazilin. 

Briefly, the salient points in this degradation are as follows. Trimethyl 
brazilin on oxidation yields 

(1) yn-Hemipinic acid (368). 
(2) 2-Carboxy-5-methoxyphenoxyacetie acid (372). 
(3) Brazil!c acid (369). 
(4) Brazilinic acid (367). 

Brazilinic aiad (367) has becm syntliesised by the action of lunnipinic anhydride 
on 3-methoxyplienoxyacetic estcT (370), the corresponding acid being also 
obtaimHl both by synthesis (371) and by tlu^ decarboxylation of 2-carboxy- 
5-methoxy-phenoxyacetic acid (373). 

Logwood, or Campeachy wood, is from the tree Hcematoxylori carnpechmnum 
(Linn.), and contains the crystalline compound hamiatoxylin ; this, like brazilin, 
is easily oxidiswi, and when so treated gives the (piinonoid dye ha?matein (not 
to be confused with the h^ematin of blood). Haunatoxylin and luematein are 
hydroxy brazilin (374) and hydroxybrazilein (375). 

HO OH 

-i/ "^O 

/■ \/ \ 

HO^ j I JOH 

HO 
(374) 

HO 011 

-J/'u 

1 
\/ 

O HO 
(375) 

iOH 

Xanthone pigments are derived from the struetnrt' (376), xaiithone itself, 

CO c:o—O 

O 
(37«) 

- HiO i Y 
OH 

\/ 

(377) 

which was first prepar<xl by Kolbe and Lautormann ^ by the action of phos¬ 
phorus oxychloride on sodium salicylate. It is now prepared by the de¬ 
hydration of salol (phenyl salicylate) (377) by slow distillation. Xanthone 
forms long needles, m. 174°, soluble with a blue fluorescence in sulphuric acid. 
It has the following chemical characteristics :— 

(1) It is sufficient of an oxonium compound to give a hydrobromide, a 
stannichloride, and a perchlorate. 

(2) Hydriodic acid or zinc distillation reduce it to xanthone (378). 
(3) AUiali fusion gives 2, 2'-dihydroxybenzophenone (379). 
(4) Zinc and alkali reduce xanthone to xanthydrol (380), a valuable reagent 

for the estimation of urea. 
(5) With zinc and acetic acid a dixanthylene derivative is obtained (381). 

* Chovreul, Ann. Chim. Phys., 1808, [1], 225. 
* Perkin and Robinson, 3 908, 98« 496. 
* Kolbe and Lautermann, Ann., 1800, 118, 197. 
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CO CH(OH) 

\/\Y\/ \/\Y\/ 
o 

Y \ 
/ \ 

/KOH Zii + Aca\ 

O 
(380) 

0 

CO 

OH HO 
(379) 

\ 
/ / \/\ 

\/\aJ 

\/\ 

AJ \ A 
o 

(381) 

Cows ftni on mango loaves {Mangifera indim) have a deep yellow urine 
which, if warmed, deposits a yellow pigment. The insoluble pigment is made 
into balls and constituted, at one time, the ‘ Indian Yellow ' of commerce. 
It is largely euxanthic acid, the 7-glucuronic acid derivative of euxanthone 
(1,7-dihydroxy xanthone) (382), and is present as the calcium or magnesium salt. 

H CO OH 

HOfA\/" "" 
CO 

CH.Of^ /\/ 

X 

OH 
/V 

OH 
\/ 
0 

(383) 

Grentisin, the yellow pigment from QerUiana lutea, is the 9-methyl ether of 
1, 3, 7-trihydroxyxanthone (383) called, for inconvenience, gentisein. These 
two colouring matters are easily synthesised by boiling together resorcinol or 
phloroglucinol with 2, 5-dihydroxy benzoic acid, in acetic anhydride solution, 
e.g. 

COOH OH CO OH 

HOfA\A , /\ ho/ V \ 

Y A + HOli JOH Af,0 

OH 
Daphnetin.—It is hardly surprising that some of the a-pjTones show colour, 

and that the polyhydroxycoumarins are mordant dyes. One which has attracted 
some attention from an academic standpoint is daphiietin, 7, 8-dihydroxy- 
coumarin (384), the 7-gluco8ide of which is the active principle, daphnin, 
of various Daphne sjiecies, including D. mezereon. 

Turmeric, the underground rhizome of Curcuma longa contains a powerful 
yellow pigment, ourcumin (386) which Ciamiciari and Silber, as far back as 
1897, regarded as a dicinnamoylmethane compound. It was subsequently 

(384) (386) 

i^own to be a dimethoxydihydroxydiciimamoyl methane (385), and was 
synthesised by Lampe.^ 

Ber, 1918, 51, 1347, 
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APPENDIX III 

PHOTOGRAPHIC DEVELOPERS 

Many organic substances are capable of acting as photographic developers, 
and their manufacture occupies a significant place in the industry of chemical 
synthesis. The latent image on a photographic film or plate is produced by 
the photochemical decomposition of silver halide; early investigators thought 
that a subhahde was formed, but later investigators incline to the view that 
the effect is due to the incidence of light engendering a disturbance in the 
silver/halogen lattice, by which some halogen ions escape, leaving the lattice 
relatively richer in silver. Thus, although the silver halide has not changtxi 
visibly, it is, after exposure, permeated with silver ions, the concentration of 
which will vary according to the intensity and length of exposure. 

Many organic compounds, mainly phenols and amines, have the power to 
‘ develop * or render visible the silver-ion pattern of the latent image. Thus, 
pyrogallol, one of the earhest developers, was first used in 1872 ; Abney, in 
1880, introduced hydroquinone, and a few years later Andersen drew .attention 
to the developer properties of p-phenylene diamine, and of sodium amino- 
naphthol sulphonate. The whole field was carefully investigated during the 
last two decades of the nineteenth century by the Lumiferes,^ and from the 
more academic aspects, by Homolka. Two very important conclusions were 
reached during these researches : (1) that there is a fundamental difference 
between ‘ development * and mere reduction; many phenols and amines 
which are excellent reducing agents for silver salts are without the power of 
rendering the latent image visible; and (2) that ortho- and para-substituted 
compounds show developer properties whilst rncto-substituted compoimds do 
not. 

The former observation, largely due to the work of the Lumiferes, appears to 
be related to the rate of deposition of the added silver. It is essential for the 
correct development of the latent image, that the amount of metallic silver 
deposited shall be strictly proportional to the lattice-ion-disturbance. With 
many organic reducing agents the tendency is to create a ‘ snowball ’ effect, 
where the first particles of silver formed engender the formation of further 
metallic silver with the residt that the plate is blackened all over indiscrimin¬ 
ately. This tendency is restrained in many ways : by incorporating sulphur 
compounds, such as thiourea, into the emulsion ; by using bromides in the 
developer ; and by using such developing substances as will cause proportionate 
deposition. In this connexion, it may be remarked that the ' unit ’ of the 
photographic image is the silver halide grain, silver being uniformly deposited 
throughout each individual grain to the degree warrant^ by the disturbance 
of its space-lattice, and to a degree proportional to the intensity of the original 
exposure. Thus, as far as may be practical, attempts are made to obtain as 
fine-grain an emulsion as possible, since the absence of variations in density 
throughout the individual grain ma^es this the controlling factor in the ultimate 
resolution of the image. 

Homolka drew attention to the fact that the observations of the Lumibres 
(that true developing properties were present in o- andp-substituted compounds, 
and not in m-substituted substances) are only true when the members of the 
latter group are capable of keto/enol tautomerimi. Thus, phloroglucinol, 

^ A. and L. Lumiftre published their results in the Bull, Soe./raiie, phoiog, (between 1891 
and 1914), which is not easily available in this oountry. A sununary of t^ir work will be 
found in the reports of the 7Ui and 8th Ckmgresses of Industrial Chemistry (ChimU Indu^ri§ 
CongrU ind,), 1927 and 1928. 
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m-aminophenol, resorcinol, and many of their analogues which can show 
tautomerism as in (386), are useless as developers; on the other hand, 

(386) 

CO 

IHg CHa 

Co Ijo 

OH 

H,c/^,CH3 

CH3 
(387) 

‘ mesoresorcin ' (dihydroxymesitylene) (387), in which keto-enol tantomerism 
is precluded by the presence of the methyl groups, is an excellent developer. 

The main substances used as photographic developers are listed in Table 
XVIL 

TABLE XVII 

SoMK PnOTOOliAJPHIC Develoi'kus 

iSame Formula General properties 

3-Amino* 6-hydroxy benzyl 
alcohol (hydrochloride) 

Edinol 

CH,OH 

HO,^\ 

Yellowish crystalliiie powder easily soluble 
in water 

l-Amino-2-naphihol-3, 6- 
diflulphonic acid (Na salt) 

Diooenal (Diogene) 

NH, 

lYY” NaSO,', ^SO,Na 

(Jolourloss noedlofl, decomposing without 
melting on heating. Easily soluble in 
water 

l-Aniino-2-naphthol-6-sulph- 
onic acid (Na Bait) 

ICONOOEN (EiKONOGEN) 

NH, A dihydrato crystallising in rhombohedra. 
It is easily soluble in water 

4*Aniinopheiiol OH 

0 
NH, 

Both the base m. 184°, and the hydro¬ 
chloride are used as developers. Both 
are soluble in water, but the base is 
sparingly so in the cold 

6-Aminoealioylic acid hydro¬ 
chloride 

Nbol 

OH Crystallises in long needles which can be 
sublimed. Not very soluble in water, 
but readily soluble in alkaline sulphite 
solution 

Chlorohy dro(| u inone 
Adurol 

OH 

Of 
HO 

oo»s. 

Forms needles, m, 104°, easily soluble 
in water, alcohol and ether. With metol 
base, it combines to form chloranol 

Diaminohydroxydiphenyl 
Diphbnal 

An ‘ acid * developer ; forms long needles, 
m. 148° 

2, 4-Diammopheixol dihydro* 
chloride 

Ajodol 

OH 

^NH,. Ha 

Colourless needles, easily soluble in water. 
A widely-used developer 

ra..Ha 

24 
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TABLE XVII (continutid) 

Name Formula (iouoral proportlos I 
2,4-Duiiiiiuo rosorciii diliydro OH An improvement on Amidol, but more 

chloridt' . HOI 

NH,. HCl 

exix^nsive 
i 
1 

Hydroquinone OH Long hexagonal prisms. One of the most 

6 
widely used developers ; often used in 
combination with p-phenylene diamine 
as Hydramine 

OH 

4-Hydroxyphenylainuio OH Neodlew, easily soluble in water 
mothano siilphonic acid 
(Na salt) i') 

EimEKIN 
NH . CH,. SO,Na 

p-Hydroxyphenylgly( ine OH Plates ; not very soluble in water, but 
Glycine sulphites and alkalies are able to form 

u easily soluble comjwunds 

NHCH,. COOH 

p-Methylamiiio phenol OH Needles, easily soluble in wat^T. A 
sulphate favourite developer; the base forms a 

Metol 
0 

double compound with hydroquinone, 
often knouTi as ‘ M-Q ’ 

NHCH,.(iH,S04) 

p-Phenylone diamine NH^ Triclinic prisms; m. 117° b. 267°. Very 

0 bable to cause dermatitis in use 

1 V/ 
NH, 

Pyrocatechol /\oH Easily soluble in water ; has only recently 

Qoh 
become available technically, and shows 
some advantages over pyrogallol 

Pyrogallol OH Needles in 126°. A weD-tried and ‘ con¬ 

/\0H 
trasty ’ developer 

IJOH 

APPENDIX IV 

FERMENTATION AND ENZYME ACTION 

The study of fermentations and of enzyme action constitutes a definite 
and important section of biochemistry, and has been the subject of so much 
research, that in this Appendix only a few aspects can be touched upon, and 
these only in brief. 

Ferm^tations have been known from time immemorial; the conversion of 
saccharine liquids to alcoholic liquors (grape-juice to wine or barley-wort to 
beer), the formation of vinegar, and the souring of milk are all processes known 
to the ancients, and used productively, but these users had no conception of 
the precise causes underlying the changes. Knowledge of fermentation was 
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considerably advanced when Pasteur showed that in vinous fermentation, the 
inoculation is caused by air-borne yeast cells, and that chance inoculation by 
unsuitable (‘ wild ') yeasts or other organisms might result in spoiling the wine. 
This brought the rationale of vinous fermentation into line with the then existing 
knowledge on the yeast fermentation of sugar and cereal worts, with the pro¬ 
duction of alcohol. 

TABLE XVIII 

Some Common Enzymes 

No. Name ot entymn 
Enzymes 

regembUnK or 8ub>^trate Products Source 
Identical wltl»— 

1 Amygdalase Ainygdalin Mandelonitrile gluco- Almond seerls 
side -f glucose 

2 Amyla«c Diastase Starch and 
dextrine 

Arginine 

Maltose Many plants 

3 Argiriase Ornithine + urea Vetch sprouts 
4 Carboxylase a-Ketonic acids Aldehydes -f COj Yeast; and some 

roots 
5 Catalase Hydrogen peroxide Water and Oj All higher plants 

0 Odlulaao (^ytase 
CJellulose 
HorniceUulose 

Cellobiose 
Rodueiiig sugars 

Seeds 

7 Chlorophyllase Chlorophyll Phytol chloro- Green leaves 

Citric oxidase 
phyllide 

8 Citric acid A mixture -f COj, Cucumber seeds 
9 Deaminase Amino-acids Hydroxy-acids -f Liver; bacterial cells; 

NH, Plants 
10 Erepsiii Peptidase, Peptones and Amino acids Intestinal tract 

11 a-Glucosidoso 
As})argirja8e peptides Plants 
Maltaae Amides Amino acids -f NH, Germinating barley 

a-Glucosides Glucose + hoxoees Leaves ; cereal grains 
(both heterosides or hydroxy com- 
and holosidos) pounds 

12 ^•Gliicosidaso Primose /S-Glucosides Ditto Cherry and allied sp. 
Emulsin leaves 

13 Iiidophonol Cytochromes Oxidised cyto- Yeast 
oxidase chromes 

14 Indemulsin ludican i Glucose -f indoxyl Iruligofera sp. 
15 IfivertcMjf) Sucrose Sucrose Invert sugar Many plants ; yeast 
16 Inulase Inulin Fructose Dahlias and artichokes 
17 Lipase Fats Fatty acids + Animal tissues ; liver; 

Oxalic oxidase 
glycerol Seeds 

18 Oxalic acid CO, 4- H,0 Orange seeds; rhubarb 
19 Oxido-reductase Reductase Nitrate Nitrite Bacteria (meat pick¬ 

ling) 
Plants 

20 Oxygenase Dihydroxy aryl 1 Quinones Most higher plante 

21 Oxynitrilasts 
compounds 

Emulsin Mandelonitrile Benzaldehyde -f Cherry and laurel 
HCN leaves 

22 Pectase Pectin Pectic acid -f* meth¬ Clover 
anol 

23 Pectinase Pectin Aldohexosos Sprouting cereals 

24 Pepsin Proteins Proteoses and pep¬ Stomach 
tones 

25 Peroxidase Hydrogen «md Water -f oxygen Plants 

26 Phosphatase 
organic peroxides 

Phytase Phytin H,P04 4- inositol Seeds 
27 Proteases Papain, Proteins Proteoses and amino Fruits, especially 

Bromelin 
(? mixtures 
of erepsin 

acids Pawjmw and pine¬ 
apple ; animal tissues 

27a 1 Reimin 
-f pepsin) 

(^’asoinogen Casein Calf Stomach 
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TABLE XVIII {continued) 

No. Name of enxyme 
Enzymes 

resembling or 
Ideiitioal with-— 

Substrate Products Source 

28 Sinigrinase Myrosin Sinigrin AUyl thiocarbimide Crucifers 

29 
30 

Thrombase 
Trypsin 

Prothrombin 
Proteins 

-f glucose -f 
KHSO4 

Pol5q)eptide8 and 
Blood 
Pancreas 

31 Urease Urea 
Amino-acids 

Cyanic acid + NH, Micrococcus urece 

32 Xanthine oxidast' Xanthine Uric acid 
Soya bean 
Lupin seeds 

33 Zymo&e (A mixture) Hexoses Alcohol CO, Fruits and yeast 

.._J 

It was only natural that chemists of subsequent generations should enquire 
more closely into the precise mechanism of fermentation. Many chemists 
regarded fermentation as indissolubly bound up with the life processes of the 
fermenting organism, but Liebig, who made a close study of the matter, opposed 
this view, although at that time his views of the matter were not generally 
accepted. It remained for Buchner, in 1897, to show that the active principle 
of fermentation could be liberated from yeast cells by grinding them with 
sharp sand, and that a filtered extract could be obtained which would efifect the 
conversion of glucose to alcohol in the same manner as the cell itself. It was 
thus first demonstrated that the ferment, or ‘ enzyme ’, can exist and discharge 
its especial duty apart from the living organism. Following this important 
advance, many enzymes have been prepared, many in sufficiently pure state 
to show crystalline structure (e.g. pepsin, trypsin and rennin). Thus it can 
now be taken as a starting point in the chemical study of enzymes and fer¬ 
mentation, that enzymes are chemical individuals of considerable complexity 
w'hich are capable of acting on organic substances in a maimer similiar to the 
catalysts, familiar in inorganic chemistry. For convenience a number of the 
more common enzymes and their properties are summarised in Table XVIII. 

This list (Table XVIII) makes no pretence of being exhaustive, since many 
other enzymes are known. Little is known of their chemistry considered from 
a structural standpoint; and having regard to the great difficulties of obtaining 
them in a pure state, it is not unlikely that some enzymes now regarded as 
diifferent will be found ultimately to be impure forms of the same substance, 
and that others now regarded as homogeneous will be found to be mixtures. 
In this connexion it must be remarked that the same enzyme from different 
sources may appear different owing to the preponderance of secondary material 
with which it is mixed ; indeed, the differences of optimum pn at which they 
work may be conditioned, not by the enzyme, but by the impurities with which 
the preparation is mixed. Thus the three * enzymes ' (or varieties of enzyme) 
of the Upase group obtained from castor seeds, Carka papaya and aspergillus 
have optimum pH values for the hydrolysis of tributyrin at 5, 6 and 8'6 respec¬ 
tively. This does not, however, prove that they are different, but that the 
effect of the admixed impurities requires a different pH for suppression according 
to their nature and that of the source from which they are derived. 

The fermentation of sugars to alcohol affords an example of enzyme action 
illustrating the complexity of the stages involved. The enzyme involved, 
zymase, has been shown to be a mixture, and to contain a number of individual 
compounds, or enzymes, each with a specific purpose, together with a number 
of essential ancillary substances. Of these, oozymase is interesting on account 
of the fact that its structure has been revealed; similarly cocarboxylaee is 
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known to be the pyrophosphoric ester of vitamin The formula of cozymase 
is given in (388). Thus, it appears that the enzymes are all, most probably, 
substances of definite, albeit complex, structure, and that their activity may 
be regarded as the regenerative E in the cycle :— 

—>■ E -|" A EB C 
EB “1“ E M -f- N -j- E 

_t 

The scheme shown on page 374 indicates the complexity of the processes of 
alcoholic fermentation, and even so, has been simplified by the omission of 

NH, 

N 
I fONH. ONa OH N- 

—X I \ / I O-p \,/\/ 
N—CHCHCHCHCH.OPOPOCH.OHCHCHCH—N N 

“i II II II 
[Cl] OH OH 0 0 OH OH 

(388) Coz5rma8e 

any reference to the phosphoric acid cycle, which involves the formation and 
decomposition of adenine triphosphate. A glance at this scheme will immedi¬ 
ately indicate the large part played by phosphoric acid and its esters in the 
fermentation of sugars. 

In the first stage, the formation of a hexosediphosphate molecule is of para¬ 
mount importance ; this essential step, the importance of which was demon¬ 
strated by Harden and Young, gives the key to much that follows. For more 
easy consideration the discussion of the fermentation is divided into Stages. 
It must, however, be premised that the reactions described are often only the 
principal changes to be associated with these stages, and that many side- 
reactions take place. The scheme set out on page 374 is almost identical with 
that of Meyerhoff and Kiessling.^ 

Stage A.—The formation of the hexose diphosphate appears to be associated 
with the enolisation of the sugar giving the 1, fi-diphosphoric ester of fructo- 
furanose. This in itself is a complex process, and mannose 6-phosphate has 
been found in small quantity accompanying the fructofuranose ester, Willstatter 
goes so far as to suggest that the formation of hexose diphosphate is completely 
indirect and takes place with the intermediate formation of glycogen ; there 
is, however, little evidence for this, and the viewpoint was taken up before 
the true significance of the phosphoric esters was realised. It is generally 
held that the time mechanism of hexose diphosphate formation is through the 
isomerisation and enolisation of glucose. 

Stage B.—^Meyerhoff and his co-workers were able to demonstrate that in 

CH,. 0(P03H,) 1 CH,. 0 

io 1 io 1 
HO. C.H j CHjOH 

H. C.OH 1 CHjOH 

H. C.OH Ao 

in,. 0(P0,H,) iHgOlPOaH,) 

^Meyerhofi and Kiesaling, Biochem, 1936, 281, 249, and 883, 83. 
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Diagrammatic Scheme of Glucose Fermentation 
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contact with yeast enzymes, fnicto-furanose-l, G-diphosphate is very readily 
converted to dihydroxy acetone phosphoric ester. The procedure shown at foot 
of ])age 373 is reversible, and although a structural dismutation, is capable 
of attaining true equilibrium in the presence of yeast enzymes. An enzyme, 
aldolase, is responsible for this disproportionating reaction. 

tillage C.—^The dihydroxy acetone phosphoric ester described in the previous 
stage passes quite readily into the isomeric glyceric aldehyde phosphoric ester, 
and this is converted by cozymase to a mixture of 2- and 3-phosphoglyceric 
acid (mutually intraconvertible) and a-glycerol phosphoric ester. At the same 
time the cozyraase is reduced to dihydrocozymase. The diagram (p. 374) 
does not indicate that the main reaction is the conversion of aldehyde to acid 
and that fonnation of a-glyceroi phosphoric ester is a side reaction, and does not 
withdraw more than a few per cent, of material from the main reaction unless 
some reagent, such as bisulphite, is present to stop the formation of ethanol 
from H(‘etalde}iyd(‘, under which circumstance glyceryl and phosphoric ester 
is form(‘d by utilisation of the hydrogen of dihydrocozymase. The phosphoric 
radi(tle is ultimately split off from the glycerol, which is found to an extent of 
about 3 per cent, in the wash from a normal fermentation, although with 
sulphite's present the glycerol content can be increased to 36-37 per cent. This 
constitutes a well-known and industrially us(^ method of manufacturing glycerol. 

Stage D,—The main product of the previous stage, 2-phosphoglyceric acid, 
is found to lose the elements of water, giving the phosphoric ester of the 
eiioli(t form of pyruvic acid. It is not yet clear as to whether this action is 
{>un*ly chemical, but it is followtxl by an indubitable enzyme a(*tion, namely 
the transference by an enzyme of the phosphoric rmdue to glucose with for¬ 
mation of hexose diphosphate and liberation of pyruvic acid itself. The hexose 
di])ho8phate thus carries the phosphoric acid back in the form of a regenerative 
ryclc. 

Stage E.—The decarboxylation of pyruvic acid to acetaldehyde and carbon 
dioxide is a simple process brought about by carboxylase. 

Stage F.—The rcKiuction of acetaldehyde to alcohol is complex ; the 
pres^mce of phosphoric acid, glucose and hexosediphosphate is necessary in 
addition to the aldehyde, and the net result of the reduction is that the hydrogen 
of dihydrocozymase is transferriHl to aldehyde, two molecules of 3-phospho- 
glyceric acid are formed and cozymase is liberated ; both the latter are, there¬ 
fore, part of a cycle of operations (indicated by a broken hne in the scheme on 
page 374). There is much evidence to indicate that a labile hexose mono¬ 
phosphate is involved in this stage of the process, but even if present its signi¬ 
ficance is not clear. 

By these complex stages glucose becomes converted to alcohol—^usually by 
the actual growth of yeast in the solution ; the maximum concentration of 
alcohol w^hich is produced is about 18 per cent. 

Many other enz}mie actions are known, but only a few have received the 
detailed study neet^ssary for a proper knowledge of the chemistiy^ of their 
intermediate stages. Similar, in some ways, to the processes of alcoholic fer¬ 
mentation, are the processes of muscle metabolism, indicated in outline in the 
diagrammatic scheme on page 376. The central point in animal carbohydrate 
metabolismds glucose, and this sugar may be either built up in storage depots 
as the starch glycogen, or ** burnt ’’ with the release of energy. It is the latter 
process w'^hich has been the subject of much investigation ; essential steps in 
the cycle is the reaction of glucose with adenyl pyrophosphate to give a hexose¬ 
diphosphate and adenylic acid, and the effect of adenosinetriphosphatase on 
the myosin fibres of muscle tissue.^ It is clear that if work is done by muscular 

^ For a detailed survey of the relation of myosin and ^enosin© triphosphatase see 
M. Needham, Biochem. «/., 1942, 113 and K. Bailey, itnd,, p, 121. 
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contraction a corresponding quantity of energy must be transformed chemic¬ 
ally ; this is liberated by the oxidation of the hexose-phosphate-phosphatase 
system by the oxygen of the blood stream ; as shown in the diagram below , 
the first recognisable breakdown product is pyruvic acid, but lactic acid 
is one of the resting points in the degradation. There is, however, a partial 
re-sjmthesis of lactic and phosphoric acids to give more hexose phosphate 
glucose and part of the lactic acid furnishes the necessary energy for this 
purpose by complete oxidation to carbon dioxide and watc^r. 

Thus the contraction of muscle fibre is associated with the conversion of 
hexose mono- or di-phosphate to lactic acid ; recovery of muscle tissue is 
likewise associated with the reverse process ; since the latter process is slower 
than the former, there will arise a deficit in hexose diphosphate and a surplus 
of lactic acid after persistent repetitive muscular effort, leading to the condition 
of fatigue. 

Diagram of Muscle-Action 

A limited application of enzyme processes is made in the large-scale pro¬ 
duction of certain organic chemicals. Some typical examples are :— 

1. Itaconic acid.—20 per cent, solution of oom-syrup is inoculated wdth 
AspergiUvs terreua. As the organism is of surface growth, the fermenta¬ 
tion is carried out in shallow glass-lined pans. After 10-12 days the 
filtered liquor is concentrated and yields one pound of itaconic acid for 
each foxur pounds of sugar consumed. 

2. Citric acid, although of natural occurrence in the juice of lemon and 
pineapple, is produced in considerable quantities by the fermentation of 
glucose by CUromyces. Gfluconic acid can also be prepared industrially 
by fermentation. 
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3. USorbose is obtained industrially from the fermentation of sorbitol by 
the sorbose bacterium. 

4. Penicillin is obtained as a product of the fermentative life-cycle of 
Penicillium notatum (see Vol. II, ‘ Medicinal Chemicals '). 

5. Butyl alcohol and acetone are obtained by the fermentation of maize 
mash. 

6. Butyric and lactic acids can both be obtained in industrial bulk by the 
action of the appropriate organism on media rich in lactose (e.g. whey). 

In general, however, it is not possible to advance detailed chemical explana¬ 
tions of the s^ges involved. 



CHAPTER VI 

THE ALDEHYDES AND KETONES 

“ Hydhidk of Benzoyl, . . . certamly does not pre-exist iu the alrnoinis ; it is 
fornvcHl by the action of wat^'r upon a peculiar crystallisable HuV)8taju^e, called 
amygdalin, aided in a very oxtnu>rdinary manner by the pn^sonco of the pulpy 
albuminous inattt^r of the seed.” 

—G. Fownks, “ Elementary Chemistry ”, 1850. 

Some tonfusion existed at tlie time of Seheel(‘ as to the identity of ae(*talde- 
hyde and diethyl ether ; by oxidising aleohol witli manganese* dioxide and 
snlphiirie acid, Seheele ^ obtaiiu'd, in 1782, a higldy volatile snbstanee which 
he thought to be etlu'r. Jt must, liowever, be nmiembered that the t(‘rm ‘ eth(T ’ 
had at that time no precise eoimotation, and was applied indiseriminattdy to 
very volatile bodies of pronounced oilour ; indeed, Scheele himsi*lf shows signs 
of distinguishing this ‘ ether ' from the eommon or ‘ vitriolated ’ ether. Dabit, 
as long ago as 1800, observed that the ‘ether’ prepared in the maimer of 
kScheeie from alcohol, manganese dioxide and sulphuric acid, was g(*ncrat(‘d by 
the removal of part of the hydrog(m of the alcohol, and its convc'rsiou to water. 
Fourcroy and Vaiiqueliii,- later in the same year, confirmed this view, and 
dearly distiiiguishtd the new volatile principle, from ordinary (dher, and from 
‘ nitric ether ’. Their remark tliat “ th(‘ aleohol does not lose any carbon but 
only a portion of its hydrogen, which combines with th(‘ oxyg(ii of the black 
oxide of manganese ”, is a remarkably accurate expr(\ssion of the facis. 
Dobereirier, during 1823-1828, observed that the new ether n‘sinifi((l with 
alkalies, and that in concentrated form its vapour was suiTocating rather than 
ethereal ; during his researches on platimim-black, hc‘noted that, in its presence 
alcohol and air were capable of pving the newv substan(‘e. It w^as during an 
extension of this w'ork that Liebig^ observed that two distinct prodmds were 
formed, a less volatile one wiiich he called acetal, and an extremely volatile 
and pungent liquid, which he was also able to isolatt^ from the products of 
oxidation of alcohol with nitric acid. His analyses demonstrated that this 
new' substance contained tw'o atoms of hydrogen less than does the alcohol 
from which it w'as producc'd, thus leading to the name alcohol-dehydrogeriatuin, 
afterwards abbreviated to aldehyde. 

The study of the oxidation of methyl alcohol was commenced about the 
same time as the recognition by Liebig of the nature of aldehyde, but the 
corresponding oxidation product w'as not isolated from this source until 1867, 
when Hofmann ^ prepan^d it by suspending a red-hot platinum spiral over the 
surface of methanol; the combination of the aerial oxygen with the methanol 
yields sufficient hc^at to maintain the platinum at a red heat. Formaldehyde 
had b<ien discovered some years previously by Butlerov ^ in attempts to prepare 
methylene glycol, CH2(OH)j by the hydrolysis of methylene acetate, 

CH2(0 . C0CH2)2. 

It was, of course, soon realised that the aldehyde from methanol was gaseous 
at ordinary temperatures, and could be handled conveniently only in solution. 

^ Scheele, Kongl, Vetenekape Academens Nya Handlingar, 1782, 3, 35. 
* Fourcroy and Vauquelin, Ann, de Chimie,, 1800 (1), 34. 318. 
» Liebig, Ann., 1835, 14, 133 ; 1837, «2, 273. 
< Hofmann, Proc, Roy. Soc., 1867,16, 156. » Butlerov, Ann., 1859, 111, 242. 
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Meanwhile, in 1847, Bussy ^ hacl obtained “ oenanthol ” (normal heptalde- 
hyde) by the destructive distillation of castor-oil, and benzaldehyde had Ixicn 
kiiowTi for some considerable time as “ oil of bitter almonds An impetus was 
given to the study of aldehydes by Wohler and Liebig’s classical memoir, “ in¬ 
vestigations on the Radical of Benzoic Acid from which it was clear that, just 
as “ benzoyl hydride (or benzaldehyde) is related to benzoic acid, so all acids 
must have a coiresponding aldehyde—or hydride of the radicle. 

Acetoms the prototype of ketones, has been known for many centuries. 
It appears first to have been prepared by the distillation of lead acetate (sugar 
of lead) ; Libavius, in 1595,® described this mode of preparation, and regarded 
the product as the “ quintessence ’’ of the raw material. Many of the earlier 
chemists n^garded acetone and alcohol as identical, and it remained for the 
indefatigable Boerhaave, in 1732, to demonstrate the individual nature of 
acetone. Nearly eighty years elapsed before further work was done on the 
subject, \\h(‘n the brothers Derosne, and Troramsdorf obtained it by alternative 
methods. Even when Liebig, in 1832, established its empirical formula, there 
was still doubt as to its constitution. This appears to have been suggested by 
Williamson about 1850, and the now accept^ view of its structure was con¬ 
firmed by tl)e synthesis of Freund ^ in 1861 ; he obtained it by the action of 
zinc nudhyl on acetyl chloride. 

2CH3 . COCl + Zn(CH3)2-j^2CH3COCH3 + ZnOlg. 

In general, aldehydes and kidones have similar properties, although, as 
might be expected, the ald(‘hydes are more reactive ; it is convenient to regard 
th(' aldehydes as a special case of ketone d(welopment in that, whereas the 
k(*tones arise by dev(‘lopment of radicles on both sides of the carbonyl group, 
with aldehydes this development takes place on one side only. 

General Methods of Preparation 

As aldehydes may lx* considered as anhydrides of the extremely unstable 
1, l-glycoLs 

R . CH(0H)2-X R . CHO -f HgO 

methods dc^signed to produce such glycols invari^ibly lead to the fonnation of 
aldehydes. Such, for example, is the hydrolysis of dihalides in which two 
halogen atoms are attached to the same carbon, e.g. by heating etbylidene 
di bromide w it h w'at (T and a base under pi*es8ure, acjctaldehyde is obtained :— 

CH3. CHBr^ f H2O-^ CH3. CHO f 2HBr 

or the formation of benzaldehyde w hen benzal chloride is boiled with milk of lime 
—a process w hich serves for its industrial preparation :— 

CeH^ . CHCI2 + HjO-^ CeHfi . CHO + 2HC1 

A variidy of methods has kxm evolved for dehydrogenating primary alcohols 
to produce the corresponding aldehyde, and this object can be attained either 
by the use of direct oxidising agents or by catalytic means. 

Direct oxidation of the low^er primary alcohols can be brought about by 
manganese dioxide and sulphuric acid, or by chromic acid in the presence of sul¬ 
phuric acid ; for acetaldehyde this mixtuix^ is imj^roved * by the addition of 
nitric acid, using a mixture of 10 per cent, sulphuric acid with half its volume 
of nitric acid (d. 1*42), and one-quarter of its weight of sodium dichromate. 

* Wohler and Liebig, thid,, 3, 249. 

» WerUieiiu. J.A.C\S., 1922, 44, 2658. 

' BuHsy, Ann., 1847, 60, 246. 
^ Andnxis Libavius, Aldhymitt, 1595. 
* Freund, Ann., 1861, 07, I. 
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The yield of aldehyde is lowered in cases where the oxidation is carried out 
in acetic acid by the formation of an acetyl derivative of the enol form of the 
aldehyde :— 

R . CH,. CHO-^ [R . CH=CH . OH] R . CH=CH . OAc 

As the carbon chain of the alcohol lengthens, so the amount of aldehyde 
obtainable b3' dichromate oxidation alters, increasing up to five carbon atoms 
and then decreasing as the amount of esters formed increases :— 

2 . R . CHjOH + O2-> R . CHa. O . CO . CHaR 4 2H2O, 

and as the volatility of the aldehyde decreases, rendering its escape from the 
oxidation milieu difficult, and its oxidation to the corresponding acid more 
certain. 

Many higher aldehydes with more than two, and less than ten, carbon atoms 
may be prepared by the catalytic dehydrogenation of the appropriate primary 
alcohol. Thus, the best way of obtaining propanal (propionaldehyde) is to pass 
the vapours of n-propyl alcohol through a heated tube packcxl with brass gauze. 
The use of so mild a catalyst prevents the reaction from proceeding further. 

Various modifications of the Grignard reaction can be adapted to produce 
aldehydes, particularly those with an a-tertiaiy carbon atom. Thus, if the 
Grignard reagent from (cr-butyl chloride is caused to react at a low temperature 

CH3s^ CH3,^ ^OMgCl CH3^ 

CH3—C . MgCl + H . COOCH3 -► CH -^ CH3—C . CHO 

CH3/ CHj/ \0CH3 CH3/ 
(1) 

with an excess of methyl formate, trimethylacetaldehyde is obtained (1). 
Tschitschibabin ^ used orthofonnic ester in a similar manner :— 

(CH3)3CHMgI + CH(0C3H3)3-> (CH3)3CH . Cn(OC,K,), 
-(CHjJgCH . CHO 

and subsequent workers appear to find that the best yields are obtained with 
ethyl orthoformate.* An alternative method of producing an aldehyde of the 
structure (1) is to allow sodjum ethoxide to react with a ketone (acetone, in 
this case) and ethyl chloroacetate * when an unstable ester is obtained (2) 
which readily splits up into the aldehyde (3) and carton dioxide :— 

0 + CICH2. COOEt 
-^ . COOEt 

CHO 

(2) (3) 

Bouveault * haa deviaed a method by which an alkyl bromide, R . Br, may be 
converted to the aldehyde R . CHO. It is first converted to the Grignard 
compound, which is allowed to react with a dialkyl substituted formamide, 
e.g. ^ethylformamide (4). A compoimd of the structure (5) is formed, and on 
boiling with water yields the aldehyde (6). 

R. MgBr + H . CO . N(Et), 

(4) 

B 

\!H . N(Et), — 

C^Br (5) 

R . CHO + NH(Et), 

(«) 
^ Taohitsohibabin, Ber., 1904, 87» 186. 
* Smith and Baylisa, J. Org. (7Aem., 1941, 6, 487. 
* Barzena, 1904,1214. 
* Bouveault, Bull. Soc. Chem., 1904 (iii), 81, 1183. 
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Various methods are available for converting acid chlorides to aldehydes. 
Thus, in 1909, Mauthner ^ observed that an acid chloride could be converted 
to an acyl cyanide and that the corresponding acid (7) gave the anil of aldehyde 
(8) on boiling with aniline :— 

R.COCI —^ R.COCN-► R.CO.COOH 
(7) 

Ph. NH, 
R.CH=NH.Ph —4. R.CHO 

(8) 

Rosenrnund ^ made a marked improvement in this field by demonstrating 
that acid chlorides in inert solvents can be directly reduced to aldehydes by 
hydrogen in the presence of catalysts such as palladised barium sulphate, or 
Raney nickel :— 

R . COCl R . CHO + HCI 

In this way benzoyl, butyryl and stearoyl chlorides may readily be converted 
to the aldehydes ; nuclear chlorine is unaflFected, as in the reaction :— 

/ V’H=c.:h . (JOCi /\CH=CH . CHO 

Grosheintz and Fischer^ discovered that good yields of many aldehydes 
(including butyryl, n-valeryl, ciimamic and o- and p-methoxy benzaldehydes) 
can be obtained by allowing the acid chloride to react with quinoline and 
anhydrous hydrocyanic acid ; a ‘ cyanhydrin * derivative (9) separates, and is 
hydrolysed by warming with dilute sulphuric acid, to quinoline carl:>oxylic acid 
and to aldehyde :— 

+ Cl. CO . R I + R . CHO 
CO.R 
(9) 

The method of Stephen,^ by which nitriles are reduced by stannous chloride 
in ether saturated with hydrogen chloride, has proved a valuable addition to 
the methods available for producing aldehydes. 

In essentials, Stephen's method involves the formation and hydrolysis of an 
imine, although it is probable that it is never isolated except as a stannous 
chloride complex during the normal course of the reaction :— 

R . CN R . CH=NH R . CHO + (NH,)jS04 
eUicr/HC) 

In his original memoir Stephen showed the reaction to be generally applicable, 
obtaining n-octanal, myristaldehyde, palmitaldehyde, stearaldehyde, benzalde- 
hyde, 3, 4, 6-trimetboxybenzaldehyde, and others. 

^ Mauthner, Ber., 1909, 42* 188. 
• Rosemnund et ibid-, 1918, 51* 586 ; 694 ; 1923, 56* 1481. 
» Grodheintz; and Fischer, 1941, 68* 2021. 
* Stephen, jr.C.fif., 1926. 127. 1874. 
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Mention must also be made of Longman’s method ^ for preparing aromatic 
aldehydes by the action of carbon monoxide on a suspension of anhydrous 
aluminium chloride in the appropriate aromatic hydroc^arbon. This appears to 
be a variant of the Gattennann reaction (see pp. 215 to 219). 

The Saturated Aliphatic Aldehydes 

I’he pliysical properties of some of the more important members of this 
series are shown in Table 1. Many of them occur naturally in How'ors and 

TABLE I 

Some Satitrated Aldehydes 

Systematic name 

Mothaiial 
Ethaiial 
Pro}>anal 
Butanal 
Pentanal 
Hexanal 
Heptaiial 
Octanal 
Nonaiial 

Decanal 

Undocanal 
Dodocanal 
Tetradecaiial 
Hexodecanal 
Octadecanal 
2- Methylpropan al 
2- Methylbutanal 
3- Methylbutanal 
2, 2-Diinothylpropanal | 

Formula 

H . CHO 
CH,. CHO 

. CHO 
CH,(CH,),. CHO 
CHjiCH,),. CHO 
CH,(CH,)4 . CHO 
CIUCK,), . CHO 
CH,(CH,),. CHO 
CH,{CH,),. CHO 

CH3(CH,), . CHO 

CH,(CH,),. CHO 
CH,(CH,),o. CHO 
CH,(CH,)„. CHO 
CH,(CH,)i4 . CHO 
CH,(CH,)i4 . CHO 

(CHjljCH . CHO 
CH,. CH,CH(CH,)CHO 
(CH,).CH . CH, . CHO 

(CH,),C. CHO 

M.P. B.p. 

-118^ - 19" 
-122'’ ■f 
-sr 49" 

— 75" 

— 103" 

131" 
153’ 

-- 02"/10 lain. 

78"/10 aim. 

92"/10amj. 

-4" I I n6"/18aini. 

44" 142"/22 ima. 

23-5H 166"/24 aiai. 

34'’ i 1 200"/29nim. 

63-5" ! 212"/22rmn. 
... j 63" 

1 92" 

Usual name 

Formaldeliyde 
Acetaldehyde 
I *ropioiial( iohyd(> 
Butyraldehydf* 
71-V aleralclehyde 
('apronaldehy do 
O]iianlliol 
Ca])rylic aldehyiie 
Pelargonaldohyde 
f (Japrinaldehyde 
\7i-D0cylic aldehy<l(* 
IJndeoylaldehyde 
Latiraldehyde 
Myristaldohyde 
I’alrnitaldeliyde 
Stearaldoliyde 

-Butyraldohyde 
Methy]<dhyla('.o (aldehyde 

92 o ; />e-Valeraldehydt> 
- i Pivalic aldehyde 

fruit to the odour of which they contribute considerably. The odour, which 
is irritant and pungent with formaldehyde and stupefying with acetaldehyde, 
becomes more agreeable as the molecular weight inereastis. Nonaiial has betui 
isolated from rose, mandarin and lemon oils ; d(H*anal from hunon-grass, (tassia 
and iris-root oils, and dodecaiial from piiie-oi). The syntheticaliy produced 
10-, 11- and 12-carbon aldehydes, together with 3-methylnananal and 3-methyl- 
dodecanal are used considerably in perfumery. 

Formaldehyde (Methanal), H . CHO.—As the initial member of the aldehyde 
series methanal shows many characteristics which arc exceptional when con¬ 
sidered in relation to the general behaviour of a]df‘hyd(\s. Its preparation 
is carried on on a large scale to provide material for the plastics industry (see 
Appendix II), mainly by the oxidation of methanol, an industry mad(^ possible 
by the che^p and readily available synthetic raw material. TJie thermo¬ 
dynamic investigation of the reaction 

CO + CH2O 

by Nevixin and Dodge ^ show that the reaction is entirely unfavourable to the 
synthesis of fonnaldehyde, since even at 300° and 1000 atmosj)}ieres the yield 
of aldehyde would only be 0-8 per cent, 

y l: •, 
* Longroan, EF,, 1915, 8152. 
®N<iwton and Dodge, J.A.O.S. 1983, 55» 4747, 
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The methanol oxidation process is carried out on a very larg(^ scale, about 
700,000,(X)0 lb. being pnxluccxl annually. The reaction has been ino.st carefully 
studied and inkuestcHl readers are referred to a summary by Homer ; ^ careful 
control of catalyst, temperature and pressure? of reaction are necessary to ensure 
optimum yields, largely by preventing the further decomposition of the product 
to carbon monoxide and hydrogen. 

An alternative process for formaldehyde production is the (jontrolled oxida- 
tioii of the simple paraffin hydrocarbons. Thus, methane is readily oxidised in 
this way 

+ O2-VCH2O + H2O 

The proc^ess has been claimed by Russian investigators ^ to yield 70 per (icnt. 
of the? aldehyde. Under suitably controlled oxidation conditions ethane, 
propane and butane also yield substantial amounts of formaldehyde, so that 
natural gas offers an alternative source of this product. The process has been 
used industrially in U.S.A.^ The biological formation of formaldehyde, as an 
inteniK'diat^ in the ph>’tochemical synthesis of carbohydrates, is discussed in 
Ajipc^ndix II to this chapter. Industrial formaldehyde solutions (‘ Formalin ’) 
contain about 37 per cent , w/w^ of the aldehyde calculated as CH^O, and 10 per 
cent, of methanol, which stabilises the aldehyde. 

Formaldehyde is int(?nsely reactive, and is seldom encountered in its mono¬ 
meric form ; it rc^adily transposes into a variety of polymers, and ev('n in aqueous 
solution is instantaneously hydrated to methylene glycol. These changes are 
summai'ised in 'Fable 11. 

TABLE II 

PoLYMKRic Forms of Formaldehyde 

absolute 
of water 

H . CHO OH,(OH), 

Presence 
of wator 

01 1 I TTrioxane (CH.O), 
huuple eyebe polymera J 

Anhydrous polyoxyraethylenes 

Methylene glycol 

Low* M.W. polyoxymethylene glycols 

Paraformaldehyde, a mixture of polyoxymethylene glycols 

a-Polyoxymethylenes H0(CH,0),,H where n>100 

That formaldehyde in solution is first converted to methylene glycol was 
shown by Staudinger,« who isolated the glycol as a thick syrup by extracting 
formalin solutions with ether at low temperatures, and by various observers of 
the physical properties of the so-called formaldehyde solutions, who pointed 
out * that in the U.V. absorption and Raman spectra, the characteristic lines 
of the carbonyl group were absent. 

> Homer, J. Soc. Ghent. Ind., IMl, 60, 213T. 
> Mayor, find. CMm., 1039, 26, 29Z. 
•Walker, U.S.P.( 1936), 2,007,115 and 2,007,116; (1936), 2,042, 134; (1939), 2.16.1,020; 

(1940), 2,186.688. .. ^ 
* Staudinger, “ Die Hochmoleculoren Organischen Verbindungen (J. Springer), berun, 

1932. 
» 8chou, J. Chem. Phya., 1929, 2e» 72. 
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Three types of formaldehyde polymerisation * are recognised, two linear and 
one cyclic. Thus, the two linear forms may be represented as 

. . . CHa—CHj—0-^ . . . 
and ... CH{OH). CH(OH). CH(OH). CH(OH) . . . 

whilst the cyclic forms are almost invariably 

The second linear form is associated with carbohydrate structure, and is, 
therefore, considered separately (see Chap. VIII). In the case of the polyoxy- 
methylene glycols, the end-groups of the chain are hydroxyls, and the structures 
involved are shown below :— 

Dioxymethylene glycol HO . CHj. 0 . CHg. OH 
Trioxymethylene glycol HO . CHg. 0 . CHg. O . CHg. OH 
Tetraoxymethylene glycol HO . CHg. 0 . CHg. O . CHg. O . C-Hg. OH 
Higher polyoxymethylene glycols HO . (CHgO)^ • H 

Some of the smaller (n = 2-12) polyoxymethylene glycols have been isolated 
and examined ; ^ the acetone solubility of these glycols decreases as n increases, 
the dodecaoxjmethylene glycol being only slightl}^ soluble in the boiling solvent. 
It will have been observed by the reader that the generic formula H0(CH20)„H 
implies that these glycols are constituted as n molecular proportions of form¬ 
aldehyde with one of water ; the percentage of “ formaldehyde (calculated 
as CHgO) in each will vary from 77 per cent, in the case of the dioxy-compound 
through 93 per cent, in the case of the octo-oxy-compomid, to figures approxi¬ 
mating to 100 per cent, when n is very large. Industrial ' paraformaldehyde * 
is a mixture of polyoxymethylene glycols with an average percentage of CHgO 
of 95-96 ; in such a mixture it is probable that n varies from 8 to lOO. 

Butlerov, the discoverer of formaldehyde, also first prepared paraformalde¬ 
hyde ; he considered it, on account of its apparent vapour density, to be 
dioxymethylene (CHgOlg ; Hofmann, however, recognised that the vapour 
produced was that of monomeric formaldehyde, and based his conclusions tliat 
the new substance was ‘ trioxymethylene ’ (CH20)3, on an ambiguous analogy 
with the thio-derivative. The name “ trioxymethylene ”, although erroneous, 
has been consistently used for paraformaldehyde ; its use should be abandoned 
as likely to cause confusion with the true trioxymethylene or trioxan (see 
p. 350). Paraformaldehyde is usually prepared by vacuum distillation of the 
aqueous formaldehyde solutions, when water with a little methanol passes over 
and solid paraformaldehyde remains in the still. Paraform is a convenient 
source of monomeric formaldehyde in the laboratory, being readily decomposed 
to the monomer on heating. 

The polyoxymethylenes are classified by the Greek letters, in the absence 
of any other simple distinguishing mark. They are :— 

oL’Polyoxymethylene.—high polymer containing almost 100 per cent, of 

* The term ** polymer should, strictly, represent only those compounds the empirical 
formulsa of which are exact multiples of that of the monomer. By common consent it 
has here been extended to cover structures including a small proportion of combined water. 

^ Staudinger, loc. eU. 
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CHgO. It is pr(‘j)a,r('d by the a<dion of acids or alkalies on aqueous fornialdfi- 
hyd(^ solutioiLS, and is charaetiTised by being almost insoluble in water ; 
prolonged treatment with wat<M‘ causes depolymerisation and solution. 

p-Polyoxyrnethylene.—Is obtained in minute, short, thick hexagonal prisms 
by mixing five volumes of industrial formalin with two of concentrated sul- 
phuri(j acid and allowing th(‘ mixture to cool. The crystals retain a little acid, 
but it is doubtful whether tliis is other than mechanically entrapped. The 
/5-furm is characterised by the ease with which it gives a ciystalline sublimate. 
It is readily solubh^ in sodium sulphite solution. 

y-Polyoxymethylene.—If in the preparation of the ^-forrn, the addition of 
acid is so regulated and combined with external cooling that the temperature 
does not ris(^ above 20'', a mixture of the jS- and y-forms s(*parates. They are 
separated by dissolving out the /3-forni in a solution of sodium sulphite. The 
y-form is a colourless crystalline product unaffected by sulphite solutions. It 
is not a true polyoxym(*-thylene, but arises from the etherification of the ter¬ 
minal h}^dr()xyl groups of polyoxymethylene glycols of high molecular weight 
by the methanol present in industrial formalin. Its stnicture may, the^refore, 
be r(*presented as :— 

CH3O . (CH20)„ . CH3 where n is 300-500 

h-Polyoxymeihylene.—When the y-form is boiled for some time in water, the 
t(^rminal groups undergo a rc'arrangement which results in the structure 

CH3O . CH2O . CH2O . . . CH2O . CH^CHCOH) . OCH3 

The [)roduct forms a whitt* micro-crystalline powder. 
€-Polyxynie(hylen€.—When trioxan is rej)eatedly subjected to sublinmtion 

from the sanu', (jontainer, an insoluble residue accumulates, a white silky, 
amorphous substance melting with decomposition at 195-200°. The stnicture 
of this substance is unkiiown. 

eu-Polyoxy methylene.—'This substance is formed when pure, anliydrous, 
monomeric formald(‘hYde is allowed to polymerise. Its formula is (CHgO)^, 
where n is of the order of 5000. It is quite different in its physical properties 
from all other polymeric forms of formaldehyde, being elastic and capable of film 
and fibre formation. On warming, eu-polyoxyroethylene shows plasticity, but 
it gives an X-ray pattcni indicating a cr^’^talline internal arrangement. 

Trioxan has already been discussed as a cyclic ether (p. 350) ; tetroxan, 
or t<3traoxym(dhylene, was prepared by Staudinger ^ by heating a high M.W. 
polyoxymethylene diacetate. It is a crystalline compound, m. 112°, and shows 
a stability similar to that of trioxan. 

The Reactions of Formaldehyde 

Butlerov, in his original investigations on formaldehyde, observed its almost 
quantitative reaction with ammonia to form the crystalhne hexamethylene¬ 
tetramine (Hexamine) (CH2)6N4. Industrially, hexamine is prepared by 
saturating formahn with gaseous ammonia and vacuum-evaporating the solu¬ 
tion to the point of crystallisation ; the centrifuged and washed crystals are 
the industrial grade of hexamine, containing about 0-3 per cent, of water and 
a little mineral ash (usually less than 0*2 per ctmt.). Recrystallisation from 
water containing a little ammonia gives a product which, for all practical 
purposes, may be considered pure. 

The formation of hexamine from formaldehyde and ammonia must, of 
course, take place by a series of reactions, the course of which has given rise to 
much speculation. The initial formation of methylene imine (10) appears in 

^ Staudinger, H, Chim, Ada*, 1925, 65. 

26 
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almost all suggested courses of reaction, Imt- whether this substance iiiunediately 
polymerises to trimetliyleiietriamine (11) or reacts with a birther quantity of 
formaldehyde, as methylene glycol, giving the hydroxy-imine (12) is not clear. 

TABLE 111 

Formation of Hexamine 

CHgO 4- NHj-V (TI =- NH F HaO 

' (10) 

CHtCOK)*/"" \ 

O
 

o
 

\ NH— -CH, 
1 - H.O 1 

(12) CH, 1 
NH 

j 

NH- -CH, 

Clla N C 

CH,OH NH, HOCHa 1 1 
OH CHa 

j 4- 

K-=C1J, 
OHaOH j. 

I 1 n 
NHa + HOCHa- 

1 
Is 

1 

(11) 

CH, 

CH,- ~N— -CH, 

j 
1 

CH, j 

N=-CH, j N 

CH,==n= =N CH, 

OH 

I 
CH„~ 

CH,- 

-N (13) 

-N- 

-N- 

~CH, 

CH, 
N—CH,-|-N 

CH,- -N- -CH, 

Ldsekann’fi structure.^ Duden €Uid Scharff’s structure.* 

If the former be true then subsequent reaction with formaldehyde would, 
according to Baur and Euetschi,^ give trimethylol trimethylene triamine (13) 
and this by further reaction with ammonia, hexamine itself. If, however, the 
secondary product is the hydroxy-imine, three molecules of this could react with 
ammonia to give hexamine (as in Losekaim's formulation). The symmetrical 

CH, -CH- -CH, 
N N 

H 

< 
—DH — 1_ _ r V/XI2 

,-( 

' ' ■ ■ ' - V 

^ c CH, 
(14) 

* Liteekiuan, Chem. Ztg., 1890, 14. 1409. 
' Duden and Scharff, Ann., 1895, 288, 218. 
* Baur and Buetschi, H. Chim, Acta., 1941, 24, 754. 



THE ALDEHYDES AND KETONES 387 

formula proposed about fifty years ago by Duden and Scharfi*, is commonly 
accepted, and is supported by X-ray examination. It makes hexamine a 
derivative (by nitrogen substitution) of the hydrocarbon adamantane (q^v,) (14). 
It is clear, however, that th(^ Losekaim st-nicture is closely related to this 
form, and could readily pass into it. Hexamine is frequently written as in (15), 
but X-ray data show that the structure is probably analogous to that shown in 
Fig, 9b, p. 130. The chemical properties of hexamine are further discussed in 
Vol. II. 

When formaldehyde reacts with hydj'azine an insoluble compound is formed 
which is reported to have th(‘ structure (16), although no formal proof of this 
has been forthcoming. 

CHg CH2 

^ \rH 

NH N NH 

\/\/ 
CH2 CH. 

(16) 

Formaldehyde reacts easily with hydrogtm cyanide,^ to form the nitrile of 
gly(‘ollic acid (17), but if the acid is replaced by sodium cyanide and ammonium 
chloride, the substance methylene aininoaeetonitrile is formed, probably as 
the trimer (18). 

Formaldehyde reacts with almost all common inorganic reagents such as 
halogens, halides, acids, hydrogen pcToxide, hydrogen sulphide, sulphur dioxide, 
etc. "J'he more importajit of tht\si^ reactions are deserib(H.i below. 

A most unusual type of reaction takes place with alkaline h5^drogen peroxide, 
in which liydrogen and an alkali formate are obtained :— 

2CH2O + H2O2 + 2NaOH-> 2H . COONa + 2H2O f 

This liberation of hydrogen was made the basis of a method for the estimation 
of formaldehyde by Blank and Finkeiibeiner.^ Under neutral conditions the 
methylolperoxides are formed :— 

Monomeihylol peroxide, HOCHgOOH.—An oil, 1*4205, exploding 
violently on heating. 

Dimethylolperoxide, HOCHj. 00. CHoOH.—A cr^^stalline product,m. 62-65°, 
obtained originally by Fenton ® by evaporating solutions of formalde¬ 
hyde and hydrogen peroxide. It ignites in contact with iron, copper 
oxide, or platinum black. 

hh’{Dimethylol) peroxide, HOCH2OCH2,0.0. CH2OCH2OH.—An oil. 

The reaction of hydrogen sulphide on formaldehyde dep^mds on the acidity 
of the solution ; in acid solutions a crystalline product,^ m. 97-103°, is obtained ; 
in neutral solutions, oily substances of the series HOCHgSH, HSCHg.O . CHgSH, 
HSCH2SCH2.0 . CHjSH are formed. 

On the other hand, in strongly acid solutions, the so-called trithian, or 
trithioformaldehyde is obtained, an odourless crystalline compound (from 
benzene), m. 218°. Its great stability and normal vapour density lend support 
to its formulation as the trimeric c3'^clic structure (18a) analogous to trioxan. 

^ Henry, O.H., 18d0, 110, 759. 
* Blank and Finkenbeiner, Her., 1808, 31, 2979. 
® Fenton, Proc, iJey* 80c. (A), 1914, 90, 492. 
^ Baumann, Ber., 1800, 28, 

CH’OH CN . CHo/"\. CHoCN 
H . CHO + HCN 

•'-i !N 

(17) . CH^CN 

(18) 
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LeF^vre ^ showed that when formaldehyde and aniinoiiium sulphide interact, 
a substance having the structure (19) is obtained. 

8 

OH3 I ' I I 
I 1 S C’H. S 

8 8 11^1 
\ / CJi,-N- 

CHj (19) 

(18a) 

Sodium bisulphite and formaldehyde unite to give a crystalline product 
which has beam used industrially for a variety of purposes, under the name 
‘ sodium formaldehyde bisulphite work of Rascliig and and of 
Lauer and Langkammorer ^ has shown this substanc*(‘ to be the methyloj 
sulphonic acid salt, HOCHg . SOgNa. It is n adily r(*duced to tlu' (corre¬ 
sponding “ sulphox^date ”, HO . CHg . SOgNa, which is its(‘lf a powc^rful n^diicing 
agent, and is used as a bleaching and stripping agent in ti^xtile dy(‘ing, and as 
a reducing agent in the preparation of dye-vats. 

The characteristic and irritating smell of formaldehyde ('an be d(‘tected at 
concentrations as low as ten parts per million. Formaldt')iv'd(‘ is a valuable 
germicide and antiseptic, and is used as such in considerabh' (plantities ; several 
of the polymers are equally efifective, due to tlaur slow n^vc rsion t(; tin* monomer 
in aqueous suspensions. 

Reactions of Formaldehyde with Hydroxylic Coniyounds.—WIk ji fcurnakh^- 
hyde solutions are mixed with nKdhanol, or th(* gaseous monomer is pass('d 
into methanol, a strongly exothermic reaction takes place with the formation 
of a hemiacetal ;— 

CHfi + CH3OH ^ CHgO . (Tf^OH 
Such hemiacetals are unstable, and tend to revert, on luxating, into the 

component molecules ; on the other hand, the presence of a trax e of mineral 
acid, or of feme or zinc chlorides, the reaction proc(‘(xls fiirtluu* witli the forma¬ 
tion of the formaldehyde acetals (called ‘ formals ’) :— 

CH2O + 2CH3OH-^ CHgO . CHg . OCH3 + H.O 
The formals are typical ethers in that they preserve a high chemical stability, 
although they are more readily hydrolysed in acid solutions than an^ the simple 
ethers. The simplest formal, methylal, CH2(OCH3)2, is availabh^ in industrial 
quantities being obtained by the controlled oxidation of methanol at low tern- 
peratures, anci in the presence of acid catalysts. It is clear that the nu^chanism 
of its formation under these conditions is the oxidation of a moie'ty of the 
methanol to formaldehyde which reacts witli tht‘ excess of methanol. The 
commoner formals are listed in Table IV. 

Stable cyclic formals are obtained when formaldehyde reacts with glycols 
and other polyhydroxy compounds. Typical examples are dioxolan (20), the 

CH2-O O--CH2 CHg-O CHg-^O 

in* C’H, CH2 i iH.CHjOH 

0 0-CH, ch,-(5 Yii, 
(20) (21) (22) 

compound from ethylene glycol, a stable liquid, b. 76°, an exceUent solvent, 

^ LeF^vre and LeF^vre, 1932, 1142. 
• Kaschig and Prahl, .4nn., 1926, 448, 265. 
» Lauer and Langkammerer, J,AXJ.S., 1935, 67, 2360. 



TABLK IV 

Some Furmals 

Cornuil 1 
1 

Formula B.P. 

Dimethyl CH,(OCH,). 42'^ 
Methyletliyl 1 CH3O . CHj,. OC3H5 67” 
Dh^th} 1 i CH3(OCdl5)3 89” 
Dipropvl 141” 
Di?*‘of>r()pyl (:h,(och(ch,),). 119” 
Diitwbntyl CH,(()C,H,), 164” 
l)i/erbutyl 1 CH,(O0(CH,),), 184” 
Dimmmyl i CH,(Oe,H„). 207” 
Diallyl CH,(OCH,CH=CH,), 138” 
Ditoizyl 

! ^ 
280” 

mis(‘ible witii water in all proportions. With pentaerythritol an extremely 
Htabh* Spiro- compound (21) is formed, m. 50^, b. 280°, the systematic name for 
which is ‘*2, 4, 8, 10 tetroxaspiro [5.5] hendecane The action of formalde¬ 
hyde on glycfU'ol yifdds several products, of w^hich the most abundant is the 
formal (22). 

Ckrboiiydrat(\s ri‘adily givc^ formats when treated \^dth formaldehyde ; in 
the cas(‘ of Him])le monoses and their eoiTesponding alcohols, such as mannitol 
and sorbitol, the piXKlucts are cyclic ; vith bioses such as sucrose, maltose 
and lac tose it is j)nd)able that steric factors induce the formation of herniacetals.^ 

Formaldt‘hyd(‘, in the pn^sc^mx* of concentrated halogen acids, is capable of 
a combined halogcnating and alkylating action,^ as in :— 

II . OH 1 OH2O -f HCl-^ R . 0 . CH2CI -f HgO 

With nu^thanol tlie (ompound obtained is chloroinethyl methyl ether, 
CHgO . OHoOl (b. 59*7°) ; - Hill and Keach ^ have extendcxi the reaction to a 
serifss of compounds. It may be added that the reaction persists even with 
long-chain alcohols, e.g. (’ctyl alcohol, which gives cetyloxpnethyl bromide 

CieH,30H -i f HBr-> Cj^HagOCHaBr 
f N(CH3)3-^ [C\eH330CH2N(CH3)3]Br (23) 

( -- cetyl bromomctliyl ether). This on treatment with tertiarj" bases, such as 
trimethylamine, gives long-chain quaternary compounds, e.g. cetyloxymethyl- 
trimethylammoniuni bromide (23). Such compounds have specialised detorgent 
and antiH(q)tic properties. 

One of the most important reactions of formaldehyde is that with acetalde¬ 
hyde, in the presence of calcium hydroxide when pentaiTythritol is formed. 
This reaction, discovered in 1891 by Tollens and Wiegand,^ is the basis of the 
large scale manufacture of pentaer;y’thritol, now widely used for explosive 
(tetranitrate), alkyd I’esin and drying oil manufacture. The reaction appears 
to follow the course :— 

CH.O } CHjOHO - ^ 

CH,OH 
CHa . CHO I 

1 -^ CH . CHO-j 
CHaOH t 

CH,OH 

Ca(OH)t 

CHiOH* 
HOCH, . 

CH,OH 
I 

HOCH,. C . CHO 

CHjOH 
CH,OH 

C . CHjOH “h calcium formate. 

* Coutardi and Ciocca, Bend. inst. lombardo. sci., 1936, 69, 1067 (C. Abs., 1939, 33, 4583). 
* Henry, Btdl. clasae. ad. Acad, roy, Belg„ 1893 (3), 25, 439, 
» HUl and Keach, J,A,C,8„ 1926, 48, 269. 
* Tollens and Wiogsnd, Ann,, 1891, 265, 316. 
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Higher aldehydes also give poJyhydroxy eompouiKis ; thus, propionaldehydo 
gives both pentaglyeerose (24) and pentaglyeerol (25), wJiilst i,90-butyraldehyde 
yields pentaglyeol (26). 

CHjOH H, CHfiH 

CHjCHjCHO 
2CH,0 

CH, . 0 . CHO cu(OH), 

CH,OH 
(24) 

CH,. C . CH,OH 

CH,OH 
(25) 

CH, CH, 
I 2CHiO I 

CH,. CH . CHO -CH, . C . CH,OH 
■ Ca(0H)i I 

CH^OH 

(2(>) 

Ketones, both open-ehaiii and eyelie, n^aet similarly with formaldehyde, 
giving compounds which are analogous to pentaerythritol. I'lms, acetone, 
which might be expected to give tlie enneaheptitol (27), does in at'tual fact 
give the anhydro forin (28), whicli is closely related to the y-pyiones, and, in 
particular, to the y-p^Tone (29) isolated during th(‘ same reaction. 

(CH,OH),C . CH(OH) . C{CH,OH), 
(27) 

CH(OIl) 
/\ 

(CHoOHiaC C(CH20H), 

1 I 
CH, CH, 
\/ 

O 
(28) 

CO 

HOCH^ . cm \b. . CH,OH 
I I 
CH, CH, 
\/ 

O 
(29) 

The reaction of formaldehyde with phenols, ureas and auunes is discussed in 
Appendix II to this chapter. 

Acetaldehyde, CH3CHO.—Ac^etaldehyde is produced in small quantities in 
most fennentations, in the conduct of which it plays an important j>art ; nearly 
ail such processes give a fore-run during tlu^ subsequent distillation winch is 
rich in acetaldehyde and acetal. The bulk of aeetaldeliyde used industrially 
is obtained from acetylene', by catalytic hydration in the presene^e of a inereury 
salt;— 

HC=CH + H,0 —> (dl.. CHO 

This process is more fully discusBenl on page ill. 
Acetaldehyde has a penetrating and ove^rpowering smell, said to resemble 

that of apples. It is miscible with water in all proportions, and like formalde¬ 
hyde polymerises easily, although the poljnners forme^d from it are simpler in 
structure than the polyoxymethylenes. 

If a trace of sulphuric acid is added to acetaldehyde, it rapidly changes 
exothermically to paraldehyde (30) or trimethyltriox^nnethylene, a clear liquid, 

O 
/\ 

CH,CH CH. CH, 
I I 
0 o 

o 

HBr 8 mob HrCH,(;^ . CH,Br 
CH ,Br. CHO-► CH ,Br. (:H j | 

. CH, 
(30) (31) 

\ 

(32) 

Br -f KAC O O 

^dH.CHBr 
(33) 

m. 10-6°, b. 124°. The compound was fimt obtained by Fehling in 1838,i and 
ha« been used as a soporific for many years. When heated with a little sul¬ 
phuric acid acetaldehyde is regenerated; this is probably the most convenient 
way of obtaining supplies of acetaldehyde in the laboratory for synthetic work. 

' Fehling, Ann., 1838, i57, 310. 
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The formation of cyclic trimers from aldehydes is a general reaction, and 
probably takes place by the catalyst forming an addition compound at the 
carbonyl group, followed by a trimoleciilar or sequential elimination. The 
formation of such a compound ^ has been demonstrated with bromo* acetalde¬ 
hyde (31), which yields a stable HBr-addition compound (32), and this in turn, 
when treated with potassium acetate, giv(\s tribromoparaldehyde (33). 

If acetaldehyde be treated with a trace of sulphur dioxide or mineral acid, 
without the temperature being allowed to rise above 0"^, a tetramer is formed, 
aTid the whole solidifies to a crystalline mass of metaldohyde. This substance 

CH3. (:jh-() ~€H . CH3 

o o 
I I 

CH3. CH—O—(:H . CH3 

(34) 

forms long, shining prisms wiiich sublime at 115°, and are during the process 
partially re(*onverted to acetald(‘hyde. Pauling and Carpenter ^ have made a 
study of th(‘ X-ray sp(‘ctrum t)f metaldehyde \vhieh fully uphokLs the cyclic 
structure (34). Metaldehyde has b(*f‘n used as a convenient smokeless, solid 
fu(4, and as a slug-killer. 

The tendency which acetaldehyde shares with other simple aldehydes of 
undergoing a species of dimerisation, gives rise? to the ‘ aldol ’ condensation, 
one of the more important reactions of synthetic organic chemistry. In the 
simplfN-^t iiistanc(‘ 

CHj. CHO f C'H.,. CHO -g- (’II3. ('H{OH) . CHjCHO 

(3r)) 

aldol (35) is obtaiiuHl, usually in mildly alkalim^ solutions. Only by careful 
control of conditions, and adjustment of alkalinity can the aldol condensation 
be made to stop at the formation of the true aldol ; dehydration readily takes 
place, in the case of aldol itself to erotonaldehyde (36). 

CH3. CH(OH) . CH^. CHO 
CH3. CH=CH . CHO(36) + CH3. CHO 
CH3. CH=(^.H . CH(OH). CHo . CHO 
CH‘ . CHr=(m . CH=CH . CHO f CH3CHO 
CH3 . CH^C’H . CH=CH . CH(OH) . CHs. CHO 
etc., etc. 

This new aldehyde very readily enters into a further aldol condensation with 
ac otaldehyde and, as shomi above, the vSequence of dehydration and aldolisation 
being repeated, until finally an aldehyde-resin is obtained. 

The generic principle involved in an aldol condensation is based on the 
reactivity of the hydrogen atoms attached to carbon, which is itself adjacent to 
a carbonyl group. One or all of such “ a-hydrogens can react in this way, 
and they need not, necessarily, be furnished by a second molecule of the same 
aldehyde; the a-hydrogen may be that of another aldehyde, a ketone, a 
ketonic ester, a nitrile, or a nitroparaffin, etc. ; indeed, the formation of peiita- 
erythritol refent^d to (p. 389) under “ formaldehyde is an excellent example of 
heterogeneous aldol formation, followed by reduction of the aldehyde group 
when no further a-hydi*ogen atoms remain. It will be realised, therefore, that 
the permutations of the aldol condensation are almost innumerable, and cover 
a wide variety of organic types. 

* Stepanov, Preobrasohenski and Sohtsohiikina, Ber,, 1926, 69, 2633. 
‘Pauling and Carpenter, J,A.O.S,, 1936, 58, 1274. 
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If two different aldehydes, ' a * and ' b are used, four possible aldols can 
be obtained—‘ aa *, ‘ ab ‘ ba and ‘ bb As a general rule ^ only one com¬ 
pound is to be found in substantial yield, namely, that in which the larger 
molecule furnishes the a-hydrogen for aldol condensation Avith the sinailer, 
thus :— 

CH2. CH3 

CH3 . CHO + ^ 
OHo. CH, 

CHg. CHO CH3 . CH(OH) . CH . CHO 

When acetaldehyde and n-butyraldehyde are tlie Iwo aldehydes in qiu'stion, 
the product is substantially 2-ethyl-3-hydroxyl)utanal (37). 

Where one of the pair, in an aldol condensation, is a kidone, two important 
generalisations emerge; that the ketoiu' almost invariably furnislu's the 
a-hydrogens, and that dehydration of the aldol is almost certain to take pla(*e 
before the aldol itself can be isolated. Thus, avIuui benzaldeliyde* n^acts with 
acetone, the aldol (38) almost immediately dehydrates to giA^e thi* unsaturated 

.n)(Tl3 

ketone (39). If the acetone in the last reaction rej>lacc‘d by an unsymiiKdrica l 
ketone such as methylethyl ketone, the tAvo possible unsaturated kcdones Avliich 
can be formed, assuming that the k(‘tone will provide the a-hydrog(^ns, are each 
present in the final product; but tln^ proportions of eitlu^r can b(" madt* A"ery 
large, according to the catalyst used :— 

|CHO + CH3COCH3 ^:H(0H) . CH/'OCH 

(38) 

'i]CH=CH . COCHXH. 

NaOH 

>(’HO , CH., .('(). ('JCCH.. 

nei cir, 

i 
'H==(' , CO . CH ^ 

Two ketones can seldom be induce-d to yield an ‘ aldol ’ ; but aeelotie and 
cyclohexanone reatd thus :— 

- 

C '',=CH .CO . CH., 
^CH^.CO.l-H, j I 

'■n. ; 

CO CH3.c0.CH, 

n,o 

When the activating group is —CN or —NO^, there is no ambiguity as to 
the course of the reaction, although in many cases the isolation of the inter¬ 
mediate hydroxyl compound presents difficulties, owing to the marked tcnde^ncy 
towards dehydration. Two typical examples, of considerable poteuitial syn¬ 
thetic value, are given below ;— 

iCHO 4- OHj.CHj.CN 

/\CH0 f!H3(CHs,),NO, 

\/ 

<’H3 
I 

iCH=c. (;n 

CH3f(^H2)„CH3 

iCH—C . NO, 

» Hsrriea and Muller, Ber., 1902, 85, 966 
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If the a-hydrog(‘n for this type of coiideiisation be provider! by au ardd 
anhydride, the r(‘a(‘tioii follows the eoiirst^ set out below, and constitutes the 
w(‘ll-kno\m Ik'rkin reaction, discovered by W. H. Perkin (Senr.) iji 1877^ : — 

-t- (’H., . C’O . o . CO . (!H3 

V / CUaTciooiia ~ 

(OH). CHa. CO . O . COCH., 

\J 
c;h==ch . cooH 

-. I I T CH3COOH 
\/ 

l*erkin liirnseJf iH‘ld that it was the anluydride which reacted ; Fittig 
cont(‘sted that it was thf‘ scKliuni ac<‘tate, and tJiis view was held for a long time. 
''rh(‘ full story of the j)rinci])leH underlying the Perkin reaction is discussial in 
Vol. Ill : it is suflrici(*nt lu'n* to refer tlie read(*r to the excellent summary given 
by Bi'(\slon a,nd Hauser as a prelude to tluir own (^xp(‘riments in this field. 

ik)th oxidation and rc'duction of acetald(‘hyde are easily brought about 
catalytic ally . Air and acetaldehyah* vapour are convert(‘d almost quantita¬ 
tively to ac'ctic a(‘id when ])assed ov(t a manganous oxide catalyst, if a solu¬ 
tion of acetald(diy'd(‘ in air-free watcT is treat(xl witli finely divided palladium, 
oxidation to ac'ctic a<‘id tak(‘8 place, the palladium acting as a receptor for the 
hvdrog(‘n, until saturated, when th(^ reaction stops. If air be now bubided 
through tlu^ solution the j)alIadium-}iydrogen complex is restored to palladium 
and th(‘ reactioTi can proc'c^d. 

Hil(\v, Morley and f>iend ** sliowc^d that the reaction 

CH3, CHO f S(‘02-^ (CH0)2 + S(‘ f~ H<jO 

proceeds almost quantitatively^ at 60-80^’, and that this unusual oxidation 
providers an exc(‘ll(*iit mctliod for ])rej)aring considerable quantities of glyoxal. 
The reaction is general and ailV^cts only the a-hydrogens relative to the existing 
—(•H(.) group. 

Aeetald(*hy(l(‘ is om* of the* few aldehydes whic'h, on aceount of the activity 
of the adivdrogens, is unablc‘ to give the Cannizzaro reaction in its original 
form. The action, however, of aluminium ethoxide in catalytic quantities 
leads to tin* formation of (‘thyl acetate in good yield, presumably by the re- 
a<‘tions 

2(!H.,CHO ------ OH.CHoCH - CH,CO()H-+ CH,CH„. OCOCH,. 

This reaction is used industrially for the direct production of ethyl acetate 
from the readily accessible aeetaldcdiyde obtained by tlie hydration of aeetydene. 

The eflfect of stoichiometric quantitic^s of aluminium ethoxide is to reduce 
the akhdiydes to alcohols.^ The formation of acetals from acetaldehyde and 
alcohols j)ro(*eeds normally^ according to tlie course :— 

HOR, 

and tlu^ formation of sucli compounds has been made the subject of extemsive 
studies by Adkins.® Awtaldehyde behaves normally in this respect, and with 
ethanol forms what is commonly called ‘ acetal CH3CH(OEt)2 a valuable 
starting material for synthesis. 

‘ Perkin, 1877, Zh 
« FiUig, Ber,, 1881, 14, 1824 ; Fittig, Ann.. 1885. 227, 48 ; Fittig and Slocum, ihui.. 53, 
» Brotilon and Haiiiw^r, 1939, 61, 786 and 793. 
* HiJey, Morley and Friend. J.CB.. 1932. 1875. 
* Meerwoin and Schmidt. Ann,, 1925, 444, 221, 
* For a bibliography, see J,A.C,8., 1934, 66, 442. 
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One of the more important groups of reactions asscx^iated with aldehydes, 
and well illustrated by the behaviour of ac(taldehyde, are those concerned 
with the formation of nitriles. Wlien acetaldehydt' is converted to its bisul¬ 
phite compound and tl)e latter allowed to react with sodium cyanide*, lacto- 
nitrile (40) is obtained ; 

CH3. CHO -I NaHSOa — ^ CH3CH(()H)S03Na 0li30Fr(()H)CN 

'' (10) 

> CH3CH(OH)COOEt 
cyifiOH ' 

this, treated with ethanol and sulphuric aetd is directly converted to ethyl 
lactate, a valuable lacquer solvcmt. Jf the r(‘ac tion with (yanide is allowed to 
take place in the presence of ammonium chloride, an amino-nitrile is obtaiimd, 
which yields alanine when hvdr()l\'sc'd :— 

CH3CHO f NaCN f NH,C1-. CH(NH,)CN.> OH3. CH(NR,)COOH. 

Higher AldehifiJes.—In general, higher aldctiycic's with a straight cliain 
exhibit propertic^s similar to those of ae(*taldehy(le, tls ir n^activity bc^coming 
more sluggish as tin* molecular weight incTeases. The* ])n*s(‘nc‘e of a bran(ti(‘d 
chain leads to diirerenees in reactivity consequent on tin* ]>rc‘sc*iu*(* of an addi¬ 
tionally active hydrogen atom. 

Proparial {Propionaldehyde), CH^CHaCHO, is fairly readily obtain(*d by the 
chromic oxidation of ^-propyl alcohol, but if rc^quired in considerabh* quantity 
is best obtained by Bouveault's mcd-hcKl, the direct va])our-]>hase dc‘hydrogena- 
tion of the alcohol wdth copper oxide. Jn man>' of the* gcaua'a! n*actions of 
aldehydes, propanal reacts through the a-carbon atom, but the aldol condensa¬ 
tion is readily followed by dehydration -~ 

CH3OH2CHO CH. . CHO CH3CH2CH(OII)OH . CHO 
i “ ! 

CH3 CH3 

CH3CH2OH--C . CHO 
“ HjO I 

OH3 

Butanol (butyraMehyde)^ CH3CH2CH2CHO, is obtained in considerable 
quantities industrially, by the differcmtial eata]\di(* induction of cto ton aldehyde. 
Its synthesi.s from acetaldehyde, therefore, follows the* course :— 

CH3CHO 4- CH3CH0 —CH3CH(()H)CH2CH0 —> CH3CH -CH . CHO 
—^ CH3CH2CH2CHO. 

Pentanal, {n^valeraldehyd^), CH3(CH2)3CHO, can be obtained by the oxida¬ 
tion of K-amyl alcohol, now available industrially, but much amyb/i-valerate 
is formed at the same time. Bouveault’s method is preff*rable as a means of 
dehydrogenating n-amyl alcohol, but is only 8uce<‘ssful wuth this and higher 
aldehydes when carried out und(T redm^ed pressure. An excellent account of 
the application of the method to the preparation of n-nonanal is given by 
Lewinsohn.^ 

Reference has already Ix^en made to the preparation of heptanal (oenanthol) 
by the dry distillation of castor oil under n'duec^d pressures,^ wiien it is obtained 
together wdth undecylenic acid. It is a liquid of pungent odour, and is a 
valuable starting point in organic syntliesis. 

^ Lewinsohn, Perf. Em. Oil Rpxord, 1924, 15, 13. 
® Bussy, Atm.f 1846, 40, 246. 
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Braiu'lu^d chain aldehydf s, of which ?‘50-butyraldehydc (41) is the prototype, 
are inade from tiic corres]>onding alcohols, cither by chromic oxidation or by 
catalytic dehydrogenation. The yields are lower tlian with normal aldehydes, 
due to the presence of an additional group on the a-carbon atom, which en- 
haiuics the reactivity of the a-hydrogen atom, heading to some dehydration. 

The arborescent aliphatic aldehydes most commonly encountered are iso- 
butyraldehyde, 2-methyl butanal (42) and 2, 2-dimethylpropanal (pivalic 
aldehyde or trimethylacetaldehyde) (43). Tiie lattt*r is 

CH3. oh3\ 
xm. cHo ycM. cho . cho 

CH/ CH3GH/ oh/ 

(41) (42) (43) 

obtained in excellent yield by dehydrogenating 7^6o-pentyl alcohol. 

Unsatltkatei) Aldehydes 

In Table' some of the more commonly^ C‘neounterc‘d unsaturated aldt‘hydes 
are listed. Of these, acrolcun and crotonaldeliyde are industrially available, 
although the former, on account of its instability, is usually used m situ. 

TABLE V 

SoiMK UnkaTI'KATKO Al.UEliYDES 

Sy.stomatlc name Structure B.P. Usual name 

2'Prc]KiiuU . ( HO AcToIoiii (m. p. -87®) 
2-Hiiiojinl CH,(Ur--CH , VHO 104'^ Crotonali U^hyde 
2- Hoxoiial . CHO 47'’/17 Tiiiii. 
2-1 V>pyl-2-j)ro|K.Hial 
2-w>.15(ityl-2-|)ro- 

CHj=--CH(('j,H7)CHO 117^ a* I 'ro [)yla(Tol<^iii 

penal Cn2=-('H(('4H,)CHO J3:c a- MO ■ Buty lacroleiii 
2*Aniyl-2-proprnaI 09*^, 13 mill. a-Amylacroloiii 
2-]Mcthyl-2'l)utonal Tio'^ Tip lie aldehyde. 

Guaiol. 
2-Mt'f liyl-2-].H‘iit oiial 
2, 0-Noiiadi<Mi-l-al 

CH,(;HaCH=-4 *(CH3)CHO 
! CH8(OH2)4 3i-=lTl(CH,), 
1 ch=-=k:ti.cho 

137'^ 
i 

94°/2 nun. 

Mcdliyl ethylacroieiii 

2 Propyiial ! VHrE.C .CHO 59^ IVoj>argj*laklehyde 
2-Butynal CHs . CVTC . ( HO lO?*" T(4ix>laldehyde 
2-0(’tynal ch8(CHj,),c:4(’ . CHO 89'^/2e>nim. Amylpropiolaldobyde 
2-Nanynal CH3((Ti8),c.:i:c. CHO 91713 mm. Hexj’lprepiolaldehydo 

Acrokm {2-PropeMaJ), . CHO was obtained by several early in¬ 
vestigators during tiie destructive distillation of fats, albtdt in an impure form. 
Brandes, about 1820, gave a sample of the cTude material obtained from the 
destructive distillation of coc‘oimt oil to Berzelius who, in spite of its impure 
condition, recognised it as an aldehyde and named it “ acrolein Redten- 
bacher ^ showed that acrolein was not produced when fatty acids alone were 
distilled, and conelud(‘d that the aldehyde arose from gly^cerol, a hy^)othe8is 
which he proceeded to put to the k^st by heating glycerol with dehydrating 
agents, thus disclosing a metliod of preparing acrolein which after the lapse of 
over a century is still in use. 

Glycerol is usually dehydrated with jx)tas8ium hydrogen sulj>hate :— 

CH,()H . CHOH. CH./)H . CHO, 

^ Kedteubachor, Awn., 1843, 47, 113. 
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but Bergh * showed that a more satisftu'tory iiadhod was to lieat glyt'erol with 
sodium chloride and orthophosphori<; acid. 

Acrolein is a limpid liquid of a most powt'rful odour and Ja(‘hrymatory 
character ; it is readily soluble in water and is oharact(‘ris(‘d by an extreme 
tendency to polymerisation, a substance, disacrvl, being produced by this 
operation. Tin* rate of [K)lym(*risation can l)(‘ slowed by the addition of small 
quantities of polyhydrie phenols—hydroquinoiu^ is usually chosen. TJie 
polymerisation is acc('lerated by light. 

Acrolein also forms a trimer, ‘ mcta(*roh‘in ’ which appears to be analogous 
in strin^ture to trioxymiethylene, and paraidehyd(‘. it is a (‘rystalliiu' solid, 
ra. 45"", and is obtained by warming 3-chloro])ro})anaI with alkali (liS). Some 
of the reactions of acrolein are listed in Table VI. 

TABLE VI 

Some Reactions of Ackoi.kin 

Keagent Product 

Air Autoxidation to acrylic acul . tM)CHl 

Hydrt)geii Catalytic reduction with Ni - thj siclds jimpamil and 
})ropanol-l HU(rc<‘ssfully j 

Alcohol .Adds to the doubt* bond ns well as forming th(' nccl al, giving ; 

CjHsO .CH2(’H,('H(0(’2lh)2 

Halogt'U aciclK Add in opposition to the so-called Rule of Markowmkov, 
givdng /9-halo}>ropionic acids 

Broirhiip Gives the ot^-dihromo derivative (2, .‘hdibromoproparial) ; 
but in the pre.siaice of water liroinine gives glycerii alde¬ 
hyde 

Phosphorus fx^ntachloride Gives CH,==GH . CHCi* 

Ammonia Readily absorhtMl by acrolein to give* ‘ acrothn-ammonia ’ 
[C,H40 jjNHj which is of doubtful structure, but on hi'at- 
irig yields j3-picohne 

Hydrazine Condenses readily to pyrazoline 

CH^ XH. _,j,o 
1+1 -► i 1 
CH NHb CHb N 

\ 
CHO CH 

Baryta-water Yields a-acroso (a mixture of d- and LfructoRiq 

Hydrogen cyanide Gives the normal cyanhydrin :— 

^.OH 

CHb^t-OH . CH 
\ 

^CN 

Crotonaldehyde.—When Lieben ^ heatt^d acetaldehydf^ in salt solution he 
obtained a new compound to which he gave th(^ rather uninspired name of 
‘ aldehyde-ether ’ ; Bauer ® obtained a similar product from the action of zinc, 
chloride on aldehyde, but it remained for Kekul6^ in 1872 to dimonstrate the 
identity of the products of the two previous investigators and to determine the 
structure of the product as crotonaldehyde. Since that time crotonaldehyde, 

^ Bergh, J. Pr. Ohem., 1909, 79, 351. • Lieben, Ann, (SuppL), 1861, 1, 117. 
* Bauer, Ann.. 1801, ll?* 142. * Kekul<5, ibid., 1872, 162, 92 ; 309 
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CII3CH--OH . OHO has been obtairu^d by a variety of methods ; by the action 
of ]ieat on aldol in the presences of a trace of iodine/ when an 80 per cent, con¬ 
version is attained. Industrially, crotonaldehyde is obtaim^d by the absorp¬ 
tion of ac(‘tylene in sulphuric acid of a controlled strength followed by dilution 
of the solution with water ; (curiously enough, this method was discovered in 
1877 but has only come into prominence recently. 

Crotonaldehyde has an irritating odour, less powerful than tliat of acrolein, 
and with a fruity note. Its r(‘actions also resemble those of acrolein, but the 
])rt‘sencte of the conjugated system permits the hydrogen of the methyl group 
to tak(‘ part in aldol condensations. Thus, with acetaldehyde it yields 2, 4- 
hexa(li(‘n-al (44) and 2, 4, b-octatrien-al (45) by the reactions set out below. 
The h(‘xa(li(‘nal is more usually known as sorbic aldehyde.^ 

(a) C¥[.fin ^ CH . CHO : OH3. CHO | ^ 
(^H,CH-CH . CH -CH . CHO i * 

(44) 

(h) (/H3CH- CH . CHO f CH^f^H^: CH . CHO | , ^ 
(di./JH - CH . CH -CH . CH- 4^H . CHO I 

(4r») 

Of tlu' higlu'i unsaturated ald(‘liyd(\s, several o(‘cur naturally, thus 2-iiexenal 
is found in most green I(‘av(‘s, aiui gives to them their characteristic odour : 
Koolhaas * found 2-dodecenal, (1H3(CH2)h(®-=OH . CHO in the leaves of a 
s|aH-i(‘s of sf a-holly (Eryngiitm Jwtidum), and 8y)ath and Xesztler ^ showed that 
tlie charai teristie odour (jf viol(‘t leaves was, in })art, due to 2, 6-nonadienal, 
CH3(^H2(nr.-4Tl((^H2)2(^H CH.CH The arborescent aldehydes of the 
(*itral group are to be discuss(‘d later in the section entitled ‘ olefinic terj)enes ’. 
Sev(*ral of th(‘ aldehydes of the acetylene series are quite well known ; the 
initial inemlxu' of the series, propynal, CHsC . CHO, is obtaine'd b}' the addi¬ 
tion of brorniiu^ to acrolein acetal, giving 2, 3-dibromo acrolein acetal (46) ; 
solid potash converts this to th(^ acetal of prop3mal (47), and the aldehyde 
itself (48) is obtained by hv'drolysis of the acetal with saturated tartaric acid 
solution :— 

OPKOCoH,), 
1 

CH(0C3H5)3 CHO 
1 

C’H - . C’HHr 
* Hyrlrolysin 

C >■ 

1 I 
C 

III II 

v/O I>1 —^ 

1 III 
CH3 CHjBr CH CH 

(46) (47) (48) 

The high(*r members of tin* acetylenic aldehyde series maj^ be obtained either 
bj" Motireu’s method, in which the sodium derivativ^e of an acetylene is allowed 
to react with ethyl formate :— 

CH3(CH2)4Ce=C . Na + H . COOC^H^-^ CH3(CH2)4C-C . CHO + NaOCaH^ 

or by an analogous process using a Grignard reageiit and orthoformic ester, 
thus :— 

CHaCHaC^CH f CHgMgl —^ 

—> CH3CH2CSC . CH(0C,H5)3 

CHaCH^C^C. Mgl 
CH(OC,Hs). 
-y 

CH^CHaCsC . CHO. 

^ Hibbert, J.4.0.6*., 1915, 87, 1748. 
* Lagermark and Eltekov, .fier., 1877, 10, 637. 
* Kuhn and Hoffor, Md,, 1930, 88, 2164. 
* Koolhaas, i?ec. Tmo. Chim^, 1932, 51, 460. 
‘ Hpftth and KosKtIer, Btr., 1934, 67, 1496. 
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Some mention should be made of the so-called ‘ Aldehyde C14 ’ and ‘ Alde¬ 
hyde Cl6 which under the names ' peach ’ and ‘ strawberry ' aldehydes are 
usexi in flavouring. They are not aldehydes ; the ‘ C14 ’ is y-\indocalaetone 
(49) and the ‘ GIG ’ is methyl phenylglycidic etliyl ester (50) ; tlie latter com¬ 
pound is obtained by condensing acetophenone w^itli c*hlor(jac(‘tic ester in the 
presence of sodium ethylate :— 

-COCH3 

4 ClCH.COOCoH. + "ciCH2COOC2XX5 

\/ 

CH3(CH2)6CHCH2CH2C0 

i-o-1 
(49) 

i il 

x/\ 
()„—OH . COOC.Ho 

/\/ 
CHo 0 (50) 

Cyclic and Aromatic Aldjoiydks 

Reference was made, in the introduction to this (‘hapter, to the earl}" history 
of benzaldehyde ; this type of aldehyde may be ohiained by the action of 
oxidising agents on aryl compounds with a ehloronu thyl or bi'oinoinethyl side- 
chain. The simplest instance is that of benzyl ehloridf\ which wlien boilt*d 
with a solution of copper nitrate, is both hydrol\scd and oxidised, giving 
benzaldehyde—presumably through the internuTliat(‘ foririution of htnizyl 
alcohol :— 

(^(:h,ci {/~\ch,oh} <“>«(> 

Cu(N0,),_ 

Recent \vork show-s that this n^action is a geiu ral one*, and may be morc^ ex¬ 
peditiously and economically performed by heating the bromometliyl com¬ 
pound with hexaniine. Thus, te-bromo-o-xylene (51) gives a good yi(‘ld of 
o-tolylaldehyde (52), whilst Hewitt ^ used this method to obtai„i tiu‘ otlierwise 
inaccessible 1-bromo-2-naphthaldehyde (54) from 1-bromo-2-bromom(4hyl 
naphthalene (53):— 

x\ CHjBr jj examine 1 1 

\y 
IcH, 1 

(51) (5 

CHO 

]^r 

CH,Br 

!l 

(53) 

rffxiimino 

Br 

The direct hydrolysis of benzal chloride with milk of lim(‘ is readily able to 
give benzaldehyde, but the difficulty of obtaining pure benzal chloride leads to 
a benzaldehyde of indifferent purity. 

One of the best ways of obtaining benzaldehyde in a piir(^ state is to pass a 
stream of air through boiling dibenzyl when oxidation takes place :— 

CeHg. CH2CH2. CgH^ —^ 2CeH, , CHO. 

The yield is good, and the benzaldehyde is pure after a single rectification to 
remove some benzoic acid which is always formed at the same time. 

The direct conversion of toluene to benzaldeliyde was first carried out by 
Etard ^ in 1877, using chromyl chloride in an indifferent solvent such as chloro¬ 
form or carbon disulphide. An intermediate is formed which is highly ex¬ 
plosive, but which, on decomposition with water yields the aldehyde in excellent 

1 Hewitt, 1940, 297. * Etard, C.i?„ 1877, 84, 127, 
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yi(^Id. A ruorc' coiivenk^ut nu^iJiod of diroc.t oxidatioi). is to Kuspend the toluene 
an an t^xc^ess of 9S per ec nt. Hiilpliuri(^ acid and earry out the oxidation with 
cerium dioxide. Industrial!}' tolnem^ is oft(‘i\ oxidised to benzaldehyde with 
sulphuric* acid and mangamud (largely MnOg) in the presence of catalytic 
(juantities of (n])[)(T Hul])hate. 

Reduction of the (uirboxyl gi'ouj> of benzoic actid to an aldehyde group is 
not so euvsy, but can b(‘ accoiu})lished by converting tlu^ ac id through its anilide 
to tlu^ iminocliloridc^ (55) wit!) jiliosphorus penta(;l)lorid(‘, and allowing this to 
react with Stepluui’s reagent (stannous chloride in t‘ther saturated with hydrogen 
cliloride) ; tin* 8(*quenc<‘ of r(*actions is represented thus :— 

CeH,. COOK-. . CO\H . 0^, — -^ 

I 
Cl (nr,) 

- C,.H,CH . ObH,-> CeH/JHO 4- H,,N . 

Benzalde]iy(h‘ is a colourless oil, witli a cfiaractcTistic odour of bitter 
almonds. I’ure l:K‘nzald(‘hv(h’ is ?iot easily oxidiscxl by atmosj^heric oxygen at 
ordinary t(*mj)(‘raturc.s, but in tlie ])r(\senc(* of trac'cs of heavy metals, or of 
water or acids if. n^adiiv al)sor)>s oxygtui btung (*onverted to btuizoic acid. 

Like ali})hati<* aldc^lis des bcnzaldeliyde n*adily gives the Cannizzaro reaction/ 
and it was tin* ‘ di.sj)rojK)rtionation ’ of this aldehyde 

2C„H.,. ('HU -r CoH^ • COOK, 

tliat led this investigator to study tlu^ reaction, which is general and is given 
by most alkyl, nitro- and lialogen substituted derivatives of benzaldehyde. ft 
is worthy of nott‘ that tin* iiudhod by which this reaction is now carried out 
in the laboratory, nani(*ly, ly (‘nuilsifying the aldehyde with very concentrated 
aqueous alkali is due to M(y(‘r ^ ; Cannizzaro used alcoholic alkali which 
resinitic'd both tin; Ix iizyl alcolml and jrart of the b<mzaldehyde. One reaction 
whicli charact(‘ris(‘s aromatic aldtdiydes is the benzoin condensation, by which 
two moh'cular juoportions of, say, iKuizaldehyde condense to give an adiydroxy 
ketone, such as benzoin :— 

OCH( > \CH(0H)C0. 

This, again, is a gemual reaction, and both it and the Cannizzaro reaction have 
given rise to nuic'h sjxHnilation as to their precise mechanism (see Vol. II). 
With ammonia, l>enzaldehyde reacts in a manner which does not resemble the 
formation of aliphatic aldehyde-ammonia complexes, a substance * hydro- 
benzamide ’—for want of a more accurate name—bcung formed :— 

C,Hs. CHO d NH3 . C«H5 . CH--NH 
' f OCH . G^Hg 

CeHg . CHO -i NHa C^Hg . CH=NH 

CgHg . CH-N 

C.Hs. CH=-N 
(r.6) 

- H,0 

Acid 
CjHs . 0—NH 

dc. 0*H 6^*6 

C«Hs. C—NH 
(67) 

Hydrobenzadnide (56) is readily converted by heating in acid solution to the 
bitter triphenyldihydj'oglyoxaline, atnarin (57). 

‘Caiuiiszaro, Ann,, 185.7, 88, 129. •Moyer, Ber., 1880,19, 23W. 
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Beuzaidt^iyde can take part in the majority of aldol tvpt‘ condeiiHations, 
and gives ris(‘ to products wliicb are of great value in perftnnery. Thus, with 
acetaldehyde, cinnanialdehydc (59) is fonn(‘d, and may (‘usily lx* rtxluced to the 
rose-perfumed phenylpropionaldehyde (69). Higher alipliatic^ aldehydes 
condense througli their a-carbon atom, thus lu'ptanal gives amylcinnaminic 
aldehy’-de (61). Whilst normal reducing agents saturate tlu‘ double-bond of 
these aldehydes, aluminium alkoxides reduce* the ald(‘hyde grou]) to the* alcohol 
grou]), leaving the double bond untouclied. Thus, aliimiiiiiim iwpropoxide 
reduces cinnamic ald(*hyde to cinnamic alcohol (62) and amylcijinami(! aldeliyde 
to amylcinnainie alcohol (6.H). The esters of many of thest* alcohols are valuable 
perfumery chemicals. 8ome of these transformations are outlined in Tabk^ Vll. 

TABLE VII 

Pd H, \ 
. CH . CHO 

1 1 1 

\/ 

rv 

/
 

\
 

\CH=CH. CH,OH . CH,OH . n^,. CHO 

/ C,H„ (63) (62) (OOi 

Ethanal 

v/' 

For preparing the homologues of benzaldehyde various modifications of the 
Friedel-Crafts and Gattermann-Koch reactions are available, many of which 
are detailed in the Appendix to Chapter III. Some of the homologous alde¬ 
hydes are listed in Table VIII. 

TABLE VIII 

Some Abomatio Aldehydes 

Name Formula B,P. 

o-Toluic aldehyde CH,CeH4 . CHO (1, 2) 200° 
w-Toluic aldehyde CH, . C,H, . CHO (1, 3 ) 199° 
p-Toluic aldehyde CH, . C,H, . CHO (1,4) 204° 
2, 4-Dimethylbenzaldehyde (CH,),C,H, . CHO (1, 2, 4) 215'’ (m. — 0") 
2, 5'Diinethylbenzaldehyde (CH,),C,H, . CHO (1, 2, 6) 220° 
3, 4-Dimethyll>enzaldehyde (CH,),C,H, . CHO (L 3, 4) 226° 
3, 6-Dimethylbenzaldehyde (CH,),C,H, . CHO (1, 3, 6) 221° 
2, 4, 6-Triinethyhx?nzaldehyde (CH,),CeH, . CHO (1, 2, 4, 6) 121710 mm. (m. 43*67 
2, 4, 6-Triraethylbonzaldehyde (CH,),C,H,. CHO (1, 2, 4, 6) 237^ 
3, 4, 5-Trimethylbenzaldehyde (CH,),C,H,. CHO (1, 3, 4, 6) — (m. 52°) 
a-Naphthaldehyde CioH, . CHO 292° 
^-Naphthaldehyde CjoH, . CHO — (m. 617 
2-Phenanthraldehyde C^H,. CHO — (m. 597 
3 -Phenanthraldehyde CmH, . CHO — (m. 80^) 
9-Phenaiithraldehyde Cj4H, . CHO 

i 
— (m. 1017 
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The aldehyd(^8 of iiaphthaleius pheDaiithrene and (complex ring HyHt(‘ms are 
almost invariably prepared from the nitrile by tiu; metliod of vSteplien, or by 
the Uosenmund rednction of the acid chlorides, llie eaily prejiaration of 
naphtlialdehydes was carried out by the distillation of intimate mixtiin^s of 
the calcium salts of formic and naphthoic acids :— 

C10H7 . OOOca + H . COOca-^ Ci„H,CH() f CaC03. 

Ttie development of chloromethyl derivatives of the liigher hydrocarbons, 
tends to make the (‘orres]K)nding aldehyde more r(‘adily accessible, by using 
the Jiexainine reaction. Thus, from 2-chloromethyl naphthalene, 2-naphth- 
aldehyde is retwiily obtaincMl by heating with hexamine and acetic a(‘id for 
about 30 seconds ; slight dilution with liot water gives a solution from which 
na])hthaldehyde sej)arates on cooling. 

Mixf^d aralkyl aldehydes in which the aldehyde group is situated in the side- 
chain are known in considerable number. Of th(* saturated aldehydes of this 
class, phony] acetaldehyde (64) is important as a ptudumery substance of pro¬ 
nounced hyacinth odour. It has been made from cinnamic; acid, by the action 
of hypochlorous acid follow^ed by reanangement and decaiboxylation ;— 

-CH-=CH . COOH 

+ HOCl 

CH(OH) . CHCl. COOH 

-HCl 

HgCO . COOH /NcHsCHO 

\/ 
(64) 

but can now^ be made by converting the readily available cyr/o-octatetrene (65) to 
its oxide (66) wuth perbenzoic acid ; the oxide is converted C|uantitativx‘ly to 
phenyl acetaldehyde on treatment with a few' dro]js of dilute sulphuric acid. 

1)1- AND TrI-AlDEHYDBS 

Glyoxal, CHO . CHO, is the initial member of the series of aliphatic di- 
aldehydes and appears to have been first describc^d by Debus in a series of 
papt^rs ^ on the oxidation of alcohol, aldehyde and similar substances. 
Lilba^nn ^ described a simple method of obtaining glyoxal by the oxidation of 
alcohol with nitric acid, but the yield is small ; recently it has been shown 
that by lieating ethanol or acetaldehyde with selenium dioxide, a good yield of 
glyoxal is obtained. This process has made the material available industrially. 

Butler and Cretcher^ show^ed that the diehloro-dioxau shown in (67) is a 

O 

* 2HC1 

V 
(«7) 

Jci 

OHjOH CHOI 
I I I Urea 

Lch.oh choJ 

NH—CH—NH 

CO CH Ao 

(68) 

- NH, 
CHo—NH 

CO CO 

V 
(69) 

> Debug, Ann., 1866, 100, 5 ; 1867, 108, 20 ; 1858, 107, 199 ; 1859, 110, 199 ; 1861, 
118, 263. * Lubavin, Her., 1875, 8, 768 ; 1877, 10, 1366. 

» Butler and Cretcher, J.A.C.8.. 1932, 64, 2987. 

26 
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potential Bounce of glyoxal. Thus, when heated with an aqiieouH solutiou 
of urea it gives a good yield of glyeoluril (OH), and this on hydrolysis is con¬ 
verted into hydantoin (69). 

When prepared by any of the methods set out above glyoxal is obtained in 
a white, cr3rstalline, polymeric form. The monomer can bc^ obtained by dis¬ 
tilling the polymer with a little phosphorus pentoxide, when it is obtained as a 
pungent green vapour condensing to j^ellow crystals, m. 15''; b. 50®. It soon 
polymerises to a colourless form. 

In its reactions glyoxal resembles the ordinary aldehyd(‘s ext;ept that it has 
no a-hydrogen atom capable of entering into condensation reactions. One of 
the most interesting properties of glyoxal is its ability to undergo an internal 
Cannizzaro reaction when stirred with aqueous alkali, glycollie acid being 
obtained :— 

CHO CH2OH 

I-^ ! 
CHO COOH 

The mechanism of this reaction has been much studied, as it may throw' light 
on the progress of the Cannizzaro reaction with ordinary aldehydes. It appears 
that most aldehydes and all di-aldehydes are capable of existing in tlu? liydrated 
or a, a-diol form, and the suggestion has been made that the internal Cannizzaro 
reaction of glyoxal takes place through the partial diol which forms a semi- 
acetal, thus :— 

CH(OH), HOC 

1 + 1 
CHO (HO)«CH 

HO 

\0 

OH 

HO . CH \CH . OH 

O ' 
(70) 

CH„OH HOOC 

I ■ -i- i 
COOH HOCH, 

This theory involves the assumption that tetrahydroxy dioxaiie (70) will break 
down quantitatively to glycollic acid, and will be discussed in detail in Vol, 111. 

Debus 1 showed that if glyoxal is warmed to 70“ with aqueous ammonia 
glyoxaline (imidazole) (71) is formed. In this reaction the source of the single 
carbon marked * is a matter for speculation. The yield is increased if formalde¬ 
hyde is added to the mixture :— 

CHO NH, CH—N 

I T ->■ I I 
CHO ECHO (3H (IH* 

NHj \h 
(71) 

Attempts to prepare mahnic aldehyde, CH2(CHO)2 have been mainly un¬ 
successful, the instability of the compound being such that it can only be 
obtained in aqueous solution, and then probably as the enol form, 

HO . CH==CH . CHO, 

sinoe the solution is acid in reaction. The starting point for preparing malonic 

^ Debus, loc, eiL 
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aldehyde is acrolein, which gives rise to the following sequence of reactions ;— 

CHj CSaBr CH^Br OH CH. OC^Hs 

Br, 1,,,^ C,H,OH J__ KOH [II NaOKt " 
H - 

I 
OHO 

CHBr 6HBr C OH 

OHO OH(OCaH5), OH{00,H5), 

HO . OH . OO2H5 

HiO J,TT Hydrolyslii 
OH, 

OHlOC.Hs), 

OHO OH . OH 

OH, 

I 
OHO 

3H 

I 
OHO 0H(O0,H,) 

Succindialdehyde, butane-1, 4 dial, OCH . CHjCH, . OHO, one of the most 
interesting and valuable of the aliphatic dialdehydes, is one of the most difficult 
to prt'pare. The accepted method for its preparation is the reaction of alco¬ 
holic hydroxylamine with pyrrole, when the dioxime (72) is obtained ; a yield 
of 40-50 per cent, is practicable. 

CH=--CH. OH,.CH=N.OH 

I Vh I 
0H-=CH/ Oh, . OH=N . OH 

(72) 

OHjCHO 
I 
OH,. OHO 

(73) 

The conversion of the dioxime to the dialdehyde (73) is a difficult task. 
Mannich and Budde ‘ recommend the decomposition of a dioxane suspension of 
the dioxime with ethyl nitrite, by which about 60 per cent, of the monomeric 
aldehyde can be obtained as a liquid b. 67713 mm. It pol.Miierises on standing 
to a glass-like form. Other methods for obtaining sucein^aldehyde are based 

(a) on the alcoholysis of furan by hydrogen chloride in methanol, whereby 
the tetra-acetal of succindialdehyde is obtained :— 

CH=<1H 

I > 
CH--CH 

HtO 

~H,0 

CH==€H . OH" 

CH--CH . OH 

CHo. CHO 

CH,. CHO 

CH^. CHlOCHg)^ 
MeOH 

CHj . CH(0CH3)2 
This inter-relation of Buccindialdehyde and furan is reversible, and 

was used by Harries ^ to establish the structure of furan. 
(b) The hydrolysis of the diozonide of diallyl has been sho\^ii to yield 

succindialdehyde, but the reaction does not appear to have more than 
an academic intc^rest:— 

CH, 
1! 

CH, 

1 
CH 

1 3 
OH/ 

1 
CHO 

1 

CH, 

in, 
1 

1 

0, ^ H,0 

CH, 

j 

CH, 

CH, 

1 
CH 

1 

CH. 

1 

CHO 

Ijh, 
i 
6h/ 

^ Mannich and Budde, Arch* Pharm., 1932, 270t 283 * Harries, Ber., 1901, 84* 1496. 
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(c) Wohl and Schweitzer obtained tlie tetraethylacetal of succindialde- 
hyde by the electrolysis of the potassium salt of |3/3-diethoxypropionic 

acid ;— 

CHa. CH(OEt)a 

COOK 

COOK 

ElectrolyflJs 

-CO—KaCO, 

CHa. CH(OKt)a 

ifla. CH(OEt)a 

CH,. CHO 

CHa. CHO 

CHa. CH(OEt)a 

Glutaric DiaIdehydc, p(‘iitaiiedial-1, 
accessible than succindialdehyde. It 
ozonide of cyc/opentene (74), 

f), 0HC(CH2)3CH(), is more readily 
is best obtained by h3drolysing the 

OHa-C.HO 

CHa CHO 

CHa 

It is a colourless liquid, b. 188® (70®/10 mm.), which is volatile with steam, and 
which readily pol}Tnerises in the presence of tracCvS of water. 

Two simple methods are available for the priparation of dialdehydes of 
higher carbon content than pentanedial, namely, 

(a) Koseiimund’s method of reducing the higher di-acid chlorides with 
hydrogen in the presence of palladium (75). ' 

COCl CHO I NO 2 CH--NOH CHO 

{0H2)„ 
1 

1 /nxT \ (C^a), 
\ 

AgNOj V 

■■ ..^ (1- 1^2)7 TT ^ 
\ ■ 

(iH,). "e. 
! 

1 

1 
> (t/iT2;n 

I 
hoci CHO 

(75) 
1 

(76) 
N02 CH-=NOH CHO 

(77) 
(6) Braun’s method ^ whereby the aco-di-iodo-hydrocarbon (76) is allowed 

to react with silver nitrite, to give the di-nitroparafFin which is then 
reduced to the dioxime of the desired dialdehyde (77). 

(c) The oxidation of a dil)ydroxy dicarboxylic acid of the tyj)e (78), with 
lead peroxide :— 

HO.CH.COOH 
I 

CHO 
1 

CH2-CHO CH,-CH 
j n 

(iH2)„ — (CH2)„ 

j 

CH, CH,. CHO (Ji.cHo 

i 1 \/ 
H.0 

HO.CH.COOH CHO CH, CHj 
(78) (79) 

Of the higher dialdehydes, adipic dialdehyde, hexanedial, is a valuable 
substance being converted substantially to cyclopontene aldehyde on heating 
under pressure with water (79). The main dialdehydes are listed in Table IX. 

Few substances containing three aldehyde groups have been prepared, the 
best known example of the series being mesityl trialdehyde. Aromatic dialde¬ 
hydes are fairly readily prepared by taking advantage of the fact that when an 
aromatic hydrocarbon such as m-xylene is oxidised with chromic acid the 
aldehyde is formed as a half-way stage in the oxidation. If the reaction is 

^ Wohl and Schweitzer, Ber., 1906, d9i 890. 
* Braun, ibid., 1911, 44» 2626 ; 1918, 46, 108. 
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TABLE JX 

Some Diaedkhydes 

SyrfU^matic uame Structure B.p. Usual uame, otc. 

Ethaniidial (CHO), 5r (in. ir/') Cxlyoxal 
Propani’idial CH,(CHO)a — Malondialdehydo 
Biitauedial (CHjCHO), 67^/L3 Turn. S n 0 e i n d i al deh vdo 
Poutaiiodial CH*(CH,CH0)2 188'^ (rh 1T aric diald< 4i vde 
Hoxaiiodial (CHjCFbCHOa OS'"/!!) min. Adi})ie dialdehyde 
Heptaijodial CH,{CH2UH,CHOb 111733 mm. Pimelic dial<lehyde 
Octanodial (C’H.CHjCHaCHO), 142'-V30 mm. SiLacie dialdehydo 
Butene-2-dial ()HC.c;h=i;h.cho Fumaric dialdehyde 
Butyne-2-dial OHO . C~C . OHO — Aeotyleiie dialdehyde 

Phthalaldeliyde 
iso Phthalaldeliyde 
^erePhthalaldehyde 
Mesityl trialdehyde 

O.H.(OHO), (1,2) 

C.H,(OHO),(1, 3) 
C,H.(CHO),(l, 4) 

C.H,(OHO), (1. 3. f.) 

M.p. 

89'’ 
iir 
98" 

(Known only as its totra- 
acetal) 

1 

carried out in acetic anhydride and acetic acid, to which a little sulphuric acid 
is added, the tt*tra-acetate of the dialdehyde is formed, and may be isolated. 
The dialdehyde is readily obtained by hydrolysis of the tetra-acetate with 
dilute hydrochloric acid :— 

CH,, chiococh:,)^ 
/ CrO,in f _ 

aca + accP 

Clio 

I )cH0 

crephtlialaldehyde is now obtained in substantial \n(*ld from tin* readily avail¬ 
able c^/cio-octatetrene (80), by oxidation with hypoehlorous acid, a duplex 
extrusion r(‘action taking place— 

Halogen-substituted Aldehydes 

Liebig, in 1832, discovered * chloral, the first halogen-substituted aldehyde 
to be prepared. Its constitution was elueidated as trichloroacetaldehyde by 
Dumas two years later.* Liebig’s method of passing chlorine into alcohol is 
still, to some extent, used for the preparation of chloral, although more 
economical methods depending on the direct chlorination of acetaldehyde have 
been developed. 

The sequence of reactions by which chloral is obtained from ethanol is 
obscure, but appears to involve an oxidation to acedaldehyde which, in jucscnce 
of an excess of alcohol, is immediately converted to the acetal. This is then 
chlorinated by the further action of the halogen, yielding trichloroacetal or 
‘ chloral diooetal ’ ; that the final product of the reaction is the hemiacetal 

^ Liebig, Arm,, 1832, 1. 189. * Dumas, Ann. Cliim, 1831, 66, V2:\, 
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(‘ chloral alcoliolate ') is attributed to partial liydrolysis by the hydrogen 
(chloride formed during the reaction. Industrially the chloral itself is liberated 
from its * alcoliolate ' 

^OH 

CH,OH CHO^ CH(OEt),^^^ CH(OEt),_^,^ CH . OEt^ CHO 

ins CHj CH,, CCl^ icia Acia 
(HI) 

by stirring with concentrated sulphuric acid. This sequence of reactions is 
shown in (81). Chloral is a colourless oily liquid b. 97which has a number of 
interesting chemical reactions, as well as valuable pharmacological properties. 
These latter were discovered in 1869 b^’^ Liebreich/ who observed that tlu^ 
administration of 1 to 5 grams of chloral hydrate inducted a peaceful sleep ; it 
was used in rapidly increasing quantities for this purpose (30,0(K) lb. in 1873) 
until the turn of the century when other less nauseating and more powerful 
sedatives and hypnotics became popular. 

Apart from the general reactions of an aldehyde^ which it shows normally, 
chloral has certain unusual reactions which are set out below. 

(1) It reacts readily, and exothermically, with water to form a crystalline 
hy^drate, CCI3 - CH(OH)2, wiiich readily dissolves in water and organic 
solvents. It has a pungent smell and a sharp taste, m. 57° b. 97° ; 
the vapour exhibits dissociation and by tlie use of a gocKl column the 
hydrate can be separated into its constituents. 

(2) A similar reaction takes place between chloral and alcohols to give the 
hemiacetal :— 

CHO cH.on CH(0H)0C,H, 

CCI3 CCI3 

An extension of this reaction with hydroxy acids loads to cyclic 
products, the free hydroxyl of the hemiacetal form, yielding an anhydro- 
link with the carboxyl group. Thus, both lac^tic and salicylic acid 
react, thus ;— 

CH3. CH(OH) OHC . CCla 
I -i- 

COOH 

(3) Heated with caustic alkalies chloral decomposes, giving chloroform and 
sodium formate :— 

CCI3 . CHO + NaOH-^ CHCI3 + H . COONa. 

This is a general reaction which is characteristic of nearly all compounds 
in which a tertiary carbon atom lies adjacent to a carbonyl group :— 

(R)3C . CO . R' + NaOH-^ {R)3CH f R'COONa. 

* Liebreioh, Ber,, 1869, 2, 269. 
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(4) When chloral hydrate is oxidised with nitric acid it gives trichloracetic 
acid ; ^ on the other hand, when boiled with aqueous sodium cyanide 
dichloroacetic acid ^ is formed :— 

CCI3. CH(0H)3-COI3 COOH 

CVA, . CH(0H)3CHCI3. COONa 

(5) Oxidation Avith oleum converts chloral to chloralide ;— 

CI3C . CHO CI3C . CH—O 
_f. -> j I 

Cl CHO. CCI3 CO CH. CCI3 

\ \/ 
CO—Cl 0 

Chloralide 

This reaction is j)r()bably due to the formation of phosgene by dc^composition 
of part of th(' cliloral. The 8im[>Ie chloroacetaldehyde, CH2CI . CHO, is more 
difficult to obtain than is chloral. If paraldehyde is chlorinated and the product 
treated with alcohol, or if the cldorination of alcohol is controlled by cooling, 
the diethylacetal of (^hloroaldehyde (82) is obtained. The aldehyde itself (83) 
may be obtained from tin' acetal by lieating witli crystallim^ oxalic ac‘id in an 
iru'rt atrnosjihere 

OH 3 
1 „ 

pTT pi 

('I2 tU -.5*’ ^ 2 ^ Oxalic acid (M3C 
1 

CHjOH CH{OEt)j CHO 
(81>) («3) 

Chloroacetaldehyde is a sliarp smelling liquid, b. 85-86®, which forms a crystal* 
line hydrate with water. By carrying the chlorination of alcohol one stage 
farther di(;hloroacetal (84) can be obtained, convertible to dichloroacctaldehyde 
(85), a liquid, which, like other members of this series, yields a crystalline 
hydrate. 

2Cl,at-5'’ CHCI3 CHCl. 

CH3OH CH(OEt)3 CHO 

(84) (85) 

The corresponding bromo compounds are :— 

B.P. Hydrate. 

Monobromoacetaldehyde dccomp. 80-105° Leaflets ; in. 51°. 
DibromoacM^tfildehyde 142° Prisms ; m. 58-60' 
Tribromoacetaldehyde (Bromal) 174° Monosymmetric 

crystals ; m. 53*5®. 

Few of the halogen-substituted aromatic aldehydes are commonly en¬ 
countered ; exc^‘ptions are the mono- and dichlorobenzaldehydes used in the 
production of triphenylmethane dyes. If benzaldehyde is cldorinated with 
antimony pentaehloride in the presenc^e of iodine, a mixture of aldehydes is 
obtained which yields on distillation three fractions :— 

(а) o- and m- monochlorobenzaldehyde (up to 231°). 
(б) 2, 5-dichlorolKmzaldehyde (231-238°). 
(c) 3, 4-dichlorobenzaldeh^e (238-246°). 

^ Kolb©, Ann., 1842, 44, 182. * Walloch, Ber,, 1877, 10, 152f» 



408 ADVANCED ORGANIC CHEMISTRY 

Fraction (6) is the largest, only small quantities of the other substances being 
obtained. 2, 5-Diclilorobenzaidehyde may also be obtained by the oxidation 
of 2, 5-di(;hlorotoluene ((SO) obtained by chlorinating the sodium salt of toluene- 
p-sulphonic acid follow ed by hydrolysis of the product (87) with superheated 
steam 

CHO CHO CHO 

+ r>' k i(.d 
X/ \/ 

CH3 CH,, CH3I' 

/ \pl 

cil « 

Z'' Cl 
1 !r'^ 1 1) ^ 

\X 
Cll ) 

vSO,Na 

(«7) 
(86) 

The fore-run of the distillation of th(* products obtaiiK^d by tlu^ chlorination 
of benzaldehj^do cannot readily be separat(‘d into the pure constituents. 
o-Chlorobenzaldehyde (89) is obtained by chlorinating o-ehlorotolu(‘ne to 
o-chlorobenzal chloride (88). 

CH, CHClo CHC) 

At the same time some o-chlorobenzyl chloride, and some o-chlorobenzotri- 
chloride ate })roduced. By stirring the mixture with an excess of 10 per cent, 
oleum the insoluble o-chlorobenzyl chloride^ rises to the surface as an oil ; the 
chlorobfinzal chloride and chlorobenzotrichloride dissolve and are rapidly 
hydrolysed to o-chlorobenzaldehyde and o-chlorob(uizoic aeid. The upper oily 
layer is removed and the acid layer poured onto ice when o-chlorobenzaldehyde 
separates as an oil. 

The 7?i-isomer is best prepaied by a eu])rous (ddoride Sandmeyer reaction 
on rAi-ainino-benzaIdehyd(‘. The p-compound (91) is obtained in like manner 
from ^-aminobenzaldebyde, or by brominating p-chlorotolmuie to give p-cbloro- 
benzyl bromide (90) and boiling the latter \^ith aqueous h‘iul jiitrate solution :— 

CHg CH2Br CHO CHO 

Br, / \ Pb(NO,),Aq f \ DiaKo. f CuCl, / \ 

CH3 CHjBr CHO 

f Pb{NO,),Aq 

u 
1 1 

\J 
Cl Cl Cl 

(»0) («1) 

The properties of some of these compounds are show]i in Table X. 

TABLE X 

Substance 0fthO‘ Meta- Para- 

Cldorobenzaldehydc b. 208° (80ts at 11°) b. 210-213° m. 47‘5‘’ 
Bromobenzaldehyda >>. 2ar)° b. 23:1-236° in. 67° 
Iodob€>iizaldehyd(^ — — m. 73” 

2, 4'l>icldoToborizaldohyde 11.. SS' — 
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Hydroxy ald eh yd es 

Tb(^ Himpl("Hi liydroxyaldehydo is glycoialdehyde, CHgOH . CHO, which 
may bt‘ obtaiiK^d by a variety of metliods. Thi^ original method of Fenton and 
Ja(?kson ^ constitutes a general method by which a 1, 2-glycol, 

R . CH(OH) . CH2OH 

can be converted into tlie hydrox^^aldehyde R . CH(OH)OHO. A sohition of 
the glycol is treated wii-h ferrous sulphate and hydrogen peroxide. This re¬ 
action still persists even with polyhydroxy compounds such as sorbitol, which 
may be oxidised to sorbose. 

Alternative methods for })reparing glycolaldehyde (‘omprise the decarboxyla¬ 
tion of dihydroxyma](*ic a(‘id (92) ; the oxidation of allyl alcohol (93) and the 
treatnnuit of monobromoacetaldehyd(‘ (94) with bar>i}a. Glycolaldehyde is 
readily soluble iri water, in whieli it forms a sweet H\Tup which can be^ er^^stal- 
lis(Hl. The crystals whi(‘h separate an‘ a dimer, which appears to be 2, 5-di- 
hydroxydioxane (95). On solution in water tlu^ monomeric form is regenerated. 

HO.C'H .(’OOH 

I 
HO.(4I.CX)OH 

Glycolaldehyde (\xhibits tlie following nwtions :— 

(1) With water it forms a stable hydrate. 
(2) With traces of alkali its aqm^ous solution gives an aldol :— 

CH2OH , CHO • CH2OH . GHO—CH2OH . CHOH . CHOH . CHO. 

(3) Phenylhydrazine forms the osazone of glyoxal, a reaction entirely 
analogous to the formation of osazones from monose sugars. 

(4) It gives the Molisch test—a violet colour with a-naphthol and sulphuric 
a<ud. 

In general, tlierefore, giy(-olaIdchyde gives the reactions of a carI>ohydrate, of 
which series it is tin* itiitial member. The carbohydrates are given special 
consideration in Chapter VIII. 

2-Hydroxijpropanal {lAictul(Uhy<k), CH3CH(OH)CHO, is obtained by re 
ducing the aeetal of iindhylglyoxal (90) with sodium amalgam (97). 

CH3 , CH3 CH3 CH3 

I ‘ I I ‘ I ■ 
00-> 00 -> CH(OH)-^ CH{OH) 

111 I 
CHO CHiOKt)^ 0H(0Kt)2 CHO 

(06) (07) 

Lactaldchydo, which normally exists as the crystalline dimer (98), is readily 
converted by distillation under normal pn^ssure to ac etol (hydroxyacetone) (99), 
by an isomeric change. 

^ Fontoii and Jaoksiorn 1899, 76, 1. 
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o 
/\ 

OH3CHOH OH3.OH CHOH CH3.CO CH3OH 

‘I * I I —•> ^ ! -f I 
CHO HOCH CH.OH3 OHoOH 00 . CH^ 

\/ 
O 

(9S) (99) 

^^-IJydroxifpropaiml (HydracrpJic aldehyd**), . ('JK20HO is readily 
prepared by autoclaving an acpieoiis solution of acroh'in. Jake its analogues, 
it forms a dimer readily. As tlie length of the carbon chain between the 
hydroxyl and aldehyde group increases, so tlu' tendency to polymer forma¬ 
tion decreases, and is repla(‘ed by the formation of cyclic hemiacetals, a pro¬ 
cedure analogous to lactone formation. Thus, 4*liydroxypentanal (100) and 
5-hydroxyhexanol (101) are both isolat(‘d as cyclic forms. In the case of 

0 

(100) 

r I 

0 

(lOi) 
(10l>) 

CH,—(ir* 
1 I 

vH.,(( n2),4(ur ('noif 

\) 
(UM) 

of 4-hydroxyrionadecanal (102) both tin* 0})en chain and cyclic* forms (102) can 
be isolatcKl, the former having ni. 25-^0'' and the lattt'r m. r>4'\ The* open 
chain form n^storc^s tlic colour to SchiT’s solution, but th(‘ cyclic form fails to do 
80, even on prolonged standing. 

AldoU.—All aldols are of ne<;essitv hydroxy aldehydc/s, but an* not (‘asily 
distinguished from members of that grouf) winch are not true* aldols. 'riie 
name ‘ aldol ’ took its rise whcni Whrtz ^ coiuhnis(‘d two molecul<*s of ald(‘hyde 
in the presence of liydrochloric acid, so obtaining 2-hydroxybuta,?ial :— 

CH3CHO 4 CH3CHO-> CH3CH((JH)CHoCHO 
which he termed ‘ aldol ’ (from ‘ aWeliyde-alcolio/ ’). An aldol is, thendore, a 
hydroxy aldehyde capable of synthesis from two molecules of an aldehyd<\ or 
from one molecule each of two aldehyd(‘S. Since only tlu* a-hydrogen atom 
of an aldehyd(‘ is capable* of entering into such a reaction the structure of 
aldols is confined to the generic tv})e :— 

ir 

H . CH(OH) . G . CHO 

K" 

CH2(0H)CH20H0 
(104) 

Aldols are, therefore, derivatives of propanol-2-al (UH) (see above) which con¬ 
stitutes the initial member of th(* series, and can be obtained, in poor yield, by 
the condensation of formaldehyde and acetaldehyde in tht^ presence of a trace 
of alkali. 

Aldol,—The most commf)nly encountered member, 2-hydroxy])utanal, or 
‘ aldol ’ itself, is obtained in fair yield by the action of a trace of weak alkali 
on acetaldehyde, and may be isolated by diluting the reaction mixture with 
water, and extracting the aldol with ether, Aldol can only Ik*- distilled un¬ 
changed in vacuum below 80'', since above that temj)erature it loses water to 
form acrolein :— 

CH3CH(0H)CH,CH0 CHaCH^^HCHO 

I 
CHjCHOHCHoCHaOH 

1 Wiirtz, C.R., 1872, 74, 1361 ; 1873, 7#, 1166. 
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Aldol foiiiiH a (linu‘r, on Hiaiiding, as a orysiallijic solid (oftejj called “ paraldol 
(in. 90' ) ; the Htruetiire of this dinner is obscure. The r(‘actioiiB of paraldol 
interesting ; Hiblx^rt ^ showed that on heating witli a trac^e of iodine it is 
converted almost quantitativ(‘ly to cn*otonaldohyde, but if no catalyst is present 
the reaction takes an entirely different course giving an ester :— 

CH,CH(0H)GH2C0 . O . CHoCH2CH(OH)CH, 

wljich appears to indicate tliat 3‘hydroxybutyric acid and butane diol-1, 3 are 
formed by a Cannizzaro reacttion and recombine to yield the ester. 

Altliough frequent refereiu'C is made in chemical literature to ' aldol ’ 
condensations, aldols, even aldol itself, ani seldom used in synthetic work. 
The yit‘ld of aldol itsedf, from aldeliyde, is poor and the material is unstable 
when obtained. The* poor yield experkuiced in the formation of aldol is due, 
in part, to the formation of a substance, dialdan, (\H14O3, m. 139^^, and its 
isomer, iw-dialdan, m. 118 '. .Dialdan is an aldehyde, capable of reduction to 
a glycol, whilst rso-dialdan shows neither akh‘hyde nor unsaturated functions. 
It i.s probable that th(‘v are r(‘presented by tlie structures (195) and (106) 
re\sj)(‘etiv(‘ly : — 

CH,. CHCH,CHCHoCH(OH)CH,CH() 

(105) 

CH,. CH(!H,CHCH2CHCH,CH0H 

o 
(100) 

o 

A few of the more important aldols are listed in Table XI. 

TABLi: XI 

SOMn SUBSTITUTKI) AldOL.^^ 

Konniila 
1 

rh.v.sical 
propirrti*'*^ Fomiiitloii 

Fonii?'.ffobut yraldi »1 21). 90' 1), 85'’ 
15 nin). 

Kroni HCHO and 
but;v raldehydo 

Acctpropiojuili lol <TV31(OKK3I(rHsH'HO b. 92 
20 iniu. 

l'’rc>ni ace taldel»y do 
and propionalde- 
hy do 

PropioTialdol yH3(nh/TI(()H)CH(('H3)CT10 b. or/'' 1 
23 mil). i 

Fr<jn\ two rnolooulos 
of projnoiialdehydo 

»>oBut}nral(lol 1 (CH3),CH(.;H(OH)C(CH3)jOH() : b. no" 
17 lum. 

j 

From two inoleculo.s 
of i^obutyraldehydo 

tJJoButvr- 7'.yo valcr ■ 
aldoi 

(CH3)a(lICH(()H)C(CH3). 
(i\U,)ClAO 

b. 95" 
1 23iuin. 

b^rom wobutyralde- 
hyde and iso valor* 
aidohyde 

Aromatic Hydhoxyaldeiiydes 

About 1834, Pagensteeher, an apothecary of Berne, dt'termined to examine 
the odorous principle of the meadowsweet and extracted from the flowers of 
this plant {Spircea ulmariu) what appeared to be an acud oil, giving a purple 
colour with ferric cbloride, l^owig and Weidmamr-^ further purified the oil. 
Piria, in 1839,® had discovered an aromatic liquid, which ho named ‘ salieyl 
hydride by mild oxidation of the glycoside salicin, and Dumas ^ and Ettling ^ 

J Hibbert, 1915, 87, 1748. 
* f^iOwig and Woidinami, Ann., 1839, 46, 57. 
» Piria, Ann., 1839, 29. 300 ; 80, 151. 
* Duma«, ibuL, 1839, 29. 306. » Ettling, ihuL, 1839, 29. 309 ; 1840. 36, 241. 
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established the identity oi tlie two produets. Owing, however, to the acidic 
nature of the hydroxyl group, the substan(*<' was ( lasaod as an a(ud, and was, 
for some time, known as ‘ salicylous acid 

The standard method of preparing sali(ylaid(diydt* was, for many years, to 
oxidise salicin with an equal weight of potassium di(‘hromate dissolved in 
twelve times its weight of 25 per cent, sulphuric acid. On subji^cting th(‘ 
mixture to distillation in steam, salicylaldehyde passes ovtu’ as an oil. 

The reaction of Reimer and Tiemann ^ gav(‘ a synthetic method of obtaining 
salicylaldehyde and its analogues by the action of cliloroform on an alkaline 
solution of a phenol. Tlie reaction takes place, prt‘sumably, through the 
intermediate hydroxybtnizal chloride :— 

CHCla 4- NiiOH 
—---> 

CHCl, -f NaOH 

Ofl OH 

j "'\CH0 (Salic vlrtldt'hycle) 

> 
\/ 

OH OH 

r^'"i 

CHC 

(/>-Hydn)xy- 
beTizaldohydo) 

CHCl,. 

Some ^jamhydroxyb(mzaldehyd(‘ is produced at 11h‘ sanu^ time as the saliiwU 
aldehyde, but not being volatile with steam does not pass over w ith the or\ho~ 
isomer. The yields by the Reimer-Ti(‘mann naiction are very variable - about 
20 per cent, of the theoretical quantity of th(‘ o/Y/^e-isonKU' bi'ifig obtained 
Hodgson and his co-workers ^ liave examined the i^eimiu -Tiemann r(‘action in 
some detail, particularly from the standpoint of the relative* amounts of orfho- 
and para-isomers obtained in the presence of various substitin nts. 8ome of 
their results are summarised in Table XIl. 

TABLE XII 

Ratios of Isomehs Prouiiced in iiEiMEicTiEMAv^ Reactions 

Ai 
ON Phknoi-s EaH4< 

on 

R 

1 
H o-OH, m-CHa o-Cl o-Br o-I m-K ra-CI //i-Br ni-r 0-COOH 

ofp 0*6 0-48 
1 

0-46 j 
j 

1-6 1-25 107 
! 

0-87 0-71 

_J 

0*72 0-78 006 

Fortunately, in order to obtain adequate supplie s of salicylaldtdiyde for 
synthetic purposes, there is no need to resort to the Rcdmer-Tiemann reaction ; 
it can be obtained either by reducing salicylic acid in the pr(\senc(* (»f boric acid 
and p-toluidine :— 

^COOH 

OH 

Na amalgam 

Boric acid 

U)% ITsSO, 

OH 
\/ 

lOH 

When the condensation product of salicylaldt‘hydo and paratoluidine separates 
in good yield ; or, as is done industrially, by oxidising a ‘ protected ’ ester of 
o-cresol. Usually the protection consists of esterific^ation wuth p-toluene sulphon- 
chloride to give the ester (107) which is oxidised with manganese mud and 

* Raimor and Tiemaim, Ber,^ 1876, 9, 824. 
*Hodg80nandJenkin8on,J.O.iS., 1929, 469; 1639; Hodjjsormiul NixoTi, J.C.iS'., 1929, 

1632. 
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sulphuric acid to the aldehyde ; this, in turn, is isolated by steaming the reaction 
mixtures ;— 

IJcH. 

Ao-SO.<~Yh. /^0H 
CH, 

V ICH3 CHO 
+ 

(107) SO3H 

Salieylaldehyde is an oil, b. 196*5^, whicli solidifies at low temperatures 
(m. 20^’). Its odour is rerni?useent of meadow-sweet ; it giv^es a violet coloura¬ 
tion witli ferri(‘ eliloridt^. 

Many ethers of the hy<lroxy aromatic aldehyd{\s occur naturally in flowers, 
fruit and spi(*cs and ai e vahi(‘d for their pleasant odours. Examples are :— 

Anisaldehyde ^ CHO Pleasant anise odour. 

Pi})eronal 

Vanillin 

CH;, 

^o-l 

Ill. 3(>° ; b. 203'^ Has a pleasant odour of 
heliotrope, and is mainly 
used for flavouring cus¬ 
tard-powder. 

HOI 

m. SO'' ; b. 170' The odorous principle of 
15 mm. the vanilla-pod. 

The production of pi])eronal and vanillin on an industrial scale are important 
manufacturing opeuations. Thj[>eronal is n^adily made by converting safrole 

" yCH.CH CHa \CH--.CHCH, ,0—/^CHO 
XftOIl I I! CrOH-H,SO| * 

>0- 

CE, 

X 

.0- 
/ 

CH. 

(108) 
\/ 
(109) 

CH2 

^0- 
A/ 

(110) 

(108) to i.sYi-safroh^ (100) by heating with alkali (allylic rearrangement) ; iso- 
safrole is readily oxidised to piperonal (110) by chromic acid, or by manganese 
mud and sulphuric acid. As safrole is readily obtainable, being the major 
constituent of the esscuitial oil of sassafras, this proeeKlure serves to provide the 
piperonal requirc’d by industry. 

Considerable ingenuity has Ix'en expended on devising methcxls for obtain¬ 
ing vanillin, which is, without doubt, the most widely used flavouring agent. 
Vanillin is very widely distributed in nature ; apart from its wTdl-known occur¬ 
rence in the vanilla-pod (F. planifolia) vanillin is found in Scoj'zonera flowers, 
in Lnpinus albm. many orchids and in a host of other plants ; as its glycoside 
it is often met with as a crystalline effloresceiu'o on the sunny side of beech-trec's. 

The earliest chemical preparations of vanillin were from coniferin (111), a 
glucoside of coniferyl alcohol wdiich is distributed throughout the cambial sap 

OHaOf^XH—CHCHjOH 
CrO, 

CHCH3/X®® 
Dll. acid 

(C,H„05)0! 

(HI) 

(C.H„05)0 

(112) 

HO 

(113) 

of all coniferous trees. When oxidised with dilute acid and sodium dichromate, 
vanillin (11.3) is obtained, glucovanillin (112) being formed as an intermediate. 
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By a similar oxidation vanillin may be obtained from feriilic acid (113a) obtain¬ 
able in large quantities from ferula and black fir resins :— 

CH,()j'^\0H--=CHCOOH 

\- 
m\ 

CrO, 

HO 

iCHO 

(113a) 
Until recently the most practicable method of preparing vanillin in bulk 

lijis bcH'n by isolating eugenol (114) from cloves {Eugenia caryophyllata) and iso- 
merising this to kso-eugenol (115) ; older methods recommend potash for this 
conversion, but })alladised charcoal is equally effective and mucli easier to 
separate from the product. To oxidise iw-eugenol to vanillin, the former is 
chunied into an emulsion with water and treated at a low temperature with 
ozonised air :— 

-^ -"'"Ncho GH^CH-^CHa CH3O 
\ ^H -=CH.CH3 ^ 

11 Pd charcoal 1 
1 TT - i 

. J -. HO j Hul . H0> 
X/ x/ X/ 

(114) (115) 

Many attempts have been rmuie to use guaiacol (116) as a starting j)oint for 
the industrial production of vanillin ; several Hpj)an‘nilv succ(\ssful methods 
have been w’orked out, e.g. :— 

CHgO 

HO 
\/ 
(116) 

GH.OG 
_^ ' 1 A.0U , CH3O 

''' \ 
l 

CHjCO.ol HO J 
iOOCH, 

(117) (118) 

CeHjNO, 
CH,o/\,COCOOH 

ho! 

170° 

\/ 
(119) 

Aromatic amine 

(JHjO^ ^GHO 

HO. 

in which guaiacol acetate (117) is heated with anhydrous aluminium chloride, 
giving the isomeric ketone (118). By oxidising the latter compound with 
nitrobenzene, vanilloyl formic acid (119) is obtained, which can be decarboxy- 
lated to vanillin by heating to 170'’ in the presence of a tertiary aromatic amine. 

The main trouble with all processes commencing with guaiacol is that the 
product has a persistent ‘ off-flavour ’ due to the^ obstinate adherence of traces 
of raw material to the finished products. Recently, vanillin of excellent quality 
and in enormous quantity has been obtained by treating the waste sulphite 
liquors from the paper-pulp industry. The process of ‘ sulphiting to remove 
lignins from the paper-stock, involves conversion of the lignins to a soluble 
product, the cellulose remaining luichanged. The occurrence in lignin (q.v,) of 
a potential vanillin structure leads to its release when the spent sulphite lye is 
diluted and autoclaved. 

Ketones 

The early history of the ketone family has been touched upon in the intro¬ 
duction to this chapter. As soon as Williamson had established the structure 
of acetone, the discovery and recognition of other ketones followed rapidly, as,, 
for example, the discovery by Wanklyn ^ that diethylketone can be obtained 
by the action of carbon monoxide on sodium ethyl. 

1 Wanklyn, Phil, Mag., 1866 [4], 81, 505. 
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'l'h(‘ main niciliods by vvbicli ketoiics may be* prepaied are^ sot out Ix'low :— 

(1) Action of Hfiit on S<iUm of (Carboxylic Aciils.~~-Hmi:v ac(‘toiK‘ was first 
prepared by tlie action of lu at^ on calcium acetate, the^ reae^tion r™ - 

2R . (JOOe^a * -> R . CO . R d CaCOa 

has proved a valuable standard metliod. fu many (tases the yields are low, 
but may be improved by using th(* barium oi' thorium salts. Tims, in producing 
cyr/opentanone the^ method of luxating the barium salt of adipic acid (120) 

. COOca /CH,- CH, 

^CH,—COOca HtH,—CO 

(120) 

gives a yield of over 70 per cent. Ruzicka, in his researches on the higher 
cyclic ketones (see Ap])eiuiix II) found that the tliorium salts give the highest 
yi(‘ld. 

Mixed ketones can be obtained by heating intimate* mixtures of the calcium 
salts of two acids :— 

R . COOca h R' . COOca —> R . CO . ]V r CkCO,,. 

Tlu^ reaction cannot, of course, be re.straiiH^d from givirig substantial amounts 
of the two keton(*s R . CO . It and R' . (10 . R', which necessitates a careful 
frac'tional distillation to 8(‘parate the thr(*e j)rodiKts. The reattion is most 
successful when t}H‘re is a considerable disparity b(*tw(*t*n the size of It and Rh 
Thus, when barium pelargoiiate and af*etate an* distill(*d together, the three 
ketones, acetone, dec;anone-2 and heptade(*anone-S art* obtaiiad :— 

CH3 

\ 
CHaCOOba CH3 CH3 

-> \ / 
CH3(CH2)7COOba CO 

b. 50^ 

CO CO 

\ /\ 
(CHo)7CH3 (CHO7OH3 

b. 2IR b. >30iR 

These an*, (‘asily separated by distillation ; as the main objective in such a 
reaction must- be the decanone-2, the yield may increased by using a large 
excess of the relatively eheay) barium acetaR^; this intToases the amount of 
acetone foimed, but decreases the yield of heptadeeanone-8, thereby raising 
the eflieieney of eonversion of barium pelargoiiate to deeanoiu*-2. 

Although the calcium or barium salt methcxl is often described as obsolete 
for practical purposes, this is far from being the ease, as it affords the only 
practical method of approach to the o- and ?w-alk3d substituted derivatives of 
acetophenone and its homologues. Thus, to prepare 7w-tolyl ethyl ketone (121), 
the Friedel Crafts reaction is inadmissible (giving the p-derivative); other 
methods—w-toluic nitrile and ethyl magnesium iodide, for example—are 
expensive and give surprisingly small yields ; easily the most practicable 
method of obtaining the ketone is to distil a mixture of barium-m-k)luate and 
barium propionate, when yields up to 28 per cent, of tlie desired ketone are 
obtrained :— 

(OOba ^ baO . COCgHs CO . C2H5 -I BaCO^ 

(121) 

• • oa ’ is used throughout this se<?tion to indicate the ealciuni salt of the acid and to 
avoid uimeoessary duplication of formula*. 
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AttemptH ijav(^ been lumle to convert the cal(‘iiini siilt method to a con¬ 
tinuous process by the passjige of the va])ours of an iicid over a catalyst— 
tlioriuin oxide proving the most sueeessfuld The reaction appears to be most 
successful when a aralkyl and a simple alkyl acid are used together. Thus 
phenyl acetone ^ may be obtained :— 

y \0H.,COOH , HOOCH 
11“ + ThO. 

\/ __ - 
Swann, Appel and Kistler ^ showed that the catalytic* mcdliod is more successful 
for ketones of higher molecular weights when the esters of tin* acids are })assed 
over the catalyst. Thus, com{)aratively complex k(*tones such as laurone, 
stearone and undc'cylenone can be obtained simply and in good yicjld from 
ethyl laurate, stearate or undecylenate, e.g., 

CH2={^H{CH2)«C()OEt CH.=CH(OK,),.^ 

CHj==.CH(CH,)gCOOEt " CH,.=CH(CH,)/ 

(2) Methods Depending on ike. Griynard Reagent.—It is customary to regard 
the intermediate stage in the action of a (irignard rc^Jigent iipc)n an ester, as 
being the formation of the ketone :— 

R . COOEt + MgR/Br-^ R . CO . IV } MgR'Br — ^ R . C{OH)(R )2, 

but it is almost impossible to isolate tJje ketone, further reaction to the tei’tiary 
alcohol stage being preponderant. The work of Kohhu' et has shown that 
the ketone formation is more easily ccmtrollcd with unsaturatc‘d (‘sters, as in 
the formation of 

CHgCHoCH^-CHCOOEt | CsH.Mgl-> CH3CH2OH ---(dr. COC^H^ 
(122) 

4-heptenone-3 (122), 
If, in this reaction, the ester is replaced by the acid chloride, the rea(d/ion 

is much more satisfactory, always provkh^d that, as shown by Cihnan and 
Mayhue ^ the Grignard solution is added to the ac id chlor idcj, and not vice tm’sa. 
The method has been developed b^^ Fordyce and Johnson ® for obtaining long- 
chain ketonic acids, as in :— 

(CH3)2CH(CH2}3MgBr -f ClCO(CHo)aCOCl 

i 
(CR^)^CB(CH^)fiO(CH^}sCOOH 

lO-keto wpalmitic acid. A further extension of the reaction is the action of 
Grignard reagents on nitriles containing the group —CHgCN, which react :— 

CH3(CH2)5CN -f C^H^MgEr-> CH3(CH2),C=NMgBr into 

(3) The Use of Other Organo-Metallic Compounds.—When carbon dioxide is 
bubbled through a solution or suspension of a lithium alkyl or aryl, a complex 
is formed, which on decomposition forms the ketone :— 

C,HuLi C6H,i-C-<),H„ CsHnCOC,Hu 
+ COj->■ /\ »• 

CjHuLi OLi OLi 2LiOH 

^ Pickard and Kenyon, J.C.S., 1011, 99, 57. 
* Organic Synthesis, 1043, Coll. 2, 380. 
® Swann, Appol and Kistlor, Ind. Eng. Chem., 1934, 26, 388, 1014. 
* Kohler et cU., Ann. Chem. J., 1906, 38, 21,163 ; ibid. 1006, 34, 132. 
® Oilnian and Mayhue, Rec. Trav. Chirn., 1932, 61, 47. 
• Fordyr^e and Johnson, J.A.C.S., 1933, 65, 3368. 

i(m2tX)CH;, 
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(4) Oxidation of S<>mndartj AIcA}hols.—-Secondary alcohols are readily 
oxidised by chromie acid, by manganesf/ mud and sulpliuric acid, or catalytic- 
ally, thus :— 

RCH(OH)Jl' —KCOll' 

a process wliicb conHtitut(*s a satisfactory approaclj to many unsymmetrical 
ketones. 

(5) The PinacoUPlmicone Transformutio/i.—This reaction depends on tlie 
tendeucy \vhic*h a- t(‘tra-sijbstilnted ethyleia^ ^ijlyeol shows towards loss of Avatcr 
and th(‘ formation of a, ketone, according to the plan :— 

. C(OH)(OH3)., ----- (CH3).,c . cucHs 
PiriHRol Piriacono 

It will b(‘ not(‘d, in passing, that a com]>h‘x rearrangement has taken place, 
and that th(‘ g<*n(‘ric terms “ ])ina{ol and pinacone ” are used to refer to 
the glycol and lo'toije forms respectively (in jmderence to th(‘ older pinaeoline- 
j)ina(‘olone Although the reaction is a general one, it is somewhat restricted 
by the limikTl availability of th(‘ starting materials. 

(6) Th(} thermal (h^eomposition of glycidi<^ acids is also capabk^ of giving 
ketones, and is r(*lHt(‘<I to the ])inaeoi-pinaeon<‘ transformation 

O () 

/\ /\ 
(CH^)JJ-—CXCHJOOOH —-> (CH3)5.C-CH.CH3 - -> (CH3)2(:H .COCH3 

(7) I’ijc alkaline hydrolysis of acotoacetic ester and of its alkyl derivatives 
is also a prolifie source of ketones, and by usiiif; other ke.tonic esters the range 
can be extended :— 

CH,CO . CHNa . COOKt (IHjCO-CH.. COOKt 

1 
Alkallo CH.COCH 

CbH,;, 
Noiiaiioiie-2 

(8) Zi?ic-alkyl methods of Ketone Synthesis.—Whilst methods using zinc- 
alkyls are to l)e avoided, if possible, the reaction of tlu'se substances with acid 
chlorides gives a good yield of k(^tone :— 

CH3. .OZnCHa CH. 

<>%, 
(123) 

^K, - (?oei 
2R . COCH3 f- ZnCIa 

K . COCl d Zn(CH3) 
11^ 

H,0 
"\)0 

IV 

'k. COCl 

The first product of reaction (123), could be decomposed with water to give 
the ketone, but the addition of a further quantity of the acid chloride leads to 
decomposition along more economic lines, with tlie formation of an additional 
quantity of the ketone. The method also works with long ( liain diaeid chlorides, 
leading to the long-chain diketones. 

(9) Direct Alkyhiion of Aldehydes,—This can be carried out by the use of 
diazomethaiie, thus :— 

CHav CHav 

>CHCHaCHaCHO + CH^Ng yCECR.CUfiOCK^ 
ch/ -► GE/ 

The method is limited by the fact that only ketones in w^hich one unit is the 
metliyl group can be obtained. 

27 
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(10) Frk*d(*l-Chaft« m(*tlKxl« are deHcrilx^d in an ApjH'ndix to (Uiapier HI. 
(11) Anhydrous ferric* c;hloride will eonvc*rt an a(dd chloride* to the (?orre- 

sponding ketone by the sequence of reactions set out btilow :— 

(CH3)2Ch.c()ci (Gii,)^moo 

(0H3)2CH . OOCl (0H3)oC . COCl 

..H.0 (CH3),CH 

^ (0H3)„C<" (CH.,)2CH/ 
^COOH 

(12) Ketones can be obtained by tiie decomposition of nnsatiirated ethers 
containing an a/3-eonfigxiration, thus :— 

C^HgC^CHo Dil. H,SO, 
CiH^COCHs f CH3OH 

0C^H3 

(13) The method dev'eloped by Braun ' is not available exeejxt in rarx- cases 
for preparative %vork, but is useful in establishing constitution ;— 

R 

R 
COOH 

Br. R\ 
X’. COOH 

R/ ! 
Br 

soci Ks 
X. (XX.'l 

Br 

NaX 
R 

No. C0K3 

r/ 
Br 

Heat 
R 

R 
-N 

Dil. H»S04 

Br 

Ik 
>C . NH., 

ik 
Br 

The stages set out above are sufficient to indicate* the course of the reactions. 
(14) Special mention must be made of tlje nudluxi of building up ketones 

by the action of an acid chloride on a sodium acetylide ; thus, when the sodium 
derivative of p-tolylacetylciie (12) reacts with pro[)ionyl chloride, /^-tolylpentyne- 
one-3 (125) is obtained. 

CH3^^^^^^=0Na + CICOOHS.CH3 

(124) 

CH 'yc=c. COCH3CH3 

(125) 

Some Individual Ketones 

The physical properties of some of the alipliatic ketones are shown in Table 
XIII from which it will be seen that the common nomenclature is somewhat 
confused. 

Acetone, CH3COCH3.—Reference has been made, in the introduction to this 
chapter, to the original observations of Libavius on the distillation of sugar of 
lead in which a peculiar combustible liquid or “ quintessence ” was formed. 
The true composition of acetone was elucidated by Id(ibig ^ and by Dumas,^ 
but they did not indicate its structure ; this was done by Williamson, who 
regarded acetone as ‘ methyl acetyl ’—or acetyl hydride? (ethanal) in which 
the hydride hydrogen had been replaced by methyl. When Freund * carried 
out the synthesis suggested by Chiozza,^ the action of zinc methyl on acetyl 
chloride, acetone was prepared for the first time by a method indicating its 
structure. 

1 Braun, Ber., 1931, 64. 2806 ; 1934, 67. 218. 
• Dumas, Ann. Chrim. Phys., 1831 [2], 47, 203. 
♦Freund, ibid., 1861, 118, !• 

® Liebig, .4nn., 1832, 1, 223. 

* Chiozasa, Ann,, 1853, 86, 232* 
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The first industrial production of acetone was by the fractionation of the 
forerun of the redistillation of crude wood spirit, from the destructive distilla¬ 
tion of wood ; although (jontaminated with methanol, an acetone of 92 per cent, 
strength can be obtained in this way. As the demand for acetone grew, morc^ 
and more acetone was [)repared from the destructive distillation of the ‘ grey 
acetate \ obtaimni by neutralising the acid part of the pyroligneous liquor v/ith 
lime. 

These methods sufficed to supply acetone until tlie first Great War, when 
cellulos(^ acetate ‘ dop(^s ' were used for the first time, and acetone was in con¬ 
siderable d(‘mand as a solvent. As soon as acetic acid was available from 
acetylene, the sequence of reactions shown below^ w^as used to obtain acetone :— 

CH=CH —U CH3CHO CH3COOH - (CH3C()0)Ca 

CH3COCH3 + CaCOa 

The conversion of th(' ac id was soon carried out catalytically, the vapour being 
passed over lime, alumina or thoria ; excellent yields are also obtained with 
iron filings at The cost was high, and in order to supplement the amounts 
available, reeourst^ was taken to fermentation processes in which maize-mash 
or molasses is fermcmted with special organisms, acetone and butanol being 
obtained in proportions apj^roximatcdy 2:1. At the time when this process 
was first introdu(‘ed, aee^tone was the substance of primary interest, and the 
butanol w^as regaixl(‘d as an undesirable by-product. To-day, the reverse is 
true ; the numerous uses whieffi luivc^ been found for butanol and its esters 
make the process valuable for the production of butanol, the acetone being 
regard(‘d as a by-})roduct. Cracker gas can be made to give propylene and the 
sequeiMie of reactions :— 

OH3 CH3 CH, 

11 

1 
CH(()H) - CO 

i i 
CH3 CH; 

can be carried out at considerably low^er cost than that of fermentation of maize 
or molasses. WIktc cracker gas is not available the most promising method of 
production appears to be the peculiar reaction which acetylene undergoes wffien 
passed with steam over a zinc-oxide mass catalyst at 400°. 

2C2H2 + SH/)-> CH3COCH3 f CO2 + 2H2. 

Although mention is often made of the occurrence of acetone in the 
urine of diabetic patients, it must be recalled that acetone, in small 
quantities is a normal constituent of both blood and urine, and also of many 
plant fluids. 

Acetone is a colourless liquid, of characteristic but not unpleasant smell, 
and is miscible wuth water in all proportions. It is an excellent solvent for 
a vast range of organic compounds, and, in addition, dissolves many inorganic 
salts, of which potassium iodide and permanganate are of interest to the organic 
chemist. 

Vigorous reduction of acetone by Clemmensen’s method gives a moderate 
yield of the hydrocarbon ; the catalytic methods yield iao-propyl alcohol. This 
method was, at one time, an important method by which i«o-propyl alcohol was 
obtained industrially, but the separation of large quantities of propylene from 
cracker gas has reversed the position. 
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Nearly all redu(*tious ot acetone yield a little piiiaeol (12(>), and the use of 
magnesium activated by mercury under the conditions laid down by Holleman ^ 
enables pinacol to be obtained in substantial yitdd 

CH3COCH3 
H, 

(m,),c. OH 

CH3COCH3 (CH3),C.0H 

\ 
^ (CH3)3C, / 

\ 

^Mg 

(CH3)3C/ 
(127) 

Couturier and Meunier ^ have shown that a magnesium d(u ivative of pinacol is 
formed during this reaction and postulate tht' formation through the inter¬ 
mediate (127). 

Th(‘ most interesting oxidation of acetone is that by vhich it is converted 
by selenium dioxide to pyruvic aldtdiydc (128) : - - 

CH3COCH.,-^ CH3C0CH() CHO . (’() . (dlO 
(J28) (\2Ha) 

This process carmot, apparently, be* carri(‘d furth(‘!\ to produce mesoxalic 
dialdehyde (i28a). If acetone (which, in g(uieral, is not easily oxidis(‘d) is sub¬ 
mitted to the action of very povv(*rful oxidising agents tlu^ chain is destro^a^d 
and only carbon dioxide with traces of a(*etic acud can be isolated. 

The decomposition of acetone by heat, to give k('t<*n is disc usstd in Chapter 
VII, and it is only necessary here to remark on tin* abscMutc of any tendency 
on the part of ketones to polyTnerise in th(^ ordinaiy s(*nse. 

On the other hand, ketones readily enter into condensation n‘actions of the 
aldol type. Thus, acetone gives diacetone alcohol (2-methylpentanol-2, one-4) 
(129) on treatment with solid baryta :— 

CH., CH,, 
1 

CH3COCH3 + CO CH3COCH3.(i(OH) - c;h3Coch^-€(CH3), 
1 

1 OH3 
1 

(129) CH3 1 (130) 

Direct with HCl 

Diacetone alcohol is a valuable inti^rmediate yit^lding importaiit bases on 
reaction with ammonia ; it is dehydrated by boiling in the presence of iodine, 
to mesityl oxide (130), an imsaturated ketone. Mesityl oxide (2-methyl- 
pentene-2, one-4) can be obtained direct from acetone by the action of hydrogen 
chloride, and still retains its ability to condense with a further molecule of 
acetone to give phorone (131) :— 

yOB, 
CH3C0CH=G(CH3)2 + OHaCfXJHg CHgCOCH^-GC 

-^ x^h=c(ch3)3 

(131) 

^ HoUeman, Bev. Trav, Ohim,, J 906, 26, 206. 
* Couturier and Meunier, 1905, 140, 721. 
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Finally, if the condensation of acetone to these unsaturated ketones be 
attempt'd in the ])re8(‘nce of concentrated sulphuric acid, the main product is 
mesitylcne (132) :— 

OH, 

CH,,0 OOCH, 

(!H OH 

\ / 
c 

! 
CH3 

\y' 
CH3 

(132) 

It must, howf^vcr, be [)oiute(l out that whrui mesityl oxide and acetone react 
phoroiu^ is not thf‘ only j)roduct, since the nudhyl group adjaccuit to the keto 
group of nu'sityl oxkh* can also react to give an isonuT of phorone :— 

cm^cocH, ; oh3(X)ch (m. co. 
(133) 

This isomer do(‘s not giv<‘ m(‘sityJene on further condensation. In 
addition, ])i)oroiu‘ can react with more acetone, thus :— 

CHaOCKTi^ ^ (^(CH3)0H--CK0H3)o | 

C’H .CO .OH-<^((:H'3)(d^ -C(CH3), ^ 

Since, in the condensation of acetone in the presence of sulphuric acid, all thsee 
r(‘actions j)roc(*ed simultaneously the final product is very complex, and seldom 
contains rnon^ than 20-2o ]>(U‘ (*(mt. of mesitylene. 

Th(‘re are two ‘ condensation ’ r(‘actions given by acetone which are of 
considerable intivrest, aiul w hich throw some light on the lability of the hydrogen 
atoms of this kcdone. If acf toiu^ is allowed to stand with formaldehyde and 
dimethylarnim*, a reaction takes place in which up to six hydrogen atoms are 
rej)laced :— 

CH3COCH3 f HCHO t NH(0H3)o—^CH3C0CH.CH2N(CH3)2 
> CH3COCH[CH2N(CH3).>i2 [(0H3)2TMCH2]3C . CO . C[CH2N(CH3)2]3 

The sec^ond reaction is that with chloroform :— 

xm 
CH3COCH3 f 0HCI3—> (CH3)2C<; 

\c0i3 

giving aaa-trichloro-^er-butyl alcohol (‘ Chloretone '). 
The reactions of acetone with eaters is complex, and even wuth sodium 

ethylate present does not always take the typical ‘ Claisen reaction ' course. 
Thus, with ethyl acetate and sodium etbylak^ th(^ normal reaction ykiding 
2, 4-pejitanedione (acetydac(drono) ensues :— 

^ONa 

CHaCOGH, 4 CH,. COOEt —CHsCOGHg. G\ CH,-^ CHsCOCH^COCH, 

\0Et 
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On the other hand, with chloroacetic ester, a iL^lyeidie ester is obtained (sec' 
also p. 417) ;— 

CH3 CM,, OH 

bo i ciCH./X)oi':tc--choi . oooKt 
/ y 

/ 
CH, CH, 

GH3 O 
\ /•' \ 

G GH .OOOKt - (GHO^GH . GHO 

cX 
(i:m) 

When one or more of th(* substituent groups of th(‘ glvridie <*st(‘r strueture are 
aromatic, the glyeidic* (\ster is easily isolat(^d ; in the ease cited, althougfi the 
glvcidic ester (134) can be obtained pur<\ it readilv })asses into tlu' aldehyde 
(135). 

Other exam])les of the rea(‘tivity of thi^ liydiogen atoms of acetoru* ar(‘ - 

(a) The formation of a dibfmzal (‘om])ound, 

CeH,CH OH . CO . CH -(^H( ‘,H, 

m. 112"', winch is list'd as a means of identification. 
{b) The formation of a sodio-di'rivative, Ix^st obtaint'd b\ the a(“tion of 

scxlamidt' on atatoian This scnlio-dtaivativt^ rt'acts readily with alkyl 
halides giving higher ketones :— 

CeHial i- NaCH^COCH,, dl./HXTl,, 

(r) The reaction between acetone and nitrous a(*id in the presence of iiydro- 
chloj’it' acid :— 

CH^COCH,, r ONOH-v CH,COCH N . OH 

The jjroduct obtained—ns'o-iiitrosoat't'toiu', is also ihv oxinu' of 
pyruvic aldehyde, and is converted to tins su}>stan(‘e and hydroxyl- 
amine by acid hydrolysis. 

Reactions of acetone involving the carbonyl group inchidt' :— 

(a) The addition of hydrogen cyanide to give the cyanhydrin :- 

/Oil 

(CH3),C() 1 HGN->(CH3)2C< 
^CN 

Gocxl yields are not easily obtained by addition to tlie ketoiu' direct, 
and the best way of obtaining the cyanliydi in in gfanl yif'ld is to allow 
the bisulphite compound of acetone to react with a solution of sodimn 
cyanide. 

(h) The reaction of sodium bisulpliite and acetone is somewhat exceptional, 
as it does not take place readily with higlier k(dones (riK'tliyl ethyl 
ketone excepted). Th(^ crystalline addition compound can be recry- 
stallised and serves to give pure acetone on decomposition by warming 
with sodium carbonate solution. The purification of acetone is, how¬ 
ever, much more easily accomplished by dissolving sodium iodide in 
twice its weight of acetone. On standing the solution crystals of 

Nal . 3(0H3C0CH3) 

separate, and after draining and washing are deconijKised by water, the 
pure acetone being removed from the solution by careful fractionation. 
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It may be added tliat whore purity is of paramount importanfe, frac¬ 
tionation and distillation of acetone should be carried out in the dark. 
Ciamician and Silbor have showm that in sunlight the reaction 

OH/XJCH., f H^O-y CH3COOH CH4 

proceeds to an apprecial)le extent. 
(r) The oxygen of a(;(‘ton(i reacts readily with th(^ ring hydrogen of phenols 

giving rise to /^jS-diarylpropane derivatives :— 

CH, OH3 

Hfo/ ’> i i) 1- -.> c— 
OH OH HO I OH 

■^3 •*“3 

{d) Although ac(*tone reacts with the Grignard reagent to give a t(‘rtiary 
ahu)hol : — 

CH. CH3 OMgOl OH3 OH 

yio : Mg(H)f'l-> y^'\ -^ V’x 

OH, CH, CH3 11 

the yi(‘lds are ])oor, and it is ])r(‘f(‘rable to proce(*d direct from an ester. 
The difficulty in obtaining a satisfactory yield of tei-tiary alcoliol is due 
to the (jrignard r(uig(‘nt inducing the ac(done to undergo an aldol con¬ 
densation, and also to form mesityl oxide and ])horone. 

Mu(‘h b(4ter r(‘sults an* obtained from the Reformatski reaction, in 
w hich a(U‘tone is treated with zine and an a-bromo ester, e.g. :— 

CH3 

'>00 - 

CH3 

BrCH.OOOEt 

CH, OH 
ZiJ 

CH., CH,C00P:t 

(e) As a further examj)le of r(‘activity through the carbonyl group of acetone, 
the formation of cyclic acetals may be* cited. Tims, when acetone 
reacts with ethylene glycol or glucose a stable acetal ring is obtained :— 

'i ’ I 
-0—OH --C—0 CH3 

4 00 _> I r (.0 I 

\cH3 —C—0 CH3 
I I 

The reaction betweem ammonia and acetone is complex ; the formation of 
mesityl oxide and pliororu* are induced by the ammonia independently of the 
formation of diacetone-amine (13()) and triaeetone-amine (137) :— 

CO GO 

(136) 

The direct action of chlorine on acetone is to give the mono- and dichloro 
derivatives. Monochloroacetone is a colourless liquid obtained from cold 
acetone by the action of chlorine in the presence of ground marble, which 
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decomposes the hydrochloric acid formed. It is a lachrymatory substance, 
b. 119° ; if the chlorination is pursued both the as- and ,9-dichloro derivatives 
are obtained, and complete substitution of the hydrogen of acetone can be 
accomplished. Most halogen derivative's of acetone are lachrymators. 

With phosphorus halide^s, the reaction takes an entirely different course ; 
it is usual to see the statement that 2, 2-dichloropropane is the product of the 
reaction between phosphorus pentachloride and acetone, but this is only partly 
true, more 2-chloropropene CH^CCl - €H2 being obtained, and a substantial 
amount of the acetone being converted to mesityl oxide and phorone, whi(‘h, 
with phosphorus pentachloride, give their own particular halogen (compounds. 
The most satisfactory way of converting acetone to dichloropropane is with 
oxaJyl chloride :— 

CHgOOClTa CICO . GOCl-> CH3C(CI)2CH3 + GO + GO3 

Of the higher ketones, only one or two, notably methyl ethyl ketone, 
(butanone-2), are available industrially. There ar(\ how(^V(T, many simple 
aliphatic ketones which have becai ]:)repared, and 8om(‘ of these are listed in 
Table XI11. A number of the higher ki'tones are found in plants, and oth(‘r 
natural sources. Thus, methyl amyl ketone (heptanone-2) and methyl- 
heptylkc^tone are found in Roquefort cheese, and, indeed, many clieest's owe* 
their specific flavour, in part, at h^ast, to the ketones of this series. Nonanon(‘-2, 
decanone-2 and undecanone-2, are all found in oil of rue, in which the latter 
predominates. 

Methyl ethyl ketone is obtained industrially from butanol-2 by catahtic 
oxidation ; as a ketone it gives most of the (characteristic reactions of tlu* 
group, and is particularly not(‘d for its formation of diacetyl monoxime by the 
action of nitrous acid. IVom this monoxime, diac(?tyl (KIS) may be obtained, 
or by the action of hydroxylamine it be converte^d to dimethvlglyoxime 
(139). 

CH3 CH3 CH3 CH3 

■ ONOH I i NHjOH 1 . . p a: .OH - CO > P -AFP If .. > 
I 

CO 
I 

CO 
lTydroly«lH io C=HOH I 

CH3 

I 
CH3 

I 
CH3 

1 

CH3 
(l.'iS) (139) 

The possibilities associated with ‘ aldol' condensations with methyl ethyl 
ketone are complex, as b(3th the —CHg and GH3— adjacent to the carbonyl 
group can react. In the presence of acids, the methylene group is the main 
reactant (140) ; with sodium ethylate, the terminal methyl group is principally 
involved (141). 

CH3 CH3 CH3 CH, 1 
CH3 CH3 

j 

CH3 CH3 
1 

CH3 CH3 CH3 CH, 
1 1 noi 1 1 1 1 NaOKt 1 1 
CO -f CH3 -. C---^C CH, 00 -. CH, 

1 
CO 

1 1 

CHj CO 
1 j 

CH* CO 

1 1 

CO + CH3 
1 

^CH 
1 

CH3 
1 

CH3 

j 

CH3 

1 

CH, 
3, 4-Diinethyl 3-Methyl 
3-hexenone-2 3-heptenone-5 

(140) (141) 
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Many chemiHtH regard the simple aliphatic ketones as m(‘thy] derivatives of 
acetone ; indeed, all the serie^s is known — 

Relation Ut 
ucett)ne 

Name 

CH, . C^HjCOCH, Methyl. Hutanone-2 (MtXhyl ethyl ketone). (Cor pro- 
fierties, see alxjve) 

(CH3)2CHC0CH3 cr.v-Diinethyl* 2-Mpthylbutaiione-3 (Mothylivopropyl ketone 
obtained by hydrolysis of trimethyl-ethylene 

j dichloride 

CH3 . CH^COCHg . CH3 «-Dimethyl- Fentanoiio'3 (DiethyIkeione) 

(CH3),CHCOC’HjjC’H3 f^v-Triinethyl- *^-MethyI{HH\tanone-3 (Ethyh'^opropylketone) 

(CH3)3C’ . CX)CH3 
i 
A'Trimethyl- 2, 2.Dirnethylbutanone.3. Piuacoue (best ob¬ 

tained from piiiHcol) 

(CH3)3C^ . CO . C((^H3)3 Hexariiethyl- 2, 2, 4, 4 TotramethyIpentanorie-3. Pivalone 

The main point of inti?rest in this scnies is the inability of the last com¬ 
pound (pivalone) to give reactions with reagents such as hydroxylamine, 
hydrazine, etc. ; this appears to be a genuine .sieric, or volume, factor. 

l^ivalone may he prepared by the direct alkylation of di-isopropylketoue 
with sodamide and dimethyl sulphate :— 

(CH,)o(^dl(X)CH(OH3), 
Me*S04+ NaNK, 

(0H3).,C . CO . C(CH3)3 

Unsatukated Ketones 

Apart from vinylmethyl ketone, mesityl oxide, and pliorone, the majority of 
unsaturatiKi aliphatic ketones are related to the terpene family. 

Vinylmethy Ike tone (l-butenone-3) is obtained by condensing formaldehyde 
and acetone to butanol-1, one-3 and dehydrating this to l-buteiione-3. it is a 
liquid with an extraordinarily powerful odour, and polymerises readily to a 
dimer, analogous to disacryl. 

Mesityl oxide can be made by heating acetone under pressure with zinc 
chloride, and is a colourless liquid with a peppermint-like odour. It may also 
be obtained by the catalytic dehydration of diacetone alcohol. The methyl 
ether of this alcohol is regenerated w^hen mesityl oxide is heated with methanol 
and alkalies ; this appears to be a direct addition of methanol at the double 
bond :— 

OCH, 
CH, 

> e==CHCOCH, 
C'E,OH + KOH ---—j H,80. 

CH. 
. CH„COCHo 

CH,/ CH, 
In addition, mesityl oxide can easily be reduced to methyl isobutyl ketone, 

and- methyl isobutyl carbinol, both of which are produced industrially by this 
route. With mild reducing agents an intermediate phase is observable, leading 
to the isolation of pentamethyl cyciopentenyl methyl ketone (142), by way of 
an intramolecular aldol condensation ;— 

{CHs),C=CHCOCH3 (CHg)3C-CHjjCOCH, 
+  I 

(CH3)3C=CHC0CH3 (CH3),C CO 

CH* CH* 
(CH3)*,-^COCH* 

OCh. 
(CH3), 

(CH3), 

COCH, 

CH, (CH*),l 
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Phorone, (0H3)2C- OH . 00 . CH=C{0H3)2’ ai-oompanies mesityl oxide in 
all reactions calculated to produce that compound, and may be obtained in 
substantial yield by adjiistmcmt of the conditions of dehydration of acetone. 

Among the iinsatiirated ketones associated with the tcnpene family are : — 

2-Met)iyl-2-heptenone-6 (Methyl heptcnione), b. 171°. 
2, 6-Dimethylimdecatriene-2, 6, 8-one-l (ip-iononv), obtaiiKTl by the con¬ 

densation of citral and acetone. 
3, 3, 6-Trimethylheptadiene-l, 5-one-4 (x4rtemesia ketone), 

. C(CH3)2C0CH--€(CH3),. 

These substances are to be further discussed under tlie heading of ‘ terpcnes ’. 

Cyclic Ketonp:s 

The higher members of the cyclic ketone Herit*s art* spet^ially considered in 
the Appendix to this chapter. The pr(‘sent remarks are (‘ontined to the live-, 
six- and seven-membered rings. 

Cyclopentfinone is best obtaint‘d by distilling a mixture of adipit' acid and 
anhydrous baryda, when a yield of over 70 per cent, of the ketone is obtained :— 

CH,™CHo CHg—CH., 
i ! —^ I i 
0H„ CH.,C00H OH. OH. 
\ \V 

OOOH 00 

Cyc^opentanone is a colourless liquid b. 130°, whicli lias all the normal 
properties of an aliphatic ketone. Many^ derivativ(*s of tht* cyr/opentanone 
ring have been prepared ; methyl cyc/openttuK)ne-5 (143) is found in tht^ 

— CH3 

CH3 CH3CH2CH-CHCH., 

CO 
(143) (144) 

products of redistillation of v ood tar. In jasmone, a coiujentrate from jasmine- 
oil, the active principle appears to be a methyl pentenyl-n/ci^^pentenone (144). 

Cyclohexanone is best obtained by the catalytic oxidation of ryc/oliexariol, 
and is prepared by this method, industrially^, in large quantities, for use as a 
solvent. It is an intensely stable compound with a pleasant cxlour, and appears 
to contain an appreciable percentage of its enol form (145). 

(145) (146) (147) 

Vigorous oxidation of cyclohexanone gives a good yield of adipic acid. In 
most ways eyefohexanone behaves as a normal ketone ; its oxime (146), how¬ 
ever, isomerises to the seven-membered ring lactam (147) on treatment with 
sulphuric acid ; this is probably an internal Beckmann rearrangement. 

Although the main reactions of eyefohexanone are those assoeiatiid with the 
true carbonyl group, the existence of keto-cnol tautomerism is sufficient to 
lead to derivatives of the enol form. Thus, cyclohexanone may be acetylated 
to acetyl cyclohexenol by the use of acetic anhydride. 
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In addition, the presence of the carbonyl group in the ring confers on cyclo¬ 
hexanone ability to condense through the adjacent methylene groups. It, 
therefore, will condense with benzaldehyde to give a dibenzalcycZohexanone 
(148), a substance which owes its deep yellow colour to the conjugated un- 
satii ration. 

(148) 
CycZobeptanone (suberone), is best obtained by distilling an intimate mixture 

(jf suberic acid and anliydrous baryta ; about 60 per (^ent. yields are obtained 
of the cytilic ketone, which is a colourl(\ss oil, b. 180*^, with a pleasant smell of 
peppermint. Suberone was the starting point for Willstatter’s researches on 
the unsaturated seven-meinb(;red ring hydrocarbons, culminating in the syn¬ 
thesis of cyc^oheptatriene (q.v.). 

Ketones (’arkying an Aromatic Group 

The general methods cited in previous pages are often capable of yielding a 
kc'tone in wliich one or both of the groups attached to the carbonyl are aromatic 
in character. On the other hand, the Friedel-Crafts reaction, between an 
aromatic structure and an acid chloride or anylidride is a valuable additional 
method which is available in this field. The details of this reaction have been 
discussed in an Appendix to Chapter III. 

The conventional use of an acid chloride with aluminium chloride is 
caj)able of a wide variety of modifications. Thus, tin or titanium chlorides 
may be used in place of aluminium chloride ; indeed, tin tetrachloride is to be 
preferred for the acylation of furane or its derivatives. The acid chloride may 
t>e replaced by anhydride' or even the acid itself. Groggins and his co-workers,^ 
in a detailed survey of this reaction, showed that an excellent yield of aceto¬ 
phenone could be obtaiiu'd from benzene and acetic acid in the presence of 
anhydrous aluminium chloride. 

Having regard to the aromatic component, nearly all substituted benzene 
rings, fused benzene rings, or tlieir iK'terocyclic analogues will take part in 
the Friedel-Crafts reaction with acyl compounds. With substituted benzene 
derivatives the entering groii]) usually takes an ortho- or pam-position; 
structures in w'hich tlie existing substitiKUits are sufficiently ‘ negative ’ to 
warrant the prediction of me^a-substitution, e.g. nitro, are usually incapable of 
giving an acyl derivative by the Friedel-Crafts method. 

When naphthalene is submitted to the Friedel-Crafts reaction in carbon 
disulphide solution, the product is almost exclusively the a-acyl derivative ; 
in nitrobenzene a preponderance of )3-acyl derivative is observed, but the 
a-compound is also present. If an a-substituent is already present, the entering 
group will take up the 2-, or 4-po8ition ; )9-compounds iisuall}" yield 1-, or 6- 
acyl derivatives. 

Anthracene gives a mixture of 1-, 2- and 9-acyl derivatives. The reaction 
is not entirely confined to aromatic h^^drocarbons, and will proceed with ajclo- 
pentane and cyciohexane, although in the latter case the product is largely 
1-methyl-2-acetylcyctopentane (149) an extrusion reaction having accompanied 
the Friedel-Crafts reaction :— 
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The physical properties of some of the more commonly encountered aromatic 
ketones are given in Table XIV. In general, their chemical behaviour shows a 
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remarkable analogy with that of the simple aliphatic ketones ; thus the a-hy- 
drogen atoms of acetophenone enter into a reaction reminiscent of the formation 



T IT E A L 1) E H Y I.) E S ANT) K E T (> M E S 431 

of mesityl oxide from a(;etoiH‘, yielding, in this case, the diphenyl analogue of 
mesityl oxide, dypnone (150) 

C«H5 C.Hs JJ /\ p „ 

^CO + CHaOOCeH s-^ --CH . 00 . I j 

(M, OR, G\H, 
(ir,o) (151) 

If stronger acid be used, and the reaction prolongf‘d, triphenylbcmzene (151) is 
obtained, a reaction which is analogous with th(^ formation of mesitylene. 

As miglit be expected by analogy with simpler (-ompounds, the chlorination 
or bromination of acetophenone takes place in the side-chain, leading to ca- 
ehloro- or cu-bromo acetophenone. These two substances, often termed phen- 
acyl chloride? and phenacyl bromide are strong lachrymators. 

The ])artially aromatic ketones condense readily with aldehydes, the elements 
of water being lost and an unsaturated ketone being obtained. Probably the 
most important examj)le of this reaction is the condensation of benzaldehyde 
and ac(*tophenone to give chalcone (152) :— 

^^CHO +CH3Co/“\ CH=CH . OOC 

(152) 

The analogy in behaviour between aromatic and aliphatic ketones persists 
even when both groups are aromatic, as in benzopheiione. This compound, for 
example, is easily reduced to btmzpinacoi (tetraphenyl ethylene glycol) (153) 
and, as with pinacol itself, the tetraphenyl derivative yields the corresponding 
pinaeone (154) on dehydration :— 

CeHs . CO . . C(0H), CeH^ 
f -> I -> . CO . Cells 

CeH, . CO . CeH^ CeH, . C(0H) . CeH, C,R/ 
(153) (154) 

Of the ketones derived from fu8<‘d or condensed aromatic or semi-aromatic 
rings, three main classes are encountered :— 

(1) The simple acyl (mainly acetyl) derivatives. 
(2) The cyclic ketones where an isolated methylene group (as in fluorene 

fluorenone) has been eonverted to a carbonyl group. 
(3) The symmetrical ketones analogous to the di-aryl methanes (e.g. di-a- 

naphthyl ketone). 

As an example of the first group we may consider the acetylation of naph¬ 
thalene which, with acetyl chloride and in the presence of anhydrous alum¬ 
inium chloride proceeds according to the nature of the solvent used ; carbon 
disulphide gives the a-derivative almost exclusively, whilst with nitrobenzene 
jS-acetylnaphthalene preponderates.^ With anthracene varying proportions of 
the 1-, 2- and 9- acetyl derivatives are fonned, whilst fluorene (156) acetylates 
almost wholly in the 2-po8ition (155); on the other hand, fluorene is readily 
oxidised to the cyclic ketone, fluorenone (157), a yellow crystalline compound 
which has many ketonic properties. 

Acetyhi. 

COCH3 ^ 

CHj 
(155) 

1 Chopin, BttU. Soc. Chim.. 1924, 35. 613 
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PhenaiithreiU5 appeatvs to bo aci^tylatod bent in nitrol:K»nzonc solution/ 
when the 3-acetyI and 2-ao(‘tvl derivative's an' obtained in the proportions 
4:1. On the other hand, 1), 10-dihydropheuanthrone aeetylates to give the 
2-acetyl derivative with almost theoretical yield.- 

HYDRC)XYKET(>N ES (K ETC >LS) 

The ketols form a .small but interesting group of compounds, usually sub¬ 
divided into a-, y-, etc., ketols aecordiiig to th(‘ relative* positions of the 
carbonyl and hydroxyl groups. The term ‘ ketol ’ is restiicted to the* aliphatic 
series, or to those aromatic substances in which both carboxyl and hyclroxyl 
groups are situated in tiie same side-chain. 

The Table XV shows the names, formula? and pliysical constant of a few 
representative ketols. The ketol most commonly encountc'red is pro})aiiol-l, 
one-2, or ‘ aeetol ’ (160), usually obtaiiu^d from monochloroacetone (15S) by 
reaction witli sodium formate and hydrolysis of the iutermediab? est(T (159). 
Industrially, aeetol can be obtained by passing the vapour of glycerol (161) 
over pumice heat(?d to 450 

CH3 CH3 OH3 

60 k> CO 

i l ! CH2CI CHO.CO.H CHoOH 
(158) (159) (I(>0) 

rcHj 

-II 
C(OH) 

I 
CHoOH 

OHoOH 

inoH 
I 

CH2OH 

(151) 

Butanol-2, one-3 is more* commonly called ‘ a(‘etoin and is the parent of 
the large family of ‘ oin ’ compounds, of wiiich benzoin is probably the most 
widely known member. Acetoin, a substaru'C m. 15°, b. 148° is obtainable by 
the partial reduction of diacetyl by zinc dust and acetic acid, but is made 
industrially by certain t^^es of carbohydrate fermentation. Then* is some 
ground for believing that, during the fermentation, acetoin is }U(x1iuth1 from 
acetaldehyde by a reaction whieli may be express(‘d 

2CH3CHO CH3CH(0H)C( )CH3. 

Both diacetyl and 2, 3-butylene glycol are obtained during the fermentation. 
Benzoin (CgHg. CH(OH)CO , CgHg) m. 137°, is readily obtained by boiling 

an alcoholic solution of benzaldehyde with about one-tenth of the weight (of 
the aldehyde) of jx)ta8sium cyanide. The reaction proceeds smoothly and on 
cooling the benzoin crystallises. The reaction may be considered a general 
one ; the higher homologues of benzaldehyde, together w ith its alkoxy com¬ 
pounds form homologues or alkoxy derivatives of benzoin. The aromatic 
aldehydes with halogen, amino, or nitro substituents do not give benzoin com¬ 
pounds. Thus, veratraldehyde gives veratroin :— 

CH3O 

CH^Oi 

OCH3 

CHO OHc/^OCHs 
+ ^^ KCN 

CH,0 OCH, 

CH30<^^CH{OH)CO^“NoCH, 

Where the aromatic aldehyde is not juxtanuclear—as in phenylacetaldehyde or 
cinnamic aldehyde, the tendency to acyloin formation is less marked, but not 
entirely absent. Benzoin and its analogues are readily oxidised to the corre¬ 
sponding diketones, of which benzil, . CO . CO . CeHg is the prototype. 

' Moeettig and V. d. Kamp, J.A,C.S,f 1930, 3704. 
* Burger and Mosettig, ibid., 1936, 67, 2731. 
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There is an exact parallel between the behaviour of benzaldeliyde and furalde- 
hyde in forming this type of copulated compound, and furoin and furil have a 
considerable similarity to benzoin and benzil. 

Benzoin and its homologues are able to give reactions which in many cases 
lead to the view that they exist in an enolic condition, R . C(OH)=C(OH). R. 

28 
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Thus, with hydrogen cyanide in the presence of 
4, 6-8ubstitut^ oxazoles :— 

. OH H—N TR-C-N 

sulphuric acid they yield 

R-C-N 

K-i CH 

V 
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Many liydroxyketones are known in which the aromatic nucleus carries the 
hydroxyl group, the keto-group being situated in a side-chain. These are 
illustrated by tbe examples in Table XVI. 
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Dikbtonbs 

It is customary to divide the diketones into families depending on the 
relative positions of the carbonyl groups ; in a-diketoiies the two carbonyls 
are adjacent; in fl-diketones they are separated by a single carbon ; the 
y^liketones have the separation effected by two carbon atoms, and it is cus¬ 
tomary to refer to higher diketones by the numerical descriptions, 1, 6-, 1, 6-, 
1, 10-, etc. 
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CL-Diketones.—The prototype, diaeety], CH3CO . COCH3 is a pale yellow 
liquid b. 88'^. It is obtained industrially by the fermentation of glucose, 
through the intermediary of acetoin. For small quantities, the preparation 
from methyl ethyl ketone outlined in the formulae below may be used :— 

CH3 OH3 
1 

CH3 CH3 CH3 CH3 
1 

HNO, 
I 

CO 
1 nCl FeCl. 

1 

CO V TTPn 1 IxaHCO* 

1 

CO io 

CH3 C--N ■ OH CO 6h(oh) CHBr CH, 
1 

CH3 CH3 iH3 

1 

CH3 

1 

CH3 

1 

CH3 

L.. 80 0* t 
_1 

Two other modes of proceeding from methyl ethyl ketone to diacetyl are shown 
in the diagram above, direct oxidation with selenium dioxide and conversion 
through 3“bromobutanone-2 which is obtainable from butanone-2 and bromine 
in ethyl bromide. Acetoin is obtained by hydrolysing the bromo-compound in 
bicarbonate solution and may b(* converted to diacetyl by ferric chloride oxida¬ 
tion. 

Diac^etyl is employed in dilute solution for simulating a flavour of butter, 
in which substance it occurs naturally. Acetyl propionyl (pentaiie-2, 3-dione) 
is also used in this wa}’. Diacetyl is a highly reactive compound, giving gly- 
oxalines and quinoxalines with o-diamines, and with formaldehyde and 
ammonia :— 

CH3CO 

1 - 

NH3 CH3C-N 
f CH,0 -> 1 1 

CH3CO NH3 CH3C CHo iMnicthylglyoxaline 

\/ 
N 

CH3CO H,n/\ 

N 

CH3/ v\ 
1 1 f -> 1 2, 3-.Diinethvlquinoxaline 

CHaCO CH 

Benzil, CflH5CO . COCqHs, m. 95"", is formed as yellow needles by the oxidation 
of benzoin, usually with nitric acid, although alkaline cupric solutions can be 
used equally well. It is mainly of interest for two reactions (a) its reduction 
to desoxybenzoin CeH^CHgOOCgH^, and (6) its conversion to benzilic acid {q>v.) 
by alkali fusion 

COOH 
I 

C,HbOO . COC,Hb — ^ CeHs . C . 

OH 

^•Diketones.—The prototyi^e of jS-diketones is acetylacetone, 

CH3CO . CH,COCH.„ 

a liquid, b. 140°, obtained by the condensation of ethyl acetate and acetone in 

CHjCOOEt + CHjCOCHa-^ CH3CO . CHgCOCHs 

the presence of sodium, sodamide, or sodium hydride. It is usual to isolate 
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the (liketoiie forming the (Dpper salt, susjK'iuling the moist salt in etJier and 
decomposing it with dilute sulphuric acid. Ac(‘tyl acetoiu' may also obtained 
from ethyl acetoacetate, by conversion to its C-acetyl derivative which gives 
the dike^tone on boiling with water :— 

OH,COCHC()OEt CH3OOCH., 
CHaGOCHaOOOEt —-> ‘ i —> | 

CX)0H3 OOCH3 
Acetylacetone also makes its appearance in many reactions of the Friedel- 
Crafts type in which eitlier acetyl chloride or acetic anhydride (Dine into contact 
with anhydrous aluminium chloride or boron trilluoride. Tht^ essential inter¬ 
mediate in the case of acetyl (*hloride appc'ars to b(‘ diacetoa(‘(‘tyl chloride 
(162), which hydrolys(\s to the acid, and generates the diketone by loss of carbon 
dioxide :— 

CH3OOCI 

CH.COCl 
CH,COCl 

AK^l* 
>CHCOCl 

CH3CO/ 
(IGii) 

H.O 

CH^OO 

GHoCO 

^CH.COOH 
- CO, 

GW^GO 

>GH, 

(^HgGO 

GH 

CH,. G G . GH, 

When cautiously distilled from all-glass apparatus a(*etylacetoue apj)(*ars to 
consist wholly of the mono-enol form, the exc('ptional volatility of whi(‘ij is 

accounted for by its clielate form (H)3). Evtai after 
standing, the equilibrium between diktdo- and mono-enol 
form is well over on the latter sid(‘, and the formation 
of metallic derivatives such as tln^ copper and iKuyllium 
salts (164) still indicates the (‘ase with which the enol is 
formed. The beryllium salt is volatile*, may distilh'd 
without decomposition at 270 , and has lxx*n us(*d to 
establish the valenc^y of beryllium. The* analogous 
beryllium derivative of benzoylf)yruvic acud (163) has 
been resolved by Mills and liis (D-work(‘rH into its optical 

isomers, thus giving added proof of the structure of this tyjx* of conqxxind. 

O O 

H 
(163) 

GH, 

C=0 

H 

'V 

CH3 

i 
/ \ 

CeH, C„H, 

0= C-=0 0 - -0 

Cu CH CH 

/ 
c—o 

X 
0-0 c—0 

\ /' 
Be, 

/' 

CH 

o—c 

CH3 CHj COOH COOH 
(164) (Kir,) 

Chemically, acetylacetone is characterised by the intense activity of its 
central methjdene group and by the fact that it forms cyclic compounds with 
great ease. Thus, pyrazoles are formed with aryl hydrazines 

CH—CO . OH3 CH-C. CH3 CH—C . CH* 
I + .. .. 

CH,.C H*N.NH.C,Hj 

\h 

CH3 

^ \ 

N 

OH ifH 

in 

chJ I 

Y 
ioHs 
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The activity of the central methylene group is described elsewhere (Chap. VIII). 
Homologues of acetylacetone are well known,^ some of which are shown in 
Table XVII. 

TABLE XVII 

Some ^-Diketones 

SyKtcmatic namtt 

■ 

Formula B.P. name 

diono ^, 4 
140^ Acetylacetone 

Ht'xane- 
dioiit^-2, 4 

CHgC ’H/JOCHjOOCH 3 162^ I'ropioiiylaceioiie 

Hrptmio- 
(liono-2, 4 

CH3(CH2),(X)(’H2C0CH3 101-10279 min. n*Butyrylaceiono 

(iiont^-2, 4 
CH3(CH2)/X)CB2COCIf3 194^ n - Valerylace tone 

Noriaru^i- 
dioii<^-2, i 

('h,(ch,),(;()<;h,co('H, 211-213 /750 mm. n -Hexoylacetone 

T^rdi'caMf- 
di<)iu'-2, 4 

('Ha(('H,),COC'HjCOC'H3 276‘^ n - Decoy lace tone 

PciitiidorHiJo- 

dioniO-2, 4 
CH,(CH,), oCOCHjCOC'H, m. 31-32 n-Dodecoy lacet one 

Hopt aiif'- 
dionc-2, 6 

('HaCHjCOCHit'OCH,. 
CH, 

176''/751 mm. Dipropiouylmethaiio 

()(',tano- 
dionc-2. 6 

(!H3(CH,),COCH,C:OCH,.j 

f'H,! 

)S9®/758 mm. Propion y I -1< -1) ut yry 1 
rnetliane 

Noiianc- 
diont'-4, 6 

C3H,OOCHsCX)C',H, 

! 

204-205° 

, 

Di -n-butyry Imethane 

Mix(Hi aryJ-alkyl diketones are also quite common, and the prototype of this 
serit's, benzoyl acetone, C^HsCOCHgCOCH,, is readily prepared as a crystalline 
solid, m. 60-61'^, by the Claisen condensation between acetophenone and ethyl 
acetate 

C.HfiCOCHg + EtOOC . CH3 — CeH^COCHaCOCHg. 

The condensing agent may be sodium, sodium ethoxide or sodamide. 
Acetonylacetone (CH3COCH2CH2COCH3) is representative of the y- or 1, 4- 

dik(4one8. It is prepared by heating diaeetyl-suecinie acid (166), when de¬ 
carboxylation ensues:— 

CH-jCOCH. COOH CHaCOCHa CH3COCH2 CH3COCH2CJ 

-> <- <- -j- CNa 

OH3COCH . COOH GH3COCH2 CH3COCH. COCH3 CHaCOCH-J’CH.T 
(166) (167) (168) (169) 

It may also be obtaiixNl by the action of monochloroacetone on sodium acetyl- 
acetone (169). An intermediate triketone (168) is obtained which is easily 
hydrolysed to acetonylacetone (167). The most characteristic property of the 
1, 4-diketone8 is the ease with which they form five-membered cyclic ling 
compounds, apparently through the dienolic form (170). 

^Morgan (and co-workers), 1924, 186» 740, 766, 760, 1271 ; ibid., 1925, 127, 
2619, 2620. 



»4U ADVANOBD ORGANIC CHEMISTRY 

Dehydration leads to furan compounds (171); reaction with phosphorus 
pentasulphide gives thiophen analogs (172) and derivatives of pyrrole (173) 

CHg . CO CH=-€V CH--=C;s 

CH,.CO CH===(V CH-=.C^ 

CHa 
(170) 

CH^i 

CH-C^ 

CH3 

(171) 

CH-^-Cs 

CH--C' CH-=C/ 

I I 
CH, CH, 

(172) (173) 
are obtained when the diketone is heated with ammonia. Desjute this tendency 
to react through the dienolic form, the diketo-.stiueture is p^■(^sont in normal 
specimens of the material, and gives its dioxitne normally with hydroxylamine. 

Long-chain diketones are frequently made by revei'sing the eyclisation that 
leads to the furan derivatives.^ Thus, when methylfuran reacts with vinyl 
methyl ketone, a 2(5-methylfuryl) bntanone (17-t) is obtained. This, on 
reduction, yields nonanedione-2, 8 (175). In the same way, the compound 

CH,==CH . COCH, 

|CH,CH»COCH., 
Acid-alcohol 

CH3C0(CH,),C0CH3 

CH3COCH3CH.,COCH3CH300CH3 

(170) 

CH3C0(CH3)3C0(CH3)6C0CH3 
(178) 

CH3C0CH,CHJ ICHjCHjCOCHa 
Add-alcohol 

-- CH3C0(CH3)3C0(CH,)3C0(CH3)3C0CH3 
(179) 

(177) obtained by the condensation of furan with two molecules of vinyl- 
methylketone, is reduced to dodecantrione-2, 5, 10 (178). If the reduction is 
carri^ out with acid-alcohol, the corresponding tri- (176) and tetra-ketone 
(179) are formed. 

1 : S-Diketones are exceptionally difficult to obtain, and unless stabilised 
by other groups (as in (180)), cyclise to derivatives of pyran (181) 

CH3CO COCHg ' 

CHaCOCHCHjCHOOCHj CH,!^ JcHj 

(180) Cl 

^ Aider and Schmidt, Ber., 1948, 76, 183. 
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Diketones in which the two carbonyl groups are separated by more than three 
m(‘thylene groups are quite easy to prepare, but the carbonyl groups act inde¬ 
pendently. The simplest method of preparing them is to allow the correspond¬ 
ing di-acid chloride to react with an excess of zinc alkyl halide 

^COCl C.Hs. ZnBr ^COCgHg 

(CH,)5 + -> (CH^)^ + ZnBr^ + ZnClj, 

\)001 C2H5. ZnBr 

Tri- and Pola^-Ketones 

Pentane, 2, 3, 4:4rione, CHyCOCOOOCHa is the simplest triketone, and may 
be obtained by condensing acetylacetone with p-nitrosodimethylaniline (182) 
giving the imine (183). On hydrolysis with acid the latter compound gives 
p-amiiKKlimethylaniline and pentane. 2, 3, 4-trione (184). The triketone is an 

CH^OOCHjCOCH, CH3COCCOCH3 CH3COGOCOCH, 
■f II + 

NO N NH, 

/\ 1 II - -> 1 II- —^ 1 i 
V/ V/ 

N(0H.5).. N(CH3)2 N(CH3)3 
(1S2I (183) (184) 

orange-red liquid, b. 55^j]2 mm. but it easily forms a colourless hydrate. This 
is a cliaracteristic of stnietures (containing three adjacent carbonyl groups. Thus 
m(^soxali(' acid, jm^soxaldehyde, triketohydroindene all share the ability to form 

HO. /OOOH 
\q/ 

HO'^ "^COOH 

HCs ^CEO 

EiV 'N?H0 

Mcfloxalic acid 
hydrate 

Mcsoxaldoliydo 
hydrato 

\ 

--00 
1 /OH 

- CO 

Trikelo}i y drindeno 
hycirate 

(186) 

HO. 

HO^ 
\C.COOH 

• COOH 

Diketesuccinic acid 
dihydrate 

(Dihydroxytartaric acid) 

(185) 

a stable hydrate, whilst in the case of dihydroxytartaric acid (185), the property 
extends to the two central carbonyl groups. 

Trikelohydrindene hydrate (186) is a valuable reagent for the detection and 
estimation of a-amino-acids with which it gives an intense blue colour. 

There are, of course, many tri- and polyketones in which the carbonyl 
groups are separated by —CHo groups ; it is not proposed to discuss these in 
detail, but attcmtion is drawn to the ability of structures such as phlorogliicinol, 
to behave as triketones (in the case citod, as 1, 3, 5-triketocycfohexane). 

Reactions of Aldehydes and Ketones affectino the Carbonyl Group 

Most aldehydes and ketones exhibit a series of reactions in which the oxygen 
of the carbonyl group is induced to combine with two atoms of h3’'drogen from 
an amino- or active methydene group, thereby engendering a series of com¬ 
pounds which are invaluable for isolating and characterising aldehj^des and 
ketones. 
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Tilo simphisi .substaiir(» to show this property is hydroxylajiiint , giving 
oximes witii both ald(‘hyd(^s and ketones :— 

K,(K) . K,-Hi . C---N(OH) . H^. 

Even formaldc‘hyd(‘ gives an oxime, obtainable by adding formaldehyde 
solution to a fn\shly prepared solution of hydroxylamine hydrochloride which 
has Ix^m exactly neutralised with sodium hydroxide. Formaldoxime ^ may be 
extracted with etlier and rtunains, after distillation, as a powerfully odorous 
volatile licpiid, b. 84'^’ ; it polymerises rapidly on standing. 

Acetaldoxime is mu(*h more stable than formaldoxime, and may be prepared 
in a similar way. 

Ketoximes are not so r(‘adily formed as aldoximes, and prolonged heating 
is som(*tim(\s ne(X>Hsary in order to induce the formation of oximes. 

A])art from their value in the (diaraeteriaation of aldehydes and ketones, 
oximes ase im])ortant starting points in synthetic organic chemistry (see 
Vol. 11). 

Table XVTIJ shows the common substances used for condensation reactions 
analogous to that exhibited by hydroxylamine. 

Tlie choi(*e of reagent for isolation or identification of an aldehyde or ketone 
depends, of course, on the solubilities of the products obtained. For the actual 
isolation wh(*r(‘ the original (*om])Ound is to be regenerated, semicarbazide is the 
prefern‘d reagtuit as simpk‘ boiling with dilute sulphuric acid will release the 
ald(*hyde or ketijne. Where minute quantities of material are to be separated 
and charaetc'rised tin? nitrophenylhydrazines are usually preferred, since they 
giv(^ higiily insoluble, but erystalline, condensation products. 

APPENDIX I 

RING KKroNES AND THEIR RELATION TO MUSK ODOUR 

From lh(‘ earliest tiiru‘s it has been customary to use substances with a pro- 
nounc(*d musk ochnir in ptTfumery, and even at the present time few^ perfumes 
are considered compU'tt* without natural or s>Tithetic musk. Vegetable sources 
of musk odorous subslajuu's have also binm knowui for a long lime ; apparently 
the common musk })lant (Mimosa moschata), introduced into this country about 
a century ago from Golumbia and California, has by repeated cultivation, lost 
its musk scent, and is now' odourless. Although a few' plants such as musk 
mallow' (Malva moschaUus), musk melon (Curcumis nielo), musk thistle (Carduiis 
niiians) and musk orchis (Herminium monorchis) possess the odour associated 
with their names, only tw’o—suinbul (Ferula sumbul) and ambrette (Abelmo^^chtis 
moschatvs) are specifically cultivated for this quality. 

Sumbul—a plant indigenous to the Maghian mountains of Bokhara, yields 
from its roots an oil with a strong musk ^oiir, due to a ring-lactone and an 
unsaturated hydroc'arbon, sumbiilene, wdiich is reputcKl to have one of the 
formula^ below" :— 

^ Dunstan and Bosai, 1898, 78* 3fl3. 
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Ambrette is largely grown in the Seycheiies, and from its seed is obtained a 
strongly musk-smelling oil, the odoriferous constituent of which is ambrettolide, 
an imsaturated lactone of the structure (187). Such compounds have a struc¬ 
tural relation to the animal musks, and also to the acids, such as juniperic acid 

CH(CH2), . CO 

0 

CH(CH2), . CH^ 
(187) 

CH2(CH2)6 . COOH 

. CHgOH 
(188) 

CIl(CH.)e. COOH 

iH(CHs,)e . CH,OH 
(189) 

(188). In Kerschbaum’s researches ^ on ambrettolide he was able to confirm 
the proposed structure for this compound by converting it to juniperic acid, 
first opening the lactone ring to give the imsaturated acid (189), which on 
catahdic reduction gave juniperic acid. 

Animal musks are obtained mainly from three sources ;— 

(1) Hyraceurn, the dried urine of the rock-badgi^r (Hyrax capemw). 
(2) Civety the secretion from the preputial follicles of the Abyssinian civet eat 

[Viverra civeita). 
(3) Musky the contents of the preputial follicle of the musk deer (Mosekus 

moschifenis). 

Two factors led to a somewhat slow development of our knowledge of real 
animal musk ; first, the very high cost of material, of which only a limited 
amount was available for experimental work, togethiu* with the very small 
percentage of the true odoriferous principle ; and, secondly, the state of 
knowledge concerning the c3’clic substances containing more than six carlyon 
atoms. 

During the latter half of the nineteenth century, knowk^dge of organic 
chemistry grew apace, but mainly along lines concerned with the aromatic 
hydrocarbons. Of the few' experiments w'hi(9i were made on rings larger than 
that of benzene, only a comparatively small percentage werc^ in any way suc¬ 
cessful, and the idea gradually grew up that for some unaccountable reason 
rings containing more than six atorrts of carbon wxtc unstable and b€X‘ame 
progressively more unstable as their size increased. This belief was fostered 
by the wwkof Baeyeron the so-called ‘‘ Strain Tlu^ory ”,iii which he attempted 
to show that rings containing five or six carbon atoms are virtually strainlese, 
whilst those containing fewer, or more, are strained in proportion to the extent 
by which their rings diverge from the cyrZopentane stmeture. This theory was 
built up on two misconceptions, namel3% the jilanar conception of ring structure, 
and a rigidly directed valency force, and has proved misleading. One conse¬ 
quence of the general acceptance of the theory was discouragement of research 
on large rings. On the other hand, Baeyer’s theory w^as by no means without 
its opponents ; as early as 1890 Sachse ^ suggested the existence of non-planar 
forms of cyciohexane—similar to the ‘ chair ’ and ‘ bed * types now' generally 
held to accord with the properties of this group of compounds ; and in 1918 
Mohr ® extended the theory to cover strainless rings of the decahydronaphtha- 
lene class. The separation by Windaus, Hiickel ^ and others of indubitable 
isomers of this class, including cia- and ^ran6i-decahydronaphthalene, afforded 
incontrovertible evidence that the Sachse-Mohr conception of strainless aplanar 
rings is essentially correct. The implication, as far as large rings is concerned, 
is that, once formed, their stability is largely independent of the number of 

1 Kentohbaum, Ber., 1927, 00B» 902. * Sachso, ibid,, 1890, 28« 1363. 
• Mohr, J. Pr. Chem„ 1918, [ii], 98, 316. 
* WindauB, Hfiokel et al., Ber,, 1923, 56, 95; HOokoI, Naeh. K. Oes. Wise, Ooitingen, 

1923, 43. 
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carbon atonae ; as will be 8(ien later, the practical difficulty is to induces tlu^ two 
ends of a chain, normally some considerable distance apart, to link up in ring 
form. 

Prior to the work of Molir, Walbaum,^ in 1906, had isolated a ketone from 
natural musk which appeared to be tlie odorous principle. The crude animal 
material was extracted with dry ether, the ethereal extract evaporated and 
subjected to distillation in a current of steam, when about 1 per cent, of an 
oil, b. 14r)“14774 mm. was obtaim^d. Jt had an intense musk odour and, by 
giving a cry.stalline semi car bazone, revealed itself as a ketone. The empirical 
formula, CiqH-joG, and the absence of unsaturation indicates the probable 
presenei* of a single ring. 

Nearly t(‘n years lal(‘T‘ Sack ^ obtained a similar ketone (m. 31°) from civet. 
The empirical formula, Gj7H3oO, and the ease with which its single double bond 
could be saturated, forming a dihydroeivetone, led to the Bupj)Osition that it 
might be the cyclic ketoju^, cyc/oheptadeeenone. It was these investigations 
which led Ruzicka and his co-\N'orkers to study the largo rings and to endeavour 
to s^aithesise compounds analogous to muscone and civetone.^ 

Comru(‘Ucing with cyc/ononanone, whi('h he obtained by the thermal decom¬ 
position of thorium sc^bacaie in vacuum, Ruzicka extended the reaction to rings 
with as many as thirty carbon atoms, some properties of w^hich are shown in 

TABLE XIX 

Cyciac Ring ICetones 

Number 
of atonw 
in ring 

Nnme M.P. B.P. 
Seml- 

carbaione 
m-p. 

Remarks on odour 

6 Cyclopenimione _ 130" _ _ 

6 Ct/cioiiexanono — 155" — Almond 
7 6’</rioheptanone — 180° 164" Peppermint (faint) 
8 Cycloociaiiono 25^ 26" 196" 85° Unidentifiable 
9 Cydoii onanone — 96717 min. 105" Carnphoraceous 

10 CyclodecanonG — 100"/12mm. 200" Camphorac^eous 
11 Ci/doundecanone — 110"/12inin. 200° Carnphoraceous 
12 Cydododecfuione 59^’ 125"/12mm. 226" Carnphoraceous 
13 C'i/c?^tridecanone 32" 138"/12mm. 207" Cedar, faint musk 
14 (/yc/otetradocanono 52" 155"/12mni. 197" Intense musk 
16 (/t/dojx^ntadecajione 

(Exaltone) 63" 120"/0'3mm. 187" Pure agreeable musk 
16 Cydohexadocanone 56" 138"/0-3inin. 180" Between musk and civet 
17 , Cyc^ohoptadooanone 

(Synthetic civet) 63" 145"/0*3mm. 191" Intense civet 
18 Oydiictadecanone 71" 158"/0'3ium. 184" Feeble civet 
19 Cydenoiiadecanone — — — Almost no odour 
30 ! Cydotriaoontanone 64" No odour 

Table XIX. The yields of cyclic ketones gradually decrease with increase in 
the size of ring, exhibiting a mimmum (0-15 per cent.) with cyciodecanone, 
and rising slowly thereafter. 

The identity of synthetic cycioheptadecanone (192) with that obtained by 
the reduction of civetone (191) reveals the basic structure of the latter ketone 
to be the 17-carboii ring. The assignment of the double bond to the 9-position 
rests on the observation that, on oxidation, the presence of dioarbox>iic acids 

* Walhiium, J, Pr, Ohem.. 1906, 78, 488. * Sack, Ch. Ztg., 1915, 89, 538. 
» Buzicka ei al, Hdv. Chim. Acta, 1926, 9, 249, 339, 389, 499, 
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up to azelaic (193) can be detected. The absence of higher acids is only com¬ 
patible with the symmetrical form. Speculation as to the biogenetic formation 
of civetone leads to the plausible suggestion that it arises by biological d(v 
hydration of oleic acid (190), but there is no direct evidence to support this. 

CE(CR,),CR, 

1 
CH(CHs.),COOH 

(190) 

? BlOGKNESIfi 
J| Vo 

(191) CH(C..2„ 

Oxidation 

—I >(X) 

(191!) 

H00C(CH2),C00H (193) 

HOOC(CHj,),COOH 

The synthesis of civetone was, for a long time, hanipf-red by thi' lac^k of a 
suitable starting material. This was discovered by Hunsdiecker ’ in aleuritie 
acid, a 0, 10, 16-trihj'droxypalmitic acid obtained by treatment of finely 
powdered shellac with caustic potash at ordinary temperaturps. 1'lie conver¬ 
sion of aleuritie acid to civetone is accomplished by the stages shown below' 

H0CH(CH2),C00H 
1 

HOCH(CH,)sOH 

CH(CHj),COCl Sodio- 

BiOH(CHjs),C()OH 
I 

BrCH(CH2)eBr 

CH(CH3),C0 . CHjCOf^H, 

HBr 

In AcOh’^ 

/.II 

Simt 

CHlCH^lsBr ‘"‘er?'"' CH(CHjj),Br 

3 NuT 

inaceton*" 

CH(CH,),OOOH 

OH(t'H.>),C()CHjCOOOH3 

K.C0. CH(CH,),00 . CH . C0(X^H3 

‘““'■OH -1 M-OH (1(1, 

The pure and agreeable musk odour of synthetic cyr/op(uitadccanon(‘, not 
only affords a substitute (‘ Exaltone ') for the natural material, but also points 
to some possible structural relation between the two siibstancc^s. Oxidation of 

r -CH . CH, 

I*)l« (is,); 

COOH 

{CH,),« (CH,), 

1-<!x) (8)1 (8) 

-CH . CH, 

(CH,),o (CH,)„ (CH,), 

COOH 

(IM) 

(CH,)„ CH.CH; 

{CH,)„ 

I-lo 

CO (y) 

CH . CH, 

U ' 

m 

. r 
Oxidation /rr 

OP BKNXTUDKNl 
(196) OOMFOUND 

(196) 

-CH.CH, 
I 

(toOH 

-COOH (197) 

muscone gave a fair yield of dodecane diacid-1, 12 (194), and on reduction, 
methyl-ryctopentadecane (196) was obtained. As both these substances have 

^ Hunsdiecker, Ser., 1943, 76B, 142. 
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been indeperub'iitly yyiitheHisi^d, this evidence poinin to one of the three isiru(3- 
tnrcR (195) for musoone. The proBence of 2-niethylteiradecane diacid-1, 14 
(197), among the products of oxidation of benz3^1idene-mu8cone, leaves little 
doubt that the /^-formula (110) (M-methyk^/c/opentadecanone) correctly repre¬ 
sents tlu3 structure of muscone. 

Finally, d/-niuscone was synthesised by Ziegler and Weber,^ and by Ruzicka 
and Stoll.2 The elegant method of the former workers is outlined in the 
formula*, below. 1lie starting point is 1, 10-dibromodecane (198) which, when 
allowed to react with sodiomalonie ester under restricted conditions, gives the 
‘ half ester ’ (199) or 10-bromodeeylmalonic ester. By the familiar methods 

i-- j-CH(CH,) 

{CHJh CH,Oa{Br] 

-CH, . (’OOEt I-CH,OH{BrJ 

-CH CH, -CH CH, 

Oa{Br]~^(CH,)„ CH,CN CH CN 

-CH, . (’OOEi 
(20L*) 

L— 

-CH .CH, 

—I- CH, 

(2or,) i-io 

a methyl group is introduced into the malonic group (200), after which the 
second bromine atom is caused to react with sodiomalonie ester, giving the 
tetracarlK)xylic ester (201). This, after hydrolysis and re-esterification, yields 
terdecane-l, 12 dicarboxylic ester (202) which, after successive reduction, 
treatment with hydrobromic acid and with sodium cyanide, yields methyl 
tetradeeane dicyanid(3 (203), The dicyanide is cjxlised to dimmscone (205) 
via the imirio-nitrile (204). 

Reference has been made to the formation of a series of cyclic ring ketones 
by the action of heat on the thorium salts of appropriate dibasic acids. The 
yields are often quite? small, and the success of the investigations depended to 
a considerable extent on the provision of adequate supplies of dibasic acids 
with carbon numbers from eleven upwards. The details of this aspect of the 
resear(3h were patiently wwked out by Chuit^ and his collaborators,^ The main 
reactions used are illustrated in Table XX, in w^hich the principal stages are 
labelkxl A, B and C. These letters connote the same stages in Table XXI, 
where the progress of these reactions is summarised, showing the formation of 
the full series of dibasic acids. 

It will readily be realised that in proctHniing from azelaic acid to, say, penta- 
decane dicarboxylic acid, ten steps are involved. If the jneld at each stage 
averages 80 per cent. €?ach gram of azelaic acid will yield (0*8) or 01 gm. of 
final product ; if the average yield is only 66 per cent., the jfeal yield is 0 02 
per gm. of raw' material. In oyclising this acid via the thorium salt the yield 

' Ziegler and Weber, Ann., 1934, 512, 164. 
* Ruzicka and Stoll, Heh, Chim, Acta, 1934. 17, 1308. 
* Chuit, ibid., 1926.», 264. 
* Chuit and Malet, ibid,, 1926, 9, 1074. 
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TABLE XX 

Formation of IIomologols Dibasic Acids 

iJ00C(CH3),C00H 

EtOOC(CHg),COOEt 

HO(CH,)oOH 

NC(CIT,),CN 

Azolaic acid 

Azolaic estor 

Nonano'l, 9-diol 

1, 9-Dibroinoiionjuie 

1, O-Dicyaiiorionune 

Undocane-1, IJ diacid | HO()F(Crr,)aCOQ7rj 

ElOOC<C:H,),COOEt B| 

Br(CH,K,Br 

NC(CH,)iiCN 
fHQOC(Cir>)„COOHj ^ 

fHOQC{CH,)„CQOH| 

I SiHluimftJonir 
I Mt«T 

(EtOOCM-H(CH,),ClI(COOEt), 

CH30CII,(CH,).CH,0CH, 

Convert to 
(jri^nard and 

rriirt with 
CH,0 CHsCl 

j Hydrolj'sb 
' * ‘ it 

,,COOEt 

iuiid heat 

C(CH,KiC 
HUr 

Pr(CH8)uBr 

llydxolyala 

is only 0*2 per cent., consequently the overall yield from azelaic acid is 
between 0-02 and 0-004 per cent. In terms of actual material this means 
that the earlier investigators had to transform 5-25 kg. of azelaic acid m 
order to produce 1 gm. of eyeZohexadeeanone. 

SEBACIC ACID 

TABLE XXJ 

Formation of Homologous DiBASto Acids 

AZELAIC AOID 

fHOOC(CH3),COOH|-►Br(CH,),Br 

aI 

|HQOC(CH,),C;OQH)-►Br(CH,)ieBr |H00C(CH,),C00H| ["hOOC(CH,)„COOIi1 Br(CH,)aBr 

1 |HQOC(CH,)toCOOH| fHOQC(Cfl,)»COOH| Br(CH,)„Br fHOOC(C^)„COOH) Br(CH,tuBr 

1' 
1ho5c<CH,)mCOOh1 Br(CH.)MBr fHOOC:(CH,)aCQOH| Br{CH,)aBr 

^etc,, ^otc. 

APPENDIX II 

PLASTICS 

During the latter portion of last century, when organic chemistry was growing 
at an enormous rate, it was a matter for profound disappointment when a 
reaction calculated to produce a “ beautifully crystalline compound gave 
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only a resinous mass. The usual fate of such apparently unsuccessful t^xperi- 
ineiita was the wastobox, since the time liad not yet come when such resins 
could be successfully employr>d as raw materials for (instruction. 

Th(?re are hints in the work of Baeyer, when about 1872 lie was experi¬ 
menting on the interaction of aldehydes and phenols, that the resins he^ so 
freqiumtly obtained might, at some future time, have a useful application ; 
but it lemained for Trillat, in 1896, to discover the thermo-setting properties 
of ph<‘nol-fornial(i(‘hyde resins, and to exhibit the resins themselves at the 
Paris Exposition of 1900. Trillat had observed the formation of a liquid resiji 
when phenol and foririaldehyd(‘ react, and showed that on further heating it 
could be irreversibly convertol to an insoluble material. His main hope was 
that the new r(‘sin might su])plem(mt or replace camphor in the manufacture 
of (x*lluIoid. It will b(^ recalkHl that celluloid (nitroc'cllulose, plasticised with 
camj)hor) w'as one of the (wlic^st ‘ plastics being moulded into an infinite 
variety of small articles, combs, toys and the like, which, on ac(*ount of the 
extreme, almost (‘xplosive, iufiammability, had prov(-d dangerous, leading to 
much loss c;f life. Although Trillat’s products were satisfactory, tliey did not 
attra(.‘t tb(‘ attention they merited, partly owing to tlu* great cost of formalde- 
liyd(‘ (then produc(xi from methanol obtaint^d from wood distillation), and 
partly owing to difficulties in obtaining sufficient quantities of high-grade 
phcuiol. Trillat's w(uk then lapsc^l into oblivion, until in 1909 Baekeland 
published his Avork on the various phases of the phenol-formaldehyde resins 
and proc(‘edt‘d to develop tin* industrial aspects of the invention. 

Most of th(‘ j)lastics ar(‘ (\xampl(*s of macromolecular structure, or mole¬ 
cules vvin(4i are as large* as the fragment of material being considc^red, or, in 
other Avords, lattice's Avhich exlt'iid indefinitely throughout the struc*ture. There 
are (a})art from tlu' rubb(‘r-like polymers, Avhicli have already been considered) 
three main groups of plastics :— 

(1) Thermoplastic Resms,—Materials Avhich, whilst having a tolerably 
rigid structure at ordinary temperatures, soften on heating, passing 
through a plastics state during Avhich they can be coerced into any 
requirKl shajH*. On cooling they regain thenr comparative rigidity, but 
the soft(‘ning upon appli(*ation of heat, and the regain of rigidity on 
cooling are reversible. 

(2) Thermosettmg Begins.—Mattuials, usually incorporated into poAA’ders 
which, on heating, are irreversibly conv(Tted to a rigid form, A\’hich 
does not melt again. This setting proc^ess is usually carried out in 
heated moulds under pn^ssure, so that by using multiple moulds, 
numerous single articles can be produced by one operation. 

(3) Casein Plastics.—Materials which occupy a position between the two 
typ(*8 previously mentioruHl. 

The (dioice of a plastic matcTial from the many varieties available depends 
largely on the purpose to which the material is to be put. Where perfect 
transmission of light is desired, a choice is limited to certain of the Aunyl and 
methyl methylacrylate typers ; if insulating i.)roperties are desired, polystyrene 
offers excellent eh^etrical properties, but for purely mechanical strength the 
thermo-setting rosins and their laminates arc to be preferred. It is proposed 
to discuss some of the more valuable plastic materials in some detail. 

THERMOPIiASTIC RESINS 

The cellulose esters and ethers are well-known members^ of this group. 
Some of the more common types and applications are shown in Table XXTI:— 

29 
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TABLE XXII 

Some CEXiiirjLOSE Plastics 

Cellulose Acetate,—Used for the preparation of transparent sheets and moulding, 
and for the earliest types of safety glass. Hs transparency and n^sist«uico to dis¬ 
coloration by light are inferior to those of moat oth(% traiispiirent plastics, but the ease 
and cheapness of production is an asset. 

Celltdose Acetate I Butyrate,—Shghtly lower sjiecific gravity than the acetate ; more 
elastic, but of equivalent compressive strength and hardness. 

McthylceUvlose,—A fibrous material which swells and gives a tragacanth-hke 
pseudo-solution in water. An adliesive rather than a plastic. 

Ethyl Cellulose,—Requires less plasticiser than cellulose acetate, and is thereby loss 
liable to colour deterioration. Has a bt^iter transinissibility, dielectric properties and 
mechanical strength than the acetate, and is replacing it for many purposes. 

Benzyl Cellulose,—Mainly used as a modifier for injection and coinprossioii moulding 
powders. 

Cellulose Nitrate,—When plasticised by camphor, gives the materi^ ‘ celluloid ’. 
Celluloid may be regarded as the progenitor of the plastic family ; it is violently in- 
fianunable, and from this standpoint a most dangerous mattu*ial of construction. 

Examples of the great variety of ways in w Inch eellulose esters and etliers are 
used in plastics and related fields will be well known to most readers. Thin 
films of the acetate are prepared by continuous film easting, which consists of 
‘ doctoring ’ on to a suitable roller a film of cellulose acetate' solution wiiidi 
evaporates leaving a thin film which is floated from tlie roller and wound into 
reels. Such products as “Cellophane'’ are wide'ly used for wrapping; to 
render them ‘ heat sealing ' and to some extent watt r-impervious, they are 
often coated with a thin film of polyvinyl acetate. 

The plastics with the finest optical properties are those deriv(d by the poly¬ 
merisation of the methyl ester of methyl acrylic ac^id, the clear massive form of 
which is known as ‘ Perspex whilst a moulding powdtT is called ‘ Diakon '. 

The raw material for ‘ Perspex ' production is acetone, which is converted 
to its cyanliydrin, which in turn gives methyl methylacrylate when heaUKl 
under pressure with methyl alcohol and sulphuric acid at lOO-l These 
changes are symbolised :— 

CH3 

1 
CO 

CH3 

HCN 

CH3 CH3 CH3 

i/OH j/OH 1 

^ “Sr ci6i..H.a^ C-COOCH3 IXIN |\C00H ‘=h»oh+h.8o. 

CH, 

C< 

! 
CH3 CH, 

When methyl methylacrylate is heated to 190° a clear glass-like plastic ia 
obtained, of which the structural unit appears to be 

CH, rCH, 

CH, I -CH, 

ioocH, 

-CE, 

.COOCH3 J 

CH3 

ii—-CH, . . . 
ioocHg 

Sheets and rods of ‘ Perspex ’ can be cut, sawn and drilled with ease ; the 
material appears to be almost unafiected by light, and shows no discoloration 
after long periods of irradiation. It is unaffected by water, has optical uni¬ 
formity (i.e. does not distort the field of view due to irregular refractive index) 
and has a light transmissibiUty in the visible which is superior to that of glass 
Thus, it 18 eminently suitable for the moulding of lenses which are virtually 
‘ unbreakable The only drawback to its use in this capacity is that it k 
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more easily scratched than is glass. It has been widely used for nosepieces, 
cockpit enclosures, domes, etc., in aircraft constniction. 

Vinyl Types.—When vinyl chloride is polymerised, the simple unit 

. . . CH2--CH(a)[CH2--~<^H(Cl)],,CH,—CH(a . . . 

is obtained, the pro<luct usually being designated by the letters P.V.C. The 
material, polyvinyl chloride, is of particular interest for sheathing wires and 
cables on account of its good electrical properties, resistance to wear, low water 
absorption, and its flexibility over a wide temperature range. The thermo¬ 
plastic properties of P.V.(.\ allow of its apjdication to wire by an extrusion 
press. The properties of P.V.C. can be altered a little by controlling the degree 
of polymerisation ; the advantage* gained by using a slightly arrested poly¬ 
merisation (as in Wei vies ’’) is increased flexibility at low temperatures. 

Many special types of plastic are obtained by co-polymerising vinyl chloride 
with other monomers such as vinyl acetate, aldehydes, etc., to obtain co¬ 
polymers of widf*ly diffcTcnt t;y7)es. The main advantages of co-polj^raerisation 
is that the product retains the good properties of both individual polymers ; 
co-polymers of vinyl cliloride and vinyl acetate are mechanically strong, very 
resistant to chemical attack, and are capable of being moulded from the powder 
form. 

Vinyl acetate polymerises readily to clear transparent plabstics, which are 
low in melting point, and of little mechanical strength. The production of 
vinyl acetate is described on page 111, and during poTjunerisation it gives the 
unit :— 

. . . CHg-CR-[CHo-CH],,-CH2-CH-CHg . . . 

icOCHj icOCHj icOCH, 

Enormous increases in strength of such resins are brought about if poly¬ 
vinyl acetate is partly hydrolysed to polyvinyl alcohol and allow^ed to react 
w'ith ald(‘hydes—^usually acetaldehyde or n-butvTaldehyde. Acetals are formed 
of the unit structure :— 

Polyvinylacetal 

These resins have a very high light transmissibility in thin films, coupled 
with great strength, and are used for the inner layer of ‘ safety-glass and for 
a bonding material in the manufacture of laminated ply’i^’ood. 

One of the most important groups of 8;>mthetic plastics from the standpoint 
of chemical work are those ^own as the ' Sarans *. They are vinylidene 
chloride polymers of which the unit is 

. . . . . . 
This plastic is almost completely unaffected by water, stands the effects of 

many chemicals, is tough and uniiifluenced by bending. Tubes 5/16 in. O.D. 
and 3/16 in. I.D. made of ‘ Saran * were subjected to a fatigue test by being 
flexed through a 16® arc at the rate of 1760 times a minute. After 2| million 
bends, the tube was still intact, whereas an ordinary copper pipe of the same 
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dimensions fractured after 500 cycles. It is eminently suited to the construc¬ 
tion of chemical plant, both as tubes and for tank linings. The fact that it is 
odourless, non-inflammable, and very resistant to abrasion are added advan¬ 
tages. 

There are certain peculiar features characteristic of the ^ 8aran ' plastics ; 
when first produced and extruded it is soft and mechanically weak, but on 
standing it goes through a stage of ‘ age-hardening ’ during wliich it undergoes 
oriented crystallisation, and becomes hard. If stretched during agc‘-hardening, 
it becomes exceedingly strong, with a breaking tensile of 00,000 lb. per sq. in. 
This plastic offers great possibilities for future developments in chemical 
engineering. 

Hydrocarbon Plastics 

Polythene, a polymerised ethylene sold in this (‘ountry under the trade 
name “ Alkathene ”, is probably one of the most inert chemical substances in 
this field. It is soft and without marked mechani(‘al strength, but is ]>ossessed 
of such a marke<i resistance to concentrated hydrochloric and nitric^ acid, and 
to 50 per cent, caustic soda as to merit the proper application of the name 
“ paraffin ” ; indeed, in many ways polythene appi‘ars to (‘orrespond to the 
macromolecular paraffin obtaint^d by indefinite j)ropagution of the methylene 
group. Although not fidly transparent pol^dhi'ne transmits light, and although 
it is not whetted by w^ater it is not impervious to water vapour, which can dilfuse 
through it. Polythene will bum, but only slowly ; it is also unafi’ected by 
prolonged exposure to ozone. 

The use of polythene is indicated w^here films oi* tubes of definite' elasticity, 
high dielectric properties and general resistance to chemi(*al attack arc^ desired. 

Other hydrocarbons are capable of polymerisation, but the j>roducts are 
largely elastic, rather than plastic, and are discussed in Chapter III (see pp. 
200 ff.). An exception is polystyrene, obtained by the eontrolled polymerisation 
of styrene, of which the structural unit is 

—CH«—CH- CH.,—CH 

In most industrial polystyrene resins the hardiwiss and insolubility in 
organic solvents have been increased by cross-linkages due to the incorporation 
of a little divinyl benzene (206) in the original styrene; with 1 per cent, the 
insolubility in organic solvents is complete. The effect on the structure is, 
probably, that shown in (207) 

CH=CH, 

(206) 
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Injection mouldings of polystyrene are transparent, and have a moderately 
good transmissibility for light; it has the power of transmitting light through 
curved rods. Polystyi’ene has many properties which recommend its use in 
the construction of transparent aircraft parts, namely, ability to retain its 
impact strength at low temperatures, dielectric properties comparable to those of 
mica and, for a plastic, a relatively high Young’s Modulus, giving objects con¬ 
structed from it considerable dimensional stability under stress. 

It is not proper to leave this group of plastics without some discussion of 
the group of plastic filaments to which the term “ Nylon ” has been applied. 
In 1935 Carothers synthesised an anhydride in which the units were alternating 
molecules of adipic acid, and hexamethylene diamine ; the structural unit of 
the “Nylon” chain is 

. . . NH(CH2)6NH[C0(CH2)4C0 . NH(CH2)6NH 
C0(CH2)4C0 . NH(CH2)eNH . . . 

This material, which has an apparent molecular weight of 10,000 and melts at 
263°, gave threads when melted and drawn which are brittle, but which, on 
being stretched to several times their original length, be^come extremely elastic, 
and can be knotted, spun and woven with the greatest of ease. The fact that 
“Nylon” is not affected by water, and camiot absorb more than a trace of 
water, make it unique amongst textile fibres, as it is unaffected by washing, 
can be dried after wetting in a few' moments, and is not liable to the ordinary 
shrinkage troubles. Indeed, its inability to absorb much moisture, beconu^s 
a drawback to the use of fabrics woven from it, since they are cold to the 
touch, and are incapable of absorbing respiratory watcT-vapour, as wool d(»e8. 

The toughness of the individual “ Nylon ” fibres and the ease with wliiclx 
fabrics made from them can be ‘ set ’ to shape by heat treatmcuit has already 
made a revolution in the hosiery industry. It has also caused a dc^arth of 
phenol, since both raw materials for its production are made from phenol, 
through c^c/ohexanol, adipic acid and adipamide. 

The physical properties of some of the more important tlu^rmoplastics are 
shown in Table XXIII. 

Thermosetting Plastics 

It is not possible to give a detailed account of all the various types of 
thermosetting resins within the scope of this Appendix ; whereas the thenno- 
plastic resins fall within a fairly small group of relatively unmodified com¬ 
pounds (e.g. methyl methylacryiate is usually polymerised as the pure com¬ 
pound), the thermosetting plastics are compounded with a wide variety of 
fillers, plasticisers, modifiers, colours and other components that, even starting 
with the simple phenol-formaldehyde base (P.F. base), there is a wide variety 
of final products, covering a wide range of physical properties. 

If a phenol-formaldehyde moulding be made from the usual P.F, base 
without fillers, etc.^ it has little mechanical strength, and is too brittle for use. 
Fillers such as wood flour, dried paper pulp, cotton flock, silica, or even dis¬ 
integrated oat-bulls, are incorporated in proportions up to 20 per cent, and 
vastly increase the strength and utility of the moulding. Again, the thermo¬ 
setting resins may be used to bond laminates—w^hich are essentially plastics 
with an oriented filler ; layers of paper, cloth or glass fabric can be used, and 
extremely tough i^oducts result. For example, if layers of glass fibre cloth 
are impregnate with a P.F. base and cured under pressure (preferably by high 
frequency heating), a laminate is obtained which has a tensile strength of up 
to 260 tons per sq. in.; that is, equal to the finest piano-wire steel, but at half 
the weight. When woven fabric bases are used, laminates are obtained which 
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have excellent mechanical and machining properties, and can be used for gear¬ 
wheels, where their resistance to wear is superior to that of mild steel (“ Tufnol ”). 
Such pinions make far less noise than steel gears and are, therefore, a valuable 
contribution to silent-running plant. From the few remarks in these two 
paragraphs it will be seen that the production and utilisation of thermosetting 
plastics is an intricate art, existing independently of the chemistry of the subject. 

The main thermosetting plastics are 

(1) Phenol-formaldehyde (P.F.) compositions. 
(2) Urea-formaldehyde resins. 
(3) Phenol-furaldehyde resins. 
(4) Melamine resins. 
(5) Glycerol-phthalic anhydride resins. 

Much r(\search has becm directed towards ascertaining the precise arrange¬ 
ment of atoms and groups in the thermosetting plastics ; the general conclusion 
is that the first stage is the condensation of phenol and formaldehyde to form a 

OH 

(22(r)" 

hck:h 

(229) 

di-fimetional molecule (228), p-hydroxybenzyl alcohol, and that this by re¬ 
acting with further molecules of formaldehyde and phenol can give a linear 
polymer of the tj'pe shown in (229), when the reaction is allowed to take place 
in the presence of a trace of acid. The elimination of water is shown by the 
separation of the n'action mixture into tw'O layers, one aqueous and the other 
consisting of the liquid resin. These low^ polymerised liquid resins are insoluble 
in alkali, showing that tlie phenolic function has disappeared during their 
formation ; they are soluble in a number of organic solvents. 

The further polymerisation of these liquid resins is characterised by two 
stages, the formation of a solid resin which still retains its solubility in acetone 
and the further polymerisation to a solid which is insoluble in acetone. From 
the chemical standpoint, it is by no means clear that the lower polymers of the 
type (229) give higher polymers by the same type of linkage as that by which 
they themselves were fornu?d. To appreciate this point it is necessary to 
consider the type of compound which is obtained by the action of alkaline 
catalysts upon mixtures of phenol and formaldehyde. In these coses the 
lower polymers retain both their solubilities in alkalies and in organic solvents, 
and structures such as (230) are common. 

(230) 

As polymerisation proceeds, a three-dimensional macro-molecule is built up 
in which the positions ortho- to the hydroxyl gioup are fully occupied, as in 
the structure (231). This stnicture is merely a diagram to illustrate the 
manner in which the macro-molecule may be constitute; as shown at ' A 
the formation need not necessarily b© considered as indefinitely arborescent, 
but may have a limited number of additional ring-forms. 

Reverting now to the simple acid-formed polymer (229), this can imdoubtedly 
give a higher polymer, as indicated in (232), whilst the alkali-formed polymer 
may give links as shown in the type-molecule (233). In practice, a mixture of 
all these types probably occurs in industrial polymers, and the variations in 
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properties experienced as a result of the alterations in (‘atalyst and in curing 
technique, are probably due in a large measure to the influence of these details 
on the proportions of different types of linkage present. 

By substituting a proportion of the phenol in such n^sins by cresols and 
xylenols with a restricted capacity of ortho- condensation, resins are obtained 
which dissolve in oil and give excellent varnish bases.^ 

Amines can also replace phenols in making jx)lymers with formaldehyde, 
and it is considered that they contain similar structures.^ 

Resins obtained with m^phenylene diamine and certain other aminei* are 
able to exercise base-exchange functions similar to those of zfHjlites, and can 
remove traces of iron, for example, from water.® This is of considerable value 
in the dyeing industry. A similar principle has been used for concentrating 
organic biological substances from aqueous solutions containing them in small 
proportion. 

^ Turkingfcon and Allen, Ind, Eng, Chem., 1941, B3, 966. 
* Spring, C?i€m, Mev,, 1940, 297. 
» Adams and Hobnes, 1936, 54T, 1. 
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Urea-formaldehyde lieslna.—One clinadvantage of P.F. resins is their dark 
(‘olour ; ur(*a-f()rrnalde)iyde resins are of a very light colour, and, moreover, 
are without the faint odour associated Avith tlie P.F. type. 

'Idle first stages in urea-formaldehyde (*ondensation give methylol urea (234) 
and dimeiliylol urea (235). 

NHj NHj -i CH,0 
1 

CHjOH 
1 

CO 
1 
('0 NH 1 — H|0 1 HfO 

NH, NH CO 

+ 1 1 
CHjO CHjOH NH 

(234) i 
CHjOH 

(235) 

Either of these products can give irreversible polymer formation on heating. 
Usually they are incorporated Avitli fillers and dyestuffs, and are often impreg¬ 
nated into timber before polymerisation. 

Little is known as to the precise structure of U.F. resins ; they may consist 
of cross-linked polymers analogous to the P.F. series ; but suggestions have 
been made that methylene urea (236) is formed by the dehydration of methylol 
urea, and that this gives a trimer (236), which is capable of further condensation 

CHj NCONHs 
/ \ 

NH,CX)N -( OH, 

CHj=NOONH, 
(236) 

to mixed cyclic/liiiear i-csins. 
trade name ‘ Beetle 

CH,—NCONH, 

-> NHjCO: 

\!H, 

CH, 

-1^C( CONH. 
(237) 

NHj 

A 
N N 

(238) 

U.F. rasina are frequently encountered under the 
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If the cyclic structure for U.F. resins be correct, then their structure will 
show an analogy with the Melamine Resins (or M.F. resins) obtained by the 
condensation of melamine (134) with formaldehyde. The great stability of 
these resins to the effects of heat, light and water and their high mechanical 
strength is making them valuable additions to the family of plastics. 

GLYCBmOL-PHTHALTC ANHYDRIDE ReSINS (GlYPTALS) 

These resins (also known as alkyd ” resins) are a valuable series of bonding 
agents for mica, asbestos, and for the insulation of electrical windings. They 
have the advantage of withstanding heat when cured, and of readily penetrating 
the solid filler or lamin® when still in the liquid state. Glycerol is most com¬ 
monly used as the hydroxylic component, although the formation of resins is 
not specifically restricted to glycerol; for special types of alkyd resins glycol, 
mannitol or sorbitol are used. The first stage in the formation of glyptals is 

C>“ 
OOOH 

CHaCHOH.CHg.OCKV 

I 
(,^00 

(239) 

GH.CHOH 0H« . OOC 

coo... 

the formation of a linear polymer of the gen<‘ral type (239); this, on rcvsin forma¬ 
tion yields a cross-linked macro-molecule of the tyq)e shown in structure (240). 
The formation of these polymers is more fully discussed from the theoretical 
standpoint in Vol. III. 

000 . CH,. CH. OH,... 

Silicones,—Although the silicones are not entirely “ organic ” compounds, 
they form plastics which are of interest to organic chemists. At the commence¬ 
ment of the century Kipping, at Nottingham, began ^ a series of researches on 
the organo-silicon compounds, which had for their general purpose the elucida¬ 
tion of stereochemical problems related to the silicon atom, and an examination 
of the nature of compounds in which silicon had wholly, or partly, replaced 
the carbon. This series of researches has been pursued over nearly half a 
centuiy and has resulted in a monumental series of publications to which 
further reference is made in Vol. II. in the chapter entitled “ Heteroid Organic 

^ Kipping and Lloyd, J.C.S,, 1901, 79, 449. 
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Compoimds Among the many compounds discoverod and examined by 
Kipping and his eo-workers were two groups :— 

(а) The silicane diols, R2Si(OH)2 
(б) The silicane triols, RSi(OH)3 

both of which were showm to be capable of polymerisation. In 1941, Rochow 
and Gilliam ^ showed that co-pol3nmorisation of the silicane diols and triols 
(where R — CH3) gave a resinous polymer, which could be obtained in both 
liquid and solid fonns. The structure of a cross-linked siloxane (241) is sug¬ 
gested for these resins, similar to that given by Adrianov ^ for the polymers 
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■Si-O- 

in, 

CH3 

1 
-Si-0 

I 
CH3 

CH3 

ji-o- 

0 

-Si-O- 

CH3 

CH3 

1. 
^1 

CHa 

“Ol- _ —— 
I 1 

CH3 i... 

0H3 
1 

-Si- -0— 
1 

—Hi— 

i 

(241) 

obtained by partial liydrolysis of the alkyl substituted silicon esters. Silicones 
can be used as sheathing for wire and cable, and are unchanged by exposure to 
a temperature of 200° for a year ; the electrical properties are good, so that the 
use of silicone insulated windings in motors not only decreases the fire and 
corrosion risks, but allows of using a smaller motor for a given horse-power. 
Liquid silicones have great stability, and an almost immeasurable vapour 
pressure, and are valuable stopcock lubricants and ^is media for high-vacuum 
vapour pumps. 

APPENDIX III 

ORGANIC PHOTOSYNTHESIS 

That vegetable organisms imbibe water, inspire carbon dioxide, and elaborate 
carbohydrates from these raw materials is a truism ; the mechanism by which 
this process takes place, and the possibility of achieving the same end in vitro 
have been hotly debated. 

It is clear that there is no simple mechanism by which, for example, the 
reaction:— 

6CO2 + 6H2O + 673,000 calories-► + 60^ 

can be accomplished, and quite early in the history of this subject, Baeyer,® 
in 1870, suggested that formaldehyde is the key intermediate. As it was known, 
even then, that formaldehyde could readily be induced to form mixtures of 
hexose sugars (a-acrose) in the presence of water and of traces of alkalies, it 
apparently only remained to demonstrate the formation of formaldehyde itself 
in the plant. 

Usher and Priestley,* in 1911, irradiated* a pure aqueous solution of carbon 

1 Rochow and Gilliam, 1941, 68, 798. 
• Adrianov et oZ., Orff, Chem, Ind, 1939, 6, 203, 
• Baesrer, B«f., 1870, 8» 63. 
• Usher and Priestley, Proc. Roy, Boc., 1911, 84B» 101. 
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dioxide with ultraviolet light from a mereiiry in quartz lamp. 'TJiey obtained 
solutions whi(Ji gave a positive rea(‘tion for fornialdehyde when tested by 
Schryver’s reagent. Various attempts to re])eat this vork ^ gave negative 
results ; later, Moore and Webster - obtained positive evidejiee of the forma¬ 
tion of formaldehyde by irradiation of sealed tubes containing an aqueous 
solution of carbon dioxide in wliieii had been suspfmded a trace of colloidal 
ferric or umnium hydroxide. Tiiese investigatoivs used direct sunliglit for 
their experiments. Agaiji, Spoeiir and otlnus fai](*d t o find coj robati vt‘ evidema', 
and wen^ unable successfully to repeat Moore and Webster’s ex}>eriments. 
Baly, Heilbron and Barker took conductivity water, and after Baluraticm with 
carbon dioxide irradiated the solution in quartz tul)(‘s ; no formaldehyde could 
be detected, while the reaction mixture was static, but in tubes wJiere a constant 
current of carbon dioxide was passed, llie solution gave posit ivt‘ t(‘sis for for¬ 
maldehyde. These investigators took the viewpoint tliat Moore and Webster 
obtained positive results not bet^ause tlieir metallic sols catalysed the rcai^tion 
HoCX)^-> CH2O r Oo, but IxM'ause such substances |)rcv(Mitcd the ([(‘com¬ 
position of formaldehyde, or its transformation to luon' complex compounds. 
Porter and Ramsj)erger ^ were unable to rt*})cat th(‘ woik of Baly and liis (‘o- 
workers, and were inclined to attribute their positive results to contamination 
with traces of organic material from rubbe^r connexions or stopcock gr(‘as(\ It 
must, however, be pointed out tliat their results wtue not obtained by an exact 
repetition of the English workers' experiments, and Baly rightly contend(‘tl that 
they had omitted the use of a (‘ontinual stream of (‘arbon dioxide which in lus 
opinion was the vital factor, inasimmh as it was only in such exjxu’imcntH as 
had included su(di a stream of gas that positive reactions for formaldehyde had 
been obtained. 

Jt will have been noted that the quantlti(^s of formnldehydt^ |)roduced, if 
any, are exc^ecdingly small, and it is nec^essarv^ to ask 

(a) Whether the substances whi(di give the positive ivaction with Sehryver’s 
reagent; are really formaldehyde, and 

(b) If the answer to {a) is affirmative, is the formaldehyde pr(xluce(l by the 
irradiation of carbon dioxide and water ? 

Schrxwer’s test is carried out ^ by adding 2 ml. of a freshly prepared solution 
of phenylhydrazine hydrochloride (2 j)er cent, strength ; freshly filtered) to 
10 ml. of the solution to be examined. Tliis is followed by 1 ml. of a recently 
made solution of potassium femeyanide (5 per (?ent. strength). The presence 
of formaldehyde is then recognised by the formatiem of a bright red colour on 
the addition of concentrated hydrochloric acid (5 ml.). One part of formalde¬ 
hyde in a million of water can be recognised in this way. 

The test appears to be specific for formaldehyde, so that the answer to 
question (a) above, is in the affirmative. The next question cannot be (easily 
answered ; the possibilities are 

(i) That the formaldehyde detected by Baly and his co-workers arises 
from contamination. 

(ii) That it is formed indirectly from CO2 and water through the inter¬ 
mediate production of a more complex substance X, thus 

CO2 + H2O-f O2-^ CHjjO + 0. 

^ Spo«hr, Biochem. Zeitwhr., 1913, 67, 110. 
“ McKjro and Webster, Proc. Roy. 80c., 1914, 87B, 163. 
* Baly, Heilbron and Barker, J.G.S.^ 1921, 119, 1026. 
* Porfcor and Kamsperger, J.A.C\S., 1926, 47, 79. 
* Sohryver, Proc. Roy. Soc., 1910, 82B, 226. 
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(iii) That it is formed directly by the irradiation of the carbon dioxide 
solution 

(X), + H,0 ()., 

The balance oi’ evidence points to the conclusion that the third alternative 
is true, namely, that under j)roper conditions ininute traces of formaldehyde 
arc fonued by irradiatijig aqueous solutions of carbon dioxide. It may also be 
added tliat the difficulty of detecting such quantities of formaldehyde lies in 
tlie fact that the photostationary state lies well over on the (X)^ -j- H^O side, 
and that t he formaldehyde is readily transformed into other and more complex 
subst ances. 

The se(,‘Oud part of this investigation involved proof that formaldehyde can 
be converted into sugars, and even more complex carbohydrates. Of this 
th(‘T(^ is no doubt- ; Baly and his (^o-workers obtained ample evidence that 
reducing sugars are formed when continually neutralised solutions of for- 
maldidi^ale an' exposi'd to ultra-violet irradiation. 'That these sugars are not 
always those obtained in [)Iant syntlu'scs is scarcely to be wondiTed at having 
regard to the ditT(Tenc.(\s of the (‘onditions under wliich the reactions are achieved. 

Having settled these* points, tlie following fresh questions have next to be 
considered :— 

(r) Can earbohydrates be synthesised in vitro directly from carbon dioxide 
and wat(‘r 

(d) \V"hat evidence is there that sugars and other carbohydrates are syn* 
thtvsised in the leaves of plants by methods analogous to those observed 
in vitro ? 

Tlui answer to (c) cannot be explicit; if by ‘ directly ^ is meant “ without 
the intermediate formation of formaldehyde there is evidence to show that 
starcli-like products arc formed during the irradiation of solutions of carbonic 
acid in which is suspended a catalyst consisting of niekel/thorium oxide sup¬ 
ported on kieselguhi*, but no evidence is adduced that formaldehyde is an 
inevitable intermediate stage. On the contrary, there is certain evidence 
whicli makes it quite clear that many organic eonqxmnds, oven a-chlorophyll 
itself, yield formaldehyde when irradiated in the presenei' of water, but in 
absence of carbon dioxide. This may mean that even in in vitro experiments, 
formaldehyde is not necessarily an intennediaie in carbohydrate synthesis, but 
only appears as a degradation prcxluct. In this connexion, it is proper to jx)int 
out that there is not yet any evidence available to show that biogenetic synthesis 
occurs other than by step^\^se sequence of reactions ; if this be so, then rejection 
of the hy}K)thesis that formaldehyde is the first step in carbohydrate synthesis 
in vivo is bound up with the necessity of postulating some other simple reaction 
pnxbict fonued dirc'ctly from carbon dioxide and water and capable of furnish¬ 
ing carbohydrates by further elaboration. 

Question (rf) above is, perhaps, the most difficult of all to deal with. There 
is, clearly, no obvious reason why the (iiloroplast and leaf 8>"stem of the plant 
should ust* a method of synthesis analogous to that studied by Baly and liis 
(^o-workers ; it is true that tlie raw materials and end-products are similar ; it 
is likewise abimdantly true that minute traces of formaldehyde are demon¬ 
strably present in growing plants,' and that the dimedon condensation product 
can be isolated from plant tissues. It is likewise true that fonnaldehyde is 
tnxic to plants, except in minute traces, and it must, therefore, be almost 
instantaneously converted to earliohydrate, if formed 1)3’' photosynthesis. 

The problem is rather analogous to an attempt to prove that since it is 
known that a certain individual was in Manchester on Monday and in London on 
Friday, he must have travelled by train and have passed through (^rewe. 

^ Klein and Werner, Biochetn, Z., 1926, 168, 361. 
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It is probable that the availability of heavy carbon, C13, will enable some 
progress to be made with this problem, by labelling the carbon dioxide and 
following its distribution in the plant. 

Baly and his eo-workers have given considerable time to the study of the 
condensation products formed when ammoniacal solutions of formaldehyde 
are irradiated. They were able to isolate and identify numerous nitrogen bases 
of the pyridine, pyrole and irninazole series, and as a result of their observ^ations 
have postulated the formation of the main groups of })lant products by the 
steps set out in the table below :— 

TABLE XX111 

Baly’s SrHTCME OF Phytosyntkesis 

Nitrate 

i 
Nitrite 

Fori nl 1 Vih'oxitnii 

HO 'i . OH 

_1_ 

Alkaloids 

I 
ljas6fl.s 

7'".Z2 

Hydratod carlx'n dioxide 

Activated formaldehyde 

Caeiiohydrates 

'1 
a-Amino acida 

I PrOTKI Sfi I 

It must be admitted that only the fringe of this wide and important subject 
has been studied in detail, and that much yet remains to be done, both in 
discovering the precise steps by which the complex compounds, which abound 
in the vegetable kingdom are built up, and in obtaining similar synthesis in 

vitro. 
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CHAPTER VII 

KPJPENS AND POLYKETIDES 

The first representative of tlie keton family to be prepared was diphenylketen, 
obtained by Staudinger ^ in 1905 by the action of zinc fihngs on chlorodiphenyl- 
acctyl chloride :— 

^c=c=o 

This substance, a liquid, freezing at about — lO"" to a yellow crystalline body, 
shows many of the eharac^teristic keten reactions and served to direct atten¬ 
tion to tiie group. Two years later, in 1907, Wilsmore and Stewart ^ discovered 
that keten itself, CHoCO, could be produced by the decomposition of acetic 
anhydride by an electrically heated platinum spiral. 

The pyrolysis of acetone has proved the most convenient and economical 
me^thod for producing keten, but the method is peculiar to the parent compound 
of the series. For higher homologues, other and more cumbrous methods must 
be used. This results in the position that whilst keten and its dimer can, 
and are, pnq)ar(xi industrially in considerable quantity, the remaining homo¬ 
logues are, at present, laboratory curiosities. 

Staudinger, who conducted most of the early research on substituted ketens, 
divided them into two classes : aldoketens in w^hich at least one free hydrogen 
atom was attachiHl to the ketem group as in R . CH=CO, and ketoketens in 
which the keton group is fully substituted as in RgC^CO. The alternative 
method of regarding the two classes as mono- and di-substitiiteii derivatives of 
keten is the basis of the usually accepted nomenclature. According to the 
provisions of the Li^ge Convention, the existing nomenclature for ketens is 
preserved, substituted ketens being regarded as derivatives of CHa=CO, e.g., 

Keten CH2=CO 
Methyl ethyl keten CH3(C2H6)C=CO 
Phenyl keten CeH^ . CH=CO 

Although the ketens are extremely reactive substancos, not many have 
been prepared. The chief members of the family, with their physical properties, 
are listed in Table I. It may be remarked here that, in general, the mono- 
substituted ketens are colourless ; the disubstituted ketens are orange or 
yellow. 

>CC1.00.C1-^ 

Kbtbn, CHjjCO 

Although keten can be obtained in small quantity by the action of a zinc- 
copper couple on an ethereal solution of bromoacetyl bromide, 

Br . CHjj. CO . Br + Zn-3^ CH2=CO + ZnBr^,- 

by the action of trimethylamine ® on acetyl bromide :— 

N(CHa)3 + CHs . CO . Br-► CHa-^CO + [NH(CH8)3]Brj 

' Staudinger, Ber., 1905, 38, 1736. 
* WUsmore and Stt^wart, Nature, 1907, 76, 610 ; Wilsmore, 1907, 91, 1938. 
» Jones and Whalon, 1926, 47, 1343. 
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TABJHO 1 

Name Formula h.p. M.F. Colour 

Keten CHj==-CO - 4r" - 134 0’ ColourlesB 

Methyl keten CH3CH=-C0 — 

Ethyl keten i\R,Cii==(X^ 
Phenyl keten 

yellow 
Yellow 

Eiinethyl keten 
Methvl ethyl keten 

(CH3),C=C0 
CH,(aH3)(V---CO 

34" 
_ 2 7' /12 nun. 

- OK'-’ 

-- 
Diethyl keten H<r- (h troll 

Dipropyl keten i (C3H,)3C=-('() 30*^ /11 mill. Y'ellow’ 

Diallyl koUxi ('O 30 1) inm. - 123 (\)loiirleH8 

Methyl phenyl keten c'H3((:.H3)c=<'() 74" 12 inm. — Orange' 

Methyl benz\ 1 keten CH3(C',H3 . CHjX W'O ! 40 01 tnin. ! ■” ; Yellow 

Diphenyl keten ((':„H3)3Cw.co I 140 ‘^’,'12 nirn. ! i Orange 

Dibenzyl keten (C3H3.C'H3),(V-.C'<) I 121 '^/12 Tiini. 1 I Pale yellow 

Diphenyleno ket(Mi 1 
i 1 

Si'arlet 1 y=-(.K) 
j 00'" 1 

( 
1 

1 

i 

and by the pyi olysis of acetylene containing small qiiantiti<‘s of oxyg<‘n/ it is 
more conveniently made by the pyrolysis of acetone, which takes place* nudily 
at a temixTature of 600-700". The reaction, 

CH3COCH3 —> -1 m, 
has been the subject of much study, especially in regard to tin* (dhid <jf })hysical 
conditions on the yield of keten. A ‘ ceiling ’ is set to the temp(‘niture which 
can safely be used for the pyrolysis of acetone by tht^ fact that tlu^ decomposi¬ 
tion of iceten itself commences to be appreciable at (>00\ vSehmidlin and 
Bergmann ^ report that the reaction takes the course 

-^ 2CO + CH2--CH, 

but this represents only the main course of the decomposition. Hale ^ has 
reported the simultaneous formation of small quantities of naphthakme in this 
reaction. Rice and Walters * have put forward a chain mechanism to account 
for the formation of keten :— 

CH3 . CO . CH3-^ 2CH3~- + CO 
CH3. CO , CH3 + CH3-> CH4 + CH3. CO . CHg— 

CH3. CO . CHg-CH3 + CH2=-C0 
CH3— + CH3, CO . CHg-^ CH3 . CO . CH2CH3 

The presence of methyl ethyl ketone in the recovered liquid from the pyrolysis 
of pure acetone has been demonstrated. 

Muskat was able to show that methylene, obtained by heating iodomethyl- 
magnesium iodide in dry nitrogen, combined with carbon monoxide to give 
keten ;— 

ICHj. Mgl-^ Mglj + CHj CH2=C0 

Keten, a colourless gas at ordinary temperatures, has a pronounced and 
unpleasant odour; it is unstable and tends to polymerise to diketen (often 
called ‘ acetylketen ’), CH3CO . CH==CO. This polymerisation takes place 
rapidly at ordinary temperatures, and if conditions are suitably controlled, a 
substantial yield of diketen is obtained. Under uncontrolled conditions some 
dehydraoetic acid is formed (see p. 471). 

1 Ingold, 1924,126, 1628. ^ Schmidlin and Berginann, Ber., 1910,48,2821. 
» Hale, Nature, 1937, 140. 1017. ♦ Rice and Walters, 1941, 68, 1701. 
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The eheiriical }>r()p(H-ties of keton may be divided into two groups, those 
involving the ketonic group and those involving the ethylonie bond ; the latter 
predominate. It may be point(xi out that keten is the stable form of the 
simplest acetydenic alcohol :— 

011.^0 . OH-> CHa^CO 

Amongst the few redactions that involve the carbonyl group, the action of 
Grignard reagents is of inten^st:—^ 

/OMgl 
CH.--C0 f CH^Mgl —^ CH.,=C/ -> CH3COCH3 

^ (TI3 

It will be,' st^en that tlie oj'iginal ketone, acetoiu% is !*(‘generaled. 
Halogens attack the (‘thyl(‘fikr bond of ki'lcni, giving almost instantaneous 

addition in the ease of chlorine^ and broniiiu*, the products being chioroacetyl 
chloride and bromoacetylbromide respectively :— 

CH2--CO + CI2-> CHoCl . C0(;i 

Acetyl chloride or bromide is obtained from liquid hydrogen chloride or bromide ^ 

0H,=C0 -j HBr-CH3 . COBr 

Considerable intei'est <‘entres round the addition of keten to hydroxylic 
eunipounds, all of which appear i<j react by addition to tlie ethylenie bond, thus 

(1) Water yields acetic acid, CH.>—-CO f H.,0-CH3 . COOH 
(2) Alcohols yield acetii* esters, (TIo=---CO ~t -C2H5OH --V CH3 . COOC2H5. 

This reaction lias been exiendtal to afford a manufacturing process for 
obtaining the pure tertiary and s(‘condarv acetates. ^er-Biityl alcohol, 
for exumph', gives a 90 per cent., or better, yield of ^cr-butyl acetate 
when acH^tylated ^vith ktden. A trace of concentrated sulphuric or 
p-tolueiie sulphonic acid is necessary with tertiar}' alcohols.^ 

CH3V CH3\ 
CH3-)C , OH -1 CH.--C0-> CHa-^O . 0 . CO . CH3 

CH3/ ^ CH3/ 

Bornyl acetate and linalyl acetate are also prepared industrially in this 
manner. 

(3) Hydrogen peroxide yields peracetic acid, and if the reaction be con¬ 
tinued, acetyl peroxide :—^ 

OHij=CO + -► CHj . COO . OH [CH., . CO . 0], 

(4) Phenols yield the acetyl derivatives. 
(6) Acids yield acid anhydrides ; thus, acetic acid is readily converted to 

its anhydride by this method :— 

CH2=C0 + CH3 . COOH -^ (CH3.00)30 

a procedure used industrially to regenerate “ weak acetic anhydride for 
artificial silk manufacture. Other acids give mixed anhydrides, e.g., 

CH2-=C0 + C3H7. COOH -CH3. CO . O . CO . C3H7 

but these mixed anhydrides are of little interest, decomposing to the 
homogeneous structures on distillation, thus :— 

2CH3. CO . 0 . CO . C3H7-> (CHa . 00)^0 + (CgH^. C0)20 

^ Deakin and Wilsmoi’o, J.C.S,, 1910, 97, 1968. 
2 Wilsmore and Chick, Proc, Ckem, 8oc,, 1908, 24, 77. 
» Hurd and Roe, J.A,CJS., 1934, 56, 2216 ; 1936, 58, 962 ; 1939, 61, 3355. 
« Am and Froy, Ber., 1912, 45, 1846. 

30 
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(6) Keten reacts with the amino group of hydroxylamine in preference to 
the hydroxyl, yielding a hydroxamic acid :— 

CH2=C0 + NHgOH —> CH3. CO . NH . OH 

this, however, is acetylated normall}^ through the hydrc^xyl group when 
the action of keten is continued, whilst finally, by the action of a third 

• CHo. CO . NH . OH + CH.CO —> CH3. CO . NH 0 . CO CH3 

-> (CH3.C0),N.0.C0,CH3 

molecule of keten, a trihydroxamic acid can be obtained.^ 
Keten is a particularly valuable reagent for acetylation of primary amino 

groups. Aniline, in an inert solvent, is quantitatively converted to a(;etanilide 

by the passage of keten :— 

CeHs. NH2 + CH2=-C0-> . NH . CO . CH3 

and the reaction may be extended to numerous other amiiu‘s. Thus, phen- 
acetin (acetyl-p-phenetidine) can be obtained from phcnetidine^. Most second¬ 
ary amines react similarly, and even diphenylamim^ may be made* to yield its 
acetyl derivative in 30-40 p(T cent, yield. In general,- keten reacks so much 
more readily with amino compounds than with water, tliat aqueous solutions 
of amines can be acetylated in good yield,^ and in this way excellent yields of 
acetylamino-acids can be obtained from aqueous solutions or suspensions of 
the amino-acids. 

With hydrazines, keten reacts to give acyl derivative's :— 

CeHs. NH . NHo + CH^-^CO-> CeH^, NH . NH . CO . OIL, 

The action of keten ^ on hydrazoic acid is to giv(' a transitory azid<' whi(‘h 
readily loses nitrogen forming the corresponding isocyanate :— 

CHa=CO + HN3-> CH3. CO . N3-^ CH3. NCO f Ng 

Keten can take part in the Friedel-Crafts reaction,^ ^tryl ketone, 

e.g., 

CeHe + CH2=-C0 CflHs . COCH3, 

but the yield seldom exceeds 30 per cent, of the theoretical quantity. 
Air is almost without action on keUme, although th(' substituUxi kekms 

show strong autoxidation. 

Diketbn 

Diketen, acetyl-keten (CH3CO . CH=CO), is formtxl readily by the con¬ 
trolled polymerisation of keten. It is a liquid, solidifying to a crystalline 
mass, m. ~~ 7*5®, b. 127®. It has a penetrating odour, and is unstable at ordinary 
temperatures, turning slowly to a series of products of higher molecular weight 
of which dehydracetic acid is the preponderating constituent. 

The reactivity of cUketen is phenomenal; with alcohols it gives esters of 
aoetoacetic acid :— 

CH3CO . CH==CO + C^H.OH —> CH3COCH2COOC2H3. 

1 Hurd and Ck)chraa, J,A.C\S„ 1923, 46, 616. 
* Oliveri-Mandala and Caldevaro, Oazz. Chim, JtaL, 1913. 43 538. 
’ Williams and Osborn, J.A.C.S., 1939, 61, 3438. * 
* Bergmanu and Stem, Bet,, 1930, 6Si?, 437. 
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With amines it gives anilides :— 

CeH^NHs + CH3 . CO . CH=CO-^ CeH^. NH . CO . CH^ . COCH3 

wliich are valuable intermediates in the production of Hansa yellows, e.g., 

COCH3 NO2 

CR,,<( \nH . (X). Ih . N===N<^'~^CH3 

Tlu^ condensation goes quite ixnkdily even when the ainirui is a complex substance, 
e.g., o-tolidin(^, which is rf^adily (converted by dik(‘tene to its 6iiS-acetoacetyl 
(l(Tivative :— 

CH,COCH/JONH< 
% / \_ 

CH3 CH;, 

NHCOCH.COCH, 

from which valuable clye-pigmciitH are obtainable. 
With ph(uiylhy(lrazino, 1-phonyl-.‘{-methyl-5-pyrazoloiie, an intermediate 

in th»? manufacture of nntipyrine is obtained :— 

CHa . {.’0 H^N 

I ^ 
CH HN . Ph 

-H.0 CH3.C_=N 

(^H, N—Ph 

^cq/ 

This substance yields antipyrine on metliylation. 
l)ik(^ten r(‘acts with un^a to give methyl uracil, and the reaction ma}^ be 

(extended to substituted ureas. 

€0 CO.CH3 (X) C.CH3 

1 1 •- I II 
NH, CH NH CH 

CCb^ \co/ 

HCy^^CH, 

The structure^ of diketen has been the subject of much discussion and 
experiment. At one time it was thought to lx> a cycto-butane derivative (1), 

CH2==C . CHj. CO . 0 CH3. C=CH. CO 

--i 1-0—1 
(1) (2) (3) (4) 

but the (conception was di'oppexi about 1917 wh(m various eyefo-butane deriva¬ 
tives were prepared and shown to be (entirely dissimilar in properties to the 
dimeric ketens. Bex^se ^ suggested a vinylaceto-j3-lactone structure (3). This, 
however, dex^s not fit in with the parachor or the ozonolysis to pyruvic acid * 
and the accepted structural conception is that of an equilibrium mixture of 
acetylketen (2) and croton-/S-lactone (4). 

CH2—CO 

CO^- CH, 
CH,, CO . CH==(^0 

Substituted Ketens 

The simple monosubstituted analogues of keten—methyl, ethyl and phenyl 
keten—are so unstable as to be virtually unobtainable in the pure state. They 

‘ Boeao. J. Ind. Eng. Client., 1840, 8S, 16- 
* Hurd et at. J.A.C.8., 1940, 1147 ; 1941, 68, 2174. 
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may be obtained in ethereal solution in low yi<‘hl by allowing bright zinc turnings 
to react upon the ethereal solution of the appropriate bromacyl bromide, e.g.,^ 

CgHj . CH—CO 
CeHg. CHBr . COBr-> CeH^. CH==CO —> 

10—CH . CeHs 

These ketens are stated readily to po]\an(Tis(\ {giving oycZobutario (hM'ivatives 
which are comparatively inert chemically. 

The dialkyl and diaryl ketenes are more readil}^ obtait^able, 'J'hus, dimethyl 
keten is a liquid boiling at 34°, and can be isolated by any of the following 
processes :— 

(1) The debromination with zinc- of a-bromo^s’obutyryl bromide. 
(2) The thermal decomposition of the mixed anhytiride of dimethyl malonic 

and phenylacetic acids. 
(3) The thennal decomposition of dim(‘thyl malonic anhydride,- 

The last is by far the best practical method of obtaining dimethyl keten ; 
dimethyl malonic acid is dissolved in ice-eold ac(^tic anliydrkh^ and subjected 
to very slow distillation xinder reduced pressure (40-50 hours). The tempfTa- 
ture finally rises to about 100 , and the residue of ( rude dimethyl malonic 
anhydride gives, on heating, about 90 per c(‘nt. of the th(H)r(‘tical quantity of 
dimethyl keten. Dimethyl keten is characdcTist^d by c^ertain prop(M*ti(js which 
are quite distinct from those of k(ken its(‘lf. In particular is this difiererifr 
shoTO in the colour which is yellow both in liquid and vapour form, and in 
the aiitoxidation to form an explosive, highly insoluble peroxide.^ Jn opera¬ 
tions using dimethyl keten the greatest (.‘are must b(‘ taken to exclude all 
traces of air to avoid the formation of tliis dangerously susce])lible substance 
which explodes on touching, or (wen spontaneously. 

Dimethyl keten polym(TLses rapidly, being cmtirely f‘onverted in a. few 
hours at ordinary temperature into a mixture of dimer (liquid, b. 170-171°, of 
pleasant peppermint odour), and tetramer (solid).^ Most interesting products are 
obtained by the action of dimethjd keten on quinoliiu^ and its derivatives (5), 

^ 2(CH3)2C.:=C0 

I i 
CO CO 

(5) 

the reaction affording a methofl of s^Tithesising phenanthridines with angular 
nitrogen. Dimethyl keten adds also to the double bond of such substances 
as benzylidene benzylamine, yielding piperidine compounds :— 

CeHsCH 

C,Hj . CH,. 
+ 2(CH3)j,C=CO 

C{CH3)2 

CgHj. CH \!0 

c„H,. CH,. Ir i jj-ij . \.(0H3)2 

Dimethyl keten also reacts readily with carbon ilioxide yielding a series of 
crystalline solids which have the composition Rg. COj, R3.200*; R4. SCO, 

» Staudinger, et al., Ber., 1908, 41, 906 ; 1911, 44, 633. 
*Staudinger ibid., 1908, 41, 2208 ; Hdv. Ckim. Acta, 1926, 8, 306. 
* Staudinger et al. loo. cit. * Staudinger and Klever, Ber., 1907, 40, 1149. 
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(whore K (limothyl keteii). The simplest of these upptiars to be ^ totra- 
methylacetono dicarboxylic ae.id anhydride (6), and on boiling with concentrated 
hydrochloric acid yields tetramethyl c^ci^obutane dione (7). 

(CH3)oC—CO (CH^)/; 

/ \ / \ 
CO O-> CO CO 

\ / \/ 
(Cii;,)o. c—CO (CHj)/; 

(6) (7) 

The availability of the diazoketonos from acid chlorides and diazomethane ^ 
has led to new nn^thods for the preparation of keteris, by the sequence ® of 
reactions. 

R . COCl h CH,No “ R . CO . CHN, ' R . CH---CO 

Of th(^ other ketems which have from time to time been prepared, diphenyl 
keten is the best known and most important. It is more easily prepared 
from the hydrazono of bonzil than by the original method of Staudinger. 

. CO C«H,.CO 

C«H,.CO C«H,.(>.=N.NH3 
w 

CeH^.i.N, 

m 

Hr;it C6H5> 
>c^o 

Berizil is converted by hydrazitie to the monohydrazone (8) ; this, on oxidation 
with yellow mercuric oxide gives the substance ' azibeuzil ' (9), which is unstable 
and givtis off nitrogim spontaneously ; on gentle warming in benzene solution * 
the evolution of nitrogen is oompletei, and on removal of the benzene and 
vacauim distillation of the i-esidu(% diphenyl keten is obtaintnl as a yellow- 
orange hqiiid ; att(un])t(^d distillation at ordinary pressures leads to decom¬ 
position to carbon monoxide and fluorene. Owing to its ease of preparation 
and slow polymerisation, eousiderable exj)erimental work has been carried out 
with diphenyl keten, the reactions of which are bolter known than those of 
keten itself. When heatcxl with quinohne for some hours, two polymers are 
formed, one m. 17(R and a second m. 245^^; the latter is the symmetrical tetra- 
phenyl cyc/obutanedione. The reactions of diphenyl keten with water, 
alcohols, phenols and amines follows out the course to be expected from the 
corresponding reactions with keten itself. Diphenyl keten also shows a 
strong tondoricy to add to etiiylenie double bonds. Thus, the reaction with 
styrene gives a triphenyl cyc/obutanone (10). With ketones the primary 

{CeH,),C-=CO 
+ ->. 

CeHg. CH—CHg 

(C«H,),C-CO 

CaHj. CH—iHj 
(10) 

reaction product breaks down, giving ciarbon dioxiide and a totrasubstituted 
ethylene ; thus, diphenyl keten and methyl ethyl ketone give 2-methyl 2-ethyl 

^ Staudinger, Felix and Harder, Hdv* Chim. Acta, 1925, 8, 306. 
* Arndt et oh, Ber., 1927, 60, 1364; 1928, 61, 1122, 1949; Robinson and Bradley, 

J.O.S., 1938, 2904. »Schrooter, Ber., 1909, 48, 2346; 1916, 49, 2704. 
* rioog, Bcc. 7Vat>. Chim., 1926, 45, 342. 
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1, 1-diphenyl-othyleno (11). Further reacition ol diphenyl keten leads to 

the hexa-substituted cyr/obutaiiono (12) 

{CeH5)2C=CO (CeH5),G-CO 

+ 

'^CO 
Oil/ 

.\ I I 
o 

c: 

(11) 

l’h,C ■-<■() 

CH/' CJH, 

I I 
. C-C(C«H,)3 

I 
CH, 

(12) 

Quinones lead to interesting hydrocarbons, the derivatives of whi(!li show spiro- 
asymmetry. 

0 -f (C,H5)3C—<^0 

(CeH5)3C=CO + 0= =0 + 00-C(CeHi.)3 

-200; 
--=C(OeH5)2 

Shilov and Burmistrov have j)repartd di-p-xenylketeii in ordtu* to asctTtain 
the effect of large groups on the reactivity of the k(‘ten group:— 

They obtained it as a yellow solid, m, 197"^, which gives the normal reactions 
of a keten. 

Keten Acetals 

In the course of extensive researches on the s^mthesis of ketonie esters 
Scheibler and Ziegner ^ claimed to have obtained keten acetal—a substance 
which would account for the low yields in many /S-ketonic (‘Ht<T syntheses (vide 
acetoacetic ester). These investigators demonstrated that when sodium 
reacts upon ethyl ac'.etate in ethereal solution, the alkali salt of the enol form 
CH2=C(0Et)0K is formed. This can react with, say, ethyl Ixmzoate to give 
benzoylacetic ester in the normal way ; on the other hand, Scheibler and 
Ziegner claimed that a considerable portion reacts thus :— 

CH2=C(0Et)0Na + CeH^. COOEt-> . COONa + CH2==C(OEt)2 

The existence of this compound has been denied,^ but the work of McElvain 
has proved conclusively that the acetal exists, although its action and presence 
in the jS-ketonic ester synthesis has not be^en satisfactorily demonstrated. 
Keten acetal^ is readily prepared in good yield by allowing a-bromo ethyl 

^ Scheibler aiul Ziegner, Ber., 1922, 66B, 789. 
* Adickes and Meister, ibid,, 1935, 68B, 2191. 
* Walters and McElvain, J.A.CM,, 1940, 62, 6223, 
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orlAo-acetate (13) to drop slowly into a gently boiling suspension of sodium in 
benzene ;— 

OEt 
OEt 

CHj.Br . C . OEt + Na —> NaBr + NaOEt + CHjj- 

\0Et 
OEt 

(13) 

Dehydracetic Acid 

Gent her in 1863, commenced a series of researches on the formation of 
acetoacetic ester, and observcHi that during its distillation a quantity of 
crystalline material was obtaincxl to which he gave the name dehydracetic acid. 
Conrad obtained it later ^ by heating acc^toaeetic ester under pressure, and 
0[)p(^nheim and Precht ^ by the pyrolysis of acetoacetic ester. It is also 
obs(n*ved during the formation of dike^ten from monoketen and by suitable 
catalytic means may be obtained in almost theoretical >neld from diketen. 
Its em[)iri(!al formula shows it to be a tetramer of keten—C^Hf<04. It is a 
white crystalline substaiice, m. 109°, of \vhich om^ part is soluble in 100 parts of 
water at ordinary t{*mp<Taturt\s. 

Df^hydracetie acid is only a feeble acid and conductometric experiments 
indi(‘ate the absence' of a carboxyl group, thus automatically eliminating some 
of the earlier formula'. In view of its almost quantitative formation from 
dik(den under suitable* conditions, the two formula* (14) and (15), suggested 
by (^dlie and Feist respectively, most nearly express the genesis and properties 
of dehydracetic acid :— 

Cli,. CO . CH=-==C 

O 

/ 
CO 

+ 1! 
CH3 CH 
\V 

(;o 

CH,. CO . CH 

0 

CH,.CO.CH,.C 
\ 

CO 

CO 

lo 
+ 

CH 
I 
C. CH, 

CH CHjj 
\ / 

C’O 
at' 

CO 
/ \ 

CH,. CO . CH CH 

O 
k) 

o 
(16) 

CH, 

It is almost impossible to adduce evidence which will clearly differentiate 
bf'twoen these two structures ; the weight of evidence appears to be slightly in 
favour of Feist’s formula. 

Carbon Suboxidb 

Diels and Wolf,* in 1906, discovered this third oxide of carbon, C3O2, among 
the products of dehydration of malonic ester, using phosphonis jwntoxide. 

> Geuther, Z.f. Chemw, 1866 (2), 8, 8. * Conrad, Uer., 1874, 7, 688. 
•Opponheim and Pnwht, iJbid., 1876, 9, 323, 1099. 
< Dieb and Wolf, ibid., 1906, 89, 689. 
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The structure, OC=C=CO, shows it as a diket(*n (in French technical litora- 

t-ure it is referred to as Propane dikefeii ”). 
The Diels method of ration referral ie above t>ives only a few ])H' uent . 

yield; the best yields are obtained from dibronionialoiiyl (li{‘bJorid(‘ (it)) wluai 
treated with bright zinc turnings, in the prestaiee oi etlier.^ Another pra(^ti(.'al 
method is to heat diacety] tartari(t anhydrid<^ (17) M'h(>n carbon suboxidc^ is 

formed :— 

^COOEt 

CHo 

\cOOEt 

Wot'i 
/ 

(jn,coo(’ii- CO 

1 1 

ClI;,CCOCH 0 

j (1«) \ / 
CO 

■1 (171 
CO , 

1 
J 

CO 

Carbon siiboxide is a colourless gas with an nn})leaHant odour. It condenses 
readily and has b.p. 7"’. Us reactions are \cvy nuniniscent of those of k(‘ten 
itself ; it reacts ^vith ammonia, water, ah^ohols and amines quite Tionnally ; it 
also gives pyrazolom^s with hvdraziiu^ derivativ(‘s. It n‘sembk‘S mono-keten 
in chemical behaviour in that it does not with quinone or b(‘nzvii(i(uie 
aniline. 

APPE.VDIX I 

LlTEliA1TTKE RKFEREXt ^KS 

Ketens 

A. B. Boese. Ind. Eng, Chem., 1940, 32, 32. Contains an account of 
diketen and its uses; a useful bibliography (about 50 papers) is 
attached. 

C. K. Ingold. Ann. Rep. Chem. Soc., 1925, 22, 118 (K(4en-monoxides). 
H. Staxjdingek. “Die Keten”, 1912, Stuttgart.. (Also bound in ‘Chemie 

in Einzeldarstellungen '). Contains only the fhst few years of de¬ 
velopment of the chemistry of ketens. Historical value only. 

Carbon Suboxide 

E. C. C. Baly. Ann. Rep. Chem. Soc., 1917,14, 48. 
H. J. H. Fenton. Ann. Rep. Chem. Soc., 1906, 3, 101. 
L. H. Ryeeson, and K. Kobe. CJiem, Rev., 1930, 7, 479 

^ Stu/uaiiigor and Bt^reza, Her., 1908, 41, 4401. 
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ACIDS AND ESTERS 

“ AIho jL,M.iaia<nirn and divers oilu^r woods, tliat do not at all tastt* soar, will, In'ing 
distillod in retorts, ajYord sj>irits, tliat are furnished, with store of ar/id particles, 
wiiich as J have tried will hiss upon alkalic's, and will dissolve coral, and ovon lead 
itsidf calcined to ininiuni and iriake saccfuinwi mUirni of it..'* 

- R. Boyle. 

A Avi(l(^ V7irietv of organic compounds show acid properties, and might be 
classed as acids if salt-formation and tlie nenti'alisation of alkalies were the 
solo criteria.^ Ilins, uric acid and phenol ((carbolic acid) both give salts with 
aUialies and yield (‘nuugh hydrogen ion in solution to give acid indicator reactions. 
Again, refc^rencf' has been made to the behaviour of the hydrogen of the meth}^- 
ene. grouj) in r//(7opentadiene and its analogues wliere ‘ salt ' formation with 
metals is jiossiljle. 1{ will be He(ui that any organic compound containing 
hydrogiai may \)v w riftcai [ RJM, and that the justification of the square brackets, 
indirsting an (7(‘'‘trovaI(‘ncy, depends on the criteria agreed upon for detecting 
this eoiulitifui. No such justification can he found in the ease of CH^, but 
un(i(T (‘(‘rtain <‘oii(litions ClfClj may be wj'itien [CC'lJll and CH^NOo 
ICH^NOgJH. It will, tlierefor(‘, b(^ realisr^d that * acidity ’ is a somewfiiat vague 
coTUMqit, and that if (‘xj)n'ssed in terms of the swibols 

RU -.A IK]a —-1 [K]' i H- 

it comprises a lange of substance.s with all shades of variation in th(^ balance of 
e(|iulibrium, depcMiding largely on the effect of adjacent groups on the lability 
of the hydrogtm. 

'I'he formation wliieh most consistently displays all the phenomena of 
acidity is (he (X.) . OH (carboxyl) group whicl) can always be written —(700]H 
w’ith jusiifieatitm, and it is to substancics displaying this characteristic group, 
that this eluipter is <'oiifin<Ml. 

Formation of the D-vrhoxyl GRorp 

Before considering individual groups of acids it is advisable to discuss 
methods of producing acids ; they may be divided into two main groups : (a) the 
introduction of the carboxyl group ; or (b) the manipulation of the slriicture 
of substaiKM'g in wiiich the corresponding carbon atoms are already pn.sent. 
The latte r ])ro(*ess may be carricNl out by the following mviliods :— 

(1) Direct Oxidation.—iliis is apjiicvable to both alipliatic and aromatic 
hydrocarbons, although the latter are mon^ usually associated with tlie process. 
If the Jiigher aliphatic hydrocarbons are te^ated with air or oxygen, in tlu‘. 
presence of a catalyst, the terminal methyl group is CH>nvert-(^d to carboxyl 

CH,(CHa)„CH3 —> OH3(CH2),COOH. 

This process is used industrially for prodming mixtures of fatty acids 
from hydrocarbons, but is .s(Jdom applied to the ])roduction of individual 
acids. On the other hand, the oxidation of aromatic hydrocarbons is one of 
the most successful methods for obtaining aromatic acids. The side-chains of 
aralkyl hydrocarbons are oxidised to carboxyl, toluene giving bt^nzoic acid 

Tho use of iho fconns '‘acid*’ and “Imso”, Quarterly Rev-ietcs of Chem. Soc., 
1947, X, 113. 

473 
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whilst j9-xylene and mesitylene give terephthalic and trimesic acids respec¬ 
tively :— 

ch/\ch, hooc/\cooh 

CH, COOH 

OH, 

1CH3 , 
-> j 

COOH 

\/ 
OH 3 

//\/\ 
II 

COOH 

OOH 
COOH 

'^/'\(X)OH 

(1) 

Further, u-dicarboxylie acids can be obtained by oxidising fused ring hydro¬ 
carbons, such as naphthalene, which gives phthalic acirl (1) or its anhydride. 
Chromic or permanganate reagents are frequently used for theH(* oxidations, 
although many of them can be performed directly with air or oxygon in the 
presence of a controlling catalyst. 

(2) From a Halogenated Hydrocarbon.—Many routes from the alkyl or aryl 
bromide to the acid exist, some of which are indicat<*<l in Table I. It will be 
observed that the shortest route is via the Grignard compound :— 

EtBr-> EtMgBr-> KtCOOMgBr —^ EtCOOH 
which with carbon dioxide yields an addition compound r(‘adily d<‘compos(‘d 
by dilut(‘ mineral acids to the requirwi organic acid and a magnesium salt. 

A variation of this process is the action of ethyl carbonate on the Grignard 
com})ound at low temperatures and under conditions which minimis(‘ attack of 
the ester formed, by excess of Grignard compound :— 

EtBr-> EtMgBr -f COlOEt)^-^ EtCOOEt f EtOMgBr. 
In this case the ester is produced, but may be hydrolysed easily to the acid. 

The halogen compound may be converted to the corresponding alcohol, and 
the latter oxidised to the acid either directly or with isolation of th<‘ aldehyde. 
In this way it will be seen that the alcohol or aldehyde (usualiy more easily 
available than the halogen compound) 

EtBr-> EtOH-^ CH3 . CHO-> CH3COOH 
may itself be used as a source of the corresponding acids. Further, it will 
be noted that when one of the latter processes is used, the final acid has 
the same number of carbon atoms as the original halogen compound ; when a 
Grignard method is used the acid has one more carbon atom than the original 
halide. Acids with two more carbon atoms than the original halogen compound 
can be obtained by condensing the latter with sodio-malonic ester and decom¬ 
posing the resultant substituted malonic esti'^r by hydrolysis ; the course of the 
reaction is indicated in Table I. In addition, alternative methods of proceeding 
up the acid series are known, and these also are indicated in Table I. 

In the aromatic series the direct decomposition of polyhalogenated com¬ 
pounds is of importance ; thus, the first reaction of alkalies on substances such 
as benzotrichloride is to form an ortho acid (2) which spontaneously dehydrates 
to the carboxyl form (3). 

/\ 
3 Ca(OH)s 

\OH 

(2) 

■ H,0 -CX)OH 

^3) 
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TABLE I 

475 

COOEt 
tnalontc / 

,CH 

■\ 
OOORt 

Jt may be added that the (‘oneeption of ortho acids is widely used in aliphatic 
chemistry to represent tlu^ fully liydrattni forms of carboxylic derivatives ; thus 
the three acids, formic, carbonic and acetic are potentially able to form ortho- 
formic, or^/iocarbonic and or/Aoacetic acids, thus :— 

.OH 

H OOOH-OH ('H;, .OOOH 

^OH /'OH HO^^OH 

..CH3.C-OH CO - —> C 

\oH \OH \0H H0/\0H 

orthoiornm acid ort/toaeotio acid orf/iocarbonic acdd 

^OEt 

H . Ct--OEt 

\0Et 
orlAofonuic ester 

/OEt 

CHg . C-OEt 

\0Et 
orlA oaootic ostcr 

EtOs^^OEt 

C 

Eto/^OEt 
or/Aocarboiiie ester 

The free acids do not exist, but their esters are well-known and are important 
raw materials for syntheses. 

(3) The Oxidation of Aldehyde^^,—This method has bi^en known and used for 
the preparation of acids for a long period, and it was by its use that Laurent ^ 
discovered cenanthic acid in 1837 ; at present there are only a few instances 
where the aldehyde is so plentiful that it can be used as a source of the acid. 
The usual oxidising agents are permanganates, or chromates in the presence of 
acids, and hydrogen peroxide in the presence of manganese salts. The reaction 
between wator vapour and an aldehyde to give hydrogen and the corresponding 
acid takes place readily at 350"" in the presence of a copper chromite catalyst 

R , CHO 4 HgO-R . COOH 4 

^ Laurent, 44nn. Chim, Phya., 1837, 66, 164. 
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McTitioii should also ht* made of (Cannizzaro’s iH'aeiion in which an aromatic 
aldehyde in the presence of potassium hydroxide gives a mixtun* ol the eorrC'- 

sponding alcohol and ilu' potassium sail oi ih ‘ acid :— 

2RCH0->Ji,CO(m 1 K(di,()H. 

The reaction can be extended to the aliphatic, aldehydes^ and Shipley ^ in 
investigating the reaction showed that formaldehyde gave a similar reaction, 
but that two stages could be recognised 

HCHO + KOH-> Ho d H . COOK 
HCHO + Ho-^CH.OH 

some of the hydrogen escaptjs and ma^’' be collected as such. If some substance 
is present which is a less reluctant hydrogen-acceptor than fonnaldeliyde, e.g., 
benzaldehyde, it is reduced. Yields up to DO per cent, of benzyl aholiol are 
obtained "from benzaldehyde and formaldehyde in the preseiu'c^ ol sodium 
hydroxide :— 

CeH^ . CHO ( HCHO -d NaOH-> C.H^CHoOH | J1 . COONa. 

An important variant of this reaction is the interaction of two molecaiies of 
aromatic aldehyde in the presence of aluminium ethoxide (or butyioxidcd to 
give the ester.^ In this way, benz^d benzoate. th(^ specific treatment for scabies 

infestation, is obtained industrially. 

2C«H6CH0 C^H.OHoOCOC^Hs. 

(4) Oxida'ion of Alcohols.—Primary alcohols an* oxidis(‘d readily by most 
of the common reagcmts to the corresponding ac;i(ls. The reaction can be 
brought about readily by catalysis. If acid oxidising agents are used, the 
reaction mixture is often made strongly alkaline and boiled, at the end of the 
reaction, to hydrolyse any c*ster formed during the oxidation. 

(5) From Carbon Monoxide.—C^arbon monoxide reacts readily with potas¬ 
sium hydroxide forming potassium formate :— 

KOH -f 00-^ H . (JOOK, 

a redaction which has been utilised for the industrial production of formic acid 
and its salts. Gautier and Frolich extendfdi this method of ])n*paration to 
the sodium salts of acetic and propionic acid by treating sodium methoxide and 
ethoxide with carbon monoxide at 160° :— 

CsHgONa + CO-> C2H,COONa. 

The yield falls off rapidly as the series is ascended. It is probably this reaction 
which accounts for the presence of about | per cent, of acetic acid in the Fiseher- 
Tropsch synthesis of methanol, excess of carbon monoxide reacting at the 
catalyst surface with methanol:— 

2H2 + CO-^ CH3. OH + CO-> CH3COOH. 

The use of ketonic; or malonic ester synthesis in the acids is 
discussed in Appendix II to this chapter. 

(6) Methods involving the Saponification of Nitriles or Amidss.—Any alky] or 
aryl cyanide may be saponified by boiling with alkalies or acids to give the 
corresponding carboxylic acid and ammonia. In some cases the acid amide 
stage can be ^stinguished, although frequently the acid amide is more sensitive 
to hydrolytic reagents than is the nitrile, so that it is destroyed as fast as formed. 

^ Palfray aud Sabotay, Bull, Soc, Chim,, 1934, 1, 903. » 
2 Shipley, Fry and Price, Bee, Trav. Chim,, 1931, 60, 1060. 
» Tischtchenko, Zentr,, 1906, II, 1309; Child and Adkins, J.A.C,8,, 1923, 46, 3013 J 

1926, 47, 806. * Gautier and Frolich, Ann,, 1880, 202, 288. 
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The hydrolysis of aromatic nitriles is often difficult—especially pam-dinitriles 
such as torephthalic nitrile and its derivatives, and for this purpose 30-50 per 
cent, sulphuric acid is used. Hydrolysis of nitrik^s is not widely used as a 
preparative riic'tliod in alipliatic chemistry, since the acid is usually niorc^ 
freely available than its nitrile ; on the other hand, the use of the diazo (com¬ 
pound with })()(a .ium cupro(*yanide affords, in arormilic chccmistry, an easy means 
of introiiucing tlu‘ —('N group into positions where it would bcc difficult to obtain 
a carboxyl groujj by alternative moans. In this way, it is possible to us(c the 
process of nitrile saponification as a synthetic mc^asui'o. In Tabkc 11 arc shown 

tablp: II 

in outline typical stages in the formation of aromatic acids. The table includes 
methods such as the use of the Friedel and Crafts reaction for introducing the 
—CO . NH2, and —(X.)C1 gi*(ju}> with carbamic chloride and carbonyl chloride 
respectively, in the presence of anhydrous aluminium chloride. This reaction 
has ah'eady been discussed (p. 217). 

General Properties of Organic Acids 

Acidity,—The structure of organic acids appears to offer some analogy with 
that of the organic sulphur acids and may be depicted as in (4 and 5); the degree 

L ^oj 
(4) 

r^\ 
F^C—Cf H 

If/ \oJ 
(5) 

of dissociation and the pn of solutions of acids depends largely on the nature of 
K. in the formula (4); in the simple aliphatic acids the acidity decreases as 
the series is ascended, formic acid being exceptionally strong; on the other 
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TABLE III 

Acid Pormula DlsBOcUitlon comtifciit 
K X 10* 

j Formic H.COOH 21-4 
j Acetic OH, .COOH 1*75 
i Propionic CjHb . COOH 1*34 
1 w-Butyric CjH, . COOH 1-51 
j i«o-Butyric (CH,),C’H . COOH 

. COOH 
1-5 

, n-Valeric 161 
i iso-Valeric j (CH,),CH . CH,COOH 17 
j Trimethyiacetic (CHjljC . COOH Odl 
j Caproic CjHuCOOH 1-4 
1 Dimethyl ethyl acetic C,H4C(CH,),C00H 0-9 
1 n-Heptylic C.HijCOOH 1'3 
1 n-Uaprylic C^HifiCOOH 1-4 
1 Fluoroacetic FCHaCOOH 200 
i Difluoroacetic F,CH . COOH 5700 

Triiiuoroacetic F.C . COOH 50,000 
Chloroacetic CICH,. COOH 150 
Dichloroacetic C1,CH . COOH 500 
Trichloroacetic C1,C . COOH 3000 
Bromoacetic BrCH,. COOH 150 
lodoacetic ICHa . COOH 75 
a-Chloropropioiuc CH, . CHClCOOH 140 
)3-Chloropropioiiic CH,C1 . CH, . COOH 10 
a-Bromopropiouic CHj. CHBr . COOH 108 
^-Bromopn ►pionic CHjBr . CHj . COOH 10 

) a-lodopropiomc CHj. CHI . COOH 60 
1 /J-iodopropionic CHal . CH, . COOH 9 
i )3-Nitropropionic CH,(NO,). CHjCOOH 10 

1 a‘Chloro butyric CH,. CH, . CHCl. COOH 140 
1 y3-Chlorobutyric CH,. CHCl, CH, . COOH 9 

1 y-(Jhlorobutync CH.C1. CH,. CH,. COOH 3 
; a-Bromobutync CH,. CH, . CHBr . COOH 100 
1 y-Bromobutyric CH,Br . CH, . CH, . COOH 2*6 
1 Acrylic acid CH,-CH . COOH 5*6 
1 Trichloroacrylic CCl,-CCl. COOH 7000 
1 Vinyl acetic CH, -CH . CH, . COOH 4*6 
1 Crotouic acid CH, . CH-CH . COOH (tram) 2*4 

iso-Crotoiiic CH, . CH-CH . COOH (cis) 4 
a-Chlorocrotojiic CH, . CH-CCl. COOH (trafM) 70 
a-Chloro iso-crotonic CH, . CH-CCl. COOH (cis) 160 
Peiiteiie-3*acid CH, . CH-CH . CH, . COOH 3*3 
Angelic CH,. CH-C(CH,)COOH (cis) 5 
Tiglic CH,CH=C(CH,)COOH (traris) 0*9 
Methyl propiohe CH,.C = C.COOH 

CH,. 
1 >CH. COOH 
CH,/ 

250 

c^ciopropanecar boxy he D4 

c]/c/oPentanecarboxylic 
CH,. CH,. 

1 >CH . COOH 
CH,. CH,/ 

1*24 

c^cioHexanecarboxyUc ^ ^COOH 1*3 

cycioHexene-1-carboxyhc y-COOH 2*2 

Benzoio acid . /“ COOH 6*8 

o-Fluorobenzoic F . C.H,. COOH 30 
m^Fluorabenzoic F . C,H,. COOH 14 
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TABLE III—(Continued) 

Acid Formula Dissociation constant 
K X lO*- 

Fluorotx^iizoic F . CeH4 . COOH 14 
o-ChlorolM'nzoi(‘ Cl . CeH^ , COOH 130 
m-OhloroIx^nzoif Cl . . COOH 150 
p • ChlorobcM iz()i( * Cl . . COOH 7 
o-Bromobenzoic Br . C.H. . ('OOH 140 

m-Bromobt‘nzoie nr . ('.H* . COOH 15 
o-]o(l(>})enzoic' I . CeH4 . COOH 140 
7M-lod(>b('n7.oic 1 . CaH4 . COOH 1-6 

o-IodoHolxMVZoic TO . C’eH4 . COOH 0-06 
o*Nitrobeiiz(jin NO, . (’4H4. COOH 620 
7/i-Nitro}>onzoiic NO, . CeH4 . COOH 34 
p- Xitrobonzoic NO, . C4H4 . COOH 40 
2, 6-Dinitrobe>nzoic (NOjljC’eH, . COOH 8100 
8, 5-l)initr<>iH*nzoic (NO,),CeH, . COOH 160 
Bhoriyl propionic CfiH^ . ( H, . CH, . COOH 2-2 

Arans- 3-7 
Cumainic C4H5 , CH- CH . (X)OH< 

^cis- 14 
Phenyl propiolio CVHs.C-C.COOH 590 

Ki K, 

Oxalic (COOH), 3800 
Malonit* CH,(C00H), 177 0-437 
Succinic 1 HOOC . (CH,), . COOH 7.4 0-450 
(ilutaric I HOOC . (CH,), . (X)OH 4-6 0-534 

i Adi{)ic i HOOC . {(^H,)4 . COOH 3-9 0-529 
i Pirnelic HOOC . (CH,)5 . COOH 3-3 0-487 
j Sulx>ric HOOC . (CH,)4 . COOH 3 0-471 

Azelaic HOOC . (CH,)7 . COOH 2-8 0-464 
Sebucic HOO(’ . (CH,)^ . COOH 2-8 

hand, introduction of halogen or nitro groups on to the carbon adjacent to the 
carboxyl causes a considerable increase in the dissociation constant and a much 
‘stronger’ acid results. In the case of trifluoroacetic acid (5), the dissociation 
constant is nearly 30,000 times that for acetic acid itself. In Table III are 
set out the dissociation constants for a number of organic acids, from which the 
‘ acid ’ nature of the nitro- or halogen- substituents is made strongly apparent. 
In the same way a triple bond acts as a powerful stimulant of acidity. Salt 
formation is characteristic of most of the organic acids, nearly all of which form 
a series of crystalline salts, the majority of alkali salts being soluble in water. 
In general, the sodium stilt of an acid is more soluble in water than is the acid 
itself. 

The hydroxyl group of the carboxyl is replaceable by halogens, giving rise 
to a series of acid halides which are to be dealt with in a later section of this 
chapter. In the same way acid anhydrides are formed by the loss of the 
elements of a molecule of water from two molecules of acid :— 

R . COOH R . COv 
^-7 >0 + H,0 

R.COOH R.CO/ 

These also are discussed later in the chapter, as are the esters which constitute 
a-ii anhydride type in which one member of the partnership is an acid and the 
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other an alcoliol ; the piDcess of fonnation being analogous to the formation of 
anhydrides 

R, .COOH R, .(KX 
^-•> V) h Hj,0 

Ro. OH R/ 

The Aliphatic Monobasic Acids 

Many of the aliphatic acids an^ to be foinul in plant and animal materials, 
either free or in the form of glyc(a'ides which constitute th(‘ large natural family 
of fats ; it is this association which gives rise to the term ' Oitty acids ’ which 
has been applied to the s(Ties. In Table iV tlu^ giaicral profierties and oiicur- 
rence of the straight chain acids are set out, and attention is drawn to the 

OH, OH, (44 3 0.4, 

^CH, 

CHo 

^0H„ 
/ 
OIL, 

>CH. 

OH, OH, 

\0H,. 
mov/ 

\0H,, 

OH, 
/ 
OH,, 

X'lc 

('H, 

\jH, '''OOOH 
HOO('/ oil. 

cis- (<'>) ham- (7) \OOOH 
peculiar alternation of the melting ])oints of tic* scri<‘s ; it aj)pcars that t h(' odd- 
carbou acids form a separati' series with a range of melting points lower than 
those of the acids \Nith an even number of atoms. M<4vi'assov ^ suggested, in 
1927, that this was due to the formation of a stati(‘ zig-zag ]ii(.>ieciile in the 

1 3 5 7 9 il J3 15 17 19 21 23 25 27 29 31 33 35 37 39 

/\/umbpr of Carbon Atoms 

Fig. 1. 

^ Kekrasftov, Z. Fhyaikal. Chem,, 1927, 128, 303. 
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Holid state whicli would have tlu? effect of a pseudo cis- and trans- arraugcMnent 
of the terminal groups, the odd-numbered acids (as in 6) having a cis- structures 
and the even-numbered acids (as in 7) a trans- form ; this hypothesis is in keeping 
with the facts [a) that the even-numbered acids melt higher than the next 
higher odd-numbered acid, (6) X-ray studies of the solid acids, and (c) observa¬ 
tions made on the molecul(‘-length from tlie study of thin films of th(‘ solid 
acids. The full implications of this alternation of melting point are shown in 
Fig. 1 oj)posite. * 

The phenomena is observed with other physical properties besides melting 
point, such as dielectric constant, surface tension and molecular volume. On 
the other Jiand, the two curvt^s obtained with, for (^xamj)le, dif*le‘ctric constant 
tt*nd to ap[)roach one anotheu' and to become one curve as th(' temperature 
rises, esp<M:ially abov(^ the melting point, this being attributed to the diminution 
of the resistance to free rotation. Table JV comprises a list of the straight 
chain aliphatic acids, and Table V a list of those with an arborescent structure ; 
in the latter table only the m<»re common acids are described. 

Some Individual Aliphatic Acids 

Formic Acid.—Whilst, during the seventeenth and eighteenth centuries, it 
had bi^en fairly wtdl (‘stablished that an acid could be obtained from ants and 
other insects by distillation W'ith water, the product was conflisted with the 
ac(4ic acid of vinegar, and although Margraaf in 1749 put forward the theory 
that till' acid of ants was a substance distinct from acetic acid, this was denied; 
even as late as 1802 FourcToy and Vauquelin stated that tlu? so-called formic 
acid wdvS merely a mixtun* of malic and acetic acids. Gehlfui, in 1810, disposcKi 
of this fallacy, and th(‘ work of Ddbercincr, in 1822, on the artificial preparation 
of th(‘ acid by oxidation of tartaric acid l(*d to a more plentiful supply, and to 
a closer examination of its properties. 

The earliest artificial means of preparation of formic acid consisted of 
oxidising (uirbohydrate maltTial with manganese dioxide and sulphuric acid. 
The method of Liebig was to heat a suspension of starch with about four times 
its weiglrt of manganese dioxide and three parts of sulphurie acid. Formic acid 
distilled ovc^r. Tins method was abandoned when it was found that a better 
yield of formic acid could be obtained from heating oxalic acid mixed with 
crushed quartz sand :— 

(C00H)2-> H . COOH + CO2 

The yield is poor, howL'ver, and it is interesting to reflect that the relatively 
plentiful supplies of formic acid obtainable by alternative methods (s<*e below) 
are now used to produce oxalic acid industrially by a method wiiioh is to a 
large extent the reverse of the reaction just d€>8(Tibed, namely, the action of 
heat on sodium formate:— 

2H , COONa-(COONa)2 + Hg. 

The yield of formic acid from oxalic acid is increased by using the improved 
method of Berthelot, in which glycerol and oxalic acid are heated together. 

CH^OH + HO 

iflOH 

i 

HOOC 

CH, 

COOH 

-o—io 
-H,0 

:!H,0H 

N_ 

HOH 

!H,OH 

•CO, 

CHj. 0 . COH 

i. 5HOH 

i !H,0H 

CHgOH + HOOC . H 

inoH 

i: 
y 

IHjOH 

31 
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The fornmljc on page 481 indicate the course of the reaction in which it appt^ars 
that glyceryl oxalate is formed by loss of the elements of water from glycerol 
and oxalic acid. This readily parts with carbon dioxide to give giyeeryl 
formate which is split to glycerol and formic acid by the water from the esteri¬ 
fication of glycerol with fresh oxalic acid ; the glycerol is, therefore, part of a 
regenerative cycle and can serve for the preparation of considerable quantities 
of formic acid. 

The process now used almost exclusively for the production of formates and 
of formic acid is that originally described by Berthelot ^ and improved by Merz 
and Tibirica.^ BcTthelot described the interaction of carbon monoxide and 
potassium hydroxid(‘ to give potassium formate, whilst Merz and his colleague 
showc^d that the reaction proceeded more easily with sodium hydroxide in the 
pr(‘S(Tiee of a little lime. The process has had to wait for its industrial de- 
velo[)ment until such time as chemical engineering technique has become 
capable^ of handling reactions between gases and solids under pressure. In the 
present-day preqjaration of formic acid, carbon monoxide is allowed to react 
with (‘oarsely granular sodium hydroxide in autoclaves at 120-150^ and 6-8 

atmospheres. The absorption to form sodium formate is almost quantitative 
and the material iu>eds but one recrystallisation to give a sodium formate of 
good quality. 

The production of concentrated formic acid is a matter of some difiieulty ; 
since the raw material available for its preparation is sodium formate it follows 
that th(* acid must be liberated by anotluT acid, of great(T strength. Sulphuric 
acid is usually the ac*id of choice in such eases, but its use in this particular 
eas(^ is contra-indicated by the fact that it readily decomposes formic acid to 
carlK)n monoxide and water ; on the other hand, dilute sulphuric acid would 
give a dilute^ formic acid which can only be eoneentrated by distillation to a 
stnmgth of 77 per cent, at which point it forms a constant boiling mixture with 
water. By using cold concentrated sulphuric acid it is possible to obtain a 
good yield of concentrated formic acid, providf‘d the sulphuric acid is diluted 
with anhydrous formic acid during use. dims, 400 kg. of sodium formate 
are gradually added to a cooled mixture of 400 kg. anhyclrous formic, acid and 
.‘IfK) kg. of sulphuric, acid, at such a rate that the temperature does not rise 
above 30"^’. The sodium sulphate^ separates out and crude 97 per cent, formic 
acid can be decantc‘d and distilled with a httle anhydrous oxalic acid. In this 
way about 6(K) kg. of anltydrous formic acid can be recovt^red. 

Formic acid frequently forms a product of the decomposition of organic 
substances and there are numerous reactions in which it appears as an end- 
product. The more interesting of these are mentioned below :— 

1. Carbon disulphide is hcmicxi with water and iron at 100" ; ferrous formate 
is produec'd :— 

2CS2 -t- 4H2O + 2Fe-(H . COO)2Fe + FeS + 

2. The action of hydrolytic agents on hydrocyanic acid yields formic acid, 
the former being, therefore, considered the nitrile of the latter :— 

HCN f 2H2O —^ H . COONH4-H . COOH. 

3. The direct combination of carbon dioxide and hydrogen under the 
influence of a silent discharge yields formic acid 

CO^ + Ha-^H.COOH. 
4. The reduction of carbonates or of carbon dioxide frequently yields 

formic acid or formates, as, for example, the action of moist carbon 
dioxide on potassium, or that of sodium amalgam on ammonium car¬ 
bonate. 

J Berthelot, Ann., 1859, 97, 126. 
* Merz and TibiricA, Ber., 1877, 10, 2117 ; 1880, I8, 23. 
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5. The hydrolysis of chloroform and of chloral, also yields formic acid 

HCCI3 + 3XaOH —> H . C(0H)3 f 3>^aCl -H . COOH f HgO 
CCI3 . CHO + NaOH - v CHCI3 + H . COONa. 

It may be added that in the pressure synthesis of methanol from carbon mon¬ 
oxide and hydrogen an appreciable amount of methyl formate is formed :— 

2CO + 2H, —> H . COOCH3 

which constitutes a potential source of formic acid. 
The physical properties of formic acid are unusual in that it exists at 

ordinary temperatures mainly as a dimer, gives an azeotrope with 22*5 per cent, 
of water which boils at a temperature (107°) higher than the b.p. of either 
component, and constitutes a strongly dissociating solvent; solutions of sodium 
formate in anhydrous formic acid are nearly 90 per cent, dissociated. It is this 
factor that enables the decomposition of sodium formate by sulphuric acid to 
take place so readily. 

Chemically, formic acid may be regarded as an aldch\Tie as well as an acid, 
HO . CHO, and whilst the acidic properties are evidenced in the usual way, the 
aldehydic properties are also w’ell marked. Thus, formic acid is an ant iseptic 
of a nature similar to formaldehyde, and yields an oxime with hydroxylamine, 
HO . CH—NOH. It also reacts as a powerful reducing agent; it reduces 
mercuric to mercurous chloride ; and liberates gold, silv!^ and platinum as the 
metal, from their salts. This activity is the basis of Fulmer’s process for the 
analytical separation of copper and cadmium, the latter being unalfected by 
potassium formate at 160°, whilst the former is reduced to the rm^tal. 

A valuable reducing activity of anhydrous formic acid is its ability to 
convert the higher aliphatic acids to their aldchyiios ^ 

CH3(CH2),,C00H + HCOOH-^ CH3(CH2)„CHO f CO.^ + H/). 

In the same way triphenylcarbinol derivatives are reduced to tripheiiylmethane 
compounds ^ 

(C6H3)3C . oh + H . COOH —> (C3H3)3CH I- CO2 + H2O. 

Conversely, the reduction of formic acid itself is difficult to accomplish ; mag¬ 
nesium powder gives a little formaldehyde, and the niaetion enables small 
quantities of formic acid to be detected analytically.^ 

Hydrazine reacts readily with formic acid to give the monoformhydrazido, 
H . CO . NH . NHg, and not the hydrazone, HO . CH-—N . NH2, according to 
Pelizzeri,^ but the two substances may be tautomeric. Formic acid also exhibits 
a tendency to add across a double bond and with hydrocarbons such as butene 

/CH, 

CH,CH==CH . CH, + H . COOH->- CH,. CH,CH 

\o . CO . H 

giv<^s formic esters, from which the corresponding alcohol may be prepared by 
hydrolysis. 

Reference has already been made to the decomposition of forrpic acid by hot 
concentrated sulphuric acid ; this decomposition aflFords a convenient method 
of preparing carbon monoxide for laboratory purposes, a stream of 80 per cent, 
formic acid being allowed to drop into the hot sulphuric acid ; decomposition 
at 110-130° is almost instantaneous and the carbon monoxide is free from most 
impurities. 

1 Sabatier and Maihle, C.i?., 1912, 164, 662. 
® Kovaohe, Ann. Chvm., 1918 [9] 10, 184. ® Fenton, 1907, 91, 690. 
* Pelizzeri, Gazz. Chim. Ital., 1894, ^11, 226 ; 1909, 89-1, 529. 
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Formic acid, being cheap, has a wide industrial application ; it has a very 
pronounced antiseptic action, and is used abroad for the preservation of fruit 
and fruit-juices ; in brewing for keeping down secondary fermentations and 
for the disinfection of vats and casks ; the wine industry also employs formic 
acid in this capacity. Tannerit^ use it in deliming hides. Most of the formic 
acid used industrially is consumed in dyeing where it is invaluable for replacing 
the more expensive organic acids in the dyobath, and acting as a levelling 
agent ; the main use of the salts of formic acid is the conversion of sodium 
formate to sodium oxalate on heating, a process which gives rise to the bulk of 
the oxalic acid and oxalates of commc^rce. 

No anhydride of formic acid is known ; but a mixed anhydride with acetic 
acid can be prepared by the decomposition of acetic anhydride by formic acid :— 

(CHyCOlaO [- HCOOH-^CH,rO . 0 . CHO f CH3COOH. 

Acetic Acid.—The formation of vinegars, or products of fermentation con¬ 
taining about 4 per cent, of acetic acid has been known from very (?arly times. 
Vinegar was formerl}’ prepared by the acetic fermentation of wine, a slow process 
which produced vinegar of a (‘haracteristic and desirable bouquet. It was, 
however, (‘specially when carried out by the Orleans process, a slow operation. 
The process was speeded up by pumping the dilute alcoholic liquor over a largo 
mass of shavings on w4iich the organism {Mycoderiiia aceti) is spread ; the 
large surfac^e exposed together with the constant movement of the liquid causes 
the fermentation to be complete in a few^ hours. Cider and wort from the 
washing of malt are used in this country for vinegar manufacture ; iK^ither 
gives a vint‘gar of such good bouquet as that from wine, wiiich is richer in esters. 

The highest conc(‘ntration of acetic acid procurable by fermentation is 14-15 
per (‘(‘lit,, but this is unusual, tlie standard strength for domestic vinegar being 
4-5 pcT cent. The earliest specimens of concentrated acetic acid were obtained 
by neutralising vinegar with soda or lime and evaporating the solution to 
dryness ; the acetic acid w^as then obtained by distillation of the salt with 
concentrated sulphuric acid. 

Lavoisit‘r ^ first recognised that the acetic acid of vinegar was the product 
of oxidation of ethanol ; he w^as also able to show^ that the change could bo 
brought about by inorganic oxidising agents. The true nature of the change 
and the amount of oxygen necessary to complete it were ascertained by 
Bobereiner in 1822.^ 

Acetic acid is widel}^ distributed free, or combined as salts or esters, in 
natural structures ; it occurs free or as the calcium or potassium salt in most 
plant juices. Nearly all animal fluids contain traces of acetic acid, and it is 
found as octyl acetate in Heracleuin gigant^um ; triacetin, its glyceryl tester, is 
found in the seeds of Croton tiglium and the oil of the fruit of the spindle tret*, 
Ewnymus europeus. 

It was soon realised that the aqueous condensate from the destructive 
distillation of wood contained a considerable proportion of acetic acid, and this 
liquid, the so-calUd ‘ Pyroligneous ’ acid, constitiiUni the chief source of in¬ 
dustrial acetic acid for many years. The crude acid was neutralised with soda 
and evaporated to dryness ; the residue, dark-browm or black, was calcined to 
remove tar and empyreumatic material; this residue, ‘ grey acetate was the 
starting point for all acetic acid and its derivatives. 

Recent years have seen the development of large-scale processes by wdiich 
acetylene from (calcium carbide is converted to acetic acid. This is usually 
accomplished in two stages, the first being the conversion of acetylene to 

^ Lavoisior, TraiU de chimu 6Unhfintaire (raris), 1780, 1, 150. 
* Dobereiner, Schweig. J., 1822, 64, 416. 
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acetaldehyde by sulphuric acid containing water and mercuric salts (see p. Ill) 

CHeeeCH + HoO-> CH3. CHO f iOa —> CH3COOH 

followed by treatment of the acetaldehyde with air in the presence of a catalyst- 
mass of manganes(' acetate supported on inert material. By using a compound 
catalyst it is possible to complete thi^ transformation in one stage ; but the 
majority of large-scale plants use the tw^o-stage process. 

Besides the methods mentioned above, actiic acid is obtained by the oxida- 
tioii of an (‘iiormous vari(iv of organic suhslanccs, by th(‘ liydniysis of aceto¬ 
nitrile ; especially interesting is Kolbt^’s ‘ total synthesis ’ of acetic acid, carried 
out in 184.‘:{-44 at a time when the synthesis of natural products of animal and 
ve^getable origin was discrediting the theory of ‘ vitalism The stages are 
evident from the formuke :— 

(i) 0 f S2->• CSo, 

(ii) (AS, + 3C1,—C(’l, 4 

(iii) 2(:(;i,—>C,C1, -f 2Cia, 
(iv) C2CI4 4- 2Hi.O -t- ci„ —-> (‘Cl, . COOH -f llHCl, 
(v) cci.,c()OH + 3Hj—->ch,c6oh f :mci. 

the last stage was accomplished by the use of potassium amalgam, a redaction 
wdiich had pn^viously been investigatcxl by Melstuis. 

Acetic acid exists mainly as a dimer, m.p. 16*55A(‘eti(‘ acid mixes in all 
proportions with water, alcohol and ether, but not with carbon bisul]>liide. 
The partition co(^ffioients of acetic acid betwetm watta* and many solvents art* 
known : and they substantiate the industrially accepted fact that /'w[)ropvi 
ether is th(‘ lx\st medium for recov^ering acetic acid from its aqueous solutions.'^ 

Pure gla(‘ial a(‘etic acid show^s no trace of acid properti(*s ; it can lx* kept 
sealed in a tube with dry marble indefinitely, and its solution in absolute alcohol 
or nitrobenzene is non-conducting. Neither vSolution has any (>fieci on an 
anhydrous carbonate ; on the other hand, a solution of potassium acetate in 
absolute alcohol is decomposed by dry (*arbon dioxide, potassium carbonate 
being precipitated and acetic acid n^maining in solution. 

Acetic acid demonstraU\s a stability such that the most em‘rgetic measures 
are required for its decomposition. It can be deconi[)Os(‘d by ultra-violet 
irradiation ^ giving a mixture of gases in which approximately one-third is a 
mixture of methane and ethane. Heat alone, on tin* other hand, has little 
effect on acetic acid ; it is but little changed by passages through a glass tube 
at red heat, although at 1000° it is decomposed, giving a mixture of methane, 
ethylene, carbon dioxide and acetic anhydride. In the preHfui(*c* of metals the 
decomposition sets in at a much lower temperature ; cx>pj)er and nic^kel induce 
the formation of methane and carbon dioxide at 400° ; alumina and thoria 
give substantial quantities of acetone :— 

2CH3COOH-> CH3C0(^H3 + H2O + CO2. 

The oxidation of acetic acid is only achieved with that difficulty to be 
expected with a substance, itself a ‘ final ’ product of the oxidation of many 
other organic substances. Ferric nitrate oxidises it tf) formaihehyde ; ^ alkaline 
permanganate) oxidi.ses it slowly in the cold to oxalic acid ; of the chromates 
only one, that of silver, oxidises it rapidly to carbon dioxide and water ; the 
others react but slowly. 

^ The value of Tiramemaiis and Hennaut-Roland is given, J. Ohim> Phytt.^ 1930, 27# 
401 ; higher values have been quoted, but on less substantial evidence. 

•Smith and Elgin, J. Phys. Chem., 1935, 89, 1149. 
•Berthelot and Gaudechon, C.R., 1910, 151, 479; 1913, 156, 70. 
• Beurath, J. Pr. Chem,, 1911, 2. 84« 326. 
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Apart from conversion to esters, acetic acid is mainly used as a solvent, 
as a source for its chloride and anhydride, and as an acetylating agent. Its 
most important synthetic reaction is its condensation ^ with aldehydes and 
ketones to give iinsaturated acids—Perkin’s reaction (see p. '193). Few of the 
acetates call for detailed consideration, although an exception must he made 
for lead tetra>ac(*tat(% niadt^ by dissolving red lead in warm acetic acid.^ 

Lead tetra-acetate ^ tends to decompose :— 

Pb(OCOCH3)4-Pb{OCOCH3)2 + 2CH3. CO . 0— 

giving normal Ii^ad acetate and two acetic moieties which endeavour to achieve 
saturation by one or other of the following processes :— 

(1) Acquisition of a hydrogen atom :— 

(a) From a hydrocarbon, (\g., toluene, which is converted to benzyl 
ac('tate :— 

2CH3C()0~ 4 
CH0OCOCH3 

f- CH3COOH 

(/;) Tlie reaction is particularly successful with diphenylmethane and its 
analogues, which are converted to acetates, e.g., 

Ceii,. /OCOCH3 

CHj CH +CH3COOH 

(c) Th(* hydrogen from an active methylene group also reacts readily, 
as indicated below with malonic and acetoacetic esters 

(;OOEt GOOEt 

2GH3GO.O I GHj —> CH3COOGH f CH3COOH 

^COOEt \COOEt 

/GO.GH3 ^G0GH3 

2GH3GO . 0 + CH3 -> CH3GOOGH + GH3GOOH 

^GOOEt \GOOEt 

(2) Valency relations can be restored by the addition of the two acetate 
moieties to a double bond, thus producing the diacet-ate of a glycol :— 

f 2CH3C00‘ —->CH3C00 . CH^CH^. OCOCH3 

(3) The action of lead tetra-acetate upon glycols is to oxidise them to 
al(k‘hyd(‘s or ketones with fragmentation of the molecule, e.g., hydro- 
benzoiii is almost quantitatively oxidiswi to benzaldehyde 

. CH(OH) C3H5. CHO 
1 H 2CH3COO--f 2. CH3COOH 

CeHfi. CH(OH) . CHO 

^ Perkin, JXIS., 1877, 81, 389. 
•Dimroth and Schweizer, Ber., 1923, 66, 1375. 
•Waters, ‘Oxidations with Leati tetra-acetate*, Ann, Eep. Chem. Soc., 1945, 42, 143. 



490 ADVANCED ORGANIC CHEMISTRY 

In the same way pinacol gives acetone 

(CH3),. C(0H) (OH3)3CO 
I f 2CH3COO*-^ + 2CH3OOOH, 

(CH3)3 . C(OH) ■ (CH3)3C0 

and ethyl glycerol, an aldehyde 

CjHjOCHj. CHOH . CH3OH C3H5O . CH3CHO 
+ H . CHO + 2CH3COOH 

(4) At higher temperaturoK the acetate nuliele may (lecompos(" with the 
formation of free methyl:— 

CH3 . COO- • -CH, + (^0, 

Fieser ^ has shown that this free radicle w ill methylate quinones, tlius 

/\ ,Ci\ 

•CH, 

2CHaCOO* i 

AX)"' 
Fll, 

1 2c;h3CO()H 

This is a very unusual form of methylation. 

These transformations are particularly valuable in the determination of 
structure. 

Propionic Acid.—In 1844 Gottlieb “ obtained a new acid by the distillation 
of sugar, starch and the substance ‘ metacetone with potassium hydroxide. 
He called it ‘ metacetonic ^ acid. The researches of Dumas, Ltdilanc and 
others ^ showed that the new acid could be obtained by the saponification of 
ethyl cyanide, and they named it ‘ propionic acid It is of somewdiat limited 
natural occurrence—the sweat of animals, and particularly of humans suffering 
from rheumatic conditions,^ and the fruits of Gingka hiloha ('ontain propionic 
acid ; it is a constant companion of acetic acid in nearly all acid fermentations. 
The bouquet of vinegar is attributable in part to small quantities of idhyl pro¬ 
pionate formed during the fermentation. Methods of synthesis include :— 

(1) Hydrolysis of the nitrile obtained from tho direct combination of 
ethylene and hydrogen cyanide in presence of a catalyst. The hydrolysis 
can be done by steam in the presence of a contact mass 

C3H4 + HCN-^ C3H5CN —- C2H5COOH + NH3 

This process is capable of industrial development, should large quanti¬ 
ties of propionic acid become necessary. 

(2) The action of carbon monoxide on sodium ethylate is another reaction 
that might be made the subject of research with a view' to producing 
propionic acid in bulk. 

CO f CgHgONa-C2H5. COONa 

The reaction proceeds at 190°, but would probably give high yields if 
conducted under pressure.^ 

iFieser and Cimng, J.A,C.8., 1942. 64, 2042. * Gottlieb, Ann., 1844, 52. 121. 
* Dumas, X.eblanc et aL, C.R., 1847, 26. 676 and 781 ; Ann., 1846, 67. 174. 
* De Coninck, C.R., 1912, 156, 1272. 
* Frdlich, Ann., 1880, 202, 290. 
* * Metacetone * was a mixture obtained by distilling sugar with quicklime. [Of. Fischer 

and Layoock, Ber., 1889, 22. lOL] 
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(3) Oxidation methods are used for preparing the comparatively small 
amounts of propionic acid required industrially, the source being 
w-propyl alcohol, which on oxidation yields a mixture of propionalde- 
hyde and propionic acid :— 

CH3CH2CH2OH-^ CH3CH2CHO —^ CH3CH2COOH 

(4) Bost ^ obtained reasonable yields of propionic acid by the restricted 
fermentation of maize starch after malting. 

(5) Propionic acid can also be obtained from the high pressure interaction 
of ethylene, carbon monoxide and water. 

The characteristic odour of propionic acid lies between the sharp tang of 
acetic acid and the repulsive animal odours of the higher acids. As an acid it 
is much weaker than acetic acid, and it is thermally less stable, being decom¬ 
posed to diethylketone at a temperature of 300"^ in the presence of suitable 
catalysts (zinc or cadmium). The reactive hydrogen atoms of propionic acid 
are those attached to the a-carbon atom ; they can be replaced by halogens 
and will take ])art in the Perkin reaction. The atoms of the terminal methyl 
group are hard to bring into reaction, but the carboxyl group of propionic acid 
is reactive quite apart from its hydrogen ionisation. Thus propionic and formic 
acid vapours passed together over titanium dioxide at 280-300° give a good 
yield - of propionaldehyde (propanal) :— 

CH^CHaCOOH f HCOOH-> CH3CH2CHO + CO2 + H2O 

The salts of propionic acid offer few points of general interest; the basic lead 
salt is almost insoluble in water and offers a method of separation of acetic and 
propionic acids. 

The Butyric Acids.—Chevreul ^ in his classical researches on the nature of 
fats, which forms the basis of our theories of saponification, isolated in 1814 
three volatile acids from the products of saponification of butter. He named 
them butyric, caproic and capric acids and since his time butyric acid has been 
found in a wide variety of natural substances including other fats, animal 
fluids, including sweat, and in the fruits of various plants. 

n-Butyric (icidy CH3CH2CH2COOH, is best prepared by fermentation, 
although it can, of course, be obtained by the normal synthetic methods. The 
fermentation of suctoso in the presence of chalk, by B. BiUylicus yields about 
30 per cent, of n-butyric acid in the form of calcium butyrate from which 
the acid itself can be obtained readily by distillation with dilute sulphuric 
acid. 

n-Butyric acid can also be produced in bulk by the catalytic oxidation of 
n-butyl alcohol with air. The acid is a liquid of overpowering and impleasant 
rancid odour ; it is miscible with all proportions of water at ordinary tempera¬ 
tures, but can easily be salted out of its solutions by calcium chloride. 

iso-BtUyric acid is best obtained by the direct oxidation of i^o-butyl alcohol 
with chromic acid mixture when butyric acid mixeii with a substantial propor¬ 
tion of i^o-butyl-i^o-butyrate is fonned. On saponific^ation the alkaline 2S0- 
but3a'ate is really separated from the i^o-butyl alcohol, and can be converted 
to the free acid by distillation with sulphuric acid. Unlike w-butyric acid it is 
not miscible with water in all proportions, requiring five volumes of water at 
20° for complete solution. 

^ Boat, Thesis, Univ. Lyons. 1938. 
• Sabatier and Maihlo. 0,E,, 1912, 154, 563. 
* Chevreul, “ Recherohes sur lee corj>8 gras ”, 1823, Paris. 



492 ADVANCED ORGANIC CHEMISTRY 

The oxidation of />o-butyric acid can lead to the following sequence of 

reactions :— 

CH 
uso-ButjTic acid NcH—COO FI 

CH/ 

CH 
a-Hydroxy fcW-butyric? acid \c(OH)COOH 

CH^^ 

CH3 
Acetone >CO 

CH/ 

Acetic acid CH3COOH 

Permanganate oxidation 

Hydrogen peroxide 

Nitri(i acid 

There are but few properties of the higher aliphatic acids that call for 
comment; pelargonic acid, being solid at 12^’ commences tlu^ series of acids 
solid at ordinary temperatures ; among the valeri(* acids is found the first 
optically active aliphatic acid—Z-methylbutano acid—which was resolved by 
fractional crystallisation of the d-brucine salts. 

Most of the higher acids are produced by malonic or ac(d.oact4ic tester 
synthesis, details of which are given in Appendix II to this chapter. Some 
interesting individual methods of preparation not involving tht^ active methylene 
group are given below :— 

(1) Oenanthic acid (heptane-acid) (8) is obtained by the oxidation of the 
heptaldehyde produced in the destructive distillation of castor oil :— 

ch3(CH2)6Cho —^ (;h3(CH,)5Cooh (H) 

(2) Raper ^ has devised a neat way of obtaining ocdoic acid ; two mole¬ 
cules of aldol, in the presence of dilute potassium carbonate solution, (londense, 

somewhat unexpectedly, to form a hydroxyoctrnal whi(di when oxidised to the 

I CH3. CH(OH) . CH2. CHO + CH3 . CH(0H)(dl2 . CHO 
CH3 . CH(OH)CHo. CH-=f^H . CH(OH) . VH^. CHO 
CH3. CH(0H)CH; . CH:-:CH . CH(OH)CH, . OOOH 

. CH3. CH2 . CHs. CHs. CHg. CH2. CH2. COOH 

corresponding acid and reduced with hydriodic acid, yields n-octoic acid. 

(3) Many acids of between 5 and 9 carbon atoms may be obtaincxi by the 
oxidation of unsaturated acids of long chain. This affords a simple 
method of making pelargonic acid from oleic acid 

CH3(CH2)7CH=CH(CH2)7C00H 
CH3(CH2)7C00H 4- H00C(CH2)7C00H 

which at the same time yields azelaic acid. C’early, an additional 
method of obtaining the long-chain saturated acids is by reduction of 
the unsaturated acid where this is readily available. An example is the 
formation of w-undecano acid, CH3(CH2)9C00H, by reduction of the 
undecene acid obtained by the destructive distillation of castor oil. 

1 Raper, Tram, C.S., 1907, 01, 1831. 
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(4) Arborescent acids, often known as ‘ Butlerow’s acids ’ arc obtained by 
the acid oxidation of tri-i^o-butylene and similar unsaturated hydro¬ 
carbons. The two most commonly encountered are 2, 2, 4, 6, 6-penta- 

0H3\ 
CH3-)C . CHg 
CH/ I 

CH.COOH 
CH3X I 
CH3~^C . CHa 
CH/ 

W 

CH3\ 
CH.3-^C . CHg 
ch/ I 

CH3 .C.COOH 

I 
CH3 . C . CH3 

I 
0H3 

(10) 

methylheptane-4i-acid (9) and 2, 2, 3, 3, 5, 5-hexamethylhexane-3i 
acid (10). 

Th(^ high(T fatty acids are nearly always prepared from their naturally 
occurring triglycerides. Thus, myristic acid is obtained from the glyceride, 
trimyristill, of nutmegs, and palmitic and stearic acids may be obtained from 
the naturally occurring stearin and palmitin. The chemistry of these fats is 
distnissed in Apjxuidix 111 to this chapter. It will be noted that the commonly 
occurring liigher aliphatic acids are almost always those of even carbon number ; 
the biochemical significance of this is discussed later, and is undoubtedly 
r(‘lated to the building of fatty a(Mds by a series of aldol condensations from 
two-carbon compounds. Biochcmiically, fats are also largely metabolist^d by 
the process of )3-oxidation whi(‘h leads to their degradation by two carbon 
atoms at eac^li stage, the simple products, C.H3COCH2COOH and CH3COCH3 

lH‘ing among the final stages ; the diabtdic is unable to utilise these substances 
which accumulate in the system. Attention has therefore been focussed on 
th(‘ aliphatic acids with an odd number of carbon atoms, which would bj^-pass 
these k(donic I'esidues. A convenient acid was found in margaric acid, 
Cj^H33COOH, the tri-glyceride of which (margarin) has been used as a constituent 
of diet for diabetics under the name ‘ Intarvin \ The difficulty of obtaining 
adequate supplies militates against its more general use, as margaric acid is 
made by the cumbrous process of Krafft ^ in which calcium stearate and acetate 
are distilkd together to give nonadecanone-2 which is oxidised by permanganate 
to margaric acid :— 

CH3 . (CH2)ie . COOca + caOOCHa 
Heat 

CHg. (CH2)ie . COCH3 -f CaCOa 
Oxidation 

I CH3 . (CH2)i5 , COOH + CH3COOH 

Unsaturated Aliphatic Acids 

Table VI show’s the more common unsaturated acids with their formulae and 
main physical properties. Of the various methods by which unsaturated acids 
can be prepared, some modification of Perkin’s reaction is usually found to give 
good yields. In the simplest case Perkin’s reaction involves the condensation 
of an aldehyde with the sodium salt of a carboxylic acid, in the presence of 
acetic anhydride. Presumably an aldol condensation followed by loss of water 
occurs :— 

CH3CHO + CHaCOONa-^ CH3. CH(OH)CH2. COONa 
-CH3. CH=CH . COONa + H^O 

^ Kraflt, Ber., 1879,12, 1672. 
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The proceBs is iiiobI useful for f)btaining tht* a uusalurattHi Jieids, Binc(> it is iu 
this position that the condensation normally takes place ; thus, with propion- 
aldehyde and sodium propionate, a hranchtnl chain acid (11) is obtained. An 

CH3 CH3 

CHsCHsCHO + inj,-^ OH.,. . COONa 
I 

COONa (11) 

interesting variant is the corresponding condensation with maJonic ester, yield¬ 
ing an unsaturated substituted malonic ester which yields an a-unsaturated 
aliphatic acid on hydrolysis. This method can b(‘ extt'udeil to give the aliphatic 

saturated acid by reducjtion. 

Cll3(Cll^).iCHO > 

COOEt 

AcA 

COOEt 

ch,(CHj)5Ch=cii coon 

^COOEt 

cH3(CJ4)5cn=c 
/ \ 

Hydrolvsis OOOEt 

/ 

Other methods for the production of the ethylenic aeids include^ the oxidat ion 
of the corresponding aldehyde, e.g., acrolein ~> a(‘ry]ic acid. The most widely 
used reagent in this reaction is silver oxide, which avoids the complications of 
more active reagents, which may attack the double bond. Naturally, the 
elimination of hydrogen bromide from a bromo acid by alcoholic potasli may bt^ 
used, but the jield is not always good. 

CH3. CHj. CHj. CHBr . COOH CH, . CH^. . COOH 

In a similar manner the imsaturated bromides (an lx* convcu'bxl to the 
nitriles and to the corresponding acids quite easily :— 

CH3. CH=CH . CH2. Br-> CH3 . CH=CH . CH.t^N-> 
CH3.CH--:CH.CH2.C00H 

Often, when these steps are attempt^ed either an alteration in position of, 
or an addition to, the double-bond is encountiT(‘d. This may be avoidfxl by 
using the corresponding di-bromide, which after tlie intnKluction of the car¬ 
boxylic group, can be reconverted to the unsaturated compound by the method 
of Finkelstein.^ The dibromo acid is treated with sodium iodide in acetone 
solution when the di-iodo compound is produced but decomposes into iodine 
and the unsaturated acid :— 

CH, . CH=CH . CH3OH CH3. CHBr . CHBr . CHj.OH 

CH3 . CHBr . CHBr . COOH (CH3. CHI . CHI. COOH) 

-> CH3CH=CH . COOH + I,. 

Acrylic acid, CH,=CH . COOH, was first the subject of experiments by 
Kedtenbacher * who obtained it in his researches on acrolein. It is best pre¬ 
pared by catalytic oxidation of acrolein, which is easily obtainable. 

Like the majority of unsaturated functional compounds both the un¬ 
saturated ^oup and the functional group are active. Thus, acrylic acid is a 
stronger acid than the corresponding saturated acid, propionic acid, and at the 
same time it is particularly reactive in respect of its unsaturated link, giving 
polymers which although not of themselves valuable, have analogues in the 

»Finkektein, Ber., 1910, 48, 1630. • Redtenbaoher, Atm.. 1848, 47, 113. 
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methylaurylic ester ]>olyrnei-H vvitich are of paramount importance in the 
transparent plastics field. 

In the presence of sodium ethoxide a crystalline dimer is formed, 2 methyl- 
pent ene-1, di-acid 2^ 5 (12) 

CH2=-=(JH CHo=-0 . CH2 . CH2. COOH 
I 4- . COOH-y I 
COOH COOH 

(12) 

The usual additive reactions associated with the double bond are shown by 
acrylic ac id, which is very easily reduced, even by sodium amalgam ; on the 
other hand, Markownikov’s rule is not obeyed, even in circumstances where no 
div(*rting influence is present ; and halogen acids add to acrylic acid giving the 
^-halogciio-propionic acids. Tins is probably duo to the conjugation of the 
carbonyl of the acid group with the double bond as in (13) 

Cll2~CIl-QOH 

O 

(13) i 

CHi-CJl COOH CHg CHg'COOH CHr-CH^x^ 
-t -I -I /CO 

NHy NIig NH • NII2 NH—Nir 
(14) 

leading to /^1-halogen addition. The addition of hydrazine leads first to the 
/■j-hydrazinu-pro].)ic>nic acid wd)ich readily cycliscis to pyrazolidone ^ (14). 

Acrylic acid is characterised ^ by its difficultly soluble mercury salt, which 
decomposes with great readiness to give an anhydride of mercuripropionic acid 
(]»5). Ilie dt‘(iomp(jsition of acrylic acid on caustic potash fusion yields potas¬ 
sium furmat(‘ (1(>) arid acetate. This fracture at the double bond is character¬ 
istic of the etliylenic acids with a ‘ 2 ’ double bond. With acids in which the 

Hg-~(Tl2. CH2--C() CH2=CH , COOK-H . COOK + CH3 . COOK 

(^15) (16) 

double bond is at a position other than ‘ 2 * no deductions can be drawn from 
the products of caustic fusion, since the bond is frequently displaced towards 
the carboxyl during the process. 

OL-Methylacrylic acid, whi('h occurs free in the oil of Roman Chamomile was 
first prepartnl by Frankland and Duppa ^ from its ester, which they obtained 
by the dehydi’ation of a-hydroxy butyric acid. In general, the properties of 
a-methylaeiylie acid are similar to those of acrylic acid ; its methyl ester gives 
polymers of the utmost importance in the plasties industry as they are trans¬ 
parent and have a light transmissibility which is greater than that of glass. 
Enormous quantities of methyl methylacrylate are prepared industrially for the 
production of these plastics, by the treatment of acetone cyanhydrin with 
sulphuric acid at 1111-120*"' followed by esterification :— 

CHf»C COOH CH|«C COOMe 

I MeOH 1 

CH3 CH3. 

^ Kothesiburg, J, Pr. Ohmn., 1896, 2, 61, 72. * Bilinan, J&df., 1902, 36* 2574. 
• fVatikland and Buppa, Ann,, 1866, 1^, 12, 

32 
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The polymerised methyl methylacrylate is eri(*ountered as a powder, diakoii , 
which may be injection-moulded to give clear plastic articles, such as lenses. 

The crotonic acids owe their name to the isolation of an acid by Schlippe,^ 
in 1858, from croton seeds. Various methods analogous to those described for 
acrylic acid are available for preparing crotonic a(‘id, which is, however, made iri 
industrial quantities from acetaldehyde hy proccssc^s involving the use of 
acetylene, sulphuric acid and water. Combination takes place, the crotonalde- 

2C2H2 + H2O-(UlgOH . CHO 

hyde constituting a by-product, or a main product according to the conditions 
of the reaction. The crotonaldehyde is oxidised catalytically to crotonic acid. 
Laboratory synthesis is best carried out “ by condensing freshly distilled alde¬ 
hyde with malonic acid in pyridine solution ; on raising th(^ temperature carbon 
dioxide is eliminated from the condensation product and crotonic acid is 

formed :— 

yCOOU ^COOH 

CH3CHO + CH2 -> CH3. CH---C 

\C00H \C00H 
-. COOH }- CO, 

The assignment of the structures below, to crotonic and i,so-crotonic acids, rests 

H . C . CH, CH,. t.'H 

H . I:. COOH H . I. COOH 
cis- or tw-crotoiiic acid trans- or crotoiuo acid 

partly on the fact that the physical properties are consistent with this arrange¬ 
ment (e.g., the trans- acid is usually the stronger acid) and partly on the nature 
of the optical activity of the products obtained by oxidation ; such data is 
unreliable, owing to the possibilities of ^ran^^f-addition. 

In its chemical reactions crotonic acid differs little from acTylic acid, save 
that the hydrogens of the methyl group are more labile and condense readily 
with aldehydes and ketonic esters. This is particularly true of a-methyl- 

COOEt CH3CH==C . COOEt CO . CH2. CH=C . COOEt 

+ I —^ I ! 
!OOEt CH3 COOEt CH3 

(17) 

CO 

Etooci J! 

(18) 

crotonic ester which condenses with ethyl oxalate, to give a dicarboxylic ester 
(17) ; this loses water on treatment with hydrochloric acid to give the a-pyrone 
(18) . 

7«o-crotonic acid is comparatively difficult to obtain ; the nuithod used by 
its discoverer in 1871, Qeuther, is probably as good as any discjovertKi since, and 
involves the reduction of a-chlorocrotonic acid with sodium amalgam. Crotonic, 
wo-crotonic and tetrolic acids are produced as the sodium salts, but the sodium 
Mo-crotonate differs from the other in being readily soluble in cold alcohol; 
thus a separation can he effected and the sodium salt converkxi to its acid. 

> Schlippe, Arm., 1868, 106, 24. 
• Soheibler and Magasanik, JBer., 1916, 48, 1814; Auwers, Ann., 1923, 482, 46. 
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There is a strong tendency for i<90-crotonic acid to pass over into crotonic acid ; 
at JOO® this is marked and the acid can only be purified by distillation in vacuum. 
Iodin(‘, sunlight and ultra-violet light catalyse the reaction ; a few minutes' 
exposure of aqu(‘OUH solutions of i,9o-crotonic acid completes the transformation 
to crotonic^ acid. 

Of tht^ unsaturated acids with five carbon atoms, angelic and tiglic acids are 
most widely distributed naturally ; in addition, 3-m0thylbutene-2, acid is found 
in certain specucis of Senecio. 

Angelic acid was discovercHl by Buchner ^ in angelica root ; it has since been 
found in a variety of plants—sumbul root, and oil of cumin (Roman chamomile) 
frcmi which thf‘ acid has been obtained for experimental purposes. It is a 
beautifully crystalline substance, not easily soluble in cold water, and has an 
aromatic odour. Tiglic a(Md is formed when angelic acid is irradiated with 
ultra-violet light or allowid to stand in the presence of a trace of bromine. 
'I’iglic acid was obtained synthetically by Frankland and Duppa before it was 
isolated from crotoTi oil (Croton ™ Croton Tiglium) by Geuther and Frdhlich.^ 
The two formuhe below indicate the difficulty of using the ‘ cis ' and ‘ tra7is ’ 

CHy . C . H H . C . CH3 

CHa.C.COOH 
(19) 

OR3.C.coon 
(20) 

denomination to describe the structure of any but the simplest substances. It 
will be obs**rved that angelic acid (19) and tiglic acid (20) cannot be classified 
as ‘ c/.s* ' and ‘ traius ’ without specifying the groups to wffiich these prefixes are 
nderrabk'. In this case the angelic acid appears to be the unstable form and 
whilst angelic acid can be con vert ixl to tiglic acid, no reversal can be attained. 
The two acids may be formed simultaneously from a-hydroxy-a-raethylbutyric 
acid by tlie following proctHlure. Methylethylketone is treated with sodium 
cyanide when the nitrile is formed : this is hydrolysed to the acid which 
on tmitni(*nt with sulphuric acid loses the tdements of water giving angelic 
and tiglic acids in proportion of approximately two of the former to one of the 
latter. As with other unsaturated acids, tiglic acid condenses with benzene in 
the presence of anhydrous aluminium chloride giving a dimethyl hydrocinnamic 
acid (21) 

CH3 CH3 

Ah=(!: . COOH AlClj 

CH3 CH3 

CH . COOH 

(21) 

The Higher Olhfinio Acids 

A large number of unsaturated acids containing a single double bond and 
with six or more carbon atoms is known—some are listed in Table VII. 

Of the acids containing six carbon atoms, hydrosorbic acid (24) is the one most 
commonly met with. It may be prepared by the it^duction of the corresponding 
alcohol, which is found in Japanese peppermint oil, or by the condensation of 

* Buchner, Ann., IB54, 92* 226. * Frankland and Duppa, ibid., 1866, 186, 9. 
•Oeuther iw4 Fr^Wich, Zeit. Chem.^ 1870, 469. 
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TABLE VH 
tlNSATOBATED AciDS FROM Ce-C„ (ONE DOUBLE BoNO) 

No. of 
carbons Name 

! 
Fonuula M.F. B.P. 

6 Hexeiie-2, acid CH3CH,(1H.CH-0H . C'OOtl 33" 
202" 
217" 

6 Hexene-3, acid CH,CH.CU= CHCHj("( )0 H 12" l(l>7"/ir> mm. 
6 Hexeue-4, acid {a form) 13" I00"/10mm. 
6 Hexene-4, acid (j3-form) CH,CH=CH . OH.C’H.OOOH f ' ' “ 1" 112720 mm. 
6 Hexene-5, acid CH^CH . CHjGtUCHjODOll 37" 107";i7mm. 
6 2-MethyIpentene-2, acid CH,. eH,CH==C{CH,lCO()]l 

.>*^0 112712 mm. 
6 2'Methylpenteno-3, acid . (^(t'HatCOOH 

OH,. CH,(_'(CH,)=-CH . (’OOH { , 

20d' /745 mm. j 

6 3*Mothylp{?ntene-2, at'id 
1J 
49' 122''/22i.»n. 

6 3-MolhyIpeiitone^3, acid CH,CH=C(CH,)CH,('0()H | 
r 

3.V- : 1 
6 4-Methylf>enteno-2, acid CH,CH(CH,)CH---(.'lf . COOH KH ’yld mm. ! 
6 4 - Me thy Ipen ten e - 3, ac id CH,r{0H3)=-('H . CHj. COOH 99 /1(1 mm. i 
7 Heptene-2, acid CH,CH,CH.CH,C]t-- =CH . COOH 22 s" { 
7 Heptenp-3, acid CH,CH,(m,CH---CH . (’H,('OOi{ 22H‘ j 
7 Hepteiie-f), acid CHCH^CH./ H/OOH 117/11 mm. ' 
7 Hepteiie-6, acid Cn,=CH , CH.CtU'H,( fl,l'0(H[ ~ 22(0 i 
7 2'Mothylhcxcne*2, acid Cflj. CH2 . CH", . (dc C(Cn,K'OOl{ : 34" 1 ns MI mm. 1 
7 2-Mothyihexenc-3, acid CH3. CH2. (dl—CH . <dHCH,)COOH 124722 mm. : 
7 3-Methylhpxeno-2, acid CH3.CHj.(H,,C(CH3) CH .COOH ! 222-3' i 
7 4'MethyDiexeno-3, acid CH3 . CIlsCiCHij-vOH . VH^ . <'OOH i I2J j •- 

8 Octene*2, acid ! 
j 
('H,(CH,),CH=t;H . COOH | 

-t.! 
127'/13 mm. 
Chr,M3mm. | 

8 6-Methyllieptene-3, acid j (CH,),CH . CH,. CH=..CH , CH.. Coi)H i .™ i 231-232'' ‘ 
8 6-Methylliepteno-2, acid | {CHjljCH . CHj. CIU . CH- ('ll . (’OOH i Mr'y 227-228'“ ! 
8 3, 5-DiraethyIhexeiie-3, (CHjljCH . CH=-C(CH3)(’H2C00H , - 120'7'4 inm. | 

acid j 

9 Noneno-2, acid CH,(CH,),(!H=CH . COOH { | 
2" i 

140"/13 mm. ! 
1347/13 mm. * 

9 Noneno'8, acid CHj-^CH. (CH,)«(T)OH ' | i 100713 mm. j 
9 3-Methyloctono-6, acid CH,. CH---CH.OH,. OHo(^H((’H3»CdTd.’OOH ; - ! 113'/IS mm. ' 
9 2, 6-Dimothylheptene-r), (CH3},CW:H . OH2. OH,. CHfOH,)roOH - I 13()7 l3min. j 

acid j 1 i 
10 Decene*4, acid 011,(0112 ),OH--OH(C H 2)H XJO il 1 - i I34718imn. ' 
10 Decene-l, acid-10 CH2=-OH(OHj)2COOH 1 4(0 i 142 ;4mm. 1 
10 3-Methylnoneno-2, acid | CHsiCHj),. C(CH3)=-0H . COOH ! 1 1 13tS";20mm. j 
11 Undecono-9, acid j CH3CH--C'H(CH2)7C00H ! 11-4'' i 130"/1 niTii. i 
11 Undecene-lO, acid 1 CH^CH{CH2)3C00H 1 243 ; 

! 
i6r,'’/ir)miM. 1 

1 

w-butyraldehyde (22) with malonic acid in the [)i-esene(? of a trace of triethanol¬ 
amine ; a reaction which involves the passing formation of tic a, jS unsaturaterl 

/COOH ^COOH 

CHsCHjCHjGHO -f CH^ CH3CH,CHjCH=C 

(22) \COOH (23) \C00H 
NaOEt 

-^ CH3CH20H=:=.CH . CHaCOOH 
(24) 

add (23), which during the decarboxylation in presence of alkali yields hydro- 
sorbic acid. Hydrosorbic acid, as its name implies, can be made by the regu¬ 
lated reduction of sorbic acid :— 

H* 

CH,. CH==CH. CH=CH. COOH CH,. CH.. CH=CH. CH=c"^ 

-OH 

CH,. CH,. CH==CH. CH,. COOH 
\0H 

(26) 
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a process which constitutes an excellent example of 1, 4- addition, although 
some investigators prtjfer to regard it as a 1, 6-addition, giving the end (25), 
which changes into the keto form. 

A normal decylenic a(‘id (deeene-1, acid-10) is found in butter and sperm oil 
as the glyceride. Industrial]}^ decylenic acid is made from undecylenic acid 
(q.v.) by the following series of reactions :— 

Na, Eton 

Oxhi u 

GH s,=CH (CH i.),CH J.GOOH 
I GH.,=0W(CH2),GH2 . COOEt 

. GHgOH 
CjH2=GH((]H;)7GH,. CH^OGOCH 

(CH,CO)sO 

E 00G(GH,),GH2 . GH jOGOGH^ | 
ide chloride 

Heat 
I HO(lC((rH2)7CHo . CH/)COC 

illO()C(OH2)7CH=-C:H2 f HOOC.^Hgg 
17H35 

The d(*ceiie-l, acid-10 forms large crystals, m. 40”’, with a characteristic, but not 
unpleasant odour. 

Undt'cylenic add (undecene-1, acid-11) (26) is a common article of commerce, 
being obtained by the destructive distillation of castor oil in vacuo ; cenanthol 
and a })()]yundecylenic acid anc [produced at the same time. It usually forms a 
solid ciystalline mass, and is n‘du(t(*d to undecylic acid at ordinary temperatures 
by h\(lr<.>gen in the presence of Haney nickeld Oik^ of the more unusual 
[•(‘actions of undecylenic acid is its conversion by concentrated sulphuric acid 
at 30 to a y-undecanolide (27), wtiieh is Uvsed in pculuimuy 

ilOOC(CTl2),(dl 

li 
(TI 

(rH.2)6Cll3 

(26) (L>7) 

Of the higluT uiisaturat(‘d fatty acids containing a single double bond, some 
ar(‘ of considtTable importance as constituents of fish, animal and whale oils. 
A short list of th(*Hc is given in 3'able Vlll. The structures given are those 
comnujnly accepted, but the (‘videm^e on which some of thc^se formulae rests is 
slight, and furtlier knowledge may necessitate revision of some of the double¬ 
bond posit ions. 

Apart from such acids as geranic and rhodinic, which are discussed in the 
appi'opriate section of the cha}>ter on terpenes, there are only one or two acids 
of tlie ('5—siTies carrying two or more double donds which are of importance. 

\'inyl acrylic acid (pentadiene-2,4, acid), CH2==CH , CH=CH. . COOH is 
prepared largelj^ by the condensation of acrolein ami malonic acid in the presence 
of pyridine ac^corcling to the method of Dobner - (2cS). 

,00011 

CHjj=:€H . CHO + CHs CHj==CH . CH=:C(COOH)2 

^GOOH 
(28)-». GH,==CH . CH=CHC00H 

(29) 

V^inylacrylic acid (29) is a most hygroscopic substance, forming large prismatic 
crystals, m. 80'" and decomposing or polymerising at a higher temperature. 
On rapid heating of the barium salt Dobner obtained ethylbenzene and a 
hydrocarbon, CgHj2, which he claimed was a tricyc/odotane (30); this structure 
has not been confirmed. 

/CO^-CHs 

‘’Xch-Jh. 

' Dupont, BvU. Soc. Chitn., 1936, 6, 8, 1025. ‘D6bner, Ber.. 1902, 35, 1137. 
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Sorbic acid (33), was discovered by Hofmann ^ in the so-called ‘ mountain 
ash oil an oil which separates during the evaporation of the crude calcium 
malat(^ liquor obtained by neutralising with lime the expressed juice of the 
unripe berries of the mountain ash. This oil warmed with a little sulphuric 
acid gav(^ crystalline sorbic acid. Its synthesis may be effected by condensing 
monobronioacetic ester and crotonaldehyde (31) in the presence of zinc, when 
a hydroxy acid (32) is obtained ; this acid loses WRter on heating with a solu¬ 
tion of baryta giving an excellent yield of sorbic acid (33). An alternative 
method is the condensation of crotonaldehyde with malonic acid (34). 

CH,—CH—CH—OHg 

I “ I 1 I 
OH,—(;H—C’H—CHa 

(30) 

(31) 0H3 . (^H --CH . OHO f OH^Br . OOOEt 1 

(32) . vlhM'll . OH(OH)CH. . OOOH „h,o 
(33) (m., . OH -tdl . OH---OH . OOOH i 

(34) OH, . OH-.OH . OHO + OH,(OOOH), 
OH3 . OH=CH . OH=(;{COOH)2 

(^H3 . OH—OH . OH-^-OH . OOOH 

The Higher Onsaturated Acids 

In niany v"(‘g(‘table and fish oils, and to some extent in the fats of land 
animals, ar(‘ a 8(U’ies of glyct‘rides of the unsaturated fatty acids. Whilst in 
many veg(*tHbIt* oils such as olive and rape, these exist as the triglycerides of a 
single acid (e.g., olein) in animal fats it. is usual to find only one of the three 
hydroxyl groups of glycc^rol estiuified by an unsaturatf^d acid, the other two 
being combiiuxl with a saturated radicle. The acids with more than one 
double bond, and tbfir glycerides, art* capable of absorbing oxygen from the 
air to form hard r(\sinous materials ; oils containing such unsaturat(‘d bodies 
arc ternu*d ‘ drying ’ oils and their use in the manufacture of paints and var¬ 
nishes is of [iaraniount importance. The constitution of these unsaturated 
acids has be(*n t‘stablished by a number of researches, chief among w’^hich 
deals with the action of ozone upon the double bonds, and the nature of the 
prcxliKd-s fornuxl by the subsequent breakdown of the ozonides formed. Thus 
oleic acid forms an ozouide whitii breaks down to pelargonic aldehyde (35) and 
the half aldehyde of azelaic acid (36). 

CH3(CH<,)7CH-^-CH(CH.)7000H I 
joRoaolyRlH 

(36) CH3(r!H2)7CHO + CH0(CH2)7C00H (36) 

Prom such evidenc^e it is easy to deduce that oleic acid has the structure of a 
octadecene-9, acid. In a similar w’ay the structure of many simple unsaturated 
acids ha.s been demonstrated, e.g,, petroselinic acid yields the half aldehyde of 
adipic acid and dodecanal (37) 

CH3{CHo),oCH-=CH(CH2)4COOH 
(37) CH3(CH2)ioCHO + CH0(CH2),C00H. 

On the other hand the process is not so satisfactory in defining the structure of 
dien- or trien- acids where the double bonds are close together. This is well 
ilhistratiHl by the action of ozone and subsequent hydrolysis on linoleic acid. 
If linoleic acid be truly rf^present^d by (38) then the piquets of ozonolysis 

* Hofmann, Ann,, 1859, 110, 129. 
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should be the malonic dialdehyde (40), the half aldehyde of azelaic acid (41) 
and valeraldehyde (39), In actual practice azelaic, butyric and glutaric acids 
are isolated. This is probably due to a shift of the second doxible bond during 

0113(011^)^ CH===CHCH2Cil==(dl(C]l2)/KX)H- 
(38) 

Clio 
/ I 

CH3(CH2)^CH0 CHg ^ 0110(0112)700011 

(39) (40)\'HO (■“) 

Cll3(CHj)j,C00H + HOOC((nij,)3rOOH + HOOO(Cll2)7COOH 

(43) 

H, 

/ 
(:ii3/('ii2)fU-=('iii(^n2),cooii 

(42) 

the ozonolysis ; acceptance of the position of tins bond at ‘ 12 \ is the result 
of careful observation of a large number of rt'aclions. On catalytic r(‘duction 
linoleic acid yields oleic acid (42) and finally stc^aric acid (43). 

On the other hand with linolenic acid the normal prod\i(;ts are obtained, 
enabling the structure to be deduccxl from this evidem't^ with n^asonahle cer¬ 
tainty (44) ; azelaic and malonic acids, togedher with propionaldehyde arc 
formed 

CH3CH2. CH==:CH , CH/JH=-CHCH2CH=rTI(CH3)7C()()H 

CH3CH2CHO + HOOCCH2COOH + HOOCCFI.COOH f ii6o(;((;h2);Cooh 
(44) 

The biochemical importance of the higher imsaturated acids is difficult to 
over-estimate. It has bc^n established that fish and animals are capable of 
building up ordinary’' fats (in which the acid stem is saturated) from carbo¬ 
hydrates, but that land animals are unabk^ to build up in this way the specififi 
unsaturated acids required for full nutrition. Evans and Burr ^ experimented 
with a diet employing sucrose as the sole source of carbohydrate (together with 
defatted casein, salts and vitamin supplements). Despite the ability whifdi 
rats possess of synthesising saturated fats from carbohydrate they could not 
maintain life on the diet; after some months they ceasc^d to grow' and developed 
definite signs of a deficiency syndrome. Their skin became affe(*ted, reproduction 
failed and they exhibited kidney derangement. This sjmdrome could be curc‘d 
by the administration of small amounts of linseed oil or of linolenic or linolcio 
acids, but was nof cured by the administration of saturated fats or of oleic acid.'^ 

It follows from this and other data (a) that the higher unsaturated fatty 
acids occupy a proper place in the list of fo^ accessory factors or vitamins, and 
(b) that they cannot be synthesised biologically and must be ingested. It is of 
great significance in these experiments that the throe acids used :_ 

oleic acid : CH3CH2CH2CH2CH2CH2CH2. CH^. CH==:(JH(CH2)7COOH 
Imolmc acid ; CHaCHjCHgCHaCHjCH^CH . OH,. OH==(!H(CH,),COOH 

Unolenic acid ; CH3CH2CH==CHCH2CH==CH.CHj. CH=CH(CH2),C00H 

have an identical structure, save for the arlditional double bonds at ‘ 12 ’ and 
‘ 16 This is important, since it has been shown that the living animal can 
dehydrogenate stearic acid to oleic acid, by enzymic reduction at the 9-10 bond,® 

^ Evans and Burr, Prac. Soc. Exp, Biol. MetL, 1927 26 41. 
* Burr, Burr and Millor, J. Bioh Chem., 1932, 97, L* * 
* Lang and Addickes, Z, PhyM. Chem., 1940, 2^, 123. 
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but it cannot embark on a second reduction giving an additional double bond at 
12, 13. Turpeinen ^ pn^parod a dohydrostearic; acid (octadecene-12, acid) from 
ricinoleic acid and found that it was equally ineffective in correcting the de¬ 
ficiency syndrome, wliich shows that it is not the position of the second double¬ 
bond which blocks the synthesis but the fact that no specific dehydrogenase 
exists in the animal system capable of introducing a second double bond when 
one already exists in th(^ molecuk?. 

Liiiolenic acid is not widely distributed in the normal diet, but arachidonic 
and clupanodonic acids are well disf.ributed in meat fat and fish oil and yilay a 
similar but more etft*ctiv(‘ pari in th(- correction of unsaturation deficiency 
syndromcws, whilst K;o'm<-!' and Heuivfi isolated from the molecular distillation a 
C22 f''t*id with fi double bonds (and an overpowering odour of cod liver) which 
had a great ]>otency in ('orrocting the growth stoppage of the syndrome, but was 
without actioji on the skin symptoms. The seat of the absorpt ion and retention 
of the unsaturated fats ap]K*ars to b(‘ the liver and the fat surrounding the 
adnmal cortex, which may signify some relation to the sterol family, as indicated 
by th(^ rewritten formula (45) for linolenic acid. This is a particularly seductive 

coon 

(45) 

speculation ain(‘e there app(Mrs to be a biological link between unsaturated 
fatty a(ads, the fatty alcohols, the sterols and the hydrocarbon squaiene. Some 
animals store up these products at one stage and others at another ; indeed 
Tsujimoto^ went so far as to siigg(‘st that the st'laehian group of fish should 
bo classified according to the stage at which this vstorage took place in the liver, 

Class L—All liver-fat as glycerides of fatty acids ; only 1-2 per cent, 
unsaponifiable matter. 

Class 11.—Fish containing 10-14 per cent, of unsaponifiable matter in the 
liver-fat, mainly sterols 4- sela(4iyl and ehimyl alcohols. 

Class III,—Fish whose hver-fai consists of batyl and selachyl alcohols with 
substantial amounts of squaiene. 

Acetylenic Acids 

With the possible exception of taririo acid, CfT^(CH2)ioC/=C(CH2)4COOH, 
the acetylenic acids do not occur naturally. The simplest acid of the 
series, propiolic acid (pr()pyn<'-2, acid), CH .zC . C'OOH, was first obtained by 
Bandrowski ^ (1880) ly boiling acetylene dicarboxylic acid in aqueous solution. 
Propiolic acid rescunbles acetic acid very strongly ; it melts at O'" C., boils about 
140® and has a similar but more pungent odour. Chemically, it possesses all 
the attributes of an organic acid, giving esters, nitrile and amide. With 
hydrazine, however, it gives a pyrazolone :— 

CH^C . COOH + NH2NH2 —5- CHehC . CO . NH . NH^-^ CH=CH 

i I 
NH CO 
\ / 

NH 

' Turpeition, Nutritum, 16, 3S1- 
• Fanner and v. Heuwl, J.S.VJ., 1938, 67, 24. “ Tanjimoto, ibid., 1932, 61, 3171. 
‘ Bandrowski, Bar., 1880, 18, 2340 ; 1882, 16, 2701. 
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It retains, however, many of the properties of an acetylene, giving explosive 
salts—^the potassium salt detonates at 105'^—and the copper derivative which 
is a siskin-gre^en powder, is particularly susceptible to shock. Propiolic acid 
polymerises on long standing to trimesic acid. The analogues of propiolic 
acid are seldom met with ; some are described in Table IX. 

tablt: IX 

Acid Formula M.P. li.r. j 

Propiolic acid H . C=C . C'OOH 0" 144*’ 
Tetrolic acid CH,.C = C.COOK ir 99”/18 mm. 
Hoxync-2-acid CH,(CH,),C = C . COOH '2.1° 120 /16 mm. 
Hcptync-2-acid CH,(CH,),C = 0 . COOH Ul”/24 mm. 
OctyiK-2-acid OH,(CH,),C = C . COOH ; 148”/I9mm. 
Uiidccy no- 10-acid CH = C(CH,),COOH 1 43° 175' /If) mm. 

! ralmitolic acid CH,(CH,),C = C(CHj)5COOH 4T 1 — 

Stearolic acid j CH3(CH,),C = C(CHj),(;OOH : 48" ' 
Tariric acid j CH,(CH3)i,C = C(CH,),COOH i 
Docosvne-13, acid j 

1 
CH,(CH,),C = C(CH3)„C00H : 57'" 

! 

The methyl ester of octyn-2-acid, is used extensively in perfumery for 
obtaining a fresh violet note. It is to be found in trader lists as ‘ methyl 
heptino carbonate ’ and is made from heptaldehyd(‘ whi(?li is readily availabh^ 
from the destructive distillation of castor oil. The formation of the acid, which 
is depicted in the fonnuhe below, is a tv^^ical example of the method ustnl for 
the 83Ttithesis of the higher a-acetylenic acids: 

CH3(CHj),CH2 . CHO-- - CH3(CH,)4GH3 . CIICI2 --• OH3((]H2),C r:CH 

CH3(CH2)4C^C.C00H . COOMe 

The con*esponding ^ methyl oetine carbonate ’ is also ns(d in the same 
capacity. Rtearolic and palmitolic acids are mad<^ from the (‘orresponding 
olefinic acids by addition of bromine to form the dibromo acid, foIlowt*d by 
treatment wdth caustic soda effecting the removal of two molecular proportions 
of hydro bromic acid. 

Tariric acid forms 20 per cent, of the tariri grain of Guatemala [Picrammia 
species). It is noteworthy that this acid is the triple-bond analogue of stearic 
acid, to which it may be reduced either catalytically or by phosphorus and iodine 
(46); sulphuric acid converts it to ketostearic acid (47). 

HgSOi 

CH3(CH2)ioC^C(CH2)4COOH 
(46) 

CH3(CH2)ioCH2 . C0(CH2)4C()0H (47) 

CH3(CH.,)ieCOOH 

The Alicyclic Monooarboxylic Acids 

The group is divided into two classes, those in which the carboxyl is attached 
directly to the ring, and those in which it forms part of a side-chain. Among 
the general methods for preparing members of the former group is the decar¬ 
boxylation of 1, 1-dicarboxylic acids by heat. The dicarboxylic acids (see 
later) are almost invariably obtained by a malonic or cyanac/f)tic ester synthesis 
and on heating a loss of carbon dioxide takes place leaving the monooarboxylic 
acid. Thus, cyctopropane 1,1-dicarboxylic acid (48) on heating in an oil-bath 
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is convertcHl to the rnofiocarboxylic acid (49), a substance with a sharp smell, 
m, 19'^, and a general resfunblance to acetic acid. An excellent alternative 

coon 

“ COOH 
(48) 

method for making this particular acid is the action of potash on y-bromo» 
butyronitrilo (50) in wiiich the loss of hydrobromic acid leads to a cyatioc-ijclo- 
propaiKJ whi(‘h hydrolyses to the acid. 

J)(TivativeB of c?/c/oj)ropane carboxylic acid are often made by the action of 
diazoacjetic ester on tlu^ unsaturat(Hl hydrocarbon followixi by heating the 
nitrog<*nous addition product, e.g., 

(CH3),. -qcH.,), 
—-—> 1 1 — 

1 N\(: H . (’OOKt- N r H . COOEt 

(CHa)^. C-C(CH3), 

"CH . COOH 

'J’lic simple ryc/o-l)utani' (carboxylic acids are difficult to ])r(^pare and are 
little known ; the methcKl of Case ^ in which a 1, 3-dibromo c(jnipound is con¬ 
densed with th(’^ disfxiiura ilcrivative of an a-(\vano (compound (e.g., benzyl 
cyanide) (51) is capabh! of giving a moderate yield of product (52), but succeeds 

ClI.,. ('H.,Hr- 
I -- Na, . C . CN 

CHHlr 

r 1 

(M) 

bettcT with aryl than alkyl compounds. The simple cyc/o-butane carboxylic 
acid is singular in that whilst difficult of preparation it is stable w^hen prepared, 
in fact, the ring is not opeiu^d by bromine, but is brominated, 1-bromocyc/obutane 
carboxylic acid being obtained. 

cydoViHxisLne c^arboxylie axtid and its derivatives are more plentiful and 
better known than those of cyr/obutane ; the following methods serve for their 
preparation :— 

(1) Loss of carbon dioxide from the 1, l-dicarboxylic acids obtained by the 
malonic ester method :— 

CHj,—E . CN 

i 
(52) V 

/ 
\ 

COOH 

'•'COOH 

- CO, 
COOH 

(2) The peculiar extrusion reaction which takes place when 2-chlorocyc/o- 
hexanone is warmed with alcoholic potash ;— 

Cl 

CO 

KOH 

V 
COOH 

’ Case, J.A.C.S., 1934, 86. 716. 
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direct opening of the ring when the terpene is fused with potash ^ (55). The 

CH, 
(57) 

particular acid oblaiia^d in the last example, 1, 2, 2, 3-teiramethyl cyclo- 
pentane carboxyli(; a(‘id has the ncusual prop(‘rty of being converted to hexa- 
hydroinesitylene by lieating with hydriodic acid und(T pressur6\ 

The lLc^c/opentyluudef‘ane a(*id (58) and KbrycZopentyltridecane acid 
(59) are important as th(^ fully hydrc)g(*nated analogues of hydnoearpic and 

I (('H,),uCOOH I ')(CHj),2C00H 
!-/ i-/ 

(58) (59) 

chaulmoogri(‘ acids, the esters of which luive a considerable value in the ireat- 
ni(*nt of leprosy. Tlu'y w(U'(' synt hesised by Noller and Adams ^ by the following 
8eqiU‘nce of reactions : — 

>MgBr I CHO(CHo),*OOOH 

>CH(OIi)(CH2)„COOH 

^ ClLACihXCOOn 

Thus, for diliydrohydnoearpic acid the half aldehyde of undecane diacid was 
condensed with q/c/opentyl magnesium bromide ; for dihydrochaulmoogric acid 
the half aldeh}^do of bravsaylic acid was used. 

It may also be add(Hl that numerous a<‘idB, which are largely derived from 
the structures (00 to 02) are found in crude petroleum. They constitute the 

In €ther 

ll<‘dnrtion | T 

CH,| 

CHj,. COOH 

CH. 

CH. 

CH, 

CH,.CH2.CHjCOOH chJ 

CH, 
v- 

(CH2)5C00H 

CH, 
(60) (61) (62) 

so-called naphthenic acids and are substantially derivatives of the 2, 3, 4-tri- 
methylcycfopentane alkane acids, although, of course, other nuclei are repre¬ 
sented. 

The cy<^hexane acids are the most numerous of the cyc/oalkane acids ; 
among the alkyl derivatives there is considerable scope for geometrical iso¬ 
merism, and whilst there are seven monomethyl derivatives of hexahydro- 
benzoic acid, there are thirty-two dimethyl derivatives. 

The most readily accessible method of preparing many of the cyclohexane 
carboxylic acids is by reduction of the corresponding benzene derivatives with 
sodium and amyl alcohol, or by catalytic reduction with hydrogen in the 
presence of Raney nickel. Practically, an excellent method of preparing the 
parent member of the series, hexahydrobenzoic acid, is to react cychhexyl 

> Oueibet, BuU. Soe. Ohim., 1900, 4 6, 418 ; 1910, 4 7. 69. 
• NoUer and Adame, J.A.C.8., 1926, 48, 1080. 
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magnesium bromide with carbon dioxide. In addition, malonie ester methods 
can be used with success. 

Surprisingly, c^cZoheptane carboxylic acid occurs naturally in ihe oil of 
Cyndus hidicus ^; apart from this isolattid instance, the c//c/oheptane carboxylic 
acids are curiosities of the laboratory. Condensation of 1, G-dibromohexana 
with malonie ester (63) yields the eater of n/rioheptane dicarboxylic acid (64) 
which yields the di-acid (65) and mono-acid (66) on hydrolysis and heating 
respectively. 

/CHa.CHoBr COOEt_^ COOEt ^_^ (X)OH 

Ahj " I /'y I A 
\CHj.CHjBr AoOEt ^^ COOEt ^-^COOH 

(63) (64) (65) (66) 

Oyc/oALKENE Monocarboxylic Acids 

Reference to Table X in wdiich the main examples of the r//c/oalkene car¬ 
boxylic acids are summarised will show' that there are no r?/c/oprop(me or cyclo- 
butene acids ; these are almost unknowm, and whilst one or two highly sub¬ 
stituted cyc/opropene carboxylic esters have b(‘en prej)arfKi, no authenticated 
cyr/obutene acids have been recorded. CydoVenU iw acids plentiful enough 
and a wide range of methods is available for preparing them by degradation of 
the appropriate bicyciic terpenes. Thus, a-camphol\Tic acid has been prepared, 
not only from camphor but by the synthesis of P(‘rkin and Thorpe.- The 
stages in this synthesis are outlined in the formulai below :— 

COOEt 
I 

CH3CCH3 
I 

Br 
CH 

EtOOC 

Na 

. in. c: ON 

COOEt 

. i. CH, 

EtOOC .iH. 

Xa and 

/?-iodopropionJc 
OJN ester 

EtOOC COOEt 

I i 
CH. CH3.C.CH 

I 
CH, —CN 

I 
COOEt 

3 Hot HCi 

llOOC COOH 

jcHjC-CH, 
CH, j ^’OOH 

CH 

XO 

CH, _ 

|CH,CCH, 

in, I ^OOH 
^CH 

HBr 

CH, 

A fcH,CCH, 

KJ CH, 

COOH V COOH 

CH, 'CH, 

» Wateon, J.C.S., 1913, 108. 550. 
• Perkin and Thorpe, J,C.8., 1904, 96, 146 ; 1906, 89, 799. 
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^-Cainpholytic acid (68) is readily obtained by the action of anhydrous 
aluminium chloride on camphoric anhydride (67) :— 

whilst the isomeric laurohmic acid (70) is obtained by direct distillation of 
camphanic acid (69) in a current of carbon dioxide, from whicdi it is clear that a 
deep-seated (change has taken place during the transformation. 

COOH 

COOll 

(70) 

The complete series of rvr/opentenyl-2, alkane acids from w = 1 to n = 14. 
(71) is known. The unusual atUmtion which has been accorded this group is 

J((’H,)„COOH !^J(CH,),oCOOH [^(CH,K,C00I1 

(71) (72) (73) 

due to the fact that the two acids, hydnocarpic and chaulmoogric (72) and (73) 
are found as th(‘ir esters in the oil of various species of Hydnocarpus and are of 
paramount value in the tn^atment of leprosy. 

The structure of these two acids has beim established b}^ the following 
experiments :— 

(1) Stanley and Adams ^ converted hydnocarpic to chaulmoogric acid by 
the following steps :— 

C„H,,COOH C,,H„CH,Br 

Hydnocarpic Hydnocarpyl Hydnocarpyl 
acid alcohol bromide 

COOEt 
/ Hydrolysis 

-- C,6H4,CH2.CH-► C,5H,,CH, . CH,. COOH 

\cOOEt 
Hydnocarpyl-malonic ester Chaulmoogric acid 

The chaulmoogric acid so obtained is identical with that obtained from 
natural sources. 

(2) When chaulmoogric acid is oxidised by ozone ^ a dialdehyde acid, 
4-methyl heptadecane, 1, 4i-dial-17 acid (75) is formed which was recog¬ 
nised by chromic oxidation to the corresponding tricarboxylic acid (76). 

Oxonolysts 

(CH,)„COOH 

(74) 

CrO« oxidation 

(CHj)„COOH HO 

OHO (76) HOOd^ 

(CH,)i2COOH 

(76) 

' Stanley and Adams, 1929, 61, 1516. 
• Shriller and Adams, 1926, 47, 2727. 
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These formulae indicate the r/yc^opentene structure (74) for chaulmoogric acid. 
This has be(m confirmed by the synthesis of Perkins and Cruz.^ Undecylenic 
acid with hydrogen bromide gives cu-bromoundecylic acid (77) and reaction with 

(77) HO()C(CH,),,Br | 

7H) mo()(;((i-i.>)i,cn; 
socij 

KtOOO-~(-HNa l (1CO((;H,)„CN I 

C’fX.'Ha j 

EtOOC . CH—(X)((;if,),„CN 

("f) I C^OCH;, 

i(CH;.)i2COOH 

Hydrazilx, 
-r Naor:t 

•Hr Na(Ml .("()((11,), 

COC^H, 
(80) 

'(H(x>(rHo)„)(\\ 

COCH, 
KOH 

(81) 

l(’H,(1)(Cfl,),ofX)OH 

(82) 

potassium (‘yanidc^ yields the half nitrile of dodecane diacid (78). The acid 
(ihloride of the latter, with the sodio derivative of acetoacetic ester yields the 
ketojiic ester (79) and this in turn >delds a sodio derivative (80) which with 
bromocyr/opcntene-2 yields a compound (81). This, on boiling with alkali 
gives k(*to-chaulmoogric acad (82) capable of reduction by hydrazine and 
NaOEt to chaulmoogric acid itself. 

The us(^ of chaulnioogra and related oils in the treatment of leprosy is no 
new discovery; its history goes back to antiquity, and modern research has 
mainly been concerned (a) with asc^ertaining the structures of hydnocapric and 
chaulmoogric acid, (h) obtaining derivatives more specific and better tolerated. 
On the whole, in spik' of the f)reparation of hundreds of derivatives, the ethyl 
(\ster of chaulmoogric acid aj)pear8 to be the most satisfactory remedial agent 
for leprosy. 

Among the cychhexene carboxylic acids, cyciohoxene-2, carboxylic acid (84) 
is produced when benzoic acid (83) is reduced with sodium amalgam. Like 

o coon 

most of the acids of this series, it oxidises readily in the air, and in sulphuric 
acid solution is immediately converted to the lactone (85). 

ryc/oHEXADiBNE AND Triene Carboxylic Acids 

Only a few acids with two double bonds in the nucleus ar<' known, since 
they are so readily oxidised, even by the most feeble oxidising agents, to the 
corresponding l>enzene compound. The commonest method of preparation is 
to react a cyclic ketone containing one double bond, e.g., cyclohexenone with 
bromoacetic esk^ (86) and zinc after the manner of Reformatzski. A hydroxy 
compound (87) is obtained which can be dehydrated to a mixture of the two 
esters (88) and (89).*'* Willstatter * has prepared a few derivatives of this series, 

» Pcrkin« and Cruz, J.AXl.S,, 1927, 49, 1070. 
* Auwors and Peters, Ber., 1910, 48. 3106. * WUlstAtter, ibi<L, 1897, 80, 719. 
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including a cycZoheptadiene carboxylic acid, and Buchner ^ has prepared others 
the structure of which was determined. Their properties are summarised in 

/\ /\ -H.0 

- ^ j 

A 
y u 

1 and 

\/ 
CO C 

^CH,COOEt 

1 
CH 2-COOEt (:,H2. COOEt Zn -j- BrCHsCOOEt' 

(86) (87) (88) (89) 

Table XI. In addition, the table lists some derivatives of cyc/oheptatriene. 
The so-called jS-wophenyl acetic acid (better called ci/r/ohcptatriemsl, II, 5, 
carboxylic acid), was obtained during the remarkable experiments of Biichner 
and Ling ^ in which they observed benzene to condense with diazoacetic caster 
to give a worcaradienic acid (91), presumably via the intermediate nitrogen 

A, A—? An. U+ NjCHCOOEt I II -N, I^CHCOOEt 

V 
(90) (91) 

COOEt 

(92) 

ring compound (90). If the worcaradienic ester (91) is converted to the amide 
ind heated with alkali the ci/cZoheptatriene 1, 3, 5, (ai boxyJic acid is formed (92). 

Aromatic Monocarboxyuc Acids 

The entrance of a third double bond into tln^ cyctohexane ring to give cyclo- 
hexatriene, causes an enormous change in the nature of the substance ; an 
almost complete disappearance of those characteristics normally associated 
with unsaturation and so evident in cyc/ohexene and cyc/ohcxfidiene, and the 
appearance of that stability and substitutive behaviour usually connoted by 
the term ‘ aromatic The main discussion of aromatic character is deferred 
to Chapter VI of Vol. Ill; the purpose of this (hapter is to consider the 
chemistry of the monocarboxylic acids of the group. They may be divided 
into the following groups :— 

(1) Aromatic acids in which the carboxyl group is directly attached to a 
benzene ring. 

(2) Aromatic acids in which the carboxyl group is directly attached to a 
polycyclic aromatic structure, e.g., naphthalene, phenanthrene, etc. 

(3) Aromatic acids in which the carboxyl group is situated in a side-chain. 
This chain may be 

(a) saturated, 
(b) ethylenic, 
(c) acetylenic. 

The French have applied the very convenient adjectives ‘ juxtanuclear ’ to 
describe members of the first two classes and ‘ extranuclear ’ to describe those 
of the third. 

* Biichner and Delbruck, Ann., 1908, 858, 30. 
* Buchner and Ling, Ber., 1898, 81, 403. 
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TABLE XI 

Some Monocaxiboxvi4c Acids of the cycZoAxKADiENE and cydoAocATHTENE Series 

Name Formula 1 M.P. B.P. Amide 
M.P. 

2, H-Dihydrohenzoic acid 
'^COOH 

94-5^ — - 

2-Methyl 2, 3-dihydrob<?nzoic acid 
'*>00011 

\-/ 

128° — — 

2, 5-1)inietliyl 3, 4-dibydrobenzoic 
acid 

CH, 

</_J^^COOll 

42^^' 

1 
CH3 

2, 6*Diniothyl 3, 4*dihydrobf'nzoic 
acid 

1 

CH, 

/ >COOH 

165-60°/28 mm. 

! 1 
CH, 

3, fi-Dimet hylryWoliopiadieno-1, 5. 
carboxylic', acid 

• 

! 
)— 

ch,I^'<'«oh 

V2r 

i 3, 6-I)imethyic!T/rZohcptadicne-2, 5, 
carboxylic* acid 

CH, 

1 

40'’ — 

r'" 
;COOH 

/ 

CH, 

3, r>-Oijnethylryc/oho[)tadicnc 1, 5. 
c-arboxylic* acid 

CH, 

Ax 
( ^VOOH 

CH, 

82= 

ryr/o-Hoptatriniie-l ,3,5, carboxylic 
a<nd 

— ir 129® 

ryc/o-Heptatriene-1,4,6, carboxylic 
acid 

— 56® _ 98® 

ryc/o*Heptatrieuo*2,4,6, carboxylic 
acid 

— 32® — 125-5® 

Benzoic Acid 

Jf it he <lo8ired to give the sxUt a shinuig appearance, it should 1x5 dissolved 
in enough water . . . tind . . . quickly filtered, hot. .. into a previously heated flask, 
when one has the gratification of seeing beautiful crystals shooting out as soon as 
the solution has become cold/’ 

—Card Wilheij« Scheelk, * On salt of benzoin ’ 
(Veckoakrift f<hr lAkare och NcUurforskare, 1775, 36, 128). 

The quotation above shows that Scheele was well acquainted with benzoic 
acid ; indeed, at the time when the Swedish apothecary wrote his paper^ 
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benzoic acid, obtained by sublimation from gum benzoin, had been an article of 
commerce for 150 years. Our true chemical knowledge of benzoic acid dates 
from the analysis by Liebig and Wohler in 1832 when they found it to be an 
oxide of * benzoyl ' (C7HgO). They also observed that when ' benzoyl hydride ’ 
(benzaldehyde) was treated with alcoholic potash in the absence of air, a decom¬ 
position took place with the formation of benzoic acid and a ‘ new oil different 
from the original oil used.^ It remained for Cannizzaro,^ just over twenty 
years later, to recognise the ‘ new oil ’ as benzyl alcohol and to remark “ This 
kind of alcohol appears to be the type of a whole class of new alcohols ; it 

R . CHO + R . CHO-V R . COOH + R . CH^OH 

was in this way that the disproportionalion of two molecules of an aromatic 
aldehyde became associated with the name of Cannizzaro. 

Benzoic acid occurs naturally in various plants and in the urine of animals, 
but only in comparatively small amounts. It is found in the final products of 
the oxidation of numerous organic compounds and can be obtained in excellent 
yields by the oxidation of toluene. Indeed, it is noteworthy that this method of 
obtaining carboxylic acids, by the oxidation of a hydrocarbon, so unsuccessful 
with simple aliphatic compounds, is eminently satisfac‘tory in the aromatic 
series. Chromic acid, permanganates and ferricyanides are suitable oxidising 
agents for the conversion of toluene to benzoic acid, and the proce^ss has been 
extended to the use of atmospheric oxygen in the prcs(‘nce of catalysts, usually 
oxides of molybdenum, vanadium and manganese. It is usual in manufacturing 
plants to 0|)erate a catalytic toluene oxidation plant for benzaldehyde ; a 
certain amount of Iw^nzoic acid is fornuxi simultaneously and usually provides 
sufficient of this material for market requirements. 

Benzaldehyde and benzyl alcohol are readily oxidised to benzoic ac id ; and 
indirect methods have been adopted industrially to oxidise toluene, as, for 
example, the chlorination of that hydrocarbon to benzotrichloride which is 
hydrolysed by boiling milk of lime to benzoic acid. 

Extensive reference (Chap. Ill) has been made to the Friedel-Orafts mc^thod 
of obtaining carboxylic acids through the acid chlorides. There is also the 
Sandmeyer method of introducing the —CN group which is hydrolysed readily 
to the acid. Some of these methods are indicated in the diagram below :— 
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Benzoic acid is a white crystalline solid which is stated to be odourless when 
pure, the pleasant odour usually associated with the acid being due to a trace 
of volatile impurity. It melts at 121-124'', but sublimes so readily that the 
m.p. is difficult to determine. 

The literature shows that more research has been c^arried out on benzoic 
acid than on any other organic acid, but it must be said that in the vast majority 
of its reactions benzoic- acid reacts quite normally, and in itself shows a 
remarkable stability. In the presence of dehydrating agents, benzoic acid tends 
to form anthraquinone, a reaction which is catalysed by anhydrous aluminium 
chloride. Benzoic acid is now only of very restricted use in medicine ; it is 
used to a limited extent as a preservative, and in the dyestuffs industry. Thus, 
it condenses with gallic acid to give a trihydroxyanthraquinone (93) which 
when mordanted with chrome, yields an excellent fast brown (Anthracene 
Brown). It also catalyses, in an unexplaintMi manner, the phenylation of 

XX)OH 

+ 

OH 

OH 

(^0 OH 

H ()()(’/ 
fOH 

Y)H 

OH^CO^ jl 
)/ \ 

(;ooH \ 

HOf i,OH 

C'OCH. 

(i(4) 

\ /X /\ / 
CO 

(93) 

OH 

Hc/ Y 

0 o 

CHJJOi li 
\/\y^ 

i 

•COCH, 

\/ (95) 

Rosaniline to Aniline blue. It also condenses with two molecules of resaceto- 
phenone (94) ^ to form deeply coloured compounds of the benzein series (95). 

In the same way diphenylamine * (96) gives acridines (97) and o-phenylenedi- 
amine (98) gives phenylbenzimidazol (99). 

The juxtanuclear alkyl b<?nzoic acids are not always easily prepared by the 

* Chakravarti, J.A.O.S., 1924, 40, 382. * Bonithson, ^4nn., 1884, 224, 13. 
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oxidation of the appropriate hydrocarbon, since this process involves the frac¬ 
tional oxidation of the side-chains. It is often possible to achieve this by 
careful control of the oxidising agent and conditions, as, for example, in the 
oxidation of o-xylene to o-toluic acid by boiling neutral permanganate. In 
many cases it is almost essential to pass through the stage of the nitrile, pre¬ 
pared by Sandmeyer’s method from the appropriate amine. 

One or two unusual methods of synthesis stand out; such as Geuther and 
Frohlich’s ^ synthesis of 3, 5-dimethylbenzoic acid when sodium methylate and 
sodium acetate are heated in a current of carbon dioxide, and the method of 
Frey and Horowitz ^ in which a substantial proportion of 2, 4-dimethyl benzoic 
acid is obtained when acetyl chloride reacts with m-xylene in the presence of 
anhydrous aluminium chloride. 

The properties of the alkyl benzoic acids and their simple derivatives have 
been collected together into Table XII, which has been made fairly complete 
on account of the frequency with which these acids are met in practical work. 

Extranuolbar Aromatic Monooarboxylio Acids 

Phenylacetic acid, C^HgCHgCOOH is not easy to prepare in good jnold. 
Industrially it is probably best prepared by heating acetophenone (100) under 
pressure with ammonium sulphide. This reaction, often called ‘ Willgerodt’s 
reaction V is obscure in its mechanism but yields a mixture of phonylacetamide 
(101) and ammonium phenyl acetate (102). Yields up to 60-70 per cent, of 

\C0CH 
» (SH.).S \_/ 

^CH.CONH,. 

(100) (101) 

^CH^GOONH, 

(102) 

phenylacetyl compoimds c^n be obtained by this method, but the reaction is 
less satisfactory when the methyl group is replaced by other and larger alkyl 
groups. The chief alternative method for preparing phenylacetic acid is to 
convert benzyl chloride to the cyanide and to hydrolyse the latter to the acid. 
By using sulphuric acid in the cold, phenylac^tamide can be isolated as an 
intermediate stage (103), and with alcoholic sulphuric acid, ethyl phenylacetate 
is obtained (104). The ready accessibility of pheny]ac(‘taldehyJe fiom cyclo- 
octatetreue (p. 129) makes the industrial synthesis of phenylaceiic acid feasible^ 
from this source. 

<^^CH,CN .^^CHjCONH 

alcoboUc 

cold 
H,SO. 

H,SO« 

(103) 
'alkali 

(104) 

T ' 

^CH^COOEt ^ ^CH, ,COOH 

Phenylacetic acid has a persistent and somewhat pleasant smell, and is usually 
met with in the form of large white plates. It is used fairly extensively for the 
preparation of buffer solutions, which are stable, and unaffected by the growth 

^ Geuther and Frohlich, Ann,, 1880, 202, 310. 
* Frey and Horowitz, J, Prak, Chem.^ 1891, 2 48, 119. 
»Willgerodt et al„ J, Prak, Chem., 1909, 2 80, 183, 192 ; 1910, 2 81, 74, 384. 
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of moulds. To prepare such buffers a saturated solution of phenylacetic acid 
in water is treated with N/lOO alkali in the following proportions :— 

TABLE XIII 

plJ 
QuantitloH of BolutioiiH 

Sat. aq. acid N/lOO alkali 

316 100 nil 

3-45 95 5 
3*56 90 10 
3*78 80 20 
4 0 70 30 
414 00 40 
4-31 50 50 
4-47 40 GO 
400 30 70 

In many ways phenyl acetic acid behaves as an aliphatic acid. It parts with 
carbon dioxide quite readily when heated in glycerin to give toluene ; and 
condenses readily with phenols to give hydroxydesoxybenzoin ^ (105) 

Mi.COOU f / >A)H co< 

(105) 

OH 

The methylene group reacts readily and is oxidised by selenium dioxide to the 
koto group giving pheiiylglyoxylic acid. The hydrogen of the methylene group 
is replaceable by sodium, permitting the formation of derivatives by reaction 
with alkyl halides. 

The whole series of acids up to CeH5(CH2)9COOH is known and their pro¬ 
perties are summarised in Table XIV. The first member of the series, after 
phenylacetic acid, namely, phenyl propionic acid, is obtained by the reduction 
of cinnamic acid, just as many of the higher acids are obtained by complete 
saturation of the compounds obtained by condensing cinnamic aldehyde with 
esters, e.g., 

€H=CH . CHO 

I oxidn. 

)CH=CH . COOH 

CHb , COOEt 

reductiou 

V’H,. CHo. COOH 

/ >CH=CH . CH=CH . COOEt 
A-/ I 

reduction and 
hydrolysis 

\CH,. CH,. CH, . CH, . COOH 

One peculiarity of the acid chloride of phenyl butyric acid is that it suffers an 
internal condensation in the presence of anhydrous aluminium chloride to 
form ketotetrahydronaphthalene (106); this can, of course, be converted to 
naphthalene itself (107). The reaction applied to toluic and other substituted 
acids leads to 

CH, 
\ 

CH, 
\ ^ i CH, Aici. j Oxidn. 

f ^ 

(IH, * 1 1 pH, «« ' \ J 
COOH CO 

(106) (107) 

' Weisl, Monat»/t., 1905, 26. 984. 
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\/ 

the formation of substances difficult to obtain otlu^rwise, sncli as jS-m ethyl 
naphthalene (108) and eudalone (109). 

CH, 

\/ 
(108) 

(irignard 

and 
oxidation '' / 

\ 

./ \ 

1 
\ y 

OOOH 
\ / 

(X) 

r r 1 

V/ '\J 
(109) 

Of the other acids listed in Table XIV, cinnamic acid stands out as of 
paramount importance. Dumas and Peligot ^ first recognised the substance 
as a new acid in 1834, and it was soon recognised as widely distributed in nature. 
It is present in hquid storax and in Peruvian and Tolu balsams. It is also 
found in the flowers of many varieties and species of Globularia, The artificial 
preparation of cinnamic acid is always associated with the Perkin reaction, 
Perkin ^ being the discoverer of the reaction whereby cinnamic acid is obtained 
by the condensation of benzaldehyde and sodium acetate in the presence of 
acetic anhydride. The mechanism of this reaction has been the subject of 
much speculation (see also Chap. IX, Vol. Ill), but the net result is as shown 
by the equation 

CH3. COONa 
-f_ 

(CHa(:0)80 

(!H=-CHCOONa 

This reaction is now only of historical and th(*orctical interest as ciimamic acid 
is made industrially by condensing benzaldehyde and acetone and oxidising 
the benzalacetone with hypochlorous acid 

CHO ^ CH3COCH3 ^^\gH=CH . C'OCil 3 

(111. alkaU HOCl 

\CH=-CH , COOH 

Alternatively, benzal chloride* and sodium acetate (110) are autoclaved at 180® 

+ CH3, COONa . f^OOH + HCl + NaCl 

(110) 

There are also numerous syntheses of cinnamic acid which are of interest but 
little practical importance ; some of these are :— 

(1) The Claisen reaction between benzaldehyde and ethyl acetate. 
(2) The slow distillation of diphenyl fumarate. 
(3) The action of carbon dioxide on the Grignard compound of styryl 

bromide. 
(4) The pyrogenic monomerisation of the truxillic acids. 

The cinnamic acid referred to in these remarks is the trana- form. It exists 
in two forms, both of which melt at 133®, the jS- form is produced from the a- 

^ Dumas and Peligot, Ann., 1835, 14, 50. • Perkin, J.C.S., 1877, 81, 838. 
• UUmann, “ Bnzyklop&die d. Tech. Chem.”, 1921, IX, 613. 
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or ordinary form ^ by sulphuric acid. The solid ^mrwr-cinnamic acid is con¬ 
verted to truxillic acids by ultra-violet irradiation ^ but in solution the cis^ 
isomer is formed. 

Chemically, cinnamic acid behaves as an a-unsaturated aliphatic acid, 
adding reagents normally to the double bond and giving the normal acid 
derivatives such as ester, amide, etc. An anomalous reaction is observed with 
iodine which gives a-iodo-/3-phenylacrylic acid. 

The formation of fused-ring compounds from cinnamic acid is of import¬ 
ance ; with phenols and concentrated sulphuric acid derivatives of coumarin ^ 
are obtained. Thus phenol itself gives 7-hydroxy-4-phenyldihydrocoumarin 
(111) 

ho! 

CH 

CH 
+ 1 

CO 
/ 

OH 

/\ 

H,SO* 

HO 
\/\ / 

X) 

(HI) 

ci-s-Cinnamic acid (aZ/ocinnaniic acid) is best obtained from phenylpropiolic 
acid by catalytic reduction with hydrogen and palladium, or by the irradiation 
of a benzene solution of the trans- form. 

Tropic acid (114), was originally obtained by Lossen ^ from the alkaloids 
atropine and hyoscyamine by boiling with baryta-water, and was synthesised 
from atrolactic acid (112) by the steps indicated below :— 

\_/ 

0H3 

i 
—C—CJOOH 

\_/ 
OH 

(112) 

Funilrig HCl 

CH3 
i 

>__C__COOH 
I 
Cl 

(113) 

/— \ 

// 

CH, 

C . COOH 

C.H,, COOH 

NaOKt 

(114) 
(115) COOH 

It is a white crystalline solid, distilling at 267°, and being converted to isatropic 
acid (1-phenyl tetrahydronaphthalene, 1,4-dicarboxylic acid) (116) on prolonged 
heating. 

In the acetylenic series, phenyl propiolic acid is almost the only compound 
of importance. Prepared originally by Glaser * by the action of carbon dioxide 
on sodiophenylacetylene (116) it is more conveniently prepared from dibromo- 
cinnamic acid (117) and alcoholic alkali. 

/ ’ V)-C.Na+-CO, 
(116) 

V^C.COONa /’ 

NaOH 

^CHBr.CHBr.OOOH 

(117) 

Phenyl propiolic acid, a white crystalline substance, m. 136®, is a fairly 
strong acid, K = 5-9 x i0~*. It gives a chloride normally, but this passes 
straight to the nitrile with ammonia, the amide being prepared from the ethyl 

^ Rupe and Blesclischmidi, J. Pr. Cliem., 1917, 96, 69. 
* Stobbe and Lehfeldt, Ber., 1926. 58, 2416. » Kostanecki. ibid,, 1887. 20, 3141. 
* Loflaeti, Ann., 1860. 188, 233. « Glaser, ^id., 1870, 164, 140. 
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ester. It shows intense reactivity,—adding w^ator with sulphuric acid to give 
benzoyl acetic acid (118) combining with phenylhydrazine to give a pyrazolone 
(121) and with hydroxylamine to give an oxazolone (119) ; acetone yields a 
pyrone (120), whilst with tetraphenylcyciopentadienone (122) it gives penta- 
phenyl benzoic acid ; most of these reactions ar€> illustrated below :— 

Numerous monocarboxylic acids are known which are derived from hydro¬ 
carbons with fused rings or more than one aromatic group, but it is not propos<xl 
to deal systematically with them ; they are referred to in Table XIV, and in 
various other parts of this volume. 

The Dibasic Acids 

The simple dibasic acids are nearly all knowm by trivial names attached to 
them in early times, when their constitution was unknown ; most of these 
names arise from the substances from which the acids w ere extracted—‘ oxalic ’ 
from Oxalis acetosella ; ‘ succinic ’ from ‘ succinum ’ (L. amber); ‘ adipic * from 
‘ adeps ’ (L. fat), etc. Systematic nomenclature derives the name of dibasic 
acids from that of the corresponding normal hydrocarbon, with the addition of 
the term ‘ diacid to indicate that the terminal carbon atoms are converted 
to carboxyUc groups. This nomenclature is given in full in Table XV, and 
is very convenient for acids with more than six carbon atoms for which the 
trivial names are difficult to remember. 

It will be observed from the data given in Table XV that there are two 
distinct dissociation constants, and that in general the dibasic acids are stronger 
acids than the corresponding monobasic acids. Oxalic acid is anomalous in 
that it exists in solution mainly as the ortho- acid (HO)3C . C(OH)3—^thus 
affording another illustration of the tendency shown by substances containing 
two adjacent carbonyl groups to combine with water; it is probably this 
structure that gives oxalic acid its abnormally high dissociation constant. 
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TABLE XV 

Name of 
aokl Syateniatlc name Fortniiia M.P. 

Dtefiociation Constanta 

Ki X lO* Ka X )0* 

Oxalic Ethane diacid (COOH), 189-6“ 5800 64 
Maloiiic Propane diacid CH*(COOHh 135*6° 149 2-0 
Succinic Butane diacid C,H^(COOH)» 186“ 6-4 3-3 
Glutaric Pentane diacid C,He(COOH), 97-5“ 4-5 3-8 
Adipic Hexane diacid C,H«(COOH), 161“ 3-8 3-9 
Pimolic He^ptan6> diacid C.H,„(COOH), 105-6“ 3-3 3-8 
Suberic Octane diacid CeHi,(COOH), 144“ 3-0 4-0 
Azelaic Nonane diacid C,Hi4(COOH)a 107“ 2-8 3-9 
Sebaci(.* Decane diacid C,Hi,(COOH), 134“ 2-8 __ 

- Undoeono diacid C.Hj.(COOH)a 111“ — 
Dode>cano diacid CtoH,o(COOH)a 128“ 

BrasHylic Terdooano diacid C„H„(COOH), 113“ — — 
Tetrade(^ane diacid C„H„(COOH), 126“ 
Pentadecoiie diacid C„H„(COOH), 116“ 

Thapsicr Hexadeciane diacid CwH„(COOH), 126“ 
— Ht^ptadecane diaeid 0„H„(COOH). 118“ 

Octadecone diacid C„H„(COOH), 126“ 
Japan ic Nonadecane diacid 0„H„{t:OOH). 119“ __ 

- EK^OHane diacid C\,H„(COOH), 124“ — 

- Honeicosarie diacid C„H,,(COOH), 123“ — — 

Docoeane diatud <\oH4.(COOH), 124“ — 
1 Tricosane diacid 1 C„H„(COOH), 127-6“ 

Tetra<‘OHant* diaeid ; C„H„(COOH). 128“ .... 
1 _ Hexa(u)Hane dimnd 1 C,.H4,(C00H), 123-5“ ... 

1 I JViacontarie dim'id 123“ 1 __ 
1 

1.1___ 1 Dotriacontaiu» diaeid C„H„(C00H)4 
1 i 

i 123“ — — 

Much of our knowk^lge of the higher dibasic acids is due to the work of Chuit, 
who syntliesisc^d most of the dibasic acids from to in comiexioii wdth 
Kuzicka’s work on the large-ring ketones (see also Appendix to Chap. VI). 

Oxalic Acid 

Oxalic acid is very frequently the penultimate stage in the drastic oxidation 
of organic substances, being, next to carbon dioxide, the organic substance 
(ontaining most oxygen. As such it w'as frequently isolated during early 
exyxTiments on the action of fuming nitric acid on sugars, starches and gums ; 
the action of nitric acid on sugar constituted the first method by which industrial 
quantities of oxalic acid were obtained. Scheelo obtained oxalic acid from 
sorrid (Ozalis), and showtKl it to be identical with ' acid of sugar ' (i.e., the acid 
obtaintHl by the oxidation of sugar with nitric acid). Oxalic acid and its salts 
are faiidy widely distribut/cd in Nature, being present in the urine of mammalia 
as the calcium salt, whilst the acid potassium salt is to be found in the Oxcdis 
and Rumez families of plants. Sodium, calcium and magnesium salts are also 
found in plants. 

The earliest method used industrially for producing oxahc acid was the 
oxidation of sugar wdth nitric acid. This proving uneconomic, in 1856 John 
Dale of Manchester developed a process basc^d on an observation of Gay-Lussfic,^ 
in which saw^dust impregnated with a mixture of caustic soda and potash was 
heated to about 2(X>'^ on iron plates. A complex reaction takes place with the 
formation of sodium and potassium oxalates. The crude mass yields about 
20 per cent, of anhydrous oxalic acid, and is worked up by extraction. Soft 
woods yield more oxalic acid than hard woods, and pine-sawdust w^as most 
esteemed in this process. 

^ Gay-Lus»ao, Arm, Chim. Phys,, 1829, 41, 398. 
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The advent of cheap sodium formate, made from carbon monoxide and 
alkali has reversed the older procedure of nuinufacturing formic from oxalic 
acid, and most of the latter commodity finding its way into commerce is obtained 
by heating sodium formate under reduced pressure to about 400'' when the 

2H . COONa-y (COONa)^ +^H2 

reaction proceeds substantially, and leaves behind a crude sodium oxalate 
which is the main source of industrial oxalic acid and oxalates. Oxalates are 
also obtained in substantial yield when carbon dioxide is passed over sodium 
heated to 360° :— 

2CO2 + 2Na-> {COONa)2 

From a constitutional standpoint, the progressive hydrolysis of cyanogen to 
oxalic acid is of interest; oxamide is first formed and on prolonged action the 
acid itself can be obtained :— 

CN CONHa COOK 

1 —> I — I 
CN CONHis COOH 

Concentrated hydrochloric acid may be used for this series of reactions, which 
leads us to consider cyanogen as the true dinitrile ^ of oxalic acid. Oxalic acid 
may also be obtained by the oxidation of glycol by nitric acid of 50 lyer cent, 
strength. 

Although oxalic acid crystaUises with two molecules of water and exists in 
aqueous solution as the ortho- acid (HO)3C. C(OH)3, it readily loses its water 
on heating yielding an anhydrous acid ; complete dehydration can be attained 
at 100°. The anhydrous acid forms its acid chloride, oxalyl chloride, (COCl)2 

normally. 
The reactions of oxalic acid are not of outstanding synthetic interest, as it 

is an end-product, rather than a source. Oxalic acid forms both acid and 
normal salts, the former often crystallising with one additional molecule of the 
ortho- acid ; thus, potassium tetroxalate, KHC2O4 . H2C2O4.2H2O, is such a 
complex, and is a valuable standard in analytical procedure, being capable of 
acting as an acidimetric and oxidation stan^rd, and being at the same time 
capable of easy purification and of storage in an unaltered condition. Oxalic 
acid is very easily esterified and condenses rapidly with amines ; its diethyl 
ester forms oxamide (CO . NH2)2 almost quantitatively on treatment with 
ammonia. 

Mahnic Acid,—^Although it occurs naturally in beetroot, Dessaignes * first 
obtained malonic acid in 1858 by the oxidation of natural malic acid with 
potassium dichromate. Like oxalic acid, although less frequently, malonic 
acid is found as an end-product in oxidative degradation ; Baeyer, for example, 
found it in the products of oxidation of uric acid.® Its synthesis was achieved 
simultaneously by Kolbe and Muller by the hydrolysis of oyanacetic acid. 
It is by this method that malonic acid itself has been made since that time ; 
chloroacetic acid is converted to cyanacetic acid aiid the solution wanned with 
caustic soda to hydrolyse the —CN group. On evaporating to dryness and 
extracting with ether, malonic acid is obtained. It is a colourless, highly 
crystalline acid, readily soluble in water. By variants of the above reaction, 
mainly involving the esterification of the acid in alcoholic solution, diethyl 
malonate is obtained; the chemistry of this ester is discussed in Appendix II 
to this chapter. 

Malonic acid is itself distinguished by unusual activity of the methylene 
group, and its reaction with aldehydes is a valuable method in the synthesis of 

‘ Hultmann and Davis, J.A,0,8., 1921, 48, 3S6. 
• Dessaignes, 1858,47,76 ; Ann., 1858,107,251. * Baeyer, ihid., 1864,180,143. 
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unsaturated acids. Thus crotonic and sorbic acids can readily be obtained 
from malonic acid by condensation of acetaldehyde and crotonaldehyd(^ respec¬ 
tively, in the presence of pyridine, followed by decarboxylation, which in the 
case of the latter example takes place spontaneously at water-bath temperature. 
The reactions are as follows :— 

CH3. CHO + CH2(C00H)2-3. CH3. CH-=C(COOH)o 
-^ CH3 . CH=CH . COOH 

CH3. CH=CH . CHO + CH2(C00H)2-^ CH3. CH=CH . CH=C{COOH)2 

-> CH3. CH=CH . OH==CH . COOH 

Succinic Acid.—Succinic acid and its salts are widely distributed in natural 
substances ; thus, calcium succinate crystals are found in the bark of the 
mulberry tree, and the acid itself is found in nearly all papaveraca’, and cheli- 
donium species ; it has also been identified in lettuce and many other plants. 
A basic aluminium succinate is found as a crystalline deposit in th(^ Australian 
tree Oriica exceha. Its formation from amber by dry distillation has been 
known for many generations, and gives rise to the name, Agricola and Libavius 
botli describing this method of preparation, the latter refeOTing to succinic acid 
in 1595 as ‘ Flos succini The distillation of waste amber chips has been a 
commercial method of preparing succinic acid for many years ; the method 
was replaced by fermentation processes, first described in crude form by 
Beissenhirtz ^ in 1818 and later improved so as to form the basis of an industrial 
process. A very large variety of fermentations produce succinic acid in sub¬ 
stantial yi(^ld and many others such as the familiar acetic and alcoholic fer¬ 
mentations yield small amounts. Any substance RU(?h as malic, tartaric, maleic 
or asparii<* ‘icid is converted by some yeasts and bacteria to succinic acid by 
reduction. Ammonium tartrate has b(H)n us(Hi in this way as an industrial 
source of succinic acid, being subjected to fermentation. The process takes 
about eight weeks, during which time the tartaric acid disappears and is replaced 
by about oiu^ quarter of its weight of succinic acid. The most satisfactory 
method of obtaining succinic acid in quantity is by the hydrolysis of succin- 
dinitrile (123), obtainable in quantity by reacting ethylene dibromide with 
sodium cyanide ; 

CH^Br CH^CN ...„ CH.COOH 
I 2NaCN-> i -- ! “ 
CHgBr CH2CN CH2COOH 

(123) 

The chemistry of succinic acid, as an acid, is not particularly striking, 
t^xcept for the tendency which it exhibits to form ring compounds. Thus, 
ammonium succinate distilled with zinc dust yields pyrrole ; with phosphorus 
pentasulphide, thiophen is formed, and on distillation alone, succinic anhydride 
is obtained :— 

Cllj CHj CH-CH 
I 1 ^ II II 

COOH COOH C /C 
HO OH HO OH 

NH, 

CH—CH 

II » 
CH ^CH 

NH 

^ Beissenhirtz, Berlin, Jahres, 1818, 158. 
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Succinic anhydride is best obtained by the action of acetic anhydride on 
sodium succinate ; it is a beautifully crystalline substance (m. 119*6°). 

Derivatives of Succinic Acid,—A number of alkyl derivatives of succinic 
acid are knovii, chief amongst which is methylsuccinic or pyrotartaiic acid, 
the latter name being sufficient indication of the method by which it is prepared. 
The meclianism of its formation from tartaric acid by pyrolysis is stat^ ^ to be 
due to the iutermtxliate formation of pyruvic acid, and of a kt^tovalerolactone 
(124) which on loss of carbon dioxide and addition of water yields methyl¬ 
succinic acid :— 

CHOH . COOH ^ CH3COCOOH 

CHOH . COOH “ OHaCOcSoH 
CH,,C(C00H)-0 • ('H . COOH 

^ CH^ CO^"**’ CH2.COOH 

CO 
(124) 

Ipatiev and Rasuwajev ^ obtained a good yield of methylsuccinic acid by 
the action of hydrogen under pressure on solutions of sodium lactate. They 
postulate the following sequence of i*eactions :— 

2NaOOO.CH(CH3)OH 

NaOOC . 0(CH3)OH NaOOC . C . CH3 NaOOC . (JIICH3 
I — II — I 

^ NaOOC . CH . CH3 NaOO('.CH NaOOC . CH^ 
Methane was isolated during the reaction. 

Methylsuccinic acid is the first acid of this series to exhibit an asymmetric^ 
carbon atom ; the racemic form, m. 112°, can be separated through the 
strychnine salt; the acid readily forms an anhydride (m. 37°; b. 239°), 

Glutaric Acid,—During an examination of naturally occurring glutamic acid, 
Dittmar in 1872^ transformed it successively into hydroxyglutainic and 
glutaric acids, and two years later lieboul ^ and Markownikov,'* independently, 
obtained glutaric acid by the hydrolysis of trimethylene dicyanide. Siruje 
then it has been obtained by a number of other methods, outstanding among 
which is the action of formaldehyde on malonic ester in the presence of bases 
such as piperidine or diethylamine. Other methods of interest are the oxidation 
with nitric acid of ct/c/opentanone :— 

CH,—CHg CHo—CHo 

I ■ I — I ■ i ■ 
CHj CHs CHj COOH 

\/ \ 
CO COOH 

and the condensation of formaldehyde, hydrocyanic acirl and the sodio deriva¬ 
tive of cyanacetic ester :— 

^CN ,CN 

H . CHO + HCN-> H . CH + Na . CH — CN . CH^ . C. Na 

\cN ^cooEt \:;ooEt 

glutaric acid 
1 Wolff. Ann,, 1901, 817, 22. 
* Ipatiev and Rasuwajev, Ber„ 1927, 60, 1971, 1973, 1976. 
* Dittmar, J. Prakl. Chem., 1872, 5, 338. 
* Reboul, C.B,, 1876, 82, 1197. * Markownikov, Ann,, 1876, 182, 341* 
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Gliitaric acid is easily soluble in water, 100 c.c. of saturated solution at 20^" 
containing 63 grams of the acid. It forms large monoclinic prisms, m. 97-5'". 
Chemically, glutaric acid gives the various reactions of dibasic acids in a normal 
fashion ; it has a comparatively insoluble zinc salt, by which it may be identified 
or estimated, and its silvcT salt gives butyrolactone on treatment with iodine. 
Like succinic acid it forms a cyclic anhydride and imide (m. 57” and 151” 
respectively). Glutaric acid occurs naturally in beet and allied roots, and also 
in the sweat of sheep ; it may be re<;overed from the aqueous rinsings of sheep’s 
w^ool during cleansing. 

Adipic Acid.—Laurent’s discovery of adipic acid in 1837, by the oxidation 
of oleic acid with nitri(; acid,^ marked a step in the elucidation of the structure 
of the higher unsaturated fatty acids. It was subsequently obtained by the 
d(^structive oxidation of a number of other fatty acids. It is remarkable that 
adipic acid is the (‘iid-product of a (tonsideru ble number of oxidations ; in 1898 
Markow7iikov ^ observed that the nitric acid oxidation of ryc^ohexane gave 
a good yield of adipic acid, and since then the observation has been ex- 
teiuhd to other cyr/ohexane d(Tivatm>H, of which the most easily and cheaply 
available is ryc/ohexanol, from the (‘atalytic reduction of phenol. Adipic acid 
is produc(‘d in considerable quantity from this source, and is, with the exception 
of oxalic, tlu‘ most readily and cheaply obtainable dibasic acid. It has been 
U8(^d to replace tartaric acid in baking pow^ders, in winch it is particularly valuable 
as its ‘ raising ’ power (ability to form carbon dioxidf^) is exercised more slowly 
than with other acidic substances. 

Adipic a(!id forms monociinic prisms, rn. 153” ; it is but moderately soluble 
in water (14 parts ])er 1(X) at 15”). It forms an anhydride only with difficulty, 
Hill having obtained ^ the monomolecular anhydride (125) by the action of 

CHo ! 

VH,,AX) -() 

(125) 

-CH^. CHg 

GH, 

GH.,. GO 
(126) 

acetic anhydride on adipic acid. It is a compound which distils at 98-100” at 
0*1 mm. and which soliditi(‘s to a crystalline mass at 22”. It can (‘asily be 
changed by standing or lieating to the polymeric forms, which are produced in 
admixtun^ when attempts arc made to dehydrate adipic acid. Distillation of 
adip)ic acid in a slow^ Htream of carbon dioxide ykids the cyclic ketone, cycio- 
pentanone (126). This, and the formation of analogous cyclic ketones has been 
discussed in Appendix IJ of Chapter VI. Adipic ester was showm by Dieckmann"* 
to give an internal acetoacetic ester condensation, forming 2-ketorycZopentane 
carboxylic eater (127). 

. COOEt CHg. CHg. COOKt 

C'k, -s- C Hj j 

\CH 8. GOOEt \CH a. CO 
(127) 

Pimdic acid appears to have been prepared first by Dale and Schorlemmer ^ 
by the oxidation of suberone, previous claims by Laurent having been showui 
to be due k) confusion of mixtures of siilx'ric and adipic acids. Tht^ more 

* Laurent, Ann. Chim. Phys,, 1837, 66, 154. Markownikov, Ann., 1898, 802, 34. 
« Hill, J.A.C.S., 1930, 52/3470 and 4110. * Diockinann. Ann., 1901, 817. 51. 
* Dale and Schorlommor, Ber., 1874, 7, 808 ; Trans. Cfmm. Soc., 1879, 683. 
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TABLE XVI 

/CH^CII^CO 

cih 
Cli^CHgCJIg 

/COOKt 

NaCII 
\x)OEt 

/COOKt 

NaCOi 
"^COOEt 

oonimon metliods of formation of pimelie acid are shown in Table XVf. They 
are :— 

(1) Hydrolysis of the dinitrile (128) obtained by tlu^ action of sodium cyanide 
on an alcoholic solution of jxuitamethylene di bromide. 

(2) The normal malonic ester s>Tithesis from sodio inalonic ester and tri¬ 
methylene di bromide. 

(3) By the oxidation of suberone (c^/c/oheptanone). 
(4) By the reduction of salicylic acid by sodium and amyl ah'ohol. This 

rt^action, discovered by Einhornd nimsual, and oTers iht^ most satis¬ 
factory method of preparing pimelie acid. 

Pimelie acid crystallises in small plates, m. 105*5 -106’^. Its ethyl est(T gives an 
internal acetoacetic condensation similar to that shown by adipi(* csUt :—• 

.CHg. CHg. COOEt CH 2. CHg 

OH2 -> CH,, >CH , COOEt 

\CH,. CHa. (^OOEt . CO 

oxiiiiicioii 

UNO, 

/•II,Br 

cn. 

Suberic Acid.—This is one of the longer-known acids of the aeries having 
been first prepared by Brugnatelh in 1878 by the oxidation of cork dust.^ Tin? 
method is now of historical interest only, although a process has been patented 
for the production of suberic acid from cork dust using alkaline chlorates in the 
presence of osmium tetroxide. Industrially the method of Verkade ^ is used 
for the simultaneous production of suberic and azelaic acids. Commercial 
ricinoleic acid is added slowly to three times its weight of boiling nitric acid 
(of d == 1*25) containing a little sodium nitrite. The boiling is continued for 
five hours and after making up to the original volume with water the oil is 
separated and the aqueous solution evaporated to diyness. 'This gives a crude 
mixture of azelaic and suberic acids weighing about one-fifth of the weight of 
original ricinoleic acid. The mixture is dissolved in a mixture of benzene and 
ethanol and the filteredi liquid refrigerated. On cooling suberic acid crystallises. 
The residue from the evaporation of the mother liquors is converted to the 
magnesium salts when on cooling magnesium azeleate alone separates. The 
net result is about 11 per cent, of suberic acid and 5 per cent, of azelaic acid, 
calculated on the ricinoleic acid taken. 

When azelaic acid is required in preference to suberic acid, the oxidation is 
carried out in the cold using acid of density 1-52. The Umip<Tature is kept 

* Einhorii and l.*uiartden. Ami., 1895, 286, 257 ; Miilli'r, Monutsh., 1934, 18. 
- Bnignatelli, Crell’s Annalen, 1787, 145. 
• Verkade, i?cc. Trav. Chim,, 1927, 46, 137. 
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below 10°. After 10 hours the aqueous layer is removed and evaporated and 
the azelaic acid separated through its magnesium salt. The yield is about 
24 per cent, of the weight of ricinoleic acid used. 

Suberic acid crystallises in needles, rn. 143-144°, azelaic acid in monochnic 
plates, m. 107-108°. 

By distillation with hme. suberic acid yields the important cyclic ketone, 
cycZoheptanone (see Chap. VI). 

Sebaric acid is usually obtairu^d by the distillation of castor oil or ricinoleic 
acid with potassium hydroxide, or by melting castor oil soap for a period of 
several hours. On pouring into water and acidifying with hydrochloric acid, 
sebacic acid separates. It forms leaflets whidi readily subhme on heating. 

The higher acids are of interest mainly on account of their use in preparing 
cyclic ketones (Chap. VI). 

Um SATURATED DlBASlC AciDS 

These acids fall into two classes, those such as fumaric and maleic acids in 
which the unsaturation lies between the tw^o carboxyl groups and those where 
unsaturation lies in a side-chain as in ethylidene malonic acid. 

The alkyleno malonic acids are usually obtained by condensing an aldehyde 
with malonic ester in the presence of condensing agent such as acetic anhydride, 
organic bases or sodium ethoxide. Tlie free acids can be obtained, but the 
esters are more usually required. Some of the members of this series more 
commonly met with are sbow^n in Table XVII. 

TAHJ>K XVll 

R. in R »Cfi{COOir)s! Forimil.'. of 

ICthylitlcuc 
Profjylitii'rio 
Lso Propylitlfih^ 
ButylidBiio 
Allyl 
Mtilhyl allyl 
Ethyl allyl 
PropVI allvl 
Butyl allyl 
Uiidoccaiyl 
DocoBOiiyl 

I ( I la . 
; (dlj, . CIL . 
1 {V\\,),V^:V{Vi)OU)^ 

CH*'. ( H.. . (’HirOOH), 
CHa-.-CH . ('H((’H,,}(XrO()H), 

-CH . Cl\{i\B^)C(COOH)^ 
UHa-- CH - rUlCaH^lClPOOH)^ 

. PH(CJl*)(XC()OH)a 
(' H -.-X:H (C H ’ H (( OOH la 
(nis((di2)7CH”-CH(CBa)iaUH((;()0}l)a 

j 82' * 117"d7min. 
i I 11.5-125^ /12 iniii. 
j 170-171 ; 110-112" /12 mm. 
i j 144'’'25 mm. 
; 102' ' 222”_ 
j 90 i 224”/t)90 mm. 
I 107-108 M 283” 
I llr>'' 1 240-241" 
I - I iao°/10mm. 

112-113"! 154"72min. 
I j 270^71 nini. 

The dibasic acids in which the unsaturation is in the main stem constitute 
a very important group of substances amongst which are found some of the 
simplest and most characteristic examples of geometrical isomerism. In 
Table XVllI are given the names and physical properties of the members of 
tliis group more commonly met with. Throughout this section the terms 

cis and “ tram ” denote the positions of the two carboxyl groups. 
Maleic and Fumaric Acids,—Lassaigne ^ in 1818 drew^ attention to the fact 

that the subhmate from heated malic acid (previously commented upon by 
VaJuquelin * and Braconnot®) was a now acid, distinct from the acid isolated 
from the aqueous distillate during the same experiments. The aqueous solution 
yielded a very soluble acid which Lassaigne called ‘ paramalic ' acid. The 
name ' maleic ’ w^as given to it by Pelouze in 1834 ; he called the subhmed acid 

^ Laflflaigijo, Ann, Chim, Phytt,, 1818, [2], 0, 93. 
“ Vauquolin. ibid,, 1817. (2], 6, 337. »Braconnoi, ibid,, 1818, [2J, 8, 149. 
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‘ paramaleic acid \ It had, however, bf^eii previously obtairiKl and examined 
under different names, e.g., 

‘ boletic acid ’ from lichens and fungi (Braconnot), 
‘ lichenic acid ' from Iceland Moss (Waff), 
' fumaric acid ’ from fumitory {Fumaria offirimjlis) (Winkler). 

It was demonstrated that the paramaleic, boletic and lichenic acids are 
identical with fumaric acid, and the latter name has been adoy)t€Ki. The fore¬ 
going remarks have already indicated that fumaric acid is fairly widely distri¬ 
buted naturally ; maleic acid is seldom, if ever, found naturally. 
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Maleic acid can be obtained by the method indicated in the previous para¬ 
graph, namely, by the prolonged action of heat on malic acid :— 

HO . CH . COOH _ . OH . COOH 

I -I 
OHo.OOOH CH COOH 

the yield is low, mucih fumaric acid being simultaneously formed. If, however, 
acetyl chloridt^ and malic acid ar(‘ warmed together on the wat(T-bath, hydrogen 
chlorides is evolved and a mixed acetyl-maUc anhydride is formed which on 
distillation yields maleic anhydride in good yield. The anhydride, mixed with 
the theoretical amount of water and seeded with a crystal of maleic acid gives 
the required acid in good yield. 

nu* production of lai-ge quantities of malei(‘, acid has been made possible by 
the U8(^ of y>rocesses involving the catalytic oxidation of Ixuizene at moderately 
high temp(^rature8 in the pr(^s(‘nc(^ of vanadium oxides. The reaction proceeds 
to a large extent according to the equation :— 

-f- oxygen 

.CO\ 

j 0 + 2C0, + 2HeO 

'^co/ 
Maleic acid and its ;uihydrid(‘, ar(‘ thus, industrially available, although the 
process is difhcnilt to control and the product hard to obtain pure. It was 
thought that mahde acid, or malic acid prepannl from it, might replace the citric 
and tartaric acids so widely us(‘d in the foodstuffs and beverage industries. 
This has not proved feasible, since maleie acid itself has a disagreeable flavour. 

The oxidation of aromatic^ compounds, chemically, to maleic acid is not 
uncommon ; and wluui quinoiu^ is oxidised by ‘ silv(T peroxide^ ’ ^ up to 70 per 
cent, of th(‘ th(‘oretical amount of maleic acid is obtained. 

(^O 

DO 

COOH 
/ 

'cOOH 

In addition, maku<' a(‘id can b(‘ obtained by a variety of synthetic reactions, of 
which a few are outlined below :— 

(1) Glyoxylic a<‘id and malonic acid condense to give maleic and fumaric 
acids :— 

HOOC . CHO f CR.,{( OOH). — HOOC . CH-=C(COOH)o 
-^ HOOC . CH=CH . COOH + CO^ 

(2) The spontanoous decomposition of diazoacetic ester also fields esters of 
the two acids :—^ 

No . CH . COOCH3 CH . COOCH3 

+ -^ 2N2 + I 
N3. CH . COOCH3 CH . COOCH3 

(3) Silver powder reacts upon ethyl chloracetate to give maleic ester :—** 

Cl . CHg, COOEt CH . COOEt 

+ II 
Cl. CH2. COOEt CH . COOEt 

^ Silver peroxide is only present in the reaction inixtun^ in limited quantities : a solu¬ 
tion of silver sulphate in sulphuric acid is mixed with ])otas8ium persulphate and the 
mixture neutralised (cf. Kompf, Ber., 1906, 39, 3722). ® Dobner, ibid,, 1901, 34, 53. 

» Loose, J. Pr. Chem., 1909, 79, 608, ^ Tanatar, Ber., 1879, 13, 1663. 
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Fumaric acid can be obtained readily from maleic acid ; or in quite good 
yield (up to 70 per cent.) by the fermentation of sucrose by Aspergillm 
furnaricus} It may also be prepared by heating bromosuccinic acid with water 
or bases such as pyridine. 

The gradual transformation of maleic acid to fumaric acid takes place at 
ordinary temj)eratures and in solution, and is greatly accelerated by ultra-violet 
irradiation or by the presence of catalysts, of which bromine is commonly ustxl, 
although many others (platinum, halogen acids, thiocyanates) are known. 

The reverse process—fumaric to maleic, can be accomplished by the ultra¬ 
violet or radium irradiation of alcoholic solutions of fumaric acid. Irradiation 
of various mixtures of maleic and fumaric acid in alcohol show that an equili¬ 
brium is reached in this solvent with 72 per cent, of maleic and 28 per cent, of 
fumaric acid. An indirect conversion of fumaric into maleic acid is obtained 
by strongly heating the former when maleic anhydride is obtained ; this readily 
combines with water to give maleic acid. The properties of the two acids are 
contrasted in Table XIX. 

T.ABLE XIX 

Malolc acid Furaaric acid 

Form Rhombic prisms Polymorphic;, mainly in prisms 
M.P. 286-287° (soaknl tube) 
Solubility in CoiLsiderable Sliglit 

32*6 g./in 100 g. of soln. at 
75 g./in 100 g. of soln. at 80^ 

0*3 ]>er 100 e.c. at 10° 

Taste 1 Acid ; followed by disagreeable I’ure acid 
i nauseous tast^^ 

Dimethyl ester j b. 205° m. 102°; b. 192° 
Monomoth yl ester | — rn. 144*5° 
Diethyl ester | b. 225° 111.0*5°; b. 218° 
Monoethyl ester Syrup m. 70° ; b. ]47°/16 inm. 
Anhydride M.p. 52-53°. Prisms 

The assignment of the formulas, indicated below, to maleic and fumaric acid 
respectively depends on the following facts, although the force of (3) is vitiated 
by the possibility of trans- addition :— 

CH .COOH HOOC.CH 

Ah . COOH Ah . COOH 

Maleic acid Fumaric acid 

(1) The formation of maleic and not fumaric acid by the direct oxidation of 
quinone points to a a>-configuration. 

(2) The formation of an anhydride from maleic acid alone is compatible only 
with cis- structures. (IThis is particularly evident from an examination 
of the atomic models for these two acids.) 

(3) Oxidation by permanganate of either maleic or fumaric acid yields a 
tartaric acid—^mesotartaric acid from maleic acid and racemic tartaric 
acid from fumaric acid. These transformations are shown in the 
fonnulffi at top of next page, and can be followed more easily by the 
use of atomic models. The inter-conversion of maleic acid and fumaric 
acid, and the reactions of the halogenated derivatives of these acids, 
involves a detailed consideration of stereochemical principles and is 
deferred to Chapter IV, Vol. III. 

1 Wehmer, Ber.. 1918, 61, 1663. 
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CHCOOII 

CH COOH 

11 
noo(; CH 

HOC COOH 

HOC COOH 
\H'' 

H(CcCOOH 

X_ 
HOOff^C OH 

il/rvo-tartarlc acifl 

r-farfaric aciti 

Citraconic, Mmiconic and Ilaconic Acids.—The dry distillation of citric acid 
by Lassaigne in 1822 led to the discovery of citracoiiic acid ^ which was named 
' P3a’0citri(^ ’ acid by Lassaigne. In 1836, Baup ^ isolated from the distillate 
a second acid, and a third from the residue remaining in the retort. These he 
named as follows :— 

Ijasaaignc Baup's Acids Modern Nomenclature 

Pyrocitrique Citribique Citraconic acid 
Citricique Itaconic acid 
Citridiquo Aconitic acid 

(Equisetic acid) 

It will be noted that mesaconic acid does not occur in this group of names, 
being subBtKjuently discovered and named by Gottlieb in 1851,*^ by boiling 
aqueous solutions of citraconic acid with dilute nitric acid. The relation of 
these substances is given in the scheme below :— 

(’ILCX)OH CIICOOH 
I il 

HOCCOCH C COOH 

CH^COOH ACID CHCOOH acid 
MESACONIC 

CHCOOH acid 

These acids are not all of natural occurrence; citric acid is, of course, widely 
distributed in natural fruit juices, whilst aconitio acid is widely distributed in 
various aconites, and in many of the Equisetacce—^thus giving rise to its obsolete 
name ‘ equisetic acid given by Braconnot in 1828, The other acids have 
scarcely ever been recorded in natural products, with the exception of the 
occurrence of mesaconic acid in cabbage.^ 

The preparation of citraconic acid is usually carried out by the rapid dis¬ 
tillation of citric acid, which yields a liquid distillate composed of itaconio and 

' Lassaigne, Ann. Chim. Phys., 1822, 81, 100. 
• Baup, Ann.. 18.86.19, 29 ; 1839, 29, 169. 
* Buston, Bioohetn. J., 1928, 88, 1523. 

• Gottlieb, ibid., 1861, 77, 268. 
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oitraconic anhydrides. On rectification at onlinary pressure thc^ itaconic 
anliydride isomerises to (‘itraconic anhydride, which distils in a. tolerably pure 
form. Treated with the theoretical amount of water and cooled in an ice-box, 
citraconic acid is formt^i as a mass of crystals. The conversion of oitraconic to 
mesaconic acid is V(‘rv easily ac(^omplished by irradiating a chloroform solution 
of citraconic acid to which a trace of bromine has btx?n added. Crystals of 
mesaconic acid rapidly separate. 

Constitutionally, the formation of citraconic acid through its imide by the 
oxidation of 2, 4-dimethylpyrrole with chromic acid ^ is strong evidence for 

CH3. C==CH CH3. C- - -CO CHj . C.COOH 

I )>NH-^ \NH-> 

CH,=^'{CH3) CH- -(Jo (!'H . COOH 

the cts- formula normally accorded to it. In general, ii t is found that a species 
of equilibrium exists between ita<ionic, citraconic and mosaconic a(!ids, which 
exist together in the proportions 1:1:4. This etpiilibrium is rcdistributcxl by 
certain catalysts, such for example, as mcrcuri(^ cliloride potassium persulphate 
which converts citraconic acid to itaconic acid almost quantitatively/' It may 
be added that in distinguishing between cis- and tram- isomers of the mahde- 
fumaric group, consideration of the dipole moment (sexi also Cliap. VTl, Vol. Ill) 
is of great value. Since the possession of a dipole mouuuit d(^pcnds on the 
non-identity in space of the proton and electron centivs of the molix^uh*, this 
will be much larger in the ease of Ci/s*- than of tran,S’ compounds, d'hus, in 
many simple cases the cis- isonicT has a positive dipole moment, whilst that 
of the trans- isomer is zero, e.g., 

/i /. 

ri,s-J3ibrome thy lone . . . . .1*22 
/m/i^-Dibroinothylene . . . . .0 

Diethyl maleate ..... 2*54 
r 15-Diethyl fumarate ..... 2*118 

The difference is not so marked in more complex instances, e.g., the maleic and 
fumaric esters, but is usually sufficient U> distinguish the two isomers. 

Numerous alkyl derivatives of maleic and citraconic acids an* known, many 
of which have been obtained from oxidative degradation of the {)yrroIe fragments 
of blood and plant pigments. Some of these* are listed in Table XX. 

Olutaconic acid, HOOC . CH==CH . CHg. COOH, the d(Tivatives of which 
have given rise to extensive researches into three-carbon taiitomerism, does 
not appear to occur naturally. It was first prepared by Conrad and Gutzeit 
in 1883 by the action of chloroform on sodio-rnalonic ester :— 

(EtOOC)2CHNa + CHCI3 + NaCH(COOEt)2 
-> {Et00C)2C--CH . CH(C00Et)2 

HOOC . CH=CH . CHj. COOH 
It can also be obtained by dehydration of the comj)ourid formed by the re¬ 
duction of acetone dicarboxylic acid :— 

HOOC . CH2. CO . CH2 . COOH 

HOOC . CH2. CH(0H)CH2 . COOH 

HOOC . CH2. CH=CH . COOH 

^ Plancher and Cattadori, Qazz, Chim. lUd., 1903, 405. 
* Wieland and ISilg, Ann^, 1937, 6B0t 273. 
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Glutaconic acid prepared in tiiis way crysialliaes in prisms, m. 136-138^ and is 
most probably the tram- form, although it forms an anhydride on digestion 
with acetic anhydride. This anhydride has an unusual structure, and behaves 
as a monobasic acid (128a). 

/ 
CH 

\f^ 

CHj. COOH 

cil 
CH, 

\0 

CH.COOH [ '^CH—CO J CO (128a) 

Mucoilic acid, HOOC . CH=CH . CH=CH . COOH, with two ethylenic 
bonds in its stem should be capable of existence in three forms :— 

-^CO 

-CO 

/ 
CH 

CH=C(OH) 

HOOC.CH HOOC.CH HOOC.CH 

1 II II 
CH—CH CH—CH 

jj 
CH-CH 

11 II 

CH.COOH HOOC.OH CH.COOH 
trafm-iranj^ cis-traym CtJit-cis 

Of these, two are known with certainty, the cis-cis form, m. 187", and a form, 
m. 298°, which appears to be the trans-trans form. Bdeseken and Sloof^ have 
isolated what may be the third form by the oxidation of o-quinone. Muconic 
acid is one end-point of the biological disposal of Ix^nzene, and although its 
formation in this way has been amply confirmed, the transformation has not 
been achieved by pui’ely chemical means. Muconic acid can be obtained by 
the condensation of glyoxal with malonic acid in pyridine :— 

(H00C)2CH2 + OCH . CHO + CH2(COOH)2 

(H00C)2CH^H . CH=CTI(C00H)2 

HOOC , CH==CH . CH=CH . COOH 

The method gives a poor yield, but is of constitutional significance. Muconic 
acid forms minute ne^es, almost insoluble in cold water. It readily undergoes 
reduction by sodium amalgam giving the symmetrical dihydro- compound by 
1 : 4-addition :— 

HOOC . CH==<^H . CH=<JH . COOH 

(129) HOOC . CH^. CH=CH . CHg. COOH 

(130) HOOC . CH==CH . CHa. CHjj. COOH 

NaHg 

I Heat 

The symmetrical dihydromuconic acid (129) obtained by reduction of muconic 
acid is a labile form, m. 195°. On heating it rapidly passes into a mixture of 
the cw- and trans- forms of the ajS unsaturated acid (130), m. 81° and 195® 
respectively. 

)S-Methyl muconic acid (132) is interesting ^ as being formed by the oxidation 
of 3-nitro-4-hydroxytoluene (nitro-^-cresol) (131) :— 

OH 

COOH 

COOH 

(132) 

^ BOeseken and Sloof, Proo. Acad, Sci, Anuierdam, 1929, 82. 1043. 
* Pauly, Gilmour and Will, Ann,, 1918, 410, 14. 
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Some of the higher unsaturated acids of this series, e.g,, crocetin belong to the 
family of polyene plant pigments and are discussf^d in Chapter XI. In this 
connexion it is interesting to note that Kiihn ^ has prepared a long series of 
polyene-ao^-diacids by the generic reaction :— 

EtOOC . COOEt + CH3(CH=CH)„COOEt 

EtOOC . CO . CH2(CH=:CH)^COOEt 

EtOOC . C=CH . (CH=CH)„COOEt 

ci . COCH3 

EtOOC . CH=CH{CH=CH)„COOEt 

NaOEt 

(CH,CO)aO 

KOH 
In MeOH 

Where n = 3, decanetetraene-2, 4, 6, 8 diacid-1, 10 is obtained as vivid chrome 
yellow crystals, m. 309°. The next homologue, dodecanepentacme-2, 4, 6, 8, 
10 diacid-1, 12 has similar properties. 

Cvooc Dicarboxvlic Acids 

C^yc/opropane dicarboxylic acids are, by virtue of their ring-structure, capable 

CHj 
I 

mOH H COOH 

CIS-II- trans- 

of cis4rans- isomerism (133 and 134). When a third (or differing third and 
fourth) substituent is attached to the third carbon atom of the ring an additional 
form occurs ; these configurations are shown in formulae (135) to (137). An 
additional type of cycfopropane dicarboxylic acid is that carrying two carboxyls 
on the same carbon atom (138). A careful examination of the trans- dicarbox3^1ic 
acid structure (134), will show that it cannot be superposed on its mirror-image ; 
it should, therefore, b<^ capable of optical isomerism. The resolntion by Buchner 
of this acid into its dextro- and Icevo- forms, via the brucine salts is a strong 
additional proof of the validity of the general arguments on which rests the 
assignment of cis- and tram- structures. The main examples of this group are 
listed in Table XXI on page 648. 

* Kiihn and Grundinann, Ber., 1936, 69B, 1757 ; 1979. 
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TABLE XXI 

Name Formula M.l>. 

cydoPropano 1, 1 dicarboxylic acid (Vin- 
aconic acid) 

CHav /COOH 
1 X 
CH/ \COOH 

140-141® 

ci/cloVropaiie 1, 2 dicarboxylic acid HOOC. CH\ cw- 
1 >CH . COOH trans- 
ch; 

139® 
175® 

l-Methylrr/c/opropano 2, 2 dicarboxylic 
acid 

CH,. CH. /COOH 
1 >C< (138) 
ch/ ^cooh 

113-5® 

l-Methylc^cZopropane 1, 2 dicarboxylic HOOCV(’H ,CH., cis- 142® 
a<?.id 1 M’. tram- 

ch; \cooh 
168® 

1 -Methylci/c/opropane 2, 3 dicarboxylic HOOC . CIL 
1 >CH . (’H, cis^IJ- 

HOOC . (UK trafw- 

108® 
acid 147® 

196® 

L l-Dimethjdcydopropaue 2, 3 dicarboxy^ HOOC . CHs .CHa cAs- 
1 trims- 

HOO(^ . CH ^ (Tl, 

186® 
lie acid (Caronic acid) 213® 

l-t/fo-Propylct/dopropone 1, 2 dicarboxylic HOOC . CH .(:H((UIj,), 
j acid (Umbellularic acid) 

CH, '^ \C00H j 
120-121® 

Some of the above compounds, e.g., caronic and umbellularic acids, are the 
results of oxidative degradation carried out on natural substanc^es and, as such, 
are invaluable in the elucidation of structure. General methods for tlie syn¬ 
thesis of cycZopropane dicarboxylic acids are. not dissimilar to those used for the 
monocarboxyUc acids (see p. o07) ; the more important are listed below :— 

(1) The condensation of ethylene dibromide or its substituted derivatives, 
with Bodiomalonic ester in the presence of excess sodium ethoxide 
yields cyclopropane 1, 1 dicarboxylic ester or its derivatives :— 

CHjjBr COOEt 

j + NaCH 

CHjBr COOEt 

KaOEt 

CH, COOEt CH, 
1 \ / I X 
Ch/ '"COOEt CHj 

V 
COOH 

COOH 

(J38) 

from which the acids themselves can be obtained by cautious hydrolysis. 
They act as true malonic derivatives giving the corresponding mono- 
carboxylic compounds on heating. 

(2) The simple 1, 2 dicarboxylic acids may be obtained quite easily from 
a-bromoglutaric acid or its derivatives by the action of potash, 

.CHBr . COOH ,CH . COOH 

^CHj. COOH \CH . COOH 

^-Substitution favours the reaction, which in the hands of Ingold ^ 
proved a valuable weapon in unravelling the problems of three-carbon 
tautomerism. 

1 Ingold, 1921, IIS, 305 ; 1922,121* 2676 ; 1925,127, 387. 
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(3) l^robably tlie most atrccHsiblo route to the 1, 2 dicarboxylic acicin for 
preparative purpoBCH is through the tricarboxylic acid which is obtained 
in good yield from a/3 dibromopropionic ester, inalonic ester and sodium 
ethoxide 

CHoBr ^(^OOKt 

EtOOO.CHBr /('OOEt EtOOC.CH. /COOEt 

I I V 
Ch/ "\(’OOEt 

HOOC . ^COOH 

C 

CH^ ^COOH 

(139) 

HOO(^. CH., 

CH.COOH 

ch/" 
(140) 

C02 

By heating the tricarboxylic acid (139) to 200°, or by prolonged boiling 
with acetic anhydride, the anhydride of the form of the dicarboxylic 
acid is fornu^i—a solid, m. 59° (i 40). Treatment of the molten anhydride 
with the theoretical quantity of water gives the cis- acid itself. The 
cyc/opropaiK? ring mak(‘s isomerisation of vis- to irans- acid more 
difficult than with acids such as citraconic ; thus, a short heating at 
240° with potassium hydroxide is necessary. 

(4) The (hmreschi reaction (^an be ap{)lied to the preparation of n/c/opropane 
dicarboxylic acids. Thus, when a ketone reacts in the presence of 
ammonia, with cyana(M'tic caster, a cyclic* imide (141) is produced which 
on hydrolysis gives a disubstituted ^ glutari(r acid - (142). The <\yclic 
imide has two ‘ active ' groups and will react through its sodio derivative 
with fiirth(U’ alkyl halide molecules, giving tetrasubstituted gliitaric 
acids ; on the other hand, when treatwi with bromine and formic acid, 
by the method of Birch, Gough and Kon,^ they yield the bicyclic 
imides of the cyc/opropane-dicarboxylic acids (143), from which the 
lattiir (144) may be obtained by hydrolysis. 

(6) Substituted eyeZo-propano dicarboxylic acids are formed directly by the 
dehydrating action of thionyl chloride on the esk^rs of tri-substituted 

malic acids,^ or on paracoiiic acids :—® 

* Guareechi, Zent., 1901* I, 571 and 821. 
* Kon and Thorpt^ JXKS., 1919, 115, 686. 
* Birch, Gough and Kon, ibid., 1921, 119, 1315, 
* Auwers and Ungemach, *4nn., 1934, 511, 162. 
* Jiarbior and Locquiii, O.B., 1911, 158, 138. 
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CH3 

CHj.C,COOEt 

HO . C . COOEt 

CH3 

CH3 

. COOH 

ck 
. COOH 

CH, 

CH,. /CH . COOH 
/ 

C 

CH;,' CH, 
so Cl, 

CH,^ ^CH. COOH 

c I 
CH3/ ^CH . COOH 

0 j 

^co {ma anhydride) 

f?/^/oBuTANE Dicarboxylic Acids 

This group of compounds is by no means so well represented as are the 
corresponding cyclopropane derivatives, but the few compounds which are 
known have an important i-elation to terpene chemistry, being frequently 
produced during the degradative oxidation of members of the pinene group. 
The commonest members of the series are shown in Table XXII. 

TABLE XXII 

Name 1 Formula M.P. 

cyc^oButane 1, 1 dicarboxylic acid CH,—C(COOH), 
1 1 

158“ 
1 1 

CH,—CH, 

cycloButan© 1, 2 dicarboxylic acid CH,—CH . COOH cw». 139“ 
1 1 

CH,—CH. COOH trmia- d or /, 106®, rac. 131® 

cyc^oButano 1, 3 dicarboxylic acid HOOC. CH—CH, m- 165® 
1 1 

CH,-CH . COOH trans- 170® 

l-Methylc^c/cb\]tane 2, 2 dicarboxylic 
acid 

CH,. CH—C(COOH), 158® 

1 CH,-CH, 

1, 1-DimethylcycZobutaiie 2, 4-dicar¬ 
boxylic acid 

; (CH,),.C—CH.COOH 
1 1 

HOOC . CH-CH, 

cw- 176® 
Norpmic acid 

tranS' 146® 

1, 2-Diin©thylcyclobutane 3, 4-dicar¬ 
boxylic acid 

CH,. CH—CH . COOH 
1 1 

CH,. CH—CH . COOH 

cis- 88® 

trafia- 201* 

1,2 -Dirnethyl-3-carboxy-2-cyc2obutyl 
acetic acid 

(CH,),C-CH . CH,. COOH 

CH,-CH . COOH 

rac. 101-102® Piiiic acid 

d orl 135® CaryophyUenic 
acid 1 

The methods by which these compounds are synthesised are entirely analogous 
to those already described in connexion with the cyctopropane derivatives. 
The Guareschi method with methylene di-iodide is one of the most successful 
for symmetrical acids such as norpinic acid.^ 

ITie stereochemical problems of cycilobutane dicarboxylic acids have 
attracted research workers for the last thirty years. There are five stereo¬ 
chemical structures to be derived from a cyc2okutano nucleus carrying four 

> Kerr, J.A.C.S., 1929, 51. 614. 
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flubstituents, two each of two diCFerent kinds alternating, as set out in the 
scheme below :— 

Ingold, in 1922,^ made a survey of the five acids in which A = COOH and 
B = CHg. COOH and obtained evidence of the structure of all five :— 

M.P, 

a = V 284^ 
I 198° 

HOOC . CH2. CH- -CH . COOH y II 186° 

1 i IV 207° 
HOOC.CH- -CH . (^H„. COOH € •- III 228° 

An entirely similar problem exists with the five* truxillic acids ^ which can all 
be obtained from the a-acid (V. A - COOH, B ™ CgHg). a*Truxillic acid is 
obtaincHl by the (iimerisation of cinnamic acid (q.v.) and the five forms corre¬ 
spond to the five structures given above. Their interconversion is indicated 
in th(^ following scheme :— 

TABLE XXIII 

Ciunarnic acid — 

Ill-Truxillic acid 

(^) 

V -Truxillic and --- IT-Truxillic 1-Truxillic 
(*) • anhydride ^ anhydride 

1 
Ar.jO i H,0 AcO H,0 

li I > 
11-Truxillic acid 1-Truxillic acid 

(y) (p) I 
I HotlJC) 

Ac*0 Ac^O ^ 
V ^ III-Truxillic anhydride-► IV-Truxillic acid 

H,0 ' (epi-) 

The acids are sometimes distinguished by the Greek letters set out in brackets 
aftor their names a!)ov(‘. The II and IV acids give half-anilides (one —C^OOH 
convert/cd to —CO . NH . C6H5) which can be resolved into optically active 
forms; the half-anilides of the other three forms are not resolvable. This is 
at one and the same time a confirmation of the eyefobutane structure of 
the truxillic acids, and of the correctness of the assignment of the structures 
(145) to the five acids. I’hese five acids must not be confused with the l(‘ii 
structurally isomeric truxinic acids of the form :— 

O.Hg.CH—CH.COOH 

I I 
CcHg, CH—CH . COOH 

Cyclofentane Dioarboxyuc Acids 

Dicarboxylio acids of this group are obtained either by a malonic or Guareschi 
synthesis, or by the oxidation of naturally occurring cyclic substances—such as 

* Ingold, I»orrtni and ll»22, 121. 1784, 1705, 
• Stobb© and Z«choch, Ber., 1923, 56B. 676 ; Stoormer and Baoher, Ber., 1924, 67B, lo. 



552 ADVANCED ORGANIC CHEMISTRY 

the camphors in which the pentacyclic ring is preformed. The diagram below 
gives an indication of some of the reactions available. 

EtOOC COOEt EtOOC COOEt EtOOC COOEt 

OHNa-fls-i” NaCH 

EtOOC 

1 —^ CH—OH —C  C 
/ \ /\ /\ 

COOEt EtOOC COOEt EtOOC Na Na COOEt 

EtOOC COOEt EtOOC COOEt + 

CHNa-f CHJ„ + NaCH 

EtOOC 

i -^ (tH . CH,. CH 
/ \ 

COOEt EtOOt; COOEt 
-f -Nil 

Br.CHj.ClIj.lSr 

CH.. 
V V 

CHs. CHo. Br COOEt HOO(^. CH CH . COOH HOOC. CH--~CH . COOll 

I + Na(^H 
I \ 
CHg. CHj. Br COOEt 

CH.—('ll., CHg CM., 
\/ 

CH. 

OH2—(4C00H)2 

( II2 (’H2 

\/ 
(II. 

Some properties of the acids of this series are recorded in 'Fable XXIV. 

TABLE XXIV 

.Some cyclopehta^k Dicarboxylic Acids 

Siibstitiifiit^ in tin* r,iW^)I>enDine riiijf 

M 1' 

1 ‘2 4 5 

(COOH — — — — 185^ 

COOH COOH •— — — cw- 
. f dor 1 
tram- < l^rac. 

Utt" 
isr 
ica" 

COOH — COOH ciA- 
^ r d or i 

i2r 
93’ 

(COOH), CH3 — — _ 174” 

{COOH)a CH, — — 141” 

COOH COOH CH, — — 104” 

rCHjCOOHl 
\COOH / 

__ 

! 

— — 156*5” 

COOH — CHjCOOH — — Homonorcamphoric acid 137” 

COOH ' CH3 (CH.) 
(COOH) — _ Santx^nif acid nr 

COOH ((’Hah (CH.) 
((XK)H) — — 

CM- d and 1 
Camphoric tram- d and 1 

acid 

187” 
nr 

OOOH (CH,). OOOH — — Apocamphoric acid 
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Of the f?/^)Zohexane dicarboxylic acids, the hexahydrophthalic acids are of 
considerable importance, both structurally and synthetically. The three acids 
have the following properties :— 

M.P. 
etM‘ form 

Hexahydrophthalic acid . . 192° 
HexaViydroi^ophtlialic acid . . 163° 
Hoxahydrofcrcphahalic acid . . 167° 
<7yc/ohexano 1, l-dicar}:)Oxylic acid . — 207° 

In the case of the acids of the ortho- and meta- dicarboxylic acids, no optical 
activity is observable as the compounds are internally compensated. On the 
other hand, the trans- isomers of these acids are capable of resolution into 
two optically activ(‘ isomers ; neither trans- nor cis- hexahydro^erephthalic 
acids give rise to optic^al aeti\dty as they both have a plane of symmetry. 
Another unusual feature of these acids is that both cAs- and ^ran.s-hexahydro- 
phthalic acids give an anhydride. 

M.P. 
tran$- form 
215'’rac. : 179-183°, rfor/ 
148° 
309° 

Unsatubated Alioyclic Dicakboxylic Acids 

A few (’.//r/o-propene dicarboxylic acids arc known, and prove to be of some 
interest ; the simplest, ciycto-prop<*ne-l, dicarboxylic acid-1, 3 (146) is prepared 

.OH .CHBr 

HOOE.EH 1 - HOOE.CrHj 

1.COOH Br . CJ 
(146) (147) 

by the action * of caustic potas’i on a^-dibromoglutaric acid (147). The 
2- mcthyl derivative of this acid—2-raethylcycfo-propene-l. dicarboxylic acid-1, 
3— is extremely interestinff in relation to the theories of three-carbon tanto- 
merism. When aeetoaeetic ester polymerises, some tso-dehydroacetic acid (148) 

(’()(JEt CH;, COOEt EH., 

EH HO.E 
/ V 

E- 

EH,. E + EH EH, . E 

OH EtOO(: 0 

EH 
/ 

-EO 
(148) 

EOOEt EHj 
I I 

—C 

EOOK EH, 

Br, 
EH, . E 

E 

\ 
O- 

E . Br EH,. EO 

EH- 
/ 

-EO 

-0 
\ 

C.Br 

/ 
COOK 

COOK 
I 
c-c . CH, 

EH, CO C . COOH 

COOH 

CH-E . CH, 
\./ 

C.EOOK 
(149) 

* Fannor and Ingold, 1921, 119, 2016. 
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18 formed ; this, if broininated and treated with caustic alkali, yields the methyl- 
cyc/opropene dicarboxylic acid (149) by a series of changes which probably 
take the course indicated above. Several series of isomers of this acid have 
been reported, but have proved on investigation not to have a cyclic structure. 
Thus, Kon and Nanji ^ showed that the alleged labile ester was really the ester 
of hexyne-2, diacid-1, 0, HOOC.C-C.CH2.CH2.COOH. There appear, 
therefore, to be no geometrical isomers of this acid, although, of course, it can, 
by virtue of its single asymmetric carbon atom, be resolved into d- and /-forms. 

Mention may be made appropriately at this point of chrysanthemum di¬ 
carboxylic acid, wkich, although not a ryc/opropene derivative, is closely related 
to the unsaturated acids of this group. It has the constitution (150) 

CHgx /CH . CH-=C(CH3). 

><i 
\CH . COOH 

(150) 

and occurs naturally in pyrethrum. 
Until recently only one cyc/o-butene dicarboxylic acid (lol) was known ; it 

can be obtained as a crystalline substance, m. 178°, by the action of pota.ssiuni 

CH,—C; 
/COOH 

'\Br 

/Br 

KI 

CK^—C 
COOH 

(152) 

CHj—(’.COOH 

CHj—C.COOH 

(151) 

CH,. CH—C . COOH 

! I 
CH3. CH—C . COOH 

(153) 

iodide ^ on dibromocyc/obutane dic/arboxylic acid (152). llecently, another acid 
of this series (153), the dimethyl analogue of the former, has been discovered as 
a breakdown product from caryophylkme ; it is (tailed ‘ dehydroiiorcaryo- 
phyllenic acid 

Few of the acids of the cyc/opcntene, cyc/ohexene and cyc/ohexadiene 
groups, other than the reduced phthalic acids, are of outstanding interest. On 
the other hand, the partially reduced phthalic acids are of particular interest 
on account of their contributions te the study of aromatic character. Mention 
has been made of the fully hydrogenatefi hexahydrophthalic aoids, the proper¬ 
ties of which are frankly alicyclic ; on the other hand, the phthalic acids them¬ 
selves are definitely aromatic. The partly reduced phthalic acids, of which a 
list is given in Table XXV, have been closely studied and are aliphatic in 
nature, adding on bromine readily and showing the characteristic behaviour of 
unsaturated compounds ; it is only when the third ethylenic link is introduced 
into the cyc/ohexane ring that true aromatic charachu' appears. 

Many of the partially hydrogenated phthalic acids are obtained from di(mes 
and maleic anhydride hy the Diels-Alder reaction, which has been discussed 
previously (seep. 102). 

Aromatic Dibasic Acids 

These may best be divided into three main classes :— 

(1) Those in which both carboxyls are directly attached to an aromatic 
residue. 

* Kon and Nanji, J.C.N., 1932, 2557. 
* Slawlinger and Kuzi(*ka, H. Chim. Aria, 1924, 7, 20ti. 
a Terkiii, 1894, 05, 974. 
* Evans, Ramage and Simonsen, ibid., 1934, 1806; Ruzicka and Ziininermajaa, 

H. Ohim. Ada, 1986, 18, 227 ; Rydon, 1936, 693 ; 1937, 1840. 
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TABLK XXV 

This Pabtially Reduced Phthalic Acids 

PoHltlou of the PoBition of th<* 
1 

Name M.P. crarl)oxyl groupa double bonds 

A B C 1) 

1 2 1 A^-Totrahydro-o-phthalic acid 120^ 
1 2 2 A *-Tctrahydro-o-phthalic acid 215" 
1 2 3 -- A^-Tetrahydro-o-phthalic acid Y 
1 2 4 - A*-Tctmhydro-o-phthalic acid 106"/174" 

1 

tram 
/ rac. 216“ 

166“ 
3 3 A'*-'rctrahydro-t^ophthalic ac id 244" 

1 3 4 -- A *-Tct ruhydro-MOfdithalic acid da- 165" 
trann- 226^ 

1 4 1 A* -Tctrahydro-fercphthalii! a<Md 
1 4 ••J A’^-T(?trahy<lro-l!crc[)litlialie acid CM- 

tratis- 22S" 
1 2 1 :i A*- '‘-Dibydrophthalic acid V 
1 2 1 4 A*' ^-Dihydroplithalic acid 153 
1 2 2 4 A^- ‘ iJihydrophthalic acid 180" 
1 2 *> 1 

i i ^ 1 
A’*' ^-Dihydrophtlialic acid Anhydride 

i 1 1 1 1 73^74" 
1 1 - 1 i ^ 1 « A^- *‘-l)ihydrophthaIi»^ acid 215" 
1 2 I 3 1 ^ i 1 A*- ^'Dibydrophthalic acid Cd-y- 174" 

traiui 
f rac. 

' \d or 1 
210" 
122° 

1 i 3 1 i i A'* ^ - Dihydro-t,wphthalic acid 255° 
1 1 ^ 1 i 

i 
A*' ^-Dihydro-fcrcplithalio acid Docoiup. 

1 1 4 1 1 4 A^' ‘-Dihydro-^crf-plithalic acid Sublimes 
1 4 J 

i •? 
j A^' ^-Dihydro-f-crcphthalic acid Decomj). 

1 1 1 2 I '*» A*’ ®-l>ihydro-^'rcphtItalic aciti 

1 

ci^- j >270" 
trarM’ j 270" 

(2) Those in which one carboxyl only is attached to the aromatic residue. 

(3) Those in which neither carbt)xy] is attached to the aromatic ring. 
Further subdivisions may be added to these, but they may best be indicated as 
the work proceeds. 

The three parent substances of the first group are the phthalic acids :— 

COOH COOH COOH 

/\C00H /\ /\ 

Phthalic acid /^oplithalic acid COOH 
Tcrcphttialio acid 

Phthalic acid was first prepared by Laurent ^ in 1836 by the oxidation of 
naphthalene with nitric acid ; I^urent suggested the names * naphthalic ’ or 
‘ naphthesique * acid for the new product, but Marignac ^ who deduced the 
correct empirical formula, Cj,H0O4, pointed out that the acid did not belong to 
the naphthalene series and abbreviated the name to ‘ phthalic acid Schunck ® 
in 1843 obtained the new acid during his investigations on the colouring matter 
of madder. In 1847, Cailletet obtained,* by the oxidation of rectified turpentine 
(terebene) with dilute nitric acid, an acid isomeric with phthalic acid, and called 

* Laurent, Ann., 1830, 19, 38, 
•Bchttiick, ibuL, 1843, 46, 197. 

•Marignac, ihid,, 1841, 38, 13. 
‘Cailletet, Ann. Chim. P/iy*., 1847, 3, 81, 28. 
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the iit^w substance, <cre])hthalic acid ; it was lHti‘r shown by Miillor and do la 
Rue ^ to be identical with the acid obtained by oxidising Roman cumin oil. 
The third, or t^ophthalic acid, was first obtained by the oxidation of m-xylene, 
then called * t^o-xylene 

Phthalic acid is nianufac5tured in considerable quantity by the oxidation of 
naphthalene. This was at one time effected by thc^ laborious and wasteful use 
of nitri(‘ acid or chlorates until the discovery by Sapper, towards the end of the 
last century, that sulphuric acid could be used, in the presence of mercurous 
sulphate (at 275° C., the addition of 1 per cent, of mercurous sulphate quintuples 
the rate of oxidation of naphthalene).^ Recently, vapour-phase oxidation has 
proved the most- economic metluxl of preparing phthalic? acid ; naphthalene 
vapour and air are passed over a vanadium catalyst at about 450°. It should 
have been mentionc^d that from all the operations just mentioned, phthalic* 
anhydride is isolated. Phthalic acid loses w^ater quite readily and the extremely 
stable anhydride sublimes in long crystals, somewhat resembling asbestos in 
appearanco. 

COOH 

COOH 

n«o ^'V 

K rO' 
V/ \ / 

(’() 

Phthalic anhydride is frequently formed bj’ the oxidation of ortho- di- 
substitutcKi benzene derivatives, each side-chain bcuiig oxidised to carboxyl ; 
thus, 0-xylc‘ue, o-diethylbenzene, o-toluic acid, o-nictliyl cinnamic acid all 
}deld phthalic acid on oxidation. Phthalic* acid caystalliscss in rhombic prisms ; 
it has no true? m.p., being transformed into the anhydride on heating ; very 
rapid heating indicates a m.p. of approximately 2(H)°. The Icjss of water from 
phthalic acid becomes appreciable at 140°. Phthalic? acid is an extremc*ly stable? 
substance ; at 350° in the presence of lime it forms calcium benzemte, from whic*h 
benzene can be obtained by raising the tem{H*rature. Halogens fail to ac?t 
directly on phthalic acid, although in the presence of aqueous alkalies phthalic 
acid yields a 4-chloro derivative with chlorine. Pnder these conditions brom- 
ination does not occur ; to obtain the 4-bromo derivative^ sodium phthalate 
must be treated with bromine and sodium hypobromite. Idithalic acid c?an be 
nitrated to a mixture of 3- and 4-nitro derivative's, in which the formc'r pre¬ 
dominates. 

Little phthalic acid is usckI as such ; it is mainly converted to its anhydride 
and imide, the chemistry of which are discussed later. 

Isophihalic acid is best obtained by the oxidation of m-xylene with calcium 
permanganate.^ Probably the cheapest method of preparing it would be from 
m-chlorobenzene sulphonic acid (154), which, wh(?n heated vnih excess of 
potassium or sodium cyanide is converted to the dinitrile of t^ophthalic acid 

SOaH ON COOH COOH COOH 

^ 0“°" 0™ O'"*- 
(164) (166) (166) (167) 

(165) which, in turn, can be hydrolysed to wophthalic acid (1.66) on boiling with 
concentrated hydrochloric acid.« Yet another alternative is the diazotisation 
of m-aminobenzoic acid, followed by a potassium cuprocyanide Sandmeyer de¬ 
composition, giving m-cyanobenzoic acid (157) which is readily hydrolysed to 

> MUllor and de la Rue, Ann., 1862, 121, 86. « Fittig, ihid.. 1868, 148 II. 
® For an account of the discovery, see Levinstein, J. f}oc. DiieTn IBo'l 17 llfl ' 
‘ UUmann and Uzbatjhian, Rer., 1903, 86. 1798. , 
t Bouther and Seiihofer, Ann., 1874, 174, 236. 
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t«o-phthalic acid. The acid forms needles, m.p. 348-349^, and is almost insoluble 
in cold water. The statement, often made, that i^ophthalic acid forms no 
anhydride is incorrect,^ although it forms no meta-bridge anhydride, it is 
readily converted by acetic anhydride to a non-volatile polymeric anhydride 
{CgH4(C00)20}„. /<sophthalic acid may be distingiiishexl from ^erephthalic 
acid by the very soluble and brilliant crystals of its barium salt which crystallises 
with GHgO ; the corresponding barium ^crcphthalate is almost insoluble in 
wato. 

Terephtfialic acid is best obtained b}^ the alkaline permanganate oxidation 
of p-toluic acid ; it can also he obtained from p-xylene by oxidation, whilst the 
formation of the acid from the Grignard compound of p-dibromobenzcne and 
carbon dioxide is of constitutional significance :— 

(^H 

('Ha 

(’OOH OOOH 

COOH 

SOaH 

Br 

/’ 

Br 

MgBr 

MgBr 

Terephthalic acid is frequently the end-point of the oxidation of many para- 
di-siibstituted aromatic and bicyclic compounds. It forms minute white 
n(‘edleH which sublime %vithout melting at about 300°, and which are almost 
insoluble in cold water (1 pt. in 67,000 at 10°).^ Terephthalic acid forms a 
I)olymeric anhydride similar to that from f^ophthalic acid ; it also forms a 
dipiTterephthalic; acid with great ease when terephthalyl chloride and concen- 
trat(‘d hydrogen pt^roxide solutions are mixed ; the diper-acid forms needles 
whi(di detonate on heating.^ 

Attention is drawn to the relation of the succino-succinic derivatives to 
terephthalic acid. The product of the double internal (3ais( n condensation 
obtained when ethyl 8U(‘cinate reacts with sodium ethylate (158), gives on 
hydrolysis and oxidation a dihydrox^derephthalic acid (159). 

CHa. COOEt 

/ 
CH* COOEt 

I +1 
COOEt CHj 

CH,. COOEt 
(158) 

CH . COOEt 
COOH 

NaOKl 
CH, CO 

Oxldii. 
OH 

(^0 CH, HO 

CH . COOEt 
:jooh 

(169) 

Many homologues of the phthalic acid family have been prepared mainly by 
methods entirely analogous to those already described; one novel method is, 
however, available for the manufacture of symmetrically alkyl substituted 
wrophthalie acids, namely, the condensation of three molecules of pyruvic acid 
with one of an aldehyde (160); the method is a general one, and has been used 

^ Bucher and Slade, J,A.C.S,. 1909, 81, 1319. 
• Baeyer, Ann., 1889, 251, 284. 
* Baeyer and Villiger, Ber., 1901, 84, 763. 
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for the experimental production of uvitic acid (1-methylbenzene dioarboxylic 
acid-3, 5) (161) and its homologues.^ 

CH3 

CH3 CH3 
j + ! 

HOOC.CO CO COOH 

I 
CO.COOH 

CH3 CH3 

n n 
HOOci COOH 

X-' 
HOOCl^^iCOOH 

(X). coon 
(101) 

The properties of the simple derivatives of the phihalic acid family and of their 
anhydrides is given in Table XXVI. 

TABLE XXVI 

j Group positions 
Add 
M.P. 

Anhydride 
M.P. 

COOH COOH (fr) 

] 2 3-Me 157^ 110° 
1 2 4-Me 152^' 92° 
1 2 3-Me 5. Me 181“ 116° 
1 2 3-Me 6-Mo 143" — 

1 2 4-Me 5-Me 209^ 208° 
1 2 3, 4, 5, 6-Tetrainethyl — 249'^ — 

1 2 3-C(Me), 5-Me 173° — 

1 3 2-Mo — 229° — 

1 3 4-Me — 332° — 

1 3 6-Me — 298° — 

1 3 4-Et — 267° — 

1 3 5-Et — 264° — 

1 3 4-Me 6-Me subL 320° — 

1 i ^ 
4-CH(CH,), — 236° — 

1 1 3 i 5.CH(CH,), — 285° — 

1 i 3 1 2, 4, 6-Trimethvl — 283° — 

1 3 6-CH,CH(CHa)* 269° — 

1 4 2-Me 325° — 

1 4 2-Me 5-Me subl. 340-350° — 

1 4 2-Me 6-Me 298° 

To this group also belongs the diphenic acids ; ordinary diphenic acid (163) was 
discovered by Fittig and Ostermayer in 1873/^ by the energetic oxidation of 
phenanthrenequinone (162) with chromic acid. It may equaUy well be obtained 

* Doebner, Ber,, 1890, 28, 2379. * Fittig and Oatennayer. Ann., 1978, 166, 367. 
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from (iiazotised anthranilic acid (164) in the presence of cuprous oxide, nitrogen 
being eliminated and a diphenyl derivative obtained.^ The use of copper 
powder is particularly successful in the formation of diphenic acid derivatives. 
Thus o-iodo-7)-toluic acid heated at 260° with copper powder gives a good 
yield of 2, 2'-dimethyl-5, 6'diphenic acid (165).^ 

Liebermann ^ has recorded an interesting application of the Friedel-Crafts 
reaction in which oxalyl chloride is allowed to a(it on a substituted diphenyl in 
the presence of anhydrous aluminium chloride. In addition to some phenan- 
threnequinone derivative (166) there is also formed a substantial quantity of 
a diphenic acid. It is, however, impossible to tell the position which the 
entering carboxyl groups will occupy ; with 4, 4'-ditolyl (168) an unsymmetrical 
2,3'dicarboxylic acid (167) is formed ; with 3, 3'-ditolyi (169) the 4,4'dicarboxylic 
acid (170) results. Further, the reaction of Dobner for production of uvitic 
acid and its homologues will, by the use of benzaldehyde, yields diphenyl 3, 5 
dicarboxylic acid in moderate yield (see p. 557). The 2, 2-diphenic acids 
resemble phthalic acid in forming monomeric anhydrides by loss of water on 
heating. This behaviour is also characteristic of 

Naphthalic acid (naphthalene 1, 8 dicarboxylic acid) (173), made bj'' the 
vigorous oxidation of acenaphthene (171); it is formed as a by-product in the 
manufacture of acenaphthenequinone (172) for use in the manufacture of Cibareds 
and scarlets. A singular reaction of 1, 8-naphthalic anhydride is its reaction 

CO-CO COOH COOH 

(171) (172) (173) 

with mercuric acetate in aqueous solution, when one carbonyl group is replaced 
by mercury yielding a mercurionhydride (174). This compound reacts with 

^ Huntress, “ Organic Syntheses Coll. Vol. I, page 216. 
* Kenner and Withom, 1913, 108. 232. 
> Liebermami, Ber., 1911, 44. 1453 ; 1912, 46. 1186. 
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bromine to give 8-brorno-a-naphthoic acid (175), a subatance uaeful for syn¬ 
thetic work and capable of giving dinaphthyl dicarboxyli(*- acid (176) on heating 
with copper powder. 

O 
. \ 

HOOC COOH f’O 

r'f^ 
'v. xx' 

0 
\ 

Hk CO 

I ■ 
i A 

Br COOH 

' X 
11 ! 

Hg(Ac)« Hri 
(174) (175) 

('ll 

\/ X 

' X,/ 

I COOH 

I (’OOH 
^ /'x 

(17(>) 

Most of the other nine theoretically possible naphthalene dicarboxylic? acids 
are known. Both the ‘ adjacent' acids (1,2 and 2, 3) form an anhydride quite 
readily. The 1, 2 acid is best obtained from Tobias acid (2-naphthylaminc-l- 
sulphonic acid, made from the corresponding naphthol sulphonic acid via 
Bucherer’s reaction) (177). Tiie diazo-compouiid is allowed to iTaet with 
cuprous chloride and forms the corresponding eh loro-naphthalene sulphonic 
acid (178) which can be converted to dicyanonaphthalene (179) by fusion with 
potassium ferrocyanide and copper pow^der. Hydrolysis then giv(.‘s naph¬ 
thalene-1, 2-dicarboxy lie acid (180). 

SO3H 

II 

/\/' 
(177) 

SO„H COOH 

rV'Sci / V Vn 
1 11 J • 

\/ xy 

-5^ jj 1 -^ 1 ll 1 
'\y \ ^/ 

(178) (179) (180) 

The 2, 3 acid is obtained by a variant of Liebermann’s diphenic acid reaction; 
naphthalene and diethyl malonyl chloride enter into a Friedel-CVafts reaction 
in the presence of anhydrous aluminium cliloride to give a napbthindanedione 
(181), which is oxidised by nitric acid to the 2, 3-dicarboxylic acid (182). 

COOH 

COOH 

Aeomatio Dicarboxyuc Acids with only one Group attached to the 

Nucleus 

The most commonly encountered members of this series are the homo- 
phthalic acids, for which the following general methods of preparation are 
available, 

(1) The anhydride or cyclic dichloride of any or</k>-dicarboxylic acid of 
the aromatic series (e.g., phthalic anhydride or phthalyl chloride) 
can be reduced by zinc and acid to phthalide (183) or its homo- 
logues. Phthalides react with potassium cyanide to give the half 
nitriles of homophthalic acids (184) which can easily be hydrolysed to 
homophthaiic acids themselves (185). (C^. homocamphoric acid, 
p. 552.) ^ 
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.CHgCOOH CH/JN 

coon ^ 'COOH 
(184) (185) 

Other methods iiichide 

(2) Tlie partial oxidation of alkyl benzoic acids, and of hydro¬ 
genated naphthalenes or indenes (analogous to the formation of adipic 
acid, q.v.). Thus, tetrahydronaphthalene ^ yields o-carboxyphenyl- 
pnjpionic acid (186); indene (187) gives o-carboxyphenylacetic (homo- 
phthalic) acid (188).^ 

CHaCH.COOH 

l! 1 i i. 
\:OOH 

(186) (187) 

j—COOH 

\:H, . COOH 
(188) 

Branched chain derivatives of this series can often be obtained by a aeries of 
abnormal alkylations. Thus, o-cyanophenyiacetonitrile (189) alkylates on the 
—CHg using an alkyl iodide in presence of potash (190) whilst both hydrogens 
of the methylene group of homophthalimide (191) are alkylated by a similar 
process (192) ; the acid (197) may then be obtained by acid hydrolysis. Sub- 
stitiKmts on the a-carbon atom of o-carboxyphenylpropionic acid are introduced 
by allowing the esU^r of the acid (193) to react with sodium when an internal 
Claiscn condiMisation takes place to give an indanone carboxylic ester (194) ; 
this ester is analogous to nmlonio ester and can be similarly alkylated (198) ; 
on hydrolysis the a-substitutcxl open-chain ester (195) is obtained, together 
with some indanone derivative (196). 

■CN 

C,H,1 ♦ KOH 

CHjCN 

0COOH 

CHCOOH 

OH. 
^00 

♦ KOH 

(189) (190) ^2^5 

CO 
(191) 

.NH 

acid 
hydrolysjs 

Cl I, CH, 

/ 'CO 

mi 
CO 

(102) 

H^CH^COOEt 

Na ♦ NaOEt 

COOEt 

,C(CH,)jC00H 

(19S) 

CO 
(194) 

^ co\h, 
KOh/ (1S8) 

COOH 

(195) 

aCH3CH(C,H,)CO0H 

, 'COOH 

/CH(C3H,) 

'O (190) , 

' Bamboi^r and Kitoohelt, JSer., 1890, 23. 1662. 
' Honalfir and Schieffor, ihii., 1899, SS. 29. 

36 
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A few of the more important acids of this group are listed in liable XXVII. 

TABLE XXVTl 

Homophthauc Aciu Series 

fCOOH (a) 

‘ ‘\(CH,),C'OOH (b) 
Structurk 

M.P. M.p. 
uclcl rtohydride 

Positioo 
of (a) 

Portitiou 
oi(b) 

Valup of n Other Hiibstltnents 

1 2 1 isr 141“ 
1 2 1 2i-Me 147“ — 

1 o 1 2i, 2,-diMo 123“ 83“ 
1 2 1 2i. 2i-aiMo 5-Mo 131“ 105“ 
1 2 1 2,. 2,-(liKt — 14S“ 53“ 
1 3 1 185“ 
1 4 1 — — 238“ — 

1 4 1 2-Mo 199“ — 

1 4 1 __ 285“ — 

1 4 1 1 j 4,-Mo 223 ’ 
1 2 1 2 1 — 166 — 

1 3 i *> 1 177 
1 1 4 ! 2 I — 294“ 
1 ! 1 2«-Mo 142“ 
1 i 3 2 ! 3,-Mo 138" i .... 

o 
i 
i 
! 

— 

i 

1 

1 

l‘>*>“ i I , 
rls“ i 

1 

There are, of course, in addition to the saturated acids, the cinnamic acid deriva¬ 
tives (o-, m- and ^-carboxy cinnamic acid ; m.p. 202'', 275"’ and 555°) in which 
the side-chain is unsaturated. 

Dibasic Acids with no Carboxyl attached to the Nucleus 

These are of two main classes ; those dibasic acids in which the aryl group 
is purely a substituent, as in benzyl malonic acid (199) ; and those in which the 

/COOH 

>CHo , CH 
\ 

/'Vh, . COOH 

COOH 
)CH„.COOH 

(199) (209) 

aryl nucleus forms a link between the two carboxyl groups as in o-phenylene 
diacetic acid (200). Among the general methods of preparing the members of 
the second group is the reduction of o-hydroxy naphthoic acicls by sodium and 
amyl alcohol (cf. Einhorn’s method of preparing pimelic acids).^ 

HOOC 

/^/XcoOH 

.OH 

CH,.COOH 
HOf ' 1 

V / \ J 
CH, . CH,. COOH 

Perkin and Titley * used an indanone method for preparing the members of 

' Einhom and Lumsden, Ann., 1895, S88, 257. 
* Perkin and Titley, 1922, 121, 1662. 
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this series. The course of the reaction s siifficicmtly illustrated by the formulae 
below :— 

CHj. (X)()Et Na 
\_ 

11 1 
CHa. COOEt 1 ix) X /■'' 

(^00 Et 

CH»1 

CO 

■^^Na 

COOEt 

r I " il CO 

COOEt 

. COOH 

CH.COOH 

I 
CH, 

Dibasic Acetylenic Acids 

Few members of this group are known ; the parent acid acetylene dicar- 
boxylic acid, HOOC . C“C . COOH (202), has a structure which admits of no 
substitution compounds, and is itself unstable, tending to pass into propiolic 
acid by loss of carbon dioxide. It may be obtained (a) by the action of alco¬ 
holic i)otash on dibromosuccinic acid (203) or by the action of pyridine on bromo- 
furnaric acid (204). It is probable that the best method is the action of carbon 
dioxide on an ethereal solution of the double Orignard compound of dibromo- 
acetyhme (201). 

C Br CMgBr C COOH Br CH COOH 

III I 
KOH 1 

C Br C MgBr C COOH BrCHCOOH 

(201) (20*2) (203) 

Br C COOH 

II 
HOOC CH (2W) 

Acetylene dicarboxylic acid forms large prisms, with two molecules of water of 
crystallisation. On heating it loses water of crystallisation and yields an 
anhydrous acid, m. 179*^. It is a strong acid (Kj — 1*85 x 10~^) and gives a 
difficultly soluble acid potassium salt. No anhydride lias been detected, but 
Misra and Dutt ' point out that if heated with resorcin, acetylene dicarboxylic 
acid yields * acetyleneins ’ of the structure (205), analogous to fluorescein, and 
similarly coloured. 

C—COOH 

C 
\300H 

* MiBra and Dutt, J. Indian Chem^ Soc., 1936, 18, 9H. 
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The use of acetylene dicarboxylic ester as one component of a Diels-AIder con¬ 
densation with butadiene, gives rise to the ester of a dihydrophthalic acid of 
importance (206) in the consideration of the benzene theory (see Vol. III). 

CHa CHg 
/ /\ 

CH C. COOEt CH C. COOEt 

I + III > I II 
CH C. COOEt CH C. COOEt 

(2(»6) 

The next homologue of the series, giutinic acid (208), or pentyne-2-diacid 
1, 5, is obtained from /3-chloroglutaconic acid (207) by the action of alcoholic 
potash. It is a moderately stable crj'stalline substance, m. 159°. Like acetylene 

^CHj. COOH ^CHj. COOH CH=C(OH) 

CCI ->• C^ -vCHs.CO.O.c/ No • 

\CH. COOH "^C. COOH CH . CO 
(207) (208) (209) 

dicarboxylic acid it gives no anhydride ; on digesting with acetic anhydride it 
yields the lactone (209). Baeyer ^ in his researches on this group, obtained 
these two acids :— 

HOOC . C=C . CsC . COOH Hexadiyne-2, 4, diacid-1, 6 
HOOC. C=C . C~C . C~C . C=C. COOH Decat(dra>nne.2, 4, 6, 8, diacid-1,10 

whi'st Lespeau and Vavon ^ obtained the acid 

HOOC . C=C . CHs. CHs. C=C . COOH Octadiyne 2, 6-diacid-l, 8 

All three acids are explosive, and the first two explode before reaching the 
m.p. ; the octadiyne diacid (obtained from the dimagnesium derivative of 
dipropargyl and carbon dioxide) melts at 190°. The acids may be character- 
isf^ by catalytic rtxluction to adipic, sebacic and suberic acids respectively. 

PoLYBASic Acids 

Aliphatic acids may be classified in the following way, which affords a 
convenient method of subdivision for the higher acids. 

1 Baeyer, Ber., 1885, 18, 677. * Lespeau and Vavon, CM., 1909, 148, 133?.. 
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Group 111a.—Acids carrying three carboxyl groups on one carboii atom are 
rare and usually can only be isolated as the esters. The trimethyl and triethyl 
esters of methane tricarboxylic acid, HC(COOMe)3 and HC(C00Et)3 are ob¬ 
tained by the action of heat on oxalomalonic esters.^ They can also be pre¬ 
pared by the action of chlorofonnic ester on sodio-malonic ester.^ These esters 
have the property of dissolving in alkalies and being reprecipitated unchanged 
on the addition of acids ; the formation of these alkah derivatives enables 
them to take part in a variety of synthetic reactions, some of which are dis¬ 
cussed in subsequent pages. The trimethyl ester, m. 45-46° and the tri-ethyl 
(VSter at 30°. 

Group Illb.—Members of this group are almost exclusively obtained by the 
malonic ester synthesis, as for example, the action of ;8-chloropropionic ester on 
the sodio derivative of malonic ester (210). The triethyl ester (211) is obtained 

^OOOEt ^COOEt 

EtOOC . CHg. CHa. Cl + NaCH -> EtOOC . CHg. CHg. CH 

\cOOEt N^OOEt 
(210) (211) 

yOOOR 

-HOOC . CHj. CHi,. CH 

\C00H 

(212) 

and by cold alkaline hydrolysis yields the acid itself (212). Numerous examj)le8 
of such acids have been prepared, a few of which are listed in Table XXVIII. 
More important, gcm'rally, and from a structural point of view, are the acids of 
Group IllCy in which each carboxyl is attached to a different carbon atom. 

The parent acid of this group is usually called tricarballylic acid—but is 
sometimes more systematically referred to as 3-methylpentane-l, 5, O-tiiacid. 
It was first prepared (214) in 1862 by Dessaignes by the reduction of aconitic 
acid (213) with sodium amalgam, and its structure was almost immediately 
confirmed by Simpson, who obtained it via the tricyano derivative (215) from 
1, 2, 3-tribr6mopropane (216). In addition, 

CH.COOH CHj .COOH CHa. CN CHj . Br 1 
C . COOH-> 

j 

CH.COOH ^- 1 

j 
CH.CN - CH . Br j 

CHa.COOH CHj .COOH 

j 

CHj,. CN 

1 
CHs,. Br 

(213) (214) (215) (216) 

tricarballylic acid can be prepared by the condensation of fumaric ester with the 

CU . COOEt CHg. COOEt GH^. COOH 

EtOOC . CH + EtOOC . (JH ^H . COOH 
^COOEt-j^COOEt-^ I 

CH * ® 

+ 

NadH* 

\::!OOEt 

COOH 

''COOEt 
(217) 

(218) 

Bodio- derivative of malonic ester (217). The tetracarboxylic ester formed, 
readily hydrolyses to tricarballylic acid (218). The method is able to provide 
alkyl derivatives of tricarballylic acid, an alkyl group substituted into the 
methylene group of the initial malonic ester appears on the 2-carbon (*). 

1 Scholl and Egerer. Ann., 1913, 897, 357 ; Bouveault, BuU. Soc. Chim., 1898. 19, 79. 
* Auwers and Auffenberg, Ber., 19IS, 51, 1098. 
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Tricarballylio acid is found freely in nature, being present in vegetables 
such as sugar-beet, as the calcium salt. It is this calcium salt which forms 
such an intractable scale in the tubes of the vacuum evaporators used in the 
concentration of beot-sngar liquors. Tricarballylic acid forms largo prisms, 
m. 165-166°, easily soluble in water. It forms a simple anhydride, m. 153", 
when distilled under rt“duced pressure ; the anhydride appears to have a 

(219), in accordance with the action of diazomethanCj 

CHg. COOH CHa . COOCH3 CHg . COOCH3 

njj_QQ PH _^ PH POOH 

I V) 

V/ll . Vyv/V/IJL 

i / / 

CH,—CO CH,- -CO CH,—COOH 

(219) (220) (221) 

monomethyl ester of the anhydride (220) is obtained. This yields the mono- 
methyl ester (221) on opening the anhydride ring. With acetic anhydride “ 
(or analogous anhydride) tricarballylic acid reacts to form a dilactone (222) 
which on boUing with water gives the kcto acid (223) 

CH,. COOH CH,--CO—O CH,. COOH CHa.COOH 

CH.COOH -f CH3.CO ^ CH -^C.CH., ■> CH.CO.CH., 

CH,. COOH CH,. CO CH,—CO—O CH5..COOH 

Many of the homologues of tricarballylic acid are obtained during the oxidative 
degradation of the terpenes ; camphoronic acid (225) is an excellent example of 

CH, 

COOH 

HOOC COOH 

CH,.C.CH, CH3.C.CH3 

^ CH-- 
(224) 

CH,. COOH 

COOH C(CH3) . COOH 

I CH3.C.CH3 

COOH 1 

* Malachowski, Zentr., 1929, 11, 2175. 

COOH C(CH3)aCOOH 

(226) 
Trimethyltrioarbftllylic acid 

* Fittig, Ber„ 1897, 80. 2145. 
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such an acid ; it is derived by oxidation of camphor and its synthesis has been 
eifected (see Chap. JX). Tlie presence of an asymmetric carbon atom in cam- 
phoronic acid leads to optical activity ; the inactive form has m. 172°, the 
d- and /- forms melting at 156-158°. 

Some /6’o-camphoronic acid (224) is produced at the same time as the main 
product, camphoronicr acid, when camphor is oxidised by nitric acid. Many 
other examples of this family are known—some are listed in Table XXVIll. 

Of the aliphatic saturated tetrabasic acids, methane tetracarboxylic acid, 
(^(C00H)4 is only known as its esters, the free acid immediately decomposing. 
Of the nunainder, many are obtained by the action of iodine or dihalides on the 
sodio-derivative of malonic ester. In this way ethane tetracarboxylic acid 
(often called acetyk^ne tetracarboxylic acid) (226) is obtained, in needles, 
m. 168°. It readily loses carbon dioxide on heating, yielding succinic acid, 
and is capable of yielding an interesting double anhydride (227) when digested 
with actetic anhydride,^ whilst by the action of hydrazine on the ester, a cyclic 
hydrazide (228) can be produced. 

EtOOC CH COOEt HOOC CH COOH 
I . I “2002 

EtOOC CIl COOEt HOOC CH COOH 

CHyCOOH 
I 
CHgCOOH 

ro-CH-co 
o( I )0 

CO-CH-CO 
(227) 

Many acids containing more than four carboxyl groups are known, indeed, 
Bisclioff^ by a sequence of reactions shown in the formuIaB below obtained 
aliphatic acids with up to fourteen carboxyl groups. Little is known about 
the higher polybasic acids and their consideration need not be further pursued. 

EtOOCv 

^HBr 

EtOOC'^ 

CH.COOEt 
1 

CH.C’OOEt 
1 ' 

CH.COOH 
1 ' 

CH(COOEt)2 (^(COOEt C(C00Et)2 CHCOOH 

1 n. 1 1 1 
•f ^ ■C((lOOEt,),- 

1 ^ 

-^C(C()OEt)2 C(C00Et)2 

> 1 — 
(’HCOOH 

"► i 
Na C(CO()KtC ClLCOOEt 1 C(fT)OKt)2 Cll COOH 

1 N« 1 + 1 
(TlgCOOEt \NixC{COOYJ)^ 

^(^(COOEt). 
1 
(Tl2(’0()Et 

r(cooEt)2 

CH2C00Et 

etc. 

CH COOH 

I 
CUfOOU 

Unsaturatbd and Alicyclic Polybasic Acids 

Aconitic acid (232) is the best known of the unsaturated tribasic aliphatic 
group, being widely distributed naturally and having a long history. Originally 
isolateMl by Peschier ® in 1820, from Aconitnm species, it has subsequently been 

* Philippi and Honusch, Bcr., 1920, 58» 1300. * Bischoff, ibid,, 1888, 21, 2114. 
* Cited by Trommsdorff, Neu. Joum, Pkarm,, 1820, 1, 93. 
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extracted from a large variety of plants, especially the Equiseidcce, Delphinium 
consoUda, Adonis vernalis and Achillea millefolia, together with sugar-cane and 
sugar-beet. 

Aconitic acid is usually prepared from citri<; acid by fusion (232), when 
it loses water to give aconitic acid. It can also be prepared by the 
auto-condensation of two molecules of oxalacctic ester (229) whereby an 

00.COOKt 

OOOEt 

('0 . OOOIilt. 

OOEt 
(229) 

CHj. CXlOEi 

CO.COOEt 

I 
C . (^OOEt 
II 

C . (X)OEt 

! 
. COOEt. 

(230) 

CO.COOH 

I 
tycoon 
II 
C.COOH 

! 
CFE . COOJf 

(231) 

EOOC.COOH 
-I- 

(!H . COOH 

I 
C.COOH 

I 
CH^.COOH 

(232) 

-11,0 

CH„.C00H 

I 
HO . C.COOH 

CHj .COOH 

un.saturated tetracarboxylic ester is formed (2:50); this on hydroly.sis yields 
aconitic acid and oxalic acid. The acid exists in two forms ; that normally 
prepared is of the constitution (234), usually referred to as ‘ Imns Malaehowski ^ 
showed that the normal or tram-torm, ra. 194-195°, is converted by acetic 

HOOC . CHj. C . COOH HOOC . CH.,. C . COOH 

II ■ I 
CH.COOH HOOC.CH 

cifi- irana- 

(233) (234) 

anhydride to a mixture of -anhydride (m. 134-135'') and ci^-anhydrido 
(m. 78''') which can be separated by taking account of their differing solubilities 
in chloroform. The ci^-anhydride on treatment ^vith ice-cold water yields cis- 
aconitic acid (233) as a crystalline mass, ra. 125°. 

Surjmsingly, aconitic acid forms tw^o anhydrides, but although these are 
referred to as cis- and trans-j they represent two different types of ring (235) 
and (236); they are both easily hydrated to their resp(?ctive acids Aconitic 

CH—CO 

C-CO 

CH—CO 

HOOC.C 0 

CH^. COOH 
(235) 

(jH=C(OH) 

(230) 

acid gives a pink colour * with acetic anhydride (Taylor’s reaction); this can 
be intensified by adding a few drops of ether and w^ater to the acetic anhydride 
containing the aconitic acid. A blue ether layer over a pink aqueous substratum 
is formed. This test will detect 0-01 mgra. of actonitic acid. 

* Malaehowski et al., Ber,, 1928, 61, 2521, 2525. 
•Taylor, 1919,116, 887. 
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Of the luiHaturated tetraearboxylic aeids, (ethylene tetracarboxylic acid (239) 
is most fn^quently eiicouiitenM]. It may be obtained by the action of sodium 
on chlorornalonici (^ster (237). Kthylone tetracarboxylic acid forms large prisms 

EtOOC 

EtOOC^ 
V^HCl CIHC 

XX)OEt 

f Na, 

„ EtOWs XJOOEt 

\COOEt EtOOC^ '-COOEt 

(237) (238) 

HOOCs /COOH 
\c=c< 

HOOC/ ^COOH 
(239) 

(liHjO), and dcnioinposM^s on rapid heating to give dimethyl maleic anhydride 
(241) ; at the same time some fnrnarie acid (240) is formed. 

HOO(\ 
;C 

/COOH HOOC. 
—> >C=CH. 

HO()('/ 1 \COOH 
1 
1 
( 

HOOC^ 

i /COOH 
-(JX 

HOOC. 
>C=CH„ 

Hoo(y HOOC/ 

0 

/CO—C . CH, 

W. 
(241) 

CH, 

(240) 

Among oth(T iiu^rnbers of this group, 1, 3-dicarboxyglutaconic acid may 
be mentioncnl, for its prot(‘an tendencies in ring formation. The tetra-ethyl 
ester (243) pr(‘pared by the action of chloroform on sodio-diethyl raalonate 

(:KtOOC)2C}lNa 
+ 

CHCI3 

+ 
(EtOOOgCHNa 

(242) 

Il^NCO 

HO 

NaOKt 

EtOOCCHCOOEt 

CH 

II 
EtOOC C C'OOKt 

(243) 

CON 11, 

I /on 
(24o) 

(EtOOC)-C —CHCH(COOEt)2 

(Et OOC )2CH • CH-C(COO E t )2 

(244) 

(242) yields a coumalic ester derivative (243) on distillation at 20 mm.^ With 
piperidine the esU^r gives an octa-c^ster of a cyr^obutane structure (244). With 
ammonia, some malonamide is formed, together with the diamide of 2, 6-di- 
hydroxypyridine-3, 5 dicarboxylic acid (245). 

Of the yet higher polybasic unsaturated acids, few have been isolated as 
such, although many esters containing from five to eight carbethoxy groups 
are known. The&e are mainly intermediates in the malonic ester syntheses, 
and m)me are illustrated in Appendix II to this chapter. 

The poly acids of the cyc/o-alkane group occupy an important position in the 
elucidation of stereochemical problems, and in several instances the isolation of 
the theoretical number of isomeric acids has playt^l an important part in con¬ 
firming stereochemical conceptions. 

^ Gutzeit, Weiss and Schaeffer, J, Pr. Chem,, 1900, 80, 416, 439. 
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Thus, cyc/opropane tricarboxylic acid can exist in two forms, cin- and 
trans- (247) and (248). Both these structures have l)e€>n prepared, the cis- form 

coon COOJi COOH coon COOJi 
COOH COOH 

I 
^CH^ ^CHjCOOH 

CH-CH 

(246) -CHjCOOH ^ (247) (24^) 4 

COOEt COOEt I 
I I COOEt 

24><) I /f'flw.y-m.220'’ 

H C COO El 
l/H I 

* C=N. -C—N 
H 

COOEt H COOEt 

(1250) (24!l) 

by heating butane 1, 2, 3, 4-tetracarboxylic acid (246), which yields cis-cyclo- 
propane-1, 2, 3-tricarboxylic acid (247) and acetic acid. The trans- acid, is 

COOEt 

cis-i,2,3-/rans~\ 

COOH _ 

1 COOH H 

COOEt ^ N» 

1 COOEt 1 

COOEt 

1 COOEt 

H \ I 
-Br HC 

COOH COOH COOEt COOEt COOEt . COOEt 

C/5-1,2 trans 

COOEt 

I 
CH COOEt 

/ I 
EtOOCCBr + CHg 

(2S6) COOEt 

COOH 

i COOH 

,,h6oc 

COOH 

(283) 
1,1,2,2-tetracirboxylic acid 

COOEt 

COOEt 

)C \ 

COOEt 

COOEt 

J_Na 

Etdoc COOEt 
-Na 

123_ COOEt 

(267) 
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obtained by decomposing the pyrazolin tricarboxylic acid (249) obtained, in 
turn, from its ester (from diazoacetic ester and fumaric ester) (250). 

There are three possible tetracarboxylic acids of cyclopropane having the 
configurations set out in (251) to (253). They are all Imown. The cis-l, 2, 3, 
tram-1 compound is made by the action of dibromosuccinic ester on sodio-malonic 
ester in the presence of sodium ethoxide (254); the ester so formed (255) can 
be hydrolysed to the acid, which forms small white needles melting with de¬ 
composition at 200°. The ci.s-1, 2 tram-1 ^ 3 acid, is made by an analogous 
process from bromo-maleic ester, malonic ester and sodium ethoxide (256). The 
1, 1, 2, 2-tetracarboxylic acid (253) is prepared vm the ester, from the ester of 
propane tetracarboxyhc acid (258), itself readily obtained from methylene 
chloride and sodio-malonic ester (257). The disodium derivative of the propane 
dicarboxylic ester is treated with bromine. 

Cyc/obutane polycarboxylic acids are not so readily prepared, the tri¬ 
carboxylic acid (259) can be obtained by a malonic ester synthesis. It exists 

COOH COOH COOH H COOH H 

HOOC CH-CH coon 

CH~CHCOOH 

in two forms, a ci^-form, m. 171°, which appears to have the structure (260), 
and a fm/ks-form having the structure (261). Several tetracarboxylic acids of 
cyc/obutane have b(H^n obtained but they offer few' points of importance. Some 
of the more commonly met with cyc/obutane and cyc/opentane derivatives of the 
scries are shown in Table XXIX on page 574. 

The field of cyc/opentane and cyc/ohexane poly basic acids has been fairly 
widely explored ; the malonic ester method has been found capable of yielding 
almost all the theoretically possible structures, although in some cases the 
configurations are obscure. An interesting casual method of formation of 
l-methyl-l, 2-dihydrotrimosic ac.d (262), is the condensation of four molecules 
of pyruvic acid (263), one of which reacts in the enolic form.^ 

^COOH 

CH===»CH8 

OH , 
~r 

CHa 

+ 

CO.COOH 

.CH, 

COOH 

COOH 
^COOH 

COOH 

I OOH 

+ 2HaO + (COOH)a 

(262) 

(263) 
It will have been noted that nothing is implied in Table XXIX about the 

stereo-chemical identity of the particular acid isolated ; little is known about 
the complicated stereo-chemical relations of the higher cyc/oalkane polybasic 
acids ; for instance, there are over eighty theoretically possible cyc/ohexane 
hexacarboxylic acids, several of which should be capable of optical resolution ; 
few of these are known, and the field has remained unexplored. 

* Wolfi and Heipp, Ann,, 1899, 305| 136, 
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TABLE XXIX 

PoLVBASio Acids of the c^oButanb, r^r/opENTANE AND rv^’^^-'HKFrANE Series 

M.P. or R.P. 

Jithyl fister 
B.P. 

Auhydride 

cyclopropane hexacarboxylic acid 
(L 1. 2. 2, 3, 3) 

cyc/oButaiie-1, 1, 2, 2*tetracarboxylic acid 

cycZoButane-l, 1, 3, 3-tetracarboxylic acid 
ci/cioButane-i, I, 2. 4-tetracarboxylic acid 
cyc/oButaiie-1, 2, 3, 4*tetracarboxylic acid 
cycZoButane-l, 1, 2, 2, 3, 4>hexacarboxylic acid 
cyc/oPentane-1, 1, 2. 2-tetracarboxylic acid 

cycioPentane*!, 1, 2, 4-tetracarboxyIic acid 

197-202‘^/12 nnn. 

cycZoPentano-1, 1, 3, 
cyc/oPentaue-1, 1, 2, 
cyc/oPontane-l, 1, 2, 
cycZoPontane -1, 1, 2, 

acid 
I cyc/oHexaue-1, 1, 3, 
cyc/oHexone l, 2, 3, 

H-t-otracarboxylic acid 
5-tetracarboxylic acid 

4, 4-pentacarboxylic acid 
2, 4, 4-hexacarboxylic 

3'tetracarboxylic acid 
4-t€*iracarboxviic acid 

cycioHexane-1, 2, 4, 5-tetracarboxylic acid 
cycioHexane-1, 1, 4, 4-tetracarboxylic acid 

cycZoHexane-l, 2, 3, 4, 5, 6-hexacarboxylic acid 

cyc/oHexaiie-L li 2, 4, 4, 6-hexetcarboxylic acid 

cycIoHeptane-1, 1, 3, 3, 5, 6-hexacarboxylic acid 

200“ 

decoinp. 
— 220-2r>0“/15mm. 
— 195-198712 mill. 

285-287“ (Methyl) m. 103“ 
111. 80“ 

200-220“ 192-195712 mm. 
I docoiiip. 
‘ 190“ 

decoinp. 
186-188“ 225-227715 111111. 

— 214-216723 mm. 
234-236715 mm. 

210-212“ 

Decoinp. 243-245'/50 inin. 
168“ 238“/15 mm. Diaiihvi 

m. 223- 
217“ (Methyl m. 88“) 

249-260“ m. 76-77“ 
/ a-(.M<"thyl) m.l25“ {^-(Methyl) Ill.125“ 

a-(Methyl) m.l81“ 
a-(Methyl) 220“/ 

223“ mm. 
177° (Methyl) m. 128“ 

The Aromatic Polvbasic Acids 

All eight of the polybasic benzene carboxylic acids are known, and the r 
properties are summarised in Table XXX. Mellitic acid was among the 
earliest substances of the aromatic series to become the subject of experiment. 
Klaproth in 1799 examined honeystone, which is a honey-coloured prismatic 
mineral frequently found amongst the coal measures. Klaproth showed 
honeystone to be the aluminium salt of a new acid, but the state of (;hemical 
knowledge at the time was such that he w as unable to speculate on the structure 
of the new acid which he termed ' mellitic ' acid. Several investigators were 
attracted to the substance, but it is probable that Wohler ^ was the first to 
obtain the pure acid, and with Liebig ^ he established the empirical formula of 
the acid as (CgHOg)^, but inclined towards w = 2 as the true molecular formula. 
They attempt^ to prepare synthetic mellitic acid by the chlorination of suc¬ 
cinic acid:— 

C4He04 + 2CI2-^ C4H2O4 + 4HC1 

Erdmann ® obtained a new acid, pyromellitic acid, by heating mellitic acid and 
at the same time isolated a trace of aromatic oil which led him to the opinion 

1 Wdhler, P/w- 1826, 7, 325. 
* Liebig and Wdhler, idul,, 1830. 18, 161. 
* Erdmann, J, Fr Chem,, 1851, 82, 432. 
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TABLE XXX 

Benzknk Polybasio Acids 

M.P. 

tkaiimoa name 

Acid Mono 
anhyiiride 

Poly imAliyl 
enter 

Bonzone-l, 2, 3-tri(;arbox\'lic HcrninioUic acitl 200” I03-HM)” 101-102° 
acid 

jicnzenc-I, 2, 4-tricarh()xylic 
«.(‘id 

Tninoliitic acid 215-217" 163-105” 13”. b. 194°/ 
12 mm. 

Bnnzone-I, 3, r)-tricarl)oxyJic d’riinoKic acid 360” 143° 
acid i 

Benzene-1, 2, .3, 4-tot racar- Mcllnphanic acid j 238-240” 1 (di) 193-106” 132-135” 
box\dic aci(i 

Bonzotio-J, 2, 3, a-totrac^ar- 1’r(‘hnitic acid 252-262 (mono) 239” 107-109° 
l)oxvli(‘ aoid 1 ! 

Bonzoia*-!, 2, 4, ."i-totivatai*- j Pvroincllitic acid 
1 

275-270" (di) 280" 138-142° 
boxylio acid 1 

1 

Bonzono luaitacarboxvlic acidi 233” 140-148' 
Bonzoiu' hoxacar)>uxylic acid Mol)i<i<- a<‘id 288” 1 

1 (closed 
(*apillary) 

subliincs 188” 

that the acid might a member of the aromatic series ; a suspicion confirmed 
by the invi'stigations of Baeyer/ who distilled the acid with soda-lime and 
obtained benzom^ itself. His remarks on the subject are worth quoting in 
extenso : 

“ iVccording to the formula C4H2O4, which was then universally accepted, 
I had to (‘xpiM t the evolution of acetylene, just as ethyl hydride is obtained 
by igniting succinic a(ud with lime : 

C4H«04 - + 2CO2 
O4H2O4 - C2H2 + 2CO2 

When I obtaiiKxl benzene, I at first thought that a condensation of 
the acetylene had taken place at the high temperature employed, this 
having beiui i*ecently observed by Berthelot, when this gas is kc^pt at a 
red-heat for some time. If this had been the case, mellitic acid ought to 
have yielded an isoraerido of fumaric or succinic acid on reduction : 

C4H2O4 + Hg - C4H4O4 
C4H,04 + H4 - C4He04 

On treatment with sodium amalgam, however, mellitic acid was 
converted into an acid, which did not volatilize on heating, but carbonized 
like sugar and at the same time produced a smell of burnt sugar. Mellitic 
acid must, therefore, have a much more complicated composition than had 
hitherto been believed, and it appeared probable that the products of its 
decomposition wdth soda-lime are not formed by condensation but are 
rather portions of a single molecule. According to this view, the simplest 
formula for mellitic acid is it is a benzene in which all the 
hydrogen atoms have been replaced by carboxyl groups, COOH.’' 

Later, Schulze ^ obtained mellitic acid by the oxidation of charcoal with alkaline 
permanganate and Bartoli and Papasogli® by the electrolysis of potassium 

^ Baeyer, Annalen Supplement 1870, No. 7, p. 1. * Schulze, Bcr., 1871, 4, 802, 806. 
* Bartoli and Papasogli, Qazz. Chim. ItaL, 1883, 18» 37. 
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hydroxide solutions with graphite blocks. It would appear, therefore, that 
coal, charcoal and graphite contain asst^mblagos of carbon atoms, in which a 
hexagonal ring forms an integral part and is capable of furnishing benzene 
hexacarboxylic acid on oxidative degnidation. 

During recent years various improved methods for preparing mellitic acid 
have been introduced, notably that of Meyer and Raudnitz,^ in which carbon 
black is oxidised by nitric acid in the presence of vanadium pentoxide to 85-90 
per cent, of its weight of crude mellitic acid, giving 35 to 40 per cent, of its 
weight of pure mellitic acid. Feist has also obtained up to 60 per cent, yields 
of melhtic acid by heating tetrachlorophthalic acid with potassium cyanide and 
hydroxide, copper cyanide and water under pressure.*^ 

Apart from its unusual mode of occurrence, mellitic acid offers little of 
significance in its properties ; it is easily recrystallised from alcohol in needles, 
and is very soluble in wator. Its aluminium salt, Al2Ci2^i2’ erystallises with 
ISHgO. Melhtic acid behaves normally as a hexacarboxylic acid, giving a 
hexamethyl and hexaethyl ester (m. 188*^ and 73“^ respectively). It gives a 
hexachloride, and a trianhydride having the structure (264) which is free from 
hydrogen (CjgOg). It is a crystalUne substance, resembling phthalic anhydride 
itself. With phenol and stannic chloride it forms a rnell tein (analogous to a 
phthalein) which has the properties of an indicator, being deep violet in alka'ine 
solution and colourless in acid solution ; the structure of this melliUnn is 
probably as depicted in (265). 

CO—0 

1 .CO 

CO—0 
C«H,OH I I / 
' ' c< 

r HOCgH^-C-- 
i 
1 i 
0 1 

co- 

CO—i 
(264) 

CeH.OH 

^C«H,()H 

'^Co/\/^CO 
I I 

HOCfiH.C-0 

■| 
CeH^OH 

(265) 

Benzene Pentacarboxylic Acid.—This acid frequently appears as an end- 
product in the oxidative degradation of a variety of organic substances, e.g., 
ergosterol, cadinene, menthene, abietene, cholesterol, etc. It is also obtained 
by the action of sulphuric acid at 300° on hgnin. It may be obtained by the 

I AlCI, , 

\y\^ CICOCHi 

(266) 

COCH, 

\Ay Clemrnenien 
Redn. 

(267) 

HOOC . .COOH w 
(270) fuming 

HOOC^ V ''COOH '•" Hiisr 
COOH 

(268) 

* Meyer ai>d Bsudnitz, Ber., 1930, 68, 2010. > Feist, HM.. 1936, 68, 1941. 
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oxidation of pentamethylbenzene with permanganate. The easiest metiiod of 
obtaining benzene pentacarboxylie acid is to carry out the sequence of reactions 
in the formulae (266 to 270) ; producing the required acid (270) via the naphth- 
indanedione (269) from tetralin (266). 

This method has been extended by Freund ^ to a synthesis of a number of 
polybasic acids ; the reactions by which this has been accomplished are shown 
in the diagram below :— 

The three benzene tetracarboxylic acids are confused in nomenclature owing to 
prehnitic acid being a 1, 2, 3, 5- derivative, whereas prehnitene is the vicinal, 
or 1, 2, 3, 4-tetramethyl benzene. Prehnitic acid (knovm before the hydro¬ 
carbon structure had been worked out) was so named because of its crystallo¬ 
graphic similarity to the mineral prehnite (introduced by Col. Pretin, from S. 
Africa). Its constitution was worked out hy Jacobsen,^ who obtained from it 
a mono-anhydride, m.p. 239®, and assumed it to be the 1, 2, 3, 4-acid. This, 
in itself, is a suspicious circumstance, since a tetracarboxylic acid of the 1, 2, 3, 4- 
configuration would be expected to give a 6it9-anhydride. However, Baeyer^ 
had obtained in 1873 mellophanic acid, which had assigned to it, until 1910, the 
1, 2, 3, 5- structure ; so that two acids were, until 1910, described thus 

Prehnitic acid (1,2, 3, 4-tetra-acid) m. 238-240®. 
Mellophanic acid (1, 2, 3, 5-tetra-acid) m. 252-262®. 

In 1910, Bamford and Sinionsen ^ showed that the two structures should be 
interchanged ; mellophanic acid is the 1, 2, 3, 4-tetracid ; prehnitic acid the 

^ Freund and Fleischer, Ann., 1916, 411, 14. 
* Jacobsen, Ber., 1884, 17, 2616. » Baeyer, Ann., 1873, 166, 326. 
* Bamford and Simonsen, J.O.S^, 1910, 97, 1904. 

37 
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1, 2, 2, 5-acid. This has btvn confinned by Freund’s synthesis of uieliophanic 
a(^id (271) ('Fabh^ XXX), which jnv.st ^ive the vicinal acid. Further (confirmation 
is d(‘rived from tluc work of Smith aiui Hyrteiid 

Xo doiil)t luis assailed our concept of the sttuctu!‘(‘ of pyroin<*llitic acid 
which is firmly established as beiizeiu‘ I, 2, 4, 5-tetracar boxy lie acid. It is 
obtained when mellitic* acid is heated, and HvS the end-product of a number of 
degradations by oxidation. Curiously, it is best })repan‘d, although in small 
yield, by heating willow charcoal with sulphuric acid of 82-88 per cent, strength 
to 300'' in the presence of a little mercury which acts as a catalyst.^ 

The benzene tricarboxylic acids are fairly vv(41 known substances : the 
vicinal heminiellic acid (273) is readily obtained by alkaline^ permanganate 
oxidation of naphthalieanhydride (272). Hemimelliteiu^ can be used, if 

1 I 
CO CO 

yooH 

\>OH 
(T)OH 

CM.Am, 

(273) (274) 

available, as a starting material, and recently acenaphtlu^ne (274) ^ has been 
oxidised catalytically to heniimellic acid. It forms a mono-anhydride by 
simple loss of water on heating. 

The asymmetric, triineUitic acid can be obtairmd cither by the direct per¬ 
manganate oxidation of ^-cumtme (275) which is industriaiiy availabk* or from 
the oxidation of resin with nitri(‘ acid. On the other hand, the symmetrical 

COOH 

|COOH 

I 
COOH 

(27.’)) 

„CHO 

EtOOC VH. CHa. (;OOEt 

CHO 1 OHO 

. COOEt 
(270) 

EtOOC :,'f^\cooEt 

COOEt 

trimesic acid is obtained by a large variety of methods, quite apart from the 
obvious methods of oxidising mesitylone or uvitic acid with |X)rnianganate. 
Thus, numerous derivatives of trimesic acid are obtained, when tiiree molecules 
of certain aliphatic ty^pes react together; as, for example, the* formation of 
trimesic ester from three molecules of formyl acetic ester (276). 

The Halogen Derivatives of Carboxyuo Acids 

Halogen mbstitvjled Carboxylic Acids 

With the exception of the acid fluoride no halides of formic acid have been 
isolated. The fluoride was obtained by Nesmey anov and Kahn ® by the action 
of a solution of anhydrous formic acid in benzoyl chloride, on potassium 
fluoride. The acid fluoride (formyl fluoride, H , CO . F) is a gas condensing to 
a colourless liquid at — 26®. It is very poisonous, and reacts normally as an 
acid halide to give formanilide with aniline. 

^ Smith and Byrteit, J.A.C.S., 1933, 55, 4305. 
■ Organic Syntheses, 1930, 10, 90. 
» Graebe et al.. Arm,, 1896, 2M, 218 ; Whitmore and Perkins, J,A.C,S; 1929, 51* 3362. 
* Solden and Jaeger, Zent., 1930, I, 3367 ; 1932, II, 618 ; 1933, II, 3050. 
• Nesmoyanov and Kahn, Ber., 1934, 67, 372. 
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As shown in Table IIJ, the thrc^e fluoroacetic acids, mono-, di- and tri- 
arc all known. They are difficult to obtain, and are best prepared by double 
decomposition of the corresponding ch!oro-acid with antimony pentafiuoride. 
This reaction is most 8U(H‘easful with the mono-substituted acid :— 

CHgCi . COOH f 8bF.,-> . COOH + SbClF^ 

The difluoro a(‘id has been made by oxidising the corresponding alcohol, and the 
trifluoro acid is more easily obtained by oxidising trifluoro-/)-toluidine with 
chromic acid—in wdiich process the aromatic ring is destroyed. 

-^ CF3. COOH -f CO3 + HjO, etc. 

The thre(‘ Huorobenzoic acids are known, and may be obtained by diazotising 
the appropriate* aminobenzo’c* acid and forming the fluoboric acid salt, wdiich 
decomposes on heating into the fliiorobenzoic acid. In the case of the m- and 
7?- com])ound it is sufficient to diazotise in sulphuric acid solution and pour 
into a very concentrated (70 per cent.) solution of hydrofluoric acid. 

Alternativ(dy the fluoroaniline ^ is diazotised and subjected to a cyanide 
SandmeytT r<*actiou, thus obtaining the fluorobenzonitrile wdiich can be hydro¬ 
lysed to the acid. 

Th(‘ ])ro])tTties of some of the halogen substituted acads are given in the 
siirnmary whicti follows. Chief among the group, are mono-, di- and fri- 
chloroacetic acids. Monochloroax^etic acid was first prepared by the direct 
chlorination of acetic acid in the presence of iodine (Leblanc, 1844) ^ and until 
recently this has b(*en the customary rnedhod of making it. The reaction has 
b(‘(‘n the subj(M*t of much research, the geiuTal conclusion from which is that 
about 4 ]>(*r (!(*iit. by w(hght of sulphur is the most satisfactory catalyst for the 
preparation of monochloroacetic acid. At present the older pro(?ess has been 
replac(*d by two othf*rs (a) the cornbiTiation of ke4en and chlorine to give 
chloroacetyh‘hh>ride, which is treat(‘d with the theoretical amount of water, 

!- 01,-^ ('H„0I . CO . 01 CHjCl . COOH + HCl 

and (b) the interaction of steam and trichloroethylene in the presence of con¬ 
centrated sulphuric acid, according to the process devised by Simon and 
Cha vanne :— 

C!H(i=CClo —CHgCJ . COOH + 2HCI 

Mono(4iloroacetic acid is a crystaMine 8oli<l with a sharp and penetrating 
odour, and a strong corrosive action. It is readily soluble in water and has a 
strong negative heat of solution. Like acetic acid itself, monochloroacetic acid 
is extremely stable, being decompostxi only at a red heat. On the other hand, 
when solutions of monochloroacetic acid in anhycLous benzene or ether are 
irradiatexi. hydrocliloric and fumaric acids are formed. 

Although monochloroacetic acid is difficult to reduce directly to acetic 
acid, the chlorine atom is nevertheless quite reactive, being replaced by OH, 
NHg, I, CN, etc., with great ease. Ohloroacetic acid is quite readily decom¬ 
posed by boiling with water forming glycollic and diglycollic acids. 

/JHgCOOH 

OH2OI . COOH-> CHgOH . COOH-^O^ 
\CH2COOH 

A remarkable reaction of c4iloroacetic acid is its behaviour wdth acid potassium 
fluoride, when fluoroacetn; acid and potassium chloride are produced :— 

2(414^1 (TX)H 1 HKFo -- v 2(XL^F . COOH f HCl f KCl 

* Dyson, Rec. Tnu\ (.'him., 1938, 67, 1019. 
» Leblanc, Ann. Chun. Phpa., 1844, [3] 10, 212. 
* Simon and Chavamie, C.R., 1923, 178, 309, 
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This reaction is unusual in its course, but is more remarkable when contrasted 
with the action of potassium iodide on chloroacetic acid, in wliich iodacetic acid 
is obtained ;— 

C’H^CJ . COOH + KI-> CHJ . (^OOH f KCl 

The reaction of chloroacetic acid with substances containing the —SH group 
leads to a variety of useful syntheses. Thus, with thiourea itself, the reaction 
appears to involve the thiol form, a derivative of psoudothiohydantoic acid 
being obtained :— 

/SH 
NHoC< + CICH. .COOH 

Mh 
NH2—C-^SCHgCOOH 

NH 

With sodium hydrosulphide, thioglycollic ac.d is obtairu'd :— 

NaSH + CICH2. COOH-> HS . CH2. COOH 

With potassium cy^anide, chloroacetic acid reacts readily, giving cyanacetic 
acid :— 

KCN -f Cl . CH.COOH —> CN . CHo . COOH + KCI 

This acid and its ester are extremely important inlernu'diates for the synthesis 
of aliphatic and alicyclic compounds (see Apjxmdix II). 

Potassium nitrite and silver nitrite react readily with chloroacetic acid ; 
the latter gives nitroacetic acid, NO2 . CH.2 . COOH, but the fornuT leads to a 
mixture of substances. The non-ionised portion of the chIoi‘o>acid appears to 
give nitroacetic acid, which breaks down to nitromethane :— 

Cl. CH2. COOH + KNO2 —^ ^ no^ch^ + co^ 

On the other hand, the ionised portion of the chloro-aeid gives glycol lie acid. 
Dichloroacetic Acid.—Although dichloroacetic acid was originally found by 

Muller ^ in the residut^s from the preparation of mono(;hloroacetic acid, it is not 
easily made by the further chlorination of that acid. Until recently the acid 
has been made, mainly in small quantities for purposes of n^search, by the 
reaction of Wallach,^ in which chloral hydrat^^ is treated with potassium cyanide. 
The reaction, w^hich follows the course 

CCia . CH(0H)2 + KCN-> CHCI2. COOH + KCl f HCN 

must be composite, but its precise course has not lx?en ciucidated.^ Recently 
a variety of methods have been proposed for the manufacture on a large scale. 
They include the partial decomposition of tcHrachioroethylene with steam in 
the presence of sulphuric acid :— 

.OH 
ClgC^^CCIg + 2H2O-> Cl2C==C< —> CL . CH . COOH 

\OH 

It is, however, difficult to stop the reaction at this stage, and by using a lower 
quantity of steam the acid chloride can be obtained in better yield ; this, with 
the theoretical amount of water, yields the acid :— 

/OH 
cci2==a;i2 ~f H2O —> ci2C=<k(^^ CHCI,. COCi CHCl,. COOH 

» MtUIer, J.C.S.. 1864, 17, 398. 
• Pftcher, J.A.C.8., 1920, 42, 2251. 

* Walkch, Ber., 1873, 8, 114. 
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Hejitaehloroclhaiir gives the same hna-i prod net, whim liydrolyHed Dy steam in 
the presence of sul])huric aend :— 

CHOI^. (XJij CUClj .cooil -I- :iHCI 

The former method, from tetrachloroethylene, is preferable, since by intro¬ 
ducing the dichloroac(‘ty! (riiloride into a column with acetic acid, dichloro- 
acetic acid can be taken off at the foot and acetyl chloride at the head :— 

CHCI2 . COCl f OH, . coon-^ CHOl.COOH f CH,. 0001 
Dichloroacfdic acid is usually met with as a liquid ; a relativity strong acid, 

which inflii^ts extremely painful burns. It is far less stable than acetic and 
monochloroacetic acids, l)eing decomposed at 200-300^.^ The chlorine atoms are 
very reactive, and by passing hydrogen into a solution of potassium dichloro- 
acetate containing palladium in suspiuision, quantitative removal of the chlorine 
can be achievfxl. In sunlight., or under ultraviolet irradiation, glyoxylic ac d is 
obtained ; indeiHl, the heating of dichloroacetic acid with aqueous baryta in an 
autoclav^e is one of t he best ways of obtaining glyoxylic aeid. 

CHClo . COOH r Ba(()H), —CHO . COOH + BaCU 1- H/J 

Dichloroacetic a(‘id offers afiuthrr simple approach to glyoxylic^ aiad, being 
converted by hydroxylamine to the oxime^ of the latter compound ^ 

HONH2 1 CHCI2. COOil —> HON-=CH . COOH-> CHO . COOH 

An ingenious iiKKlification of this reaction is the process of Swarts ® in which 
dichloracetic ester is allowed to react upon potassium fluoride and silica 

2CHCI2 . COOEt j SiO, ( 4KF —-> 2CHO . COOEt i SiF^ + 4KC1 

The reaction of diehloroac(‘tie acid and aniline is anomalous, and constitutes an 
important method of synthesis of the stilbene series. The reaction procc^eds 
with the formation of a di-or^Ao amino stilbime dicarboxylic acid (277) 

NH2 HgN 

( OOH COOH 
(277) 

Trichloroacetic acid was discovered by Dumas in 1838, by chlorinating acetic 
aeid.^ The laboratory preparation of trichloroacetic acid is conducted by oxida¬ 
tion of the corresponding aldehyde, chloral, with nitric acid:— 

CCl, CHO + 0-> CCI,. COOH 

It remains as the main constituent of the residues from the distillation of mono- 
chloracetic acid, and is prepared industrially from the acid chloride, itself 
obtained from tetrachloroet hylene and air :— 

CCl*==0Cl2 CCI3. COCI ^ CCI3. COOH 

It is used, industrially, as a source of chloroform which is formed from it by 
distillation with slightly superheatiHl steam. 

Like dichloracetic acid, trichloroacetic acid is easily decomposed by heat, 
although the course of the decomposition is unusual ;— 

CCI3. COOH->- COCl, 4- HCl + CO 

dififering entirely from its decomposition in the presence of water or alkalies to 

> Sonderens, C.R., 1921, 172, 155. ' Hantzsch and Wild, Ann., 1896, 289, 294. 
* Swarts, Clutm. Zentr., 1903, I, 14. 
* Dumas. C.B., 1839, 8, 609 ; Ann., 1839, 82, 101. 
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forin (chloroform and carbon dioxide. It is this hitter decomposition which 
makes it an ( X('elltmt substitute for chloroform in the Reimer-Tiemaiin synthesis 
of hydroxyaldehydes. 

TrichIoroa(‘(dic acid is readily nKluced to acetic acid by strung reducing 
agents such as hydrogen and palladium or concentrated hydriodic acid at 100'^. 
Less activ(> agents reduce it to dichloro- or monochloroacetic acid. An inter¬ 
esting modification of this reduction is the formation of tetrachlorosuccinic 
acid by the reduction of two molecules of trichloroacetic acid in ethereal solution 
by copper powder ^ 

2(X^), . COOK f Cu (:CI.> CX)OH 
-> I *■ 1- CuCL 

(X tg. 000H 

The carboxyl gnjup of trichloroacet'(‘ acid is undoubtedly alinormal, as 
Meerwein “ has shown it to give a reaction with ethyitme oxid(‘ heading to a 
<‘*yclic acetal (278) which ivadily decompo-ses on farming in neutral, acid or 

OCI3 . COOK -f 0 j-> OCI3 . O-OOH., — -V (TIOI3 -t- CO j 

alkaline solutions to give ethylene giyco! carbonate. Again, 1 richloroa(‘ctic iuT! 
shows abnormal (esterification, yitjkiing a cyclic or/Ao-earbo!h(‘ derivative witli 
ethylene glycol. 

CH2OH yOH (T1.,~0^ OH 

+ CO I ‘‘s'* 
CHoOH Vxj:, \x'l, 

oL-Chloropropionic acid.—The most economical m(‘thod of preparing this 
acid is by the action of thionyl chloride on anhydrous lactic acid. 

CH3CH(0H)C00H + SOCI2-CK,. OHCl . COOH f f HCl 

The residue, on vacuum distillation, gives a-chloropropionic acid in fairly 
good yield. The chlorination of propionic acid gives almcjst exclusivity th(‘ 
a-monochloro derivative, and an additional method is condensation of aldehyde 
and hydrocyanic acid to give the nitrile of lactic acid, which is (xmvertc^d to 
a-chloropropionic acid by the redactions indicated below :— 

CH3CHO + HCN-> CH3. CH(OH)CN —CH,. CHOI. ON 

CH3. CHCl. COOH 

There are few properties of a-monochloropropionic acid whicti make it notable, 
but it may be noted that, on treatment with sodium methoxide, the ester 
furnishes a useful approach to the cyclo-huUme series, giving a mixture of c/<v- 
aiid /mw<9-cycto-butane dicarboxylic ester :— 

CH, CHCl~-C00Et CH2—CH . COORt 

Etooc—ciHCi ^ in. Etooc. ch -ch^ 
» Duinas, C.R.. 1839, 8, 809 ; Ann., 1839, 32, 101. 
* Meorwoin and Hitiz, ifii-il,, 1931, 4M, 1. 



TABLE XXXI 

vSoME Haloqen-sttb.stituted Aliphatic Acids 

Arid m. 1). d. K 

Fliioroaooiic + 33^^ 

0 0*218 X lO’* 
J)ifluoroacotic - O-SS" 134° 1-6369’" 5-74 X 10-» 
Trifluoroacetic - 15^ 72° — 60 X 10-* 
(’hloroaroticj a- 62'^! 

189° 1-5 X 10-» p- 50^^ f — 

OichloroacK^tio a- 

P- 
1- 10“ \ 
- 4-1°/ 

192“ i-oer.Tr 5 X 10-2 

Tric}iloroac!eti<! 195 20 X 10-2 
Broitioacotic 4r 196 1*9335^ 0-2 X 10-* 
Dibroinoacetio _ 232-234° __ 8-] X 10“2 
'rribroiTiofl colic 131" 245° — 

ioii()aci*ti(^ 82'" __ 7*5 X 10-* 
l)i-io<iuucotic 95-98° — 

Tri-io(l()nc-ctic d. 150° _ 

a-Cliloropropioriic 186° 1-306 1'405 X 10-» 
/I-Chloropropionic 39° 204° 0'086 X 10-2 
a Tc -1) i c h loro {)r o] > ioi i i c* ... 185-190° _ 

a*Brooiiopropionic4 ~ 0'5° _ 

M -dl f : 2ryr\ 
\-r f 95~96°/10 mm. i-7oor' 1-08 X 10-2 

/1-Brornopro))i()iuc 62° 0-098 X 10-2 
aa-J )ibromopropioiiic or 126°/29 miu. .33 X 10-2 
a^-l)ibrouic)pro})loiiic a- 64°) 

p- 51°/ 

x-(odo}>r<)pioHic 45'5° 105 /0*3 mm. [ajr ± 82-5'’ 
Ben tuchloropropioj i i( • dccornp. - 0*3 
al'hlorobutyric - 101°/15 mrn. 1-39 X 10-2 
^-ChlorobutvTic d- 43 44-5° 101°'13 mm. - -f 49-8° (HjO) 

i ‘ - - [air — 33*4° (toluene) 
(U~ 16-16-5° lOS-luO ’/l’? Dini. M898r 0-089 X 10"» 

y Uhlorobutyric 16° 115°; 16 mm. 1-22361° 0-03 X 10-* 
j ocjS-Dichlorobutvnc a- 63° 124°/20mra. 

13l-5°/20mm. 
— 8-2 X 10-* 

78° 6-1 X lO-* 
a-Bromobutyric ™ 40 114-115°/20 mm. 1-57351'^ 1-06 X 10“* 
jS-Broniobutyric 17-18° 122°/16mra. _ 

y-Broraobutyric 32-33° 
1 

0-026 X 10"» 
a-lodobutyric 41-42° 1 - 

y-Jodobutyric 40-41° 1 - 0-023 X 10~» 

aChloroacrylic 65° 1 - 

^-Chloroai’rylic a- 84-85° i 2-2 X 10-‘ 
p- 63-64° i — 4-7 X 10-« 

ajS'Dichloroacrylic 85-86° i 
Trichloroocrylic 76° - - 7 X 10~» 

a-Bromottorylic 69-70° — - - 

^-Bromoacrylic 115-116° - - - 

a/5f* Dibromoacry lie 85-86° — - — 
^^'Dibromoocrylic 85-86° - - — 

TribrotnoacryJic 118° ... -- -* 

Tri-iodoacrylic 207° “ *~ 

ot-Chlorocroton ic — 103-104719 mm. 1-237** — 

^•Chloropropiolic 69-70° - - 

i ^• BromopPopiolic 84-85° ... - 

1 ^‘lodopropiolic 142° — 
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The jS-chloroacid is usually prepared by the addition of hydrogen chloride to 
acrolein, and the oxidation of jS-chloropropionaldehyde so formed. The devia¬ 
tion from Markownikov's rule is to be noted. 

oxidtitiuii 

CHj.=CH . CHO -f Hcf CH2CI. OHj. OHO OH2CI. CHj. OOOH 

There are several dichloropropionic acids known, of which the aoc-dichloro 
acid is the most valuable. When aa-dichloroi)ropionic or aa-dichlorobutjric 
acid is treated with silver powder in benzene solution ^ substituted maleic 
anhydrides arc formed. These can be converted to the corresponding imides 
which are of great value in identifying the pyrrole iragments from plant and 

CH3 CCIj,. COOH 

+-^ 

CH3. tt-CO 

CH3.CClj.COOH (Hj.t^-CO 

CH3.CHj.CClj. COOH 

CH,.CHj. ecu. COOH 

CH3. CHj. C—CO 

I > 
CHs.CH^.CV-CO 

(279n) 

blood pigments. The acid corresponding to the diethyl der.vative was termed 
‘ xeronic acid ’ (from — dry, an allusion to its extreme tendency to pass 
into its anhydride (279a)). The a, /l-dichloropropionic acid may be obtained by 
addition of chlorine to acrylic acid or to acrolein follow(‘(l by oxidation. 

There an^ very few of the higher chloro-acids which call for individual 
comment ; many of them may be obtained by the general method of adding 
chlorine to certain of the naturally occurring unsaturated acids, as for exam[)le, 
9, lO-dichloro-octadecane acid by the cautioUvS addition of chlorine to oleic 
acid. The higher fatty acids take up chlorine in the a-position, but only very 
slowly, and the a-chloro acids ar(.‘ best prepared irom the high(T alcohols by the 
sequence of reactions :— 

CHg. (CH,),oCH20H 
yCOOEt 

CHg. {CH2)joCH^Br + NaCH 

! '^COOEt 

Cl, I 

Hydrolysis 

^COOEt j 

CH3. (CHj),oCHjCH I 

\cOOEt 

^COOEt 

|CH3.{CHj).oCHj.OCI 

! \;ooEt 

iCHj . (CHj),oCHj. CHCI. COOH 

It is difficult to synthesise chloro acids in which thf^ halogen occupies a place 
between the a- and a>- positions; the ct>-chloro acids are, however, obtained 
comparatively easily; the procedures are shown in the scheme at the top of 
opposite page. 

* Holst, J. Pr. 1890, 2 41, 461. Beckerts and Otto, Per., 1886, 18, 836. 



ACIDS AND ESTEES 585 

HOOC. (CHj)„COOH 
csterlScatioa 

EtOOC , (CHo),OOOEt EtOO(;(CH2)„CO(3H 

Na -I- 
CjHjOH 

Na-f 
CfHftOH 

H0CH2(CH2)„CH20H 

irci 

H0CH2(CH2)„CE2^'^ 

oxldu. 

HOOC . {CH2LCH2CI 

H0CH2(CH2)„C00H 

HCl 

C10H2(CH2),C00H 

Unsaturated Chloro-acids 

AH possible mono-, di- and tricliloro derivatives of acrylic acid have been 
prepared ; the general methods of obtaining them are shovn in the diagram 
below, th(^ main points of interest being the partial removal of hydrochloric acid 
from a, a-dic}iloro[)ropion c acid to give a-chloroacrylic acid and th(‘ use of 
hexachloro propylene. 

a, a-Dichloro Propiolic acid Trichlorolactic acid Propylene 
fji’opionic ticid 

i'HsCPbCOOH 
30 % 
KOII 

CK=C . COOH 

10 % 
alcAJhollc 
KOIT 

uei ci> 

CCbCH(OH)COOH 

j ~ H,() 
I 

CCl,. CH—CO 

CO—CHCCla 

I reductiou 

CH*==:CHCH3 

C'h 

CCl2=:CCI . CCI3 

Hydrolyaia 

CHs^C.CI.COOH CHC1===CHC00H ('HC1-=m:’C1COOH CCij=CHCOOH CC1*=CC1C00H 
a-chloro- jS-chloro- a, /S dichlonv j5. ^-dichloro- tricliloro- 

Acrylic Acid 

Few, if any, of the higher ohloro-unsaturated acids call for comment, and it 
is proposed to proce^ to a consideration of bromo- acids. 

Aliphatic BromO’Ocids.—The direct bromination of acetic acid, even in the 
presence of catalysts is slow,^ and the best method of obtaining the bromo-acid 
is by the bromination of a mixture of acetic anhydride and acetic acid with 
bromine which has b(^n complett'^ly freed from w'ater by agitation with con¬ 
centrated sulphuric acid. The course of the action appears to be via the enol 
form of the anhydride (280). This in8tantan(?ou8ly adds bromine to give 

CH3. CO 

> 
OH,. CO 

CH,=C(OH) 

CH,. CO 
(280) 

Br . CH,. C(Br) 

CH,. CO 
(281) 

Br.CH2.COBr 

CHaCOBr 
(282) 

the hypothetical intermediate (281) which breaks down to bromoacetyl bromide 
and acetyl bromide (287). The latter reacts with the acetic acid present to re¬ 
generate acetic anhydride. 

• Perkin and Duppa, J.C.S., 1867, 11. 22 and 1859, 12, 1. 
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The direct addition of bromine to keten is a reaction which appears capable 

Brg + CH2=C=0-> CHgBr . COBr 

of providing a means of obtaining bromoacetic acid cheaply; the reaction is 
somewhat complicaU>d by the fact that during the period of time necessary for 
the formation of bromoacetyl bromide some dimerisation of the keten takes 
place, and the product will, therefore, contain some derivatives of a-bromo 
acetoacetyl bromide. It is probable that the aerial oxidation of 1, 1-dibroino- 
ethylene to bromoacetyl bromide, observed by Demole in 1878 ^ is due to the 
formation of keten and its immediate bromination :— 

CH2=CBr2 + O-> CH2=C^0 + Br^-> CH2Br . COBr 

Bromoacetic acid, a solid, m. 49-50^, boils, with only slight decomposition at 
208*^. It causes deep and painful burns, which heal slowly. 

Chemically, bromoacetic acid is very reactive ; in sunlight and even at the 
temperature of liquid air, it decomposes with the liberation of elementary 
bromhie. In the })resence of palladium and hydrogen the bromine is reraovt'd 
quantitatively.^ 

The decomposition with silver powder to succdnic acid is complete at L‘K)^. 
With water, glycollic and diglycollic acids are obtained. 

CHgBr . COOH CHo. COOK 
+ I 

CHoBr . COOH (dio COOH 

Di- and tri-bromoacetic acids an^ not frtM^uently encountered. The former 
is obtained by the j)ersistent bromination of a mixture of acetic acid and acetic 
anhydride ^ in the presence of ultraviolet light, and the latter by the nitric acid 
oxidation of bromal. It is also obtained by the bromination of malonic a(Md. 
The reactions of these two acuds are entirely analogous to those of the ciorre- 
sponding chloro acids. 

a-Bromopropionic acid may obtained by the direct bromination of 
propionic acid, and is characteiised by the extreme lability of the a-bromine, 
which is completely hydrolysed by warm water giving lactic acid. The relation 
between lactic and a-bromopropionic acids is emphasised by the formation of 
lactide (283) when the sodium salt of the latter is distilled. 

CH3. CH . COONa 

I 
Br + Br -► 

I 
NaOOC . CH . CH3 

CH3 . CH—CO 

CO—CH . CH 
(283) 

3 

)3-Bromopropionic acid may be obtained, although only in moderate yield, 
from the addition of hydrogen bromide to acrylic acid. Practically, it is best 
prepared from trimethjdene glycol, by conversion to the chlorhydrin and 
oxidation with nitric acid. 

CHgOH CHjCi CHjCl 
1 ^ HCI t . HNO, 1 
CHj-► CH„ -4. 1 ^ 

CH, 1 
CH3OH CHjjOH 

I 
COOH 

• Demole, Ber., 1878, 11, 1307. 
» Brusch and Stobe, Ber., 1016, 49, 1371. 

» Shaw, J.C'B., 1923.128, 2233. 
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riio lialogen i.s uol. ho labile as that in the a-position, and dorivativew are not ho 

easily prepared. On th(^ other hand, the a, ^-diehloropropionic acid (made by 
the addition of chlorine to acrylic acid) shows a grt^ater reactivity in respect of 
its /^-halogen atom, than the a-, as also does the corresponding a, jS-dibromo 
acid. Thus, with mild alkalies the jS-hydroxy-a-bromopropionic acid is formed, 
whilst on autoclaving the acid with ammonia ?>o-8erine is obtained 

HOCH2. CHBr . COOH 
I Af?,C08 

CHgBr . CHBr . COOH ' 
j NH4OH 

CHj^(NH2)CHOH . OOOH ^ 

The higher a-bromoaliphatic acids are all fairly readily prepared by the 
direct bromination of the acid in the presence of red phosphorus. Thus, a-bromo 
acids from a-bromobutyric up to a-bromodocosanoic acid (a-bromobehenic acid) 
have been obtained ^ by this method. The primary product is the a-bromo 
acid bromide, CH3(CH2)„ . CHBr, COBr, which is then hydrolysed to 
the acid. 

Aliphatic Iodo-acids 

Of these, monoiodoacetic acid is easily the most im]X)rtant. It is not 
obtained by direct iodination of acetic acid, but by the timtment of chloro- 
aceti<‘ acid w^th a solution of sodium iodide in acetone. Double dc^composition 
rapidly ensues, and the sodium chloride, being insoluble in acetone, is pre¬ 
cipitated. It is then easy to recover the iodoacetic acid from the acetone solu¬ 
tion by evaporation. Monoiodoacetic acid is a crystalline solid, m. 82®, with 
a marked lachrymatory action. 

The reaction just described for iodo-acetic? acid is general for a-iodoaliphatic 
acids and is used for their preparation. One or two of the iodo aliphatic acids 
have a biochemical application. Lundsgaard in 1929^ showed that sodium 
iodoacetate inhibited the formation of muscle-lactic acid without ofiFecting the 
contractile power of the tissue. 

The calcium stilt of a-iodobehenic acid is used therapeutically under the 
names ‘ Sajodin or ‘ Calibon ', and di-i(xiotariric acid (‘ lodostarin ') is also 
used in medicine. 

In the previous section no reference has been made to halogen derivatives 
of dibasic acids. Monochloromalonic ester may be obtained by bubbling 
chlorine through an ethereal dilution of malonic ester until the theoretical 
weight has been used ; after which the acid itself may be obtained by hydrolysis. 
It is a crystalline substance, m. 133®, which is of value as a synthetic agent. 
The dichloro acid may be obtained by the direct chlorination of malonic acid 
with two molecular proportions of sulphuryl chlonde in ether. Th(* corre¬ 
sponding bromo acids are known. 

The halogen derivatives of succinic acid have been carefully studied in 
connexion with the Walden inversion (see Vol. III). The mono halogen de¬ 
rivatives may be obtained by addition of halogen acid to maleic or fumaric 
acids, or by the action of phosphorus pentahalide on malic acid. The properties 
of the acids are given in Table XXXII. The dichloro acids may be obtained 
by a variety of reactions which are shown in the diagram below. It will be 

^ Baezewski, Monala,, 1896, 17, 530. 
• LuTKlsj^aard, Biochem. Z., 1930, 217, 162. 
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observed froiui this diagram that it is not always easy to predict the stereo¬ 
chemical course of a simple reaction. 

ALICYCLIC AND ArOMATIC HaLOGKNO-ACIDS 

A number of the halogen substituted acids of the cyc/opropane stjriea is 
known ; some 1-chlorocyc^propane carboxylic acid (284) can be obtained by 
direct chlorination, and the corresponding cyc/obutane derivative (285) is also 

CH^ OHj—CGI. COOH CH,—CH,. 
1 >CC1. COOH 1 1 1 >CBr. COOH 
CH/ CHj—CH, CH,—CH,/ 

(284) (285) (286) 

obtainable by direct chlorination in the presence of red phosphorus. The 
reaction appears to be general, and may be extended to the cyc/opentane series 
by the action of bromine and phosphorus pentabromide on the acid ; this gives 
the a-bromocycZopentyl carboxylic acid bromide w’^hich may be hydrolysed by 
aqueous methyl alcohol to the corresponding acid (286). 

The cyc/ohexane carboxylic acids are better known than any others of this 
series, and may be obtain^ (1) by the addition of hydrogen bromide to the 
various cyc/ohexene carboxylic acids; (2) in the case of the a-chloro acid the 
general method above may be used ; and (3) by the action of hydrobromic acid 
on the corresponding hydroxy acids, obtained by catalytic reduction of the 
various hydroxy benzoic acids. 
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The hexachloro derivative is obtained from the direct chlorination of benzoyl 
chloride under insolation. The physical properties of some of the better known 
acids of this series are shown in Table XXXIII. 

TABLE XXXIIJ 

Some Alicyclic Halogen Substituted Acids 

Carboxylic acid M.P. U.P. 

1 -Bromo-ci/c7opropant> 70.7r 
1 -Bromo-ct/c/obutaiie 85° — 
1 -Bromo-cyc/opentane 122-125" — 
1-Bromo-c^clohexanf> r>:L 12r>-127‘’/25 nmi. j 
2-Bronio-cycZohoxano 108-100^ 1 

3 - Bromo ♦ eyeZo - b e X ane 1 
? a

 

4 - Bromo-c^clohexaixo 160-167' - i 
1, 2, 4, 5, 6-HexachIoro-ni/r/ohf^xane 
1 -Eiiloro-ci/c/oht?xane 89-90" I 
1 -Bromo-cycZoheptaiie j 

1-Chloro-cycZohoptane i 42-44' j 

2-Bromo-ci/c/oheptano ! 167-168"/12 rnm. j 

There are various methods by which the halogeii substituted benzoic acids 
can be prepared ; direct halogenation is s(^ldom successful, and scarcely ev(u* 
used. The main methods are set out in the diagram below in which j^-chloro- 
benzoic acid has been taken as an example :— 

CH. 

U 

I oxidation; 
j reduction 

COOH 

diaro 

V 
Nil, 

A 

V 
Cl 

Inxidalion 

+ COOH 

Cl 

aoAi 

A 

V 
Cl 

CN 

KCN 

NIL NO, 

Hvdrrtlysi* M Sandmc^cr 
.— . —. r I reduction f 1 

—:- 

V 
Ci 

V u 
Cl 

These reactions take place in a comparatively straightforward manner with 
most of the halogens—most difficulty being encountered with iodine substi¬ 
tuted compounds. There are, however, alternative methods of producing iodo 
derivatives, such as the action of iodine on 4-chloromercuribenzoic acid (286a). 
A corresponding method from the anhydro-or^/w> mercuribenzoic acid is avail¬ 
able for the preparation of o-iodobenzoic acid (287). The m-iodo acid is ob¬ 
tained by the action of potassium iodate on benzoic acid dissolved in sulphuric 
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acid. TIuh latl(^r niac-tioii ia exa.cily parallel to an old method dno to 
Wroblowski ^ for preparing the m-chloro acid from benzoic acid, potasamm 
(jhloratc and hydrochloric acid. 

HOOC 
V 

^01 A 

(286a) 
HOOC%^ 

CO 

Ut„/' Hs 

0 

'I'he most intoivstiiig members of the series appear to be the halogen de¬ 
rivatives of oimianiic aeid. 'rh(‘ a, /3-dibromo (compound on treatment witli 
concentrated sulj)huri(! aeid gives an indene derivative, and on warming the solu¬ 
tion, indanedione-1, 3 (288) is formed. This has an active methylene group 
and will react through its sodio derivative. It may be oxidised to ninhydrin 
or triketohj'drindene (289), the hydrate of which is used in biochemical analysis 
for detecting amino- acids, <'te., with which it gives a blue colour. 

V -CBr 

I 
^CBr 

COOH 

/ f >- 

^CO 
(288) 

CO 
I 

CH^ 
\/\ / 

(X) 
(289) 

CO 
I 
CO 

o-Broraociunamic acid can be used as an approach to the quinoline series 
since on heating with ammonia in the presence of copper at 180° it yields 
2-hydroxyquinoliue (2!)(t). 

CH 

CH 

Monohydboxy Aliphatic Acids 

It is not proposed to treat carbonic acid, HO . COOH, as a member of this 
series, but to commence this section with glycollic acid. This substance derives 
its name from Strecker’s original preparation ^ in 1848 ; glycine (aminoacetic 
acid)—or as it was then called ‘ glycocoll ’—was subjected to the action 
of nitrous acid, glycoUic acid being the result. Glycollic acid occurs 
naturally in grapes (unripe) and the leaves of Virginia creeper, and may be 
prepared by a large variety of reactions, some of which are summarise in 
Table XXXV. 

1 Wroblewski, Ann,, 1873. 168, 200. 
•Strt>cker. ibid,, 1848. 68, 55. 
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TABLK XXXV 

Some Methods of obtaining ODYcoLLro Acin 

1 Method Orlginater Reference 

! I. 

! 

i 

1 

! From the mother liquor remaining after 
1 the industrial manufacture of mercury 
j fulminate. This is rich in glycollie 
! acid which may he recovered aftt^r rt'- 
j moval of any mercury with H,S 

First observed by 
Cloez ; applied by 
Fahlberg 

.4wn.. 1852, 84, 
282 

J. Pr. Chetn., 
1836. 7,329 

2. 

i 

The oxidation of alcohol with dilute 
nitric acid 

Disrovered by Debus; 
improved by Lautfv 
mann and Drechsel 

Ann., I860,100, 1 
Kolte, Lehrbuch, 

Vol. 1. 678 
Ann., 1868, 127, 

160 

' 3. Oxidation of glycol with dilule nitrio 
acid 

M'iirtz O.R., 

44, 1306 

1 4. i 

1 

Boiling aqueous solutions of cliloro- 
acetic acid, or of potassium ohloro- 
acetic , 

Kekule 1 
Fittig I 

1 Ann., 1858, 105, 
286 

Ann., 1880, 206, 
191 

jr By boiling invert sugar with chalk and 
silver oxide in aqueous suspension. 
The yield is about 30 % by weight of 
dry calciinn glycollat/O 

Kiliani Ann., 1880, 206, 
191 

6. The hydrolysis of the potassium car¬ 
bonyl obtained from carbon monoxide 
on passage through metallic potas¬ 
sium dissolved in liquid ammonia 

Joann is r.Ii. 1914, 158, 
874 

7. The electrolysis of oxalic acid solution 
with lead electrodes 

i 

Glycoliic acid is difficult to obtain crystallines and dry although it is not 
hygroscopic ; it forms two types of crystals, a stable form, m. 80^^, and a labile 
form, m. 63*^. The difficulty of crystallisation lies in the presence of anhydro 
forms of the acid in its concentrated syrup which delay or inhibit crystallisa¬ 
tion. 

The combination of alcoholic and acidic structures so near together in the 
same molecule makea intermolecular reaction of glycoliic acid particularly easy. 

Five substances may be produced by loss of water from glycoliic acid 

(1) The simple ether, diglycollic acid (291). 
(2) The ester (292). 
(3) The diglycollic anhydride (293). 

JOOH CH, . COOH CHj .CO HO . CH^. CO 

< V. 
A ^^0. CHjOH Cl 

CH. nr\ 

(4) The cyclic di-ester, glycollide (295). 
(5) A large ring polymer of indeterminate structure and molecular weight. 

(Polyglycollide.) 
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The simple anhydride (294) does not appear to be capable of existence. When 
glycollic acid is heated at 100® the ester (292) is first formed and passes on 
further heating into the polymer, polyglycollide. Diglycollic acid can be 
obtained by boiling an aqueous solution of the simple acid but is more con- 
venientl}’^ obtained by boiling calcium chloroacetate solution with lime. Digiy- 
collie anhydride is obtained by heating diglycollic acid ; whilst the glycollide 
is obtained by distilling sodium bromoacetate in vacuum. No extensive 
industrial applications of glycollic acid have been made, although its use in 
dyebaths for printed fabrics has b(^n trie<l on a semi-industrial scale. 

I^ACTic Acid 

Although Scheele in 1780 ^ isolated lactic acid from sour milk and crystal¬ 
lised its zinc salt, subsequent investigators (Bouillon-Lagrange, Fourcroy and 
Vauquelin) dismissed the substance as acetic acid which had become con¬ 
taminated with ‘ animal matter ’. Liebig and Mitscherlich analysed the acid 
in 1832 and re-established its identity as a new substance ; later, in 1847, 
Liebig showed that the lactic acid of sour milk differed from that of flesh. The 
first synthesis of lactic acid was that of Strecker,^ who caused hydrogen cyanide 
io react with aldehyde ammonia, obtaining alanine thereby (296). This is 
converted by nitrous acid to lactic acid, which is, of course, optically inactive. 

/OH HON 

CHg.CH -> CH3.(iH CHj. CH(COOH) CH3CH(OH)COOH 

Lactic acid is essentially a fcjrmentation product ; there are very few 
substrates ranging from cabbage stalks to pure sugars which cannot be fer¬ 
mented to lactic acid with a suitable strain of organism. Industrially, cheese- 
whe*y has proved an excellent source of lacti(5 acid, as it contains most of the 
lactose of the original milk and is capable of fermentation by B. lactic acidi. 
Chalk is added to the h^rmenting liquor to keep it neutral and the material 
becomes converted in a few days to calcium lactate which serves as the basis 
for tht^ production of other salts, and of the acid itself. The waste liquor from 
starch processing can be boiled to hydrolyse the carbohydrate to a mixture of 
lower sugars which can be fermented to lactic acid by B. Delbriickii. 

The lactic acid of industry is usually handled in 50 per cent, aqueous solution. 
The anhydrous d- or l- forms melt at 28®, but the inactive form melts at 18®. 
The initials d- and l- are usfxl in this (‘hapter conventionally to indicate that the 
stmeture of the two lactic acids so denominated is such that in the D-acid the 
hydroxyl group is at the right when the molecule is drawn as below ; and that 

COOH COOH 

H—C—OH 

1 I 
CH3 CH3 

D-lactic acid i.-lactic acid 

in L-lactic acid the hydroxyl group is to the left; one form is, therefore, the 
mirror imago of the other. This assignment of d- and l- is purely a matter of 
configuration, and has no relation to the question of nature (dexfro- or Zert^o-) 
of the optical rotation of the compound. It so happens in this case that D-lactic 
acid is dexZro-rotatory, and that L-lactic acid is ZiBro-rotatory, but the salts and 
esteii? of D-lacti(t acid are /«5i;o-rot-atory. This very important convention, 

* Scheelo, Kongl. Veieiutkap^. Acij^lemUihs Nya Handlingar., 1780, 1, 110. 
* Htrecker, Arm,, 1850, 75, 27 and 42. 
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namely that the labels d- luid L- are a reference to configuration and not to 
optical behaviour, is more fully dealt with in Chapter X. 

Chemically, there is a great similarity betw^een lactic and glycollie acids. 
Lactic acid forms anhydrides, several of which are entirely analogous to those 
from glycollic acid ; e.g., when lacti(‘ acid is heated for a short time an ester 
form is obtained (297) which on further heating passes into lactide (298). 

CHg. CH(OH)COOH 

HOOC . CH(0H)CH3 

CH3 . CH—COOH 
/ 

0< 

CH3. CH—CIO 
H,p 

\.o-c: H(OH). CHs 
(297) 

< 
CO—CH . CHj 

(298) 

Lactic acid has an important biochemical signific^ance, being not only one of 
the end-products of a long series of degradations of glycogen w^hich occur during 
the contraction of musclc-fibre, but being capable of a partial in vivo resynthesis 
to glycogen during recovery periods, after fatigue. Indeed, muscular fatigue 
has often been describt^d as due to the accumulation of lactic acid in the tissues. 

Industrially, laclie acid is one of the cheapt^st of organic acids, and is wddely 
used in dyeing as a leveller in the bath and as an oxidisable substance for 
chromate mordanting. It also finds an ap{)li(^ation as a ‘ sour ' in tanning. 

p-Hydroxi/prcypionic acid (often called )9-lactic acid or hydi^u rs'lic ncid) is 
best prepared by the addition of water to acrylic acid, to which it reverts wL(»ri 

CH2==CH . COOH + H2O -^ CH2OH . CAL, . COOH 

treated with dehydrating agents or on heating. Some details of other hydroxy * 
monobasic acids are given in Table XXXVI. Ref(Tence has already been 
made to the decomposition of a-hydroxy acids to give formic acid and an 
aldehyde (see Chap,VI, p. 381). 

R . (CH2)nCH(0H)C00H-R . (CH2)nCH0 + HCOOH 

Lactones 

It will have been observed from the material in the preceding section that 
much of the data available relating to the hydroxy acids is concerned with 
the formation of anhydrides and lactones. In general, the loSvS of water from 
a-h3^droxy acids leads to the formation of analogues of lactide, often through 
an intermediates ester stage w^hich can be isolated :— 

R . CH(OH)COOH R . CH—COOH 

0/ 

R . CH—CO 

0/ \o 
CO—CH . R COOH . CH(OH)R CO-CH(OH)R 

/9-Hydroxy acids, when unsubatituted, lose M'ater to give unsaturated acids:— 

R . CHCOH/CH^COOH —R . CH=CH . COOH 

If, however, the a-carbon atom carries one or more alkyl groups a /9-lactone is 
obtained :— 

-> R . CH—CH—CO R . CH(OH)CH . COOH 

I I 
CHj, CHj 

j—O—I 

R . CH(OH)C^ COOH-»- R . CH—C-CO 

'bHs ciCcHj 
In the latter case, of course, no alternative route is available. 
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Tho largr (‘lass of lac(oiu\H is mainly derivtnl from tht? y- and liigluT hydroxy 
acids. In tht‘ (*aMt* of y-hydrox}^ acids the proximity, stereocihemically, of the 
hydroxyl and carboxyl groups makes it difficult to isolate the frw> acid, without 
dehydration ; so that in many cases whilst the lactone of an acid is quite well 
known, the acid itself is seldom met with ; such an instance is biityrolactone 
(Table XXXVl) and y-hydroxybutyric acid- La(^t;Ones an' often named by 
the use of the terniination ‘ olide \ e.g., ‘ 1, 4-butanolide for ‘ butyrolactone 

Lactones, of which butyrolactone may be taken as the prototype, are com¬ 
paratively stable substances, and may be distilled, in some cases, without 
decomposition. With reagents, the ring is oftem opened with the regeneration 
of a derivative of the y-hydroxy acid, e.g., 

CHo. CONHa 
r NH, 
-► y- Hydroxybut.yramidH 

CHj. CH,OH 

(JHa. COOEt 

-► I y-Hydioxybutyrio ostfr 

(’Hj . CH,OH 

The ‘ oxetone ’ formation indicated in Table XXX\'I for butyrolactone is a 
general reaction, and yields substituUni spiro compounds of considerable stereo¬ 
chemical interest. 

The y- and c- hydroxy acids also yield lactones, and some of the higher 
lactones are of considerable interest on account of their musk-Jike odour. Thus, 
the musk-cxioriferous principle of angelica root is the so-called ‘ angelica 
lactone * investigated by Kerschbaum ^ and shown te he the lactone of penta- 
decanol-acid-1 (a»-Hydroxypentadec^ylic acid) (299). Reference has already 
been made to this substance in an Appemdix to Chapter VI, but it may be 

(CH2)6—CH2—CO 

I 1 

(299) Angelica lactone 

I! " I 
(300) Arnbrctt/olide 

(!) CH,—CO 

! ' > 
CH,— 

(2) CH,—CO 

CH,—CH. 

added here that it is closely related to the lactone ambrettohde, found in musk- 
seed and extracted for purposes of perfumery (300). Another interesting lactone 
is sedanolide (302), the substance responsible for celery odour. It is the lactone 
of sedanonic acid (301) and is a deriv'ative of eyefohoxene 

CH(OH)CH,CH,CH,CH, 

(301) 

Ct 

CHCH2CH2CH20H3 
(302) Sedaiiolido 

The work of Adams has shown that there is a gap in the formation of lactones 
as the series is ascended and that whilst the lower (y, S, €, etc.), hydroxy acids 
form lactones there is a group of acids in which 9, 10, and 11 carbon atoms 
separate the hydroxyl and carboxyl groups. These acids are too large to form 
the normal ring, and not large enough to form the strainless ring similar to that 
of angelica lactone. They lose water on heating to form polymers of the t3q)e ;— 

HO(CH2),COO[(CH2),COO]n(CH2)t,COOH 

* Kerschbaum, Ber., 1927, 00, 902. 
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Glyceric acid is the simplest clihydroxy moiiocarboxylic acid, and is usually 
obtained by the controlled oxidation of glycerol, a method discovered by Debus ^ 
and Sokolov.“ They used nitric acid and by placing a layer of dilute nitric 
acid over one of glycerol in a tall cylinder allowed the diffusion of the heavier 
layer into tlie lighter to control the rate of oxidation. The substance so 

GHjOH COOH 
1 

CHOH - 

1 

CHOH 

CH.OH OH,OH 

prepared is a thick syrup, which is optically inactive, although it has been 
resolved into dextro- and Zcpi’o-rotatory forms, but these readily racemise on 
standing in aqueous solution. 

The higher polyhydroxy acids are so intimately related to sugar chemistry 
that their consideration is deferred to ('hapter X. Of tht^ many higluir acids 
containing one or more hydroxyl groups, Table XXXVI1 gives examples which 
serve to illustrate^ the general properties of the group. 

In the table are included some unsaturated long-chain hydroxy acids, of 
which rieinoleic acid is of particular importance. There is ample evidence for 
the stnicture of rieinoleic acid (306). 

(1) It yields 12-hydroxy stearic acid on hydrogenation (303). 
(2) On ozonolysis it yields 3-hydroxypelargoni(; acid (304) 

together with the half aldehyde of azelaic acid and azelaic acid (305) itself. 

CH, CH, CH3 
j 

(CHs), 
1 

(0112)5 
1 

1 
(CH3), 

f 1 
CHOH CHOH 

1 
CHOH 

1 
Hi 

CH, 
1 

CH, (304) 

(( CH 
11 

j 
COOH 

II 
CH CflO COOH 

( .'OOH 

I 

{CH2)7 — ^ 

1 

(CH3),-► (CH,), 
12-Hydroxv8teanc 1 ! 1 

acid COOH COOH COOH 
(303) (306) (305) 

There is also a most ingenious application of the Beckmann rearrangement to 
the study of the structure of ri(;inoleic acid. The acid (307) was converkMl to 
its dibromo axidition compound, and thence via the acetylene to the ketone, 
which gave an oxime (308). This evidently consisted of both possible forms 
since on Beckmann rearrangement it gave two amides (309 and 310) which on 
hydrolysis yielded the four substances :— 

(1) 2-Hexyltrimethylene imine (311). 
(2) Azelaic acid (312). 
(3) 4-Hydroxycapric acid (313). 
(4) 8-Aminocaprylic acid (314). 

* Debus, Ann,, 1858, 106, 79 ; 1859, 109, 227. 
« Sokolov, im,, 1858, 106, 95. 
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CH3 CH, CHa CH, 

(OH*), (CH,), (Ah,), (CH,), 

CHOH 
1 

1 

(^HOH 

1 

CHOH 
1 
CH- 

(^Hj, A-tt BeckmauH 
. rearranKcmont 

1 
(CH,), 

1 
/Q1 , _ 
\0 1 1 

Br, 

Ctl 
1 

1 ' ' 
CHBr j;;0H UsO jvh,oh CM, 

1 
1 ^111 1 
CHBr C CO C=-NOH 

1 i 1 1 
NH 

1 
4“ 

(CH,), 
1 

1 II 1 
(CH,), 

! 
CO COOH 

COOH 

1 

COOH 

1 

(CH,), 

1 

(CH,), 

(307) (308) ; 
(309) 

1 
COOH 

1 
COOH (312) 

CH3 CH3 

1 
(CH,), (CH,), 

1 
j CHOH 

1 
CHOH 

1 

(CH3), (CH,), 
1 

(313) 

1 
CO 

1 
NH 

I 

+ 

COOH 

NH, 

(3 JO) (CH,), (CH,), 
1 

(3M) 

COOH COOH 

The Hydroxy Dibasic Acids 

The ftimplest hydroxy dibasics acid is tartronic acid (315), produced by the 
reaction of broraomalonic acid with a suspension of silver oxide, or by the 

/COOH ^COOH .CH2OH 

Br.OH HO.CH HO . CH 

\COOH \COOH \CH,OH 
(315) 

oxidation of gly(^erol with cold dilute permanganate. The acid is difficult to 
obtain in quantity, but cr3^stalliseH well from water in large prisms, which molt 
about 180'' with evolution of carbon dioxide. It is mainly of interest in relation 
to its ureide—dialuric acid (Chap, VI, Vol. II). 

Malic acid is the best known of the mono-hydroxy acids of this series ; 
Monro ^ show(Mi that the juice of apples contains an acid W'hich neutralised 
soda, but it was Scheele in 1785, who showed that it w^as distinct from citric 
acid, and named it ' malic ’ acid. The acid is of exceedingly wide distribution 
in fruits and vegetable structures and in Table XXXVIII is shown some of the 
forms of its occurrence. Historieallj’^, our knowledge of malic acid has followed 
a path very similar tn that of lactic acid ; the individuality of both acids was 
demonstrated by Scheele, and both acids wnre subsequently held by Bouillon- 
Lagrange and Vogel to be merely impure acetic acid ; whilst the nature of 
both was conclusively settled by Liebig. The most economical natural source 
of malic acid is the acid calcium malate which separates from maple syrup and 

^ Monro, Phil. Trans., 1767, p. 479. 
•Scheele, LongL Vetenskaps. Acadamie'Nya. Handldtigar, 1786, 6, 17. 
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is filtered off before bottling. This can be recrystallised and decomposed with 
dilute sulphuric acid to give a solution of malic acid which when evaporated in 
the water-bath gives a syrup that crystallises on cooling, and after inoculation 
with a crystal of the solid acid. 

TABLK XXXVia 

OCCTTKRBNCE OP MaUC AOIO AND ITS Salts 

Source Form 

Apples, pears, gooseberries Frt‘e malic acid 
Mountain Asli berries, Herberts 
Ijoaves and vegetable parts of Begonia, MesembryatUhcmum, 

Cactacoe and Crasstdacce 
Quince, red and white currants 
Raspljerries, blackberries, pineappU* ! 
Cherries (Morello) j 

Sweet cherries, leaves and shuns of rhubarb j Acid potassiuin malafe 

1 Ma]>le sap I Aci<l calcium rnalah^ 
Leaves of house-leek {Sempenm'um teitonnn), leaf of Nico- 1 

tinia species, and lx>rrios of the siunach sjHMues, esjx^cially j 
Bhti^ coriaria ! 

1 

The malic acid of natural origin is kevo-rotatory in dilute solutions but its 
optical activity is anomalous, for at a concentration of 34 per cent, (in water) 
the solution is optically inactive and further additions of acid nmdtT the solution 
(fer/ro-rotatory. The optical isonuT—the so-callwl d-malic acid is best obtained 
by the reduction of d-tartaric acid, with hydriodic acid of density 1 •(). It can 
also be obtained by the action of nitric acid on d-aspartic a(;id, or by taking 
advantage of the Walden inversion from /-malic acid, which is converted by 
phosphorus pentachloride to d-chlorosuccinic acid, and the latter into d-malic 
acid by a suspension of silver oxide. These changes are shown in the diagram 
below :— 

11 

Succinic acid /-Malic acid 

It is also possible to obtain racemic malic acid by heating maleic anhydride 
with water under pressure, in the presence of a little alkali, which should make 
the acid a cheap commodity. The sodium salt tastes like sodium chloride, and 
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in nsrd (iioi(>tic,ally when' a low ‘ Halt ’ diet in requircKl. Ohoniic.cdly, ]iiali(‘ acid 
preseiitK few points of intoreat ; it is oxidised to oxalacetic acid under suitable 
conditions :— 

H I 
HOOV . (^2 . C . COOH-HOOO . CHg. CO . COOH 

Tartaric Acid.—The* deposition of ‘ tartar ’ or ‘ argol ’ on the interiors of 
wine barrels during the process of maturing has been known since the earUest 
times, and the deposit when drieMl has been esteemed as a metallurgical flux 
and as a source of alkali upon ignition. Many thought the substance to be an 
acid and in early Pharmacopoeias, the purified ‘ cream of tartar ' was described 
as * acidum tartari Scheel(‘ first isolated true tartaric acid in 1769, but owing 
to the dilatory action of Bergrnann, to w'hom th(^ discjovery was communicated, 
no account was published until the following year. ^Shortly afterwards tartaric 
acid was manufactured in considerable quantity. 

Fresh attention w^as direct(Kl to the subject when, in 1819, John, of Berlin 
describ(*d an acid which was b(‘ing manufacturc'd in the Vosges, and w'hich 
appeared to b(‘ a new substance, min^h like tartaric acid but differing from it in 
certain particulars. Gay-Lussac, in 1825, obtained from Kestner, the manu¬ 
facturer in Thann, a quantity of the lu'w acid, whic h had bc'en prepared as a 
by-product in Kestm^’s factory, during the manufacture of tartaric acid. 
Kestner also noticed that this acid (afterwards termed ‘ racemic ’ acid) only 
appeared wiien the solutions were hoik'd considerably, and disappeared entirely 
when th(* liquors w(Te evaporated in vacuum at 50"^ (one of the earliest applica¬ 
tions of tlie famous ‘ Kestner ' evaporator). 

Pasteur’s attention w'as din'cted to these acids in 1853, when he showed that 
tajtaric acid <'ould converted into racemic a(‘id. It was in studying the 
reverse procodun' that h(^ crystaUised sodium ammonium racemate and observed 
that two kinds of crystals were obtain(^, identical save for the position of the 
hemihedral facets which in some o"(urr**<l on the right-hand side and in 
others upon the left, as in the figure below' :— 

Fig. 2. 

A. Doxtrorotatory Sodium Ammonium tartrate, 
B. Lffjvorotatory Sotlium Ammonium tartrate. 

[Hemihedral facets black.] 

He sorted the two types and showed that those crystals which are dextro- 
hemihedric are dc^ro-rotatory in solution, whilst their mirror image types give 
a ioevo-rotatory solution. In this way racA^mic acid could be separated into 
d- and Z-forms, and the foundations were laid of the study of optical isomers. 

That racemic acid is a definite compound has been shown by a variety of 
means; Pasteur showed that when concentrated solutions of d- and Z-tartaric 
acid were mixed, at such concentrations that there was no tendency for the 
solid acids to separate, heat is evolved and the racemic acid crystallises, l)eing 
only about one-sixth as soluble as the active forms. 
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The second inactive or mesotartaric acid was obtained by Pasteur by heating 
cinchonine-d-tartrate to 110"^. It is most easily obtained by autoclaving a 
mixture of six parts of tartaric acid and one of water at It is also formed 
by the permanganate oxidation of maleic acid. 

There is little difference between the d~ and I- acids in general physical 
properties (apart from their optical activity), but the racemic and mesotartaric 
acids differ from each other and from the active forms in most respects ; thus : 

Racemic- d- and t- Meso- 

Tartaric acids 

K 
M.p. 
Water of crystallisation 
Solubility in water at 10° 
Solubility in alcohol at 10° 

9*7 X 10-^ 
206° 

Monohydrate 
21 

2 

9-7 X nr* 
170° 

Anhydrous 
137 
37 

6 X 10-‘ 
140° 

Monohydrate 
20 

167 

d-Tartaric acid and its salts are valuable industrial and medicinal cheinitials. 
The acid is used a dyebath assistant and as a partial replacement of citric 
acid in lemonade powders, and as the basis of some efferveset^nt salines ; cream 
of tartar is used as a component of baking powder and Koclielle salt, the sodium 
potassium, d-tartrate tetrahydrate, is used in Seidlitz powders, and in the 
preparation of Fehling’s solution. 

Tartaric acid has been obtained by boiling the silver salt of dibromosuccinic 
acid with water, when the reaction 

Br . OH . COOAg HO . CH . COOH 
I I [■ 2AgBr 

Br . CH . COOAg HO . CH . COOH 

takes placed Glyoxal dicyanhydrin gives the meso acid, wdth some racemic 
acid on hydrolysis :— 

CN COOH 

I 
CHO + HCN CH.OH choh 

I 1 —^ i 
CHO + HCN CH . OH CHOH 

\ ! 
CN (JOOH 

So far, no method of chemical manufacture has been dcwisi^d to displace the 
natural acid, which is widely spread, occurring in potatoes, cuemrnbers, caragheon 
moss, pepper, the celandine and many other plants, albeit in small quantity. 
Higher analogues of tartaric acid, such as phloionic acid, 

H00C(CH2)7CH0H . CHOH . (GH2)^GOOa 

are found in cork. 
Citric Acid.—Once again it is Scheele to whom we owe the first separation 

of citric acid from lemon juice. In his monograph entitled ‘ Observations on 
Lemon Juice and on the method of crystallising it V** describes a process for 
the preparation of citric acid which is substantially that now used for the re- 
covery of citric acid from lemon juice and the pineapple waste of the canneries. 

Considerable amounts of citric acid aw> made by the fermentation process 
in which glucose is subjected to the action of Citromyces, a mould capable of 
converting about 50 per cent, by weight of the carbohydrate to citric acid, 
which may be then worked up by the calcium process. 

» Kektile, Arm,, 1858, 107, 124. 
*Scheole, KongL VeUnskwpa, Academie Nya Handlingar, 1784, 6, 105. 
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No satisfactory industrial synthesis of citric acid has been achieved, but it 
can be made by a variety of processes for the purpose of establishing the con¬ 
stitution. Thus, diehloroacetone with HCN gives the cyanhydrin (316) which 

CHjCl CH^CI CHaCl CH,(.;N CHjjCOOH 

1 1 /OH 1 KCN 1 HCI ! 
CO —> C< --^ HO . C^COOH-► HO . C -COOK-^ HO . C-COOH 

j hcn I Non j I j 

CH.Cl CH,C1 CHaCl CH,CN CHaCOOH 

(316) (317) (318) (319) Citkio 
Acid 

gives the dic^lilorohydrox}^ acid (317) on hydrolysis. This on reaction with alkali 
cyanide yields the dinitrile (318) which can be hydrolysed to citric acid (319). 

Aiternativi^ly, the triethyl ester of citric acid may be obtain(Ki by carrying 
out Iteforinatzski’s reaction with a-bromcacetic ester, oxaloaf;etic ester, and 
zin<^ ^ (320). Only about 6 per cent, of citric ester (321) is obtained, but this is 
sufficient to indicate the correctness of the accepted formula for its structure. 

Br . OH 2 . COOEt CH^. COOEt 

CO . COOEt HO . C . COOEt 

I I 
CHg. COOEt CHg. COOEt 

(320) (321) 

The dcH'ompositions of citric acid are important, and although in some cases 
they hav<* been previously mentiomxi, the course of the main reactions is 
brought together in the following diagram :— 

The Decximfositions of Citric Acid 

CHr-C—COOH , 
II CitratcinK 

H—C-COOll 

Cllr-C 
^ li 

11—c 
Citmvonic 
;'.nh)drKtc ^ 

H,0 

CH-C COOH 
* II 

HOOCCH 
Mesaconjc acid 

Cllf=C'C001I 

Cli COOH 

Hrat 

CJfgCOOH 

Itaconic 
acid 

ClIjCOOH 

HO C COOH 
H,SO, 

CHjCOOH 
1 
CO +CO vVi,o 

CHjCOOH CHjCOOH 
Acetone dicarboxylic 

CITRIC ACID acid 

BIOCHEMICAL TRANSFORMATION 

CCOOH 
II 
CHCOOH HOCHCOOH 

^Hi,COOH_ 

CH COOH 
I 

CH.COOH 
■I * 

CH,COOH 
I ^ 

CH^COOH CH, 
I * 
cocoon 

Aconitic acid acid of-Kcff>glutaric acid Succinic acid 

' Lawrence, J.C.S., 1897, 71, 467. 
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A number of a-substitiitod alkyl citric acids arc found in various plant sources. 
Thus, caperatic acid, the methyl ester of m)r-caperatic acjid is found in Parmetia 
caperata, a Japanese plant.^ W-Caperatic acid is a-tetradocylcitrie acid (322). 

(^HjCOOH 
1 

OH., CHjCOOH 

HO . C . COOH H.SO. 
i 
CO 

1 

1 

HOC.COOH 

1 

. (JOOH ( 

1 

oh. 

I 

Ci,H33.CH .COOH 

(322) (323) (324) 

CH, 

HOOO. 
(325) 

The a(‘tion of concentrated sulphuric acid on U^tradecylcitric acid is to convert 
it to methyl pentadecylketone (heptadecanone-2) (323). The analogous cetyl 
citric acid is agaracinic acid ^ (324) and has been synthesised from C(4yl iodide 
and the mono-sodio derivative of acetone dicarhoxylic* evster. The cetyl-keto 
body is then treated with phenyl carbimide in acetic* ac id and thc‘ internuxliate 
product hydrolysed. Protolichesteric acid (325) ^ is a dcT’ivative of tetra- 
decylitaconic acid, being formed by ring formation bedwtH^n the OH of the central 
carboxyl group and the first carbon of the alkyl cihain. Many similar acids 
exist, but their biological significance remains nndiscov(?red. 

Aromatic Hydroxy Acids 

The simplest hydroxy acids of the aromatic series are o-, m- and jo-hydroxy- 
benzoic acids. The fust, salicylic acdd, was discovered by Piria in 1838 ; 
he obtained it by heating salicylaldehyde with aqueous potash, a reaction 
resembling the Cannizzaro method,'* presumably 

KOH 
2 1 -> ! 

“ ^COOH 

It was also observed when salicin (the glycoside from willow-bark) is fust^d with 
potash, or when the methyl ester contained in oil of wintergrei'^n {GauUheria 
procumbens) is saponified. 

The manufacture of salicylic acid is carried out by Schmitt's modification 
of Kolbe's process. In the original method of Kolbe, carbon dioxide was passed 
into sodium phenate at 180-200'' whereby the reaction 

2 

took place ; not only was the best possible yield of salicyclic acid only 50 per 
cent., but the separation from phenol had to be undertaken. Schmitt showed 

1 Asano and Ohta» Ber., 1933, 66B, 1020. 
* Passerini and Banti, AUi. Ill, Cong. naz. chim. pur. applicMa, 1930, 343. 
» Asano and Kaneinatsu. Ber., 1932, 66B, 1175. 
* Piria, Ann. Chim. Phys., 1838, 69, 298 ; Ann., 1839, 80, 166. 
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that vvlioii a lovvor <<>iTi|)(TatuiD was iib«^ for* tho abnorptioD of (Carbon (Hoxido 
an iiiterniDdiatc pbfTiyl carhonato was obtaijusJ which at 120-*!45* passed 
almost quantitatively into Hf>diurji salicylate :— 

NONa 
t (-0 a 

/''\0(!00Na OH 

COONa 

Salicylic acid can bo purifi(^d by distillation in a current of superheated steam. 
It forms colourless needles, m. 158*5'"; it is only slightly (2 gm./per litre at 
20"*) soluble in cold water ; but is more soluble in boiling water (75 gm./litre). 
The acyl alkyl derivatives of salic^ylic acid are widely used in medicine, mainly 
on account of the antipyre^tic and analgesic action of the salicyl group. Acetyl 
salicylic acid (aspirin) is one of the most widely uscii miHiicinal chemicals and is 
prepared from acetic anhydridi* and salicylic, acid in acetic acid, using a small 
quantity of sulphuric; acid as (‘atalyst. Methyl sahcylate is used widely in 
trc‘atiiig rheumatic; conditions and salol, phenyl salicylate, is used as an intes¬ 
tinal antiseptic;, for wherc^as simple saliciylates are hydrolyscxl and absorbed in 
the stomach the phenyl estcT passes unchangcxl through that organ, and is 
only hydrolysed in thc^ lower portion of the tract. m-Hydroxybenzoic acid, 
m. 201"^, w'as first obtaincxl b}^ Gerland ^ by the action of nitrous acid on m-amino- 
bcuizoic acdd. It may be more conveniently prepared by the fusion of benzoic- 
7ri-8ulph(»nic acid with caustic potash. It ofifers no outstanding points of 
chemi(;al interest, and is usc^d industrially in small quantities for certain azo 
dyes. 

p-Hydroxybenzoic acid, m. 213"*. This acid is producc;d in considerable 
quantity if the tempctraturci in the industrial salicyhc acid thesis is raised to 
20(1'". If potassium hydroxide is used in place of caustic; soda and the tempera¬ 
ture is maintained at HK)-2(X)"', the yield of p-hydroxy acid is almost quantita¬ 
tive. Some p-h3"droxy benzoic acid can be obtained from the Reimer-Tiemann 
reaction between aqueous sodium phenate and carbon tetrachloride. Anisic 
acid is the mc4hyl ether of p-hydroxybenzoic acid (326). 

Of the cresotinic acids, only the vicinal o-hydroxy-m-methylbenzoic acid (327) 
is of any importance, being obtained by Kolbe’s method from o-cresol; some 
p-hydroxy-w-methylbenzoic acid (328) is formed during the procc^ss. 

OCH3 COOH 

(326) (327) (328) 

Melilotic and phhretic acids, o- and p-hydroxy phenylpropionic acids are 
two hornologues of salicylic acid which are of natural occurrence ; melilotic 

. CHg . COOH CH^ 

acid, m. 83®, (329) which occurs in Melilotua officinalis * is a white crystalline 
substance which readily passes over into the lactone (330). Its unsaturated 

’ Uerlaiicl, Ann., 1853, 86,143 ; 1854,91,189. * Bodenbender, 1863,120.262. 
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analogue, o-hydroxycinnamic acid, exists in the usual ciy- and tram- modifica¬ 
tions. The ^mw.s-raodificatiuu, in. 208^ (:181), is obtained by gently warming 

CH 

\. 

-OH 

OH HOOCO'. H 

-^ 

(331) 

an aqueous solution of the diazonium compound from o-aminocinnamic acid. 
It shows no tendency to ring formation. The ct>-acid is only known in the form 
of its salts, and when liberated passes over immediately into coumarin, a 
beautifully crystalline substance, m. 67"’, b. 290'^, with a pleasant odour, char¬ 
acteristic of new mown hay, w’oodruff—Asperula odoratUy or Tonquin beans. The 
latter were once a substantial article of commerce used for scenting snufi. 

Considerable quantities of coumarin are made artificially by Perkin’s 
reaction, starting with salicylaldehyde, sodium acetate and acetic anhydride :— 

CH3 . OOONa 

(CHsCOjO 

{-H^CH . COONa 

Coumarin affords a valuable link between the aromatic series and the pyrones ; 
treated with methylmagnesium bromide it gives a Grignard addition compound 
at the CO group (331a). Tliis compound, treated with hydrobromic acid, 

/\^\OMgBr 

UBr 

(331a) (332) 

yields a methylbenzpyrylium bromide (332). Coumarin occurs naturally as a 
simple glycoside, and is frequently accompanitxl by other glycosides from 
hydroxycoumarins. Thus, aesculin (from horse chestnuts) is the 6-glucoside 
of 6, 7-dihydroxycoumarin (333) and daphnin (from Daphne Hp(‘ci(\s, including 
D. Mezereon) is the 7-gluco8ide of 7, 8-dibydroxycoumarin (334) ; fraxin (335) 
is a 6-methoxy derivative. 

(333) Aesculin (324) Daphnin (336) Fraxin 

Compounds of this series can be prepared by an extension of Pechmann’s 
synthesis of coumarin, i.e., by the condensation of a polyhydric phenol with 
malic and sulphuric acids. It has been suggested that the half aldehyde of 
malonic acid is the active agent in this synthesis :— 

CHO 

(Ih, . COOH 

H,804 

6-Hydroxy coumarin 
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For the 7, 8-diliy droxy coumariii derivatives carrying an alkyl group in the 
* 4 ' position, the v. Pechmann-Duisberg synthesis is to be preferred. In this 
method, pyrogallol (or any siiitablo polyhydric phenol) is condensed with aceto- 
acetic ester in the presence of (Dncentrated sulphuric acid. In the case quoted, 
4-methyl-7, 8-dihydroxyeoumarin (336) is obtained :— 

OH, 
1 
0(OH) 
\ 

OH 
1 + 

HO 

oh 

(JOOEt 

CH3 

/\/\ 

HO 

Vh o 

(336) 

It may bo added that umhelliferone, 7-hydroxy eoumarin, may bo obtained by 
the forim^r method from resorcinol. It is a crystalline substance, m. 240°, 
with a persistent fluorescence in ultra-violet light. It occurs naturally in 
Daphne mezereon, and in many members of the UrnbellifercBy from which it 
takes its namt‘. Among the various eoumarin aglycones which have be^n 
mad(^ by these methods, and which occur naturally, the following may be 
mentiont^ :— 

T.UILE XXXIX 

Glycoside Aglycouc M.P. Source 

Fraxetin 6 * M ethoxy - 7, 8 -dihy droxy eoumarin 227-228'’ Tjq)e8 of ash {Fraximis) 
Liinettin 5, 7-J )iniothoxycournarm 147“ Citrous fruits 
Daphnetiii 7, 8-l)ihydroxycoiunarin 256° Daphne species 
Borgapten 5- Methoxy - 6, 7 -f uro -couinarin _ Citrus bergamina 
Xanthotoxin 8- Met hoxy * 6, 7 - furo-coumarin Fogara xafU hoxy hides 
Ajigelicia 7, 8-Furo-coumariii ! - Angi^lica root oil 
Iinix^ratoriii 8-/tfoamylenoxy-6, 7-furo-coumarin — ImperaloTui ostriUh iwm 
Pirnpiiielliri C), 6-Dimethoxy-8, 7-ftiro-eoumarin — Pimpinclla saxifraga 
Ayapin 6. 7-Mothylenedioxyeoumarin — E'upatorium ayapana 
Fraxinol 6, 7-Dimethoxy-Gdiydroxyeoumariii — Ash 
Osthol 7-Methoxy-H-iw-amylidono eoumarin — Angelica 
Osthenol 7-Hydrox y - 8-i«o-aniylidene eoumarin — 1 Angelica 

The characteristic structure of the latter group of compounds is shovn by the 
structure of xanthotoxin (337), from which it will be seen that the substances 

CH, 

CO „ , 

OCH3 
(337) 

-CH(OH) . CHOH . CHOH . 

(338) 

are ooumarin-coumarone derivatives ; the false terminology ‘ furo-coumarin ' 
is only used in the table above to bring out the resemblance to the simpler 
members of the series. Many of the substances of this group are strong fish- 
poisons, and are used by the natives for this purpose. A few «'<so-coumarin 
members of the group are known of which bergenin (338) from saxifrage roots 
is the most well-known. 

39 
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The Btnu'tures of oHtruthin and amuiore8iiiol,* from Imjferator OMiruthium 
and Dorernia amm^iiacum respectively, are shown in (339) and (340) from which 
it will be observed that they are also members of this series :— 

(CH3)2C-CH(CH2)2 . C-OH . CH^; 

CH, HO' 

\ 

X ■ 

(339) 

ho! CO 

0 

2CH-^U'H2)oCH-<^(CH2)2CH-r<j^^ 

, i 
1 1 
CH3 CH;, 

(340) 

The poisonous substances of derris are closely related to this series of com* 
pounds, and are conveniently considered at this point. Derris and similar 
roots have for a long time been used as fish poisons, the fisli being killed by a 
very high dilution of material which is quite harmless when consumed by 
humans. Dilutions up to 1 in 5,000,000 kill goldfish in two hours. The fact 
that the powder or extract can be used for the extermination of plant pests 
has made derris preparations of great value, and has led to a cJos(^ examination 
of their active constituents. Itotenone, the principal active constituent, has 
an empirical formula, C23H220g. It readily parts with two hydrogen atoms 
(at A in (341)) and the dehydrorotenone so ohUxiruHl is ‘ hydrak^d ’ by causti(r 

KMnO^. 

(345) 
Dccarboxyrisic acid 

1 
JoXa + IC'HjCOOEt 

alkalies, to derrisic acid (342). The action is reversible and dehydrorotenone 
is regenerated when derrisic acid is warmed with acetic anhydride. Treatment 
of derrisic acid with hydrogen peroxide leads to a breakdown into two portions, 
I, derric acid (343) and II, tubaic acid (346). Derric acid loses a methylene group 
on permanganate oxidation, to form a second dicarboxylic a(jid, risic acid (344), 

' Kuiiz, Weidle and K. Fiacher, J. Pr. Ghem., 1934, 141, 350. 
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and this may he decarboxylatod by heating to give decarboxyrisic acid (345). 
The constitution of this acid was checked by the synthesis of LaForge/ who 
obtained its ester by the condensation of the sodium derivative of 3,4-dimethoxy- 
phonol with iodo-acetic ester. The ester was easily hydrolysed to decarboxy¬ 
risic acid, identical with that from rotenone. 

The structure of tubaic acid was less easily elucidated ; examination showed 

(346) Tebaic acid 

HOOd 

OH 

CHjCH2CH(CH3^i, ^ 

(347) 

/\oH 

CHj,CH3CH{CH3)j. 

(348) 

\/ 
OH 

it to be aromatic ; to contain a carboxyl group, a hydroxj^l group which was so 
plact^d stcri(‘ally as not to respond to methylation, and an indifferent ether 
oxygen. It readily took up two atoms of hydrogen to give a dihydrotubaic 
acid which, save for absence of unsaturation, appeared almost identical in 
chemicial propc^rtit^s with tubaic acid itself ; from which it is deduced that the 
unsaturation is in the side-chain. Dihydrotubaic acid can be converted by 
further nxluction to tetrahydrotubaic acid (347), which is, however, a dihydroxy 
compound, one ether link being broken. Tetrahydrotubaic acid is decarboxy- 
latc^d on heating to 2-MO-amyl resorcinol (348). The structure of this substance 
can readily be determined, and the fact that in tetrahydrotubaic acid one 
hydroxyl group is indifferent to methylation shows that the carboxyl group 
must, be adjacent, whilst the fact that this indiffc-rence persists in tubaic; acid 
itself, shows that the other hydroxyl group must have been formed during the 
conversion cff the dihydro- to the tetrahydro- acid. In this way the structure 
of tubaic acid and rotenone has been arriveni at with a fair degree of certainty. 

'fhe fact that extracts of various plants, free from rotenone, were able to 
exert a strong poisonous effect on fish, led American workers to recognition of 
other members of this group. Derris was sliown to contain toxicarol, tephrosin 
and degiielin, and cube to contain toxicarol and degiielin. These substances 
proved to have structures similar to those of rotenone ; two are shown below :— 

^CHj 

I I 
0 

CH^Or 

\v^ O 

Degiielin 

Phloretic acid is a constituent of the molecule of the glycoside phloridzin. 
The latter was discovered just over a century ago by Koningk ^ in the root 
bark of pear, plum and apple trees. The wash^ bark is shredded and ex¬ 
tracted with warm dilute alcohol from which the phloridzin crystallised. It 

' LaForge, J.A.C,S., 1931, 58, 3896. • Koningk. Ann., 1839. 16, 75 and 258. 
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forms needles, m. 108®, at which temperature it loses its two molecules of 
water of crystallisation, resolidifying and melting at 170-171®. On mild acid 
hydrolysis, phloridzin (340) yields the aglycone, phloretin (350) ; alkaline 
hydrolysis removes phloretic acid (351) forming phlorin (352), the glycoside 

ACID 

of phloroglucinol (353). In turn, phloretin may be split down to phloretic 
acid and phloroglucinol, and phlorin to glucose and phloroglucinol. Phloretic 
acid, ra. 128°, is found also in urine, where it is a product of the metabolism of 
tyrosine. It was synthesised by Hlasiwetz ^ by the reduction of p-hydroxy- 
cinnamic acid with sodium amalgam, but is most easily obtained from tyrosine. 
If 20 litres of a 1 per cent, suspension of finely ground tyrosine is incubated 
with a few shreds of putrid pancreas for two days, the bulk of the amino-acid 
is changed to phloretic acid. The filtered liquid is evaporated to a small bulk 
and extractexi with ether. The phloretic acid forms prismatic crystals. 

An important group of acids belonging to this series have the hydroxyl 
group in the aliphatic side-chain. The principal members of the series are 
mandelic and tropic acids. The natural occurrence of inandelic acid deriva¬ 
tives as glycosides is fully discussed in Chapter X, and need not be again re¬ 
ferred to ; the synthesis was first effected as long ago as 1836 by Winckler ^ 
from benzaldehyde, hydrocyanic and hydrochloric acids. The method is still 
used for its production, an emulsion of benzaldehyde in sodium cyanide solution 
being treated with hydrochloric acid and the nitrile so obtained, hydrolysed by 
heating at 100° in the liquid in which it has been prepared. The acid forms 
plates with a characteristic smell and unpleasant taste. The racemic form 

\/ 

/OH 

/N-CH 

\dn 

/\CH(0H)C00H 

\/ 
melts at 119° and the active forms at 134°. The use of mandelic acid and its 
ammonium salt in medicine, depends on its excretion unchanged in the urine, 
which, if made acid by the administration of suitable buffer salts, becomes 
bacteriostatic. 

Acids of the mandelic series are easily prepared by the various modifications 
of Reformatzki’s reaction. Thus, if tetralone be subjected to the action of 
zinc and bromoacetic ester, a hydroxy ester is obtained which readily loses water. 

^ Hlasiwetz, Ann., 1867, 142, 358. * Winckler, 1836, 18, 810. 
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By the use of sulphur or selenium the a-naphihyl acetic ester or acid can be 
obtained :— 

CH^COOEi 

CH2COOH 

In a similar mariner the homologue of mandelic acid can be prepared ; benzalde- 
hyde is reacted with Zn and bromoacetic ester to give ^ /3-hydroxy-jS-phenyl- 

OH 

i^HCHgCOOEt 

(354) 

propionic ester (354). 

CHO 4 Br.CHj.COOEt i /'\ 

_ 1 
V 

Tw o other important applications are (a) the formation of the ester of 1 -hydroxy- 
cyc/ohexyl acetic acid ^ (355) from eyefo-hexanone, and (b) the interesting results 
obtaiiKxl by Ch^rno and Ormstoii ^ with cyclo-hexene oxide and cycio-pentan- 
aldehyde, both of w^hich gave the eyefo-pentane analogue of (354). Similar 
results were obtaiiUHi by Arbuzov,^ on norpinene oxide. 

CO + BrCHjCOOEt 

Zn 

f BrCH.COOEt 

ICHO 
Zu 

I \CHj. COOEt 

v^'' (355) 

BrCH.COOEt 

CHCHjCOOEt 

I 
OH 

Zu 

Tropic acid (304) is best 8ynth<\si8ed from phenylat^etic ester which is con- 
dens^xi wnth ethyl formate in the presence of sodium ethoxide, giving form- 
phenylacetic? estiT (357), which readily reduces to tropic ester (358) ; the 
alternative method from acetophenone (359) via atropic acid (362) is shown in 
formulae (359) to (364). The occurrence of tropic acid in the solanaceous 
alkaloids is dealt with in Chapter VII of Vol, II. 

Mention must also be made of the reduction of a-keto acids by Clemmensen’s 
reagent (Zn ~f HgClg); phenylgl3mxylic acid ^ is converted to mandelic acid. 

^ Hauser and Breslow, Org, Synth., 1941, 21, 51. 
* Natelson and Gottfried, J.A.C.S., 1931, 61, 970. 
* Clemo and Ormston, J.C.S., 1933, 362. 
^ Arbuzov, J. Qen. Chem. (U.S.S.R.), 1939, 9, 266. 
® Steinkopf and Wolfram, Ann., 1923, 430, 113. 
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Tho method is not ap{)licabl(> to /^-koto esters, which are nniueed to the saturaicd 
acid. 

—OH2. COOEt / \~CH. COOEt 
1 1 _^ 

/'•X —CH.COOEt 
1 

\/ 
EtOCX':. H j OHO OT2OH 

\/ 

-CH.COOH 

I 
CHjOH 

(357) (358) (304) KOH 

JOCHs f^''"V-C(OH)CN /V-C(OH)COOH C.COOH /"N-OH.OOOH 

HCN 

\ 
(369) 

j OH,, 

(300) 

HCl 

/ 
OH, 

(361) 

11,0 
I 0H2 

(362) 

HCl A H,C1 

(303) 

Numerous polyhydroxy a(‘id8 of this series are known, most of which have 
been discovered in natural products. Among the dihydroxy acids special 
reference may be made to protocatechuic acid, the rosoreylic a(;ids and to the 
so-called lichen acids, many of which are derived from orselliaic acid. 

The most satisfactory method for preparing the acids of this series is to 
heat the appropriat(' dihydric; phenol with ammonium carbonate solution in an 
autoclave at 140^. The ease with which carboxylat ion takes place contrasts 
with the strenuous measures requirtnl to carboxyiate tlie monohy(lri(! phenols. 
The course of the reactions are shown in the diagram below :— 

OH 

_^ 

\/ 

OH 

tOH 

ObOH 

OH 

"OH 

(!OOH 

Catechol 

OH 

\ 

Protocatechuic acid 

m. 19r 

OH 

/\ 

lOH 

COOH 
fi*lie«orcylic acid 

rn. 213'' 

OH 

^OOH 

% 

~r 

2, 3-l)ihy<lroxyl)cnzoic acid 

m. 2{)V 

OH 

COOH 

^ /)H 

y>Rosoreylic acid 

docomp. 107'’ 

Hydro- (lentisic acid, 
quinone m. 197° 

It will be noted that only one acid of this series—a-resorcylic or 3, 5-dihydroxy- 
benzoic acid, cannot be produced by this method. It is obtained by fusing 
benzoic disulphonic acid (365) with alkali. 

COOH COOH 

(366) 
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The simple ethers of protocatechiiic acids are frequently met with as de¬ 
gradation products of alkaloids. Thus, vanillic acid, m-methoxy-p-hydroxy- 
benzoi(; acid, m. 207® ; veratric acid, 3, 4-dimethoxybenzoic acid, m. 181® and 
3, 4-mcthylenedioxybenzoic acid, piperonylic acid, m. 228°, are often met with 
in this connexion. 

The Lichen Acids.—The lichens constitute an unfailing source of supply of 
numerous complex aromatic hydroxy acids. The depside group of these acids 
is derived from hydroxy acids of the orsellinic acid series ; the depsidones are 
ring compounds with a lactone bridge of great stability ; in addition there is a 
third (‘lass derivc'd from chlorogenic acid and its hornologues. 

Th(^ principal members of th(^ depside group are derived from orsellinic acid 
and its auto-condensation products, lecanoric and gyrophoric acids, which have 
the formulae set out below :— 

OH 

Orsellinic acid 

Ijf^canoric acid 

Gyrophoric a (‘id 

HO< >COOH 

CH, 

>COOH 

All three of these acids have been synthesised ; the first, orsellinic acid from 
oroinol, via the ald(‘hyde (366), obtainwl by Gatterman’s method and oxidised 
by p<u‘manganal(‘ in acetoiu^ solution to the acid (367). 

_OH 

" OH, 
On.'inol 

KCN 

lloT Aid,' HO 
V 

OH 

^ CHO 
oxUhi. 

X 
CH3 

(366) 

HOC 

(367) 

Fischer's synthesis of lecanoric acid commences with orsellinic acid, the hydroxyl 
groups of which are prot(K‘ted by treatment with ethyl ehlorocarbonate, giving 

OCO . OEt 000 . OEt 

-I ’ 
EtOCO. 0/ \OOOH --- > EtO(,;0.0/^\c0C'l 

\_/ ‘ c.'» _/ 
CH, CH, 

(368) (369) 

OH 

+ HO^”^COOH 

OH^ 3 

> Lecanoric 

Acid 

the substance (368), which yields an acid chloride (369) when unarmed with 
phosphorus pentachloride. This reacts readilv with orsellinic acid to give 
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lecanoric acid ester. Evernic acid .(370), m. 168-169°, found in many Evernia 
species, is the methyl ether of lecanoric acid. 

(370) 

These substances are merely illustrative of a whole range of acids in w^hioh 
the starting point is not orcinol, but one of its homologiies. These art' usually 
divided into two groups, the orcinol and ^-orcinol groups :— 

Orcinol Oroup 

2, 4.Dihy(iroxy-6-mothylhiMiZuic acid 
2, 4-Dihyflroxy-6-a.pr()pyUx?iizoic acid 
2, 4-Dihydroxy-O-n-amylbciizoic acid 
2, 4-Dihydroxy-6-n-hcptyIbK‘nzoic aciti 
3, 5-I>ihydroxy-2 carlx)xybenzyl a-amyl' 

ketone 

from 
from 
from 
from 

from 

orcinol. 
r>-propyl resorcinol (Div^arinol) 
o-amyl rosorcinol (Oliv'etol) 
5-heY>tyl resorcinol 

3, r>-dihydroxyl)onzyl, amyl ketone 

^-Orcinol {])~\ylorcinol) Qrmip 

2. 4-Dihydroxy-3, 6-dimothylbonzoic acid 
2, 4“Dihydroxy-3-aldo-6-me*thylbt)nzoic aend 

2, 4, •^•Trihydroxy-3-aldo-6-mcthvI-benzoic 
acid 

2,4- Jlihydroxy - 3 - aldo - 6 - h y d roxy methyl- beii - 
zoic acid 

from 2, r)-tlimcthyl resorcinol 
from 2, C-dihydroxy-4-ineth3 llxMizalde- 

hyde 
from 2, 3, Od.rihyclroxy-d-methylbcnzaklc- 

hyde 

from 2, G-l>iiiydroxy-4-hydroxymethyl- 
Iwnzaldehyde 

In the lichens themselves these depsides are combined with (Tythritol in 
the form of tetra esters, e.g., erythrin, or erythritol totralecanoric f\ster (371) :— 

(371) Erythrin 

Caffeic acid (372) occurs not only alono in various Cinchona species but as 
Its quinic acid ester in chlorogenic ester, the potassium salt of which is com¬ 
bined with a molecule of caffeine in coffee beans. The name chlorogenic acid 
(373) is an allusion to the fact that the substance loses hydrogen in the presence 
of an oxi^ to give a deep green pigment, which plays a part in plant meta¬ 
bolism. The name, though apt, is misleading, implying that it might be the 
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chloro- derivative of genic acid. Caffeic acid can also bo obtained by the 
prolongcxi hydrolysis of eriodictyol (374) which breaks down into phenol and 
caffeic acid. The two isomeric methyl ethers, hesperitic and fenilic acids, are 

OH 

mx ><. COOH HO<:^ V-. C 
/—\ / 

OH 

HO 

CaffBic a<!id (372) 

HO 

Chlorogonie acid (H73) 

V 

HO 

fk) 

A 
y 

o(^ yco 
s —CH-OH, 

CH,o/ V'H=CH . COOH 
\ 
HO 

Hesperitic acid 

H0/^\CH==CH . COOH 

CH,5~^ 
FeruUc acid Eriodictyol (374) 

related to hesperitin and /^o///-oeriodictyol in a similar fashion. Ferulic acid 
can be obtained by the modification of the Perkin redaction in which vanillin 
is condenHcxl with malonic ac'id in the presence of piperidine, these reactants 
being dissolved in pyridine. The n^action takers the course:— 

/COOH 
HO<^_ )CH0 t- CH 2(C00H >2 HO^ 

OCH, ^ch/ 

loss of COt H(\{ '\CH=CH . COOH 
_ 

OCH3 

The reaction mixture is allow^ed to stand at room temperature for three weeks, 
during which time carbon dioxide is slowly evolved. 

Piperic acid, m. 215^ (375), may also be regarded as a member of this family 
of substances. It is obtained by hydrolysis of the alkaloid piperine, which is 
its pijieridide. 

O-4 >-4;^H^H . CH-<JH . COOH 
I \—/ 

-o CH, 
(375) 

The so-called depsidones are, fundamentally, derivatives of diphenyl ether ; 
the skeletons most commonly encountered are 

B 
HO 1 (T)OH 

.41ecturonic acid 

I ^co—O' 

"\nH A-^B- CHoCOC^H,, 
_y A =- CHj. COCsHji; B CsH,, Physodic acid 

CHO CH, 
HO 

oy 

CO—0 

COOH . „ 
rrrv A=:=H 

>OH A-CjHg 
Y A-CO . CH-CH . COOH 

CH«OA 

Protocetraric acid 
Cetraric acid 
Fumareetraric acid 
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Of the trihydroxy acids of the aromatic series, gallic acid (379) is the most 
important. It is very widely distributed naturally in the form of tannins, 
which are the subject of an Appendix to this chapter. Gallic acid itself was 
prepared by Sch(*olo by allowing an aqueous extract of galls to stand in a warm 
place, and frequently breaking up the crust of mould which formed. A crystal¬ 
line precipitate developed which on recrystallisation proved to be gallic acid. 
Ordinary yeast will also break down the tannins to gallic acid (379). The 

COOH 

I |oH 

OH 
(376) 

COOH 

H0r^\0H 

OH 
(377) 

COOH 

HOj 

COOH 
/\ 

V 6h 
(:J78) 

OH HO' OH 

OH 
(379) 

formation of gallic acid by fusion of 4-bronio-a-resor(‘ylic acid with alkali 
indicatfvs its structure as 3, 4, 5-trihydroxybenzoi(; acid. The main use of 
gallic acid is for ink manufa(‘ture. Ink is a dilute solution of ferrous sulphate 
and galhc acid in very dilute sulphuric acid, to which a colknd such iis gum 
has been added. When usfK^l, the sulphuric acid is neutralised by the loading 
of the paper and the herons salt is soon oxidiscnl to the ferric state in which 
condition it reacts with gallic acid to form a det^p blue-black pn^cipitate. A 
blue dye is often added to ink to juovido a temporary colour until the iron 
gallate has be’^n fornuxl. 

Gallic acid forms nec*dles, m. 222: apart from digallic acid and the tannins 
its commonest natural derivative is syringaic* a(*id, the 3, o-dirnethyl ether 
(380) ; it has already been discussed in (jonnexion with the anthocyanins. 

COOH 

r I 
CH,ol ioCH HO! 

NiI.Hro, 
^COOH 

OH ho! OH 

OH 
(380) 

\\/ 
OH OH 

Ho/ V3H 

V/ 
OH 

NH«HCO, 

(381) 

COOH 

HO'/yOH 

OH 
(382) 

The other acids of the series are prepared by heating the appropriate tri- 
hydric phenol with ammonium bicarbonate solution under pressure (see 381 to 
382). 

Benzilic Acids 

When benzil is fus((d with potash, or its solution in potash is subjected to a 
stream of air, a reaction takes place which is apparently deep-seated, since a 
disturbance of the link between the two rings takes place, benzilic acid being 
formed. Although the reaction may be formulated ;— 

HO COOH 

Benzilic acid, m. 150° 
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UliH poHiulatoH uoiliiiig (roncerning tlip gt^fioral courses of the* roaction. Tli<* 
reaction is a general one, anittil and cuminil give the* reaction, as also does furil :— 

J!—CO—co-l^ 1 

o 0 
Peril HO COOH 

Farilic acid 

Surprisingly enough, th(‘ reaction is possible with phenanthrenequinono:— 

/\ 

^OH 

\C00H 
(383) 

which gives diphenylene glycollic* acid on (caustic fusion. On the other 
hand, Kohler aiid Baltzly ^ show'ed that hexainethylbc^nzil (384) from mesityl 
aldehyde, did not give a ‘ benzilie ’ acid ; an obsc^rvation w^hich led them to 
suppose that th(‘ inhibition was due to steric conditions preventing the addition 

CH., 

'''pCO . co- 

CH, HO OK 

1 ,, CO / 

IcR., CH 3\ 

\
 \

 
_

 

(384) (385) 

of reagemts to thc^ carbonyl grouj). This appears to be confirmed by the work 
of Sch(‘uing,^ who found that on mixing solutions of benzil and potassium 
hydroxide in pyridine a compound of definite composition separated, 

. KOH. This substanc^e, which was formulated as in (385), slowly 
rearranged to potassium benzilate even at 0^' ; at the rearrangement was 
rapid. 

Altcyolio Hydroxy Acids 

A number of hydroxy a(‘ids of the ryriohexane series are of interest as sub¬ 
stances of natural occurrence. Reference has already been made to quinie 
acid, and as this substance is so widely distributed in plants its constitution 
becomes of importance. The empirical formula, may be subdivided 
into CeH7(OH)4COOH, since it has all the properties of a carboxylic acid, and 
the prtjsenoe of four hydroxyl groups can be demonstrated by alkylation. The 
fact that quinie acid can readily be oxidised to aromatic compounds leads us 
to suppose that it is a tetrahydroxy cycZo-hexanecarboxylic acid. 

Further light is thrown on the problem of t lie structure of quinie acid by the 
following points :— 

(1) With strong sulphuric acid carbon monoxide is evolved (ef. citric and 

\ 
furilic acids) pointing to a group ; hence it is deduced that 

/ \COOH 
one hydroxyl is attached to the same carbon atom as tlie carboxyl 

group. 

‘ Kohler and Baltaly, J.A.C.f}., Itt32, M. 4019. Seheiiing, Bf r.. 1923. 68, 252. 
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(2) Quinic acid is easily converted to protocatoidiuic acid ; hence two of 
the hydroxyl groups must occupy positions ‘ 3 * and ‘ 4 * to the carboxyl. 

Thus, quinic acid appears to be a 1, 3, 4-trihydroxy cyctohexane 
carboxylic acid, with an additional hydroxyl group in a position as yet 
undecided. 

(3) The position of the fourth hydroxyl group is ascertained by the following 
steps. The amide of quinic acid (386) forms an acetone compound 
(387) which is oxidised by periodic acid to the dialdehydo of citric acid 
(388) ; from the dialdehyde, citric acid (389) itself may be obtained and 

(CH3)2C—NH 

HO COOH i i 0 HO COOH HO COOH 

HOl OH HOl 

HIO4 Oxidation 

OH 

OH 

(386) 

Quinic acid 

)H 

(387) 

(.’HO cm 

(388) 

Citric diald(*hvde 

COOH COOH 

(389) 

Citric acid 

characterised. This proves that the two groups on either side of the 
carbon carrying the carboxyl group are unsubstituttHi methylene groups 
and confirms the formula of quinic acid as (386). 

The stereochemical pattern of quinic acid proves to be that shown 
in (390). This conclusion is arrived at as follows :— 

(1) Quinic acid forms an acetone compound with a five-mombered ring, by 
loss of the elements of water. This can only happen from a ct^-di- 
hydroxy stnicture in which the hydroxyl groups are on adjacent carbon 
atoms. This structure (391) shows that at least two of the trio of 
hydroxyl groups in the 3, 4, fi-positions are on the same side of the ring. 

(2) The acetone compound of quinic acid can form a lactone. Hence, 
whichever side the third hydroxyl group of the trio is on (in relation to 
the other two), so also is the carboxyl group, since fran^-lactones are 
unstable. 

(3) 3-Methyl quinic acid cannot form a lactone ; hence the third hydroxyl 
group must be traTis- to the other two and quinic acid must have the 
stereochemical structure shown in (390). 

Shikimic acid (393) is closely related to quinic acid, being obtained by the 
loss of the elements of water from the 1-hydroxyl and the adjacent methylene 
group of quinic acid. It can readily be converted to a dihydro derivative 
(394); the latter can be converted by oxidation with periodic acid to trioar- 
ballyUc acid (395); shikimic acid itself gives fmn,s-aconitic acid (392). 
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Meconic acid has been known over a century since Setiimer ^ in 1828, during 
his researches on opium (the Greek Mt^kwvlov, gives rise to the name of the 

COOH 
1 

COOH COOH 
1 

COOH 
1 

1 

mOt A hoMoh 

1 

HIO. ^ 
HOOC COOH HOl^yOH 

HOOC (AoH 
Oh OH 

<rarw?>Acoiiiiic acid Shikimic acid DihydroHhikirnic Tricarballylic acid 
(392) (393) acid (395) 

(394) 

acid) observiHi the acid as a by-product in the preparation of the alkaloid. It 
gives a characteristic blood red colour with ferric chloride (not discharged, as is 
ferric thiocyanate, by gold chloride). The synthesis of meconic acid foUowt^d 
nearly a hundred ^^ears later ; ^ 

CIL CH, 

' io EtOOC-CO 
(396) 

NaOEt 

COOEt 

/;o 
OH CIl 
li II 

IIOOC C ^ COOK 
0 

(4C1) 

Cll. CHBr 
11^ 

EtOOC CO CO COOEt 
(397) 

ipontaneout 

CH CBr 
dll KOH 

X’O 
CH Yoh 

KtOOCC. CCOOEt 
G 

(398) 

/CO 
CH C-OH 

KOOC C O'COOK 
O 

(399) 

. 
CH, CHOH 

II ' II '- I I 
HOOC-C C COOH HOOC COH HDC COOH 

V I I 
,A) ,4,>o, (B) 

Meconic aci i 

Ethyl acetonyldioxalate (396) on treatment with bromine passes spontane- 
o\isly through the monobromo est(?r (397) to ethyl 3-bromochelidonat6 (398) ; 
this on careful removal of the bromine and replacement by hydroxyl, using 
dilute potassium hydroxide solution, gives potassium meconate (399). The 
ring and open formulje for mec;onic acid are shown side by side in (400) ; so 
far no certain decision has bf^^n made as to which more correctly represents 
the true structure of the acid. 

Chelidonic acid, taking its name from the celandine (Chelidonus majiis) from 
which it was isolated in 1839 by Probst,® has the stmcture of meconic acid 
without the hydroxyl group. It may be synthesivsed from acetone and ethyl 
oxalate in the presence of sodium ethoxide as indicated in (401). 

The inter-relations of this group of acids is shown in Table XL. These 
acids, as well as citric and malic acids, are all capable of giving pyridine deriva¬ 
tives with ammonia ; thus, citric ester and ammonia react:— 

KtCXH^— 
H3N 

•f 
H3N 

KOKH’— 

CHa ^OH 

V 
COOIi 

/CO- 

N 

\ 
I 

OH 
* Setiimor, Pogg. Atm., 1828, 18, 1, 234. 
* Thoms and Pietrulla, Ber. Pharm, 1921,81,4. 

CCO'OH 

CH 

CItraxinic atid 

» Prob»t,*4nn., 1839,89,116. 
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It is thought that those acids are derived in vivo from simple units such as form¬ 
aldehyde and water, and that by reaction with ammonia, they give cyclic 
nitrogen compounds from which the alkaloids are evolved. 

TABLE XL 

Aldehyde Acids 

Not many aldehydf^ ac^ids are commonly met vith ; the simplest is glyoxylic 
acid. It occurs naturally in the jui(;eB of plants and in unripe fruits from which 
it disappears as the sugar content increases from which it is surmised that it 
nmy play a part in the .synthesis of sugars. 

It can be made from dichloro- or dibromoacetic acid by boiling with water 
or silver carbonate. It has also been obtained by the oxidation of alcohol, 
glycol, glycoliic acn'd and by the electrolytic rtxliiction of oxalic acid. The 
persistence with which it retains its molecule of crystal-water lends support to 
the view that it, like chloral, exists as a polyhydroxy compound (Formula B 
(402)). It may be added that glyoxylic acid c^an also be obtained by heating 

CHO CH(0H)2 CH(0H)2 CH(0H)2 
I I I I 

COOH COOH C(0H)3 C . CI3 

A B 

(402) (403) 

a solution of chloral hydrate (403) under pressure. Glyoxylic acid forms 
rhombic prisms which are volatile with steam. It gives salts as an acid, but 
gives also all the characteristic reactions of an aldehyde. 

The half aldehyde of malonic acid is the active agent in the v. Pechmann 
coumarin synthesis in which malic and sulphuric acids are allowed to act upon 
a polyhydric phenol (p. 608). It does not setnu likely that the free aldehyde 
exists, although the sc^um derivative of the enolic form of the ester (404) is 
known and is a most useful synthetic reagent; condensing with urea to form 
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uracil, and with thiourea to give thiuuraeil (405), a drug used in coiitTolling the 
basal metabolic rate of the condition known as thyrotoxicosis. 'I’ho ester is 

COOH COOH 

iH, 

HO 

Ah 

M . ONa 

OOOEt OOOEt NH, CO 

1 
CH, 

1 
.N-uOK, + 
zc 1 

+ II 1 cs 
0 CH . ONa NH, \ / 

1! 
CH . OEf 

NH 

(404) 

(405) 
Thiourac] 

often calKxt formylacetic ester. It will be obs(TV(.Ki that thc^ formation of 
uraihl (406) from malic acid and urea in the p^t^Hence of sulphuric a(hd is essentially 
a condensation of the half aldehyde of malonic acid, in the end condition :— 

COOH 
1 

(^OOH COOH NH. CO 
1 
CH, 

1 

CH, . 
1 

► CH 
1 

i- (X) — 
- if' "7“ 

Ah.COOH CHO 
11 

( dl . OH 
1 
NH, 

11 ,00 
\ y 

1 NH 
OH (406) 

Uracil 

If the sodium derivative of formyla(;etic estier is acidificH^i, the alcohol (or alde¬ 
hyde) immediati3ly trimerises to benzene I, ll, r)-tricarboxylic ester (406a). 

COOEi 

I 
CH ONa 
/ I 
OH OH 

i)Na I’H . OOOEt 

EtOOC:.OH ONa 

V 

OOOEt 

Ktood ICOOEt 

(406a) 

A U8<3ful general method for preparing the half-aldehydes of the higher 
dibasic acids is to commence with a chloroacetal (407) which is allowed to react 
with sodio-malonic ester yielding a product of the structure (408) ; this on 

EtO. ^COOEt 

CH.CHgCl + NaCH 

Eto/ \cOOEt 

(407) 

EtO. /lOOEt 

-► CH. CH,. (5h -OHO. CH,. CH,. COOH 

EtO-^ \cOOEt 
(408) 
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alkaline hydrolysis in the (?old fields the acid which on boiling in water los(m 
carbon dioxide and alcohol, the half aldehyde being produced. An alternative 
method suitable for the longer chain dibasic* acdd is to react the half ester with 
ammonia to the half amide and to convert this by controlled action of hypo¬ 
chlorite solution to the cyanide. This can then be reduced to the imine and 

COOH COOH COOH COOH COOH COOH 
1 1 

(CH.), - 

j 

-> (CH.)5 - 

j 

- > (CH.)„ - 

1 

(CH,), -- 
1 

1 

- (CH,)5 
1 

—> (CH,), 
1 

COOH 

j 

COOEt CONH, 
1 
CN C?H=NH CHO 

(400) 

the aldehyde obtained by simultaneous hydrolysis (409). In the case of the 
half-aldehyde of succinic acid, the aldehyde is an ecpiilibrium with its internal 
acetal (410) ; the higher aldo-acids are quite normal in their structure and 

(Mg—CHO CH.,—CH(OH) 

CHg—OOOH m^—co 
(410) 

behaviour. Many of them have been prepanxl during the oxidative breakdown 
of the higher misaturated acids. Thus, the half-aldehyde of azelaic acid, 
HOOC(CIl2)7CHO, has been obtained from oleic ac id, and the half-aldehyde* of 
adipic acid, HOOC(CH2)4CHO, from araehidonic acid. 

Kjetonio Acids 

The simpk^st keto-acid is pyruvic acid. Discovered in early times by distil¬ 
ling tartaric acid and called ‘ spiritus tartari '; Paracelsus ascribiMi medicinal 
properties to the crude form, and Guyton de Morveau in the eighteenth century 
examined the crude material and separated from it what h(* claimeKi to bt^ the 
new acid—‘ pyrotartaric acid As usual, Fourcroy and Vauquelin dismissed 
the substance as * impure * acetic acid, and it remained for Valentine Rose in 
1807 to demonstrate the individual nature of the material, and for Berzelius ^ 
in 1836, to distinguish it from another acid already termed pyrotartaric. The 
new acid was re-named pyruvic acid. 

No better method than the distillation of tartaric acid, either alone or with 
sodium bisulphate, has been so far devised for the production of pyruvic acid :— 

HO-C-COOH 

H i 
HO--C—COOH 
/ 

H 

The distillate must be fractionated in vacuo immediately and the fraction 
distilling between and 70720 mm. collected as pyruvic acid. It is a colourless 
liquid with a characteristic empyreumatic smell, m. 17®; b. 165®; on standing 
it polymerises. 

Several alternative methods of preparation are known, which serve to 
demonstrate the constitution of pyruvic acid. Acetyl cyanide (from acetyl 
chloride and silver cyanide) is allowed to stand in concentrated hydrochloric 

^ Berxelius, Pogg, Ann,, 1835, 86, 1. 

HO^ -C COOlf 

\i 

H H 

(O'COOH 

I 
CH, 
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acid wlicD pyruvi(^ amide separates. This is readily hydrolysed to tlie acid 

CH3COCN-> CHaC^OCONHa —^ (Tl3(^0C00H 

itself. Attempts to hydrolyse acetyl cyanide directly to the a(iid usually 
result in the rcunoval of hydrogen cyanide and the regeneration of acetic acki. 
Pyruvic acid is also formed when a, a-dichloropropionic acid is heated with 
diluto alkalies, or, preferably, silver oxide :— 

CH3CCI2. COOH + AgsO-CH3COCOOH + 2AgBr 

It is usually more convenient to make a, a-dichloropropionic acid by heating 
pyruvic acid with t)hoH])horus pentachloride. 

In chemical properties, pyruvic acid demonstrates actively both the acid 
and keto group. It forms a fairly insoluble phenylhydrazono and may be 
used to liberate sugars from their phenyihydrazones, since the latter are usually 
more soluble than that of pyruvic acid. It is decomposed by concentrated 
sulphuric acid to carbon monoxide and acetic acid, a reaction which is char¬ 
acteristic of a-kcto acids. Pyruvic acid plays an important part in the bio¬ 
degradation of sugars, and further references will bo made to it in this connexion. 
PjTuvic acid tends to pass into methyl succinic acid on standing in aqueous 
solution, or warming with very dilute hydrotihloric acid ; the redaction is not 
ck^arly undfTstood, but may take the following course :— 

X’OOH XOOH 

CH3.CO.OUOH CH3.C CH.X^ 

XH 
- n,o cos 

CH,. CO . COOH CHo. CO . COOH 

CH,.CH.COOH 
+ H,0 

CH2.CO CHoCOOH 

AcekHKetic acidy CUfiOCHJJOOHy is unstable, decomposing almost instan¬ 
taneously into carbon dioxide and acetone. The ester is easily obtained, and 
is discussed with ot her esters exhibiting the active methylene group in Appendix 
11 of this chapter. Swarts ^ lias sho\^ii that tritluoroacetoacetic acid is quite 
stable and can be distilled without (diange at ordinary pressure. This unusual 
property is not due to any abnormality of structure, since the trifluoro acid 
gives trifluoroacetone by heating with alkalies in the usual way, and may be 
prepared normally from t'thyl trifiuoroacetate, ethylacetate and sodium ethoxide 
in the normal manner :— 

CF.. COOEt + CH3. COOEt CF3. CO . CH^. COOEt 
^ ^ NaOKt ® * 

TIPI 

—^ CF3. CO . CHj. COOH 

Lcevulic acMy CH^COCH^CH/JOOH, was originally prepared by Tolleus 
by boiling sucrose with dilute sulphuric acid, where it appears to be formed by 
a breakdown of tevulose; ^ the sU^ps by which this transformation proceeds 
are unknown, Lsevulio acid is also a product of the hydrolysis of a number of 
naturally occurring products derived from the isoprene unit; thus Harries 
obtained it, together vrith its aldehyde, from the hydrolysis of rubber ozonide. 

Various syntheses are available, such as the interaction of chloroacetic ester 
and the sodio derivative of acetoaoetic ester, whereby a di-acid ester is 

* Swarts. Bull, aoad, toy. Belg., 1926. 12, 679, 692, 721 ; BuU, $oc. chim, 'Belg,, 1926, 
86.411; 1927,86.313,323. 

• ToUens and Groto, Ann., 1881, 206. 226, 

40 
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obliiiiitHi whif'h on ht'ating with oiiUMtio alkali breaks down intii tlm alkali salt 

of leevulic acid. 

CH,. CO . CH. COOEt OH,. CO. CH. (JOOEt 

Na -f Cl. CH„. COOEt CH2. COOEt 

CH3.CO.CH, 

CH,.COOK 

The reaction is a general one, and is capable of being used for a \^ide range of 
substituted laBvulic acids. Lievulic acid is stable, and can be distilled at 250 
without decomposition. It passes on prolong<xi heating into an intramolecular 
hydroxy-lactone ; indeed, it often reacts in this capacity, giving with acetic 
anhydride a crystalline acetate and with phosphorus chloride, chlorovalero- 
lactone instead of the expcxjted acid chlorid(% whilst when maintained below 
the boiling point for some hours it is converted to a mixture of the angelica 
lactones. These reactions are summarised in the diagram below :— 

OCOCH3 

Acctyl- 

Ixvulic acid 

(CH,CO)jO 

P cii., 
Amirrovalcro- 
1 acton c 

NH, 

Angelica lactones 
X Lajvulic acid \ 

(LACTONE form) 

Bcnzaldchydc y 
in acicl/ 

CHCjH, 

I jictone form 

C h loro-valcrolac tone 

Ben7aUieh\de 
X in alk;<li 

00 00 

\3hI 
CH=CHq,H5 

Open form 

Many other ketonic acids are known, and a few are mentioned in Table 
XLI. The general methods for preparing them (apart from those already 
described) are: The bromination of an unsaturated acid, e.g., oleic, followed 
by removal of the bromine to give an acetylenic analogue of the acid. This will 
then add on the elements of water w^hen treated with mercuric sulphate in sul¬ 
phuric acid. The carbonyl group is formed as far away from the carboxyl 
group as possible. 

CH—(CH2)7C00H 

in—(CH,),CH, 

Br€H{CH,),COOH 

Brl:!H(CH,),CH, 

C{CH,),COOH 

i(CH,),CH3 
BtO/BgSO. 

CH,(CH,),C00H 

io(CH,),CHa 
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They can also be obtained from the half ester-chloride of dibasic acids. 
Thus, if the half ester-chloride of sebacic acid (411) is condensed with sodio- 
malonic ester, a ketonic tribasic ester is formed which, on hydrolysis loses, owing 

^COOEt ^COOEt 

EtOOC(CH2)KCOCl + Na(jH EtOOC(CH2)8CO(5H 

ilu) ^ \cOOEt " "\COOEt 

^COOEt 

EtOOC(CH2)sCOCHa EtOOC(CH2)4CO(;i f NaC(CHii)3CH3 

(41:;) (413) ''COOEt 

^COOEt 

EtOOC(CH2)/!()C{CH3)3CH3 EtOOC(CH2),CO(CH2),CH,., 

, ^.fiOOEt. 7414) 

to th<‘ proximity of the ketone group, two acid groups from the malonic carbon 
atom leaving undecanone-IO, acid (412). By using the ester-chloride of adipic 
acid and Hodio-?i-butylmaIonic, ester (413) the isomeric imde(.‘anone-5, acid 
(414) can be prepared. In this way, numerous koto acids can be prepared of 
almost any desired structure. 

TABLK XLl 

Acid Fortnuirt Properties 

MesitK>iiic 
(a, a-Dimethyl la?vulic) 

Hoxanoiio-5 
(5'ketocaproic) 

Laotariric 

Geroiiic 
XJntiecauoue- 1C 

CH,, CO . CH,C(CH3)jCOOH 

. CO(CH,),COOH 

CH3(CH,)nCO(CHa)4COOH 

CH3C0(CH3),C(CH,),C00H 
(^H.COiCHJaCOOH 

From mesityl oxide and 
potassium cyanide 

The next hoinologue of 
Itevulic 

From tariri(; acid, by the 
addition of water 

(Stw under ‘ Terpenes ’) 
Myddleton and Barrett, 

J.A,C.S., 1927.49, 2258 

Tlu're are one or two ketonic dibasic acids which have importance in con¬ 
nexion with structural problems. Thus, mesoxalic acid (416) is closely related 
to the elucidation of the uric acid structure. It is obtained from its iireide 
alloxan (415) which is, in turn, obtained by oxidising uric acid. It was from 

CO—NH COOH CO3 COOH 

1 1 

CO CO - 
1 + 

- —CO - CHO 
1 1 1 1 |\OH 

CO—NH COOH COOH COOH 
(416) (416) (417) (418) 

alloxan that Liebig and Wohler ^ first obtained mesoxalic acid in 1838. To 
prepare the acid, alloxan is heated in warm aqueous solution with one equivalent 
of baryta, w^hich forms the barium salt of the open-chain alloxan structure. 
The salt is cooled, filtered off, washed and 200 g. are boiled with 20 litres of 
water for ten minutes and the solution rapidly cooled. Barium mesoxalate 
crystallises. Both mesoxalic acid and its ester obstinately retain one molecule 
of water which is probably attached as in the formula (418). On heating, it 
loses carbon dioxide and is converted t^o glyoxylic acid (417). 

' Liebig and Wohler, .dim., 1838. 26, 298. 
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The next highest homologue of mesoxalic acid is oxalacetic acid, which may 
be considered with the diketo derivative—the so-called dihydroxyUirtaric acid. 

The ester of this acid is readily prepared by the condensation of ethyl 
oxalate and ethyl acetate. This ester will b(> more fully dealt with in Appendix 
II of this chapter. The fn^e acid is more difficult to prepare ; Fenton's method 
is to oxidise malic acid with hydrogen peroxide in the presence of ferrous sulphate 
Oxalacetic acid appears to exist in the comph^tely enolised forms (419) and 
(420) w^hich were isolated by Wohl and which are, in consequence of their 
structure, named hj^droxyfumaiic and hj^lroxymaleic acids. 

HO—C—COOH HO—C—C^OOH 

HOOC—(!h H—i'—COOH 
111. 184” (419) ni. I.i2“ (420) 

Dihydroxytartaric Acid.—The treatment of tartaric^ arid with nitric and 
sulphuric acids leads to a dinitrate (421), analogous to di-nitroglycol, trinitro- 
glycerol and tctranitro-erjdhritol. This nitrate gradualiv deiaimposf's when 
held in solution and on pouring on to ice and adding salt tlic .sparingly soluble 
sodium salt of dihydroxytartaric acid separate.s (422). 

COOH 
I 

H—C—ONOj 
I 

H—C—ONOj 
I 

COOH 

(421) 

COOH 
I 

CO 

+ 2HN0, 

I 

COOH ^ 

COONa 

i /OH 
"^011 

/OH 

K 
I 

COONa 
(421?) 

Dihydroxytartaric acid is also formed by the action of nitn us acid on catechol. 
The mechanism of the change is obscure. The acid itself forms small deli¬ 
quescent crystals w’hich are unstable and which, on k(Kq)ing, d('(‘ompoBe into 
tartronic acid, and carbon dioxide ; it is this instability w’hi(‘h militates against 
the use of dioxytartaric acid as an analytical reagent for sexiium. The tost 
was introduced by Fenton in 1898,* and depends on the faet that sodium di- 
hydroxy tartrate is soluble in water at Cr only to the exteuit of 4 parts in 10,000. 
The reaction has been further studied by Okatov.- Although like other 
compounds of this type, dihydroxytartaric acid ob.stinat^‘ly retains its w^ater 
and is formulated by some according to the structure (422), it nevertheless 
gives the reactions of a diketone, forming an osazone, w hich is used for detecting 
minute traces of calcium ; with it distilled water wdiich is contaminated with 
3~5 per cent, of tap water can be made to give a positive reaction. 

Industrially, dihydroxytartaric acid, in the form of its sodium salt, was 
at one time largely produced for the preparation of the dyestuff Tartrazine.* 
Two molecules of phenylbydrazine sulphonic acid are allow^ to react with one 
of dihydroxy tartaric acid,^ when the condensation depicted on p. 629 takes place. 
Tartrazine is still manufactured in modest quantities, as it affords a fine fast 
wool yellow. 

1 Fenton, 1898, 78, 71, 167 and 472. 
* Okatov, J, Muss. Phya, Chmh» Soc., 1928, 60, 66i. 
* Ziegler, Ber., 1887, fiSo, 834. 
* Tartrazine dyes and their formation are exhaustively doecribod in Cohn Die Pyrazo-. 

lonfarbstoffe ”, Stuttgart, 1910. 
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(^OONa 

O H»N . NH<r 

NaSO,/’°™\NHNH, *" 00 ^ 

;SO<,Na 

OONa 

NaSO.,^ 

COONa 

XIO—N 

Tabtrazitte (423) 
V 

SO,Na 

Amongst the ketonic dibasic acids, acetone dicarboxylic acid occupies a 
special ])lac(^; it is one of the most easily available representatives of the series 
and has two active rncthylcuie groups, so that its ester (q.v.) is of considerable 
synthetic value. The formation from citric acid has been discussed (see p. 
604) ; the acid forms small needles. Whilst many other keto-acids are known, 
few of th(‘iii have properties which need to be described here ; some, like 
Balbiano's acid (a, ^-trimethyl keto glutaric acid) are discussed under other 
htnidings (e.g. terpenes). 

The Croconio Acid Family 

The inclusion of this family under the heading of the acids is scarcely 
justified on structural grounds, as they have no —(X)OH group ; it is, however, 
convenient to discuss them here, especially in view of their well-defined salts. 
(Xriously enough, when rhodizonic acid was first pr(q)ar(*d it was named ‘ car¬ 
boxylic acid ’; but this name was changed when the former w^as appropriated 
for the characteristic grouj) of organic acids. 

It had b(^‘n know n for some time, in 1825, that when potassium was prepared 
by BruniKT^s method an explosive substance occasionally made its appearance. 
Bt^rzelius and Wohler ^ examined this prixiuct and found it to be a grepsh 
porous mass which, on standing in the air, turned green and deliquesced to a 
liquid mass which on standing, or dilution with whaler, gave a yellow solution and 
a scarlet red j)recipitate. The yellow’ solution gave on evaporation gold scales 
of potiissiuni crocouate (KpoKov saffron), and the precipitate proved to be 
the salt of a new" acid, rhodizonic acid (/>oSt^w ~ rose red colour). 

Liebig ^ W"as much attracted by these compounds, and studied them closely, 
since lie was studying carbon monoxide as a ‘ radicle and had found it to be 
related to carbonic acid and oxalic acid which w’ere its oxidation products, 
and to pJioNg(‘n(\ its chloride. Ileaiising tha.t th(^ nenv compounds resulted 
from the reaction of carbon monoxide on potassium, Liebig found in them a 
confirmation of his concc^ption of carbon monoxide as a radicle ; as he put it 
** In the pursuit of this idea I have arrived at most remarkable and interesting 
results, wliioh would seem to prove that these resemblances are not confined 
to the compounds just described.’' Brodie made a careful study of the action 
of potassium on carbon monoxide, and showed that the absorption was slow 
until the grey porous product was formed, but that after this stage it was rapid 
until the (C0K)„ was obtained as a dark red explosive mass. The scheme of 
decompositions following the absorption of carbon monoxide by potassium are 

»Berzelius and W6hler, Pogg. Am-, 1825, 4, 31. * Liebig, Ann,, 1834, 11, 182. 
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shown ill the left-hand coluinn of Tahh* XI>U. 'I'lie subslanee ((X)K)j is un¬ 
doubtedly the hexa-potassiuin derivative' of In'xahydroxybenzone (424) and 

TABLK XlJl 

OK 

A 
KOC YoK 

KOO^ ^COK -I 
^c/ (424) 

aetds 

6K + 6CO 

on g^ual oxidation it passes through the stages of tetrahydroxyquinone (426), 
rhodizonic acid (426) and finally to cyciohexane’hexa-one (427). These stages can 
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be followed practically, and in many cases alternative methods are available for 
their preparation. Thus hexahydroxybenzene can be prepared by commencing 
with hydroquinone and acetylating its hydroxyl groups. On nitrating the 
diacetyl compound, oxidation and nitration pro(*eed together and the substance 
dinitr^ihydroxy quinone (nitranilic acid) is obtained. On stannous chloride 
reduction this a(ud is reduced to a diaminotetrahydroxybenzenc (not shown in 
the diagram) which loses ammonia readily giving hexahydroxy benzene. The 
latter can be isolated as white needles in the absence of air, which is rapidly 
absorbed by solutions of the hexahydroxybenzeme, yielding violet solutions of 
tetrahydroxy quinone. The hexahydroxybenzene yields a normal hexa- 
ac(dy) compound, m. 203®, and cr3^stallising in rhombic prisms. When solu¬ 
tions of hexahydroxybenzene, t^etrahydroxyquinone, rhodizonic acid or tri- 
quinoyl are reduced with palladium and hydrogen, inositol is formed ; on the 
contrar3% when inositol is oxidised with nitric acid at 100"*, Maquenne^ was able 
to show the formation of tetrahydroxyquinone and rhodizonic acid. 

The two latt(ir substances are most easily prepared by the method of 
Homolka ^ in which glyoxal or its bisulphite compound is oxidised in sodium 
carbonate' solution at 50° with a current of air. Tetrahydroxyquinone forms 
almost bla(‘k limit's with a griMm reflex, as also does its di-sodium derivative, 
the compound most (‘ommonly encountered. RhcKlizonie acid forms a colour¬ 
less monohydrate,^ which, on loss of the water of crystallisation, is converted to 
a black micro-cr^^stalline powder. 

The a(*id sodium salt is a rtKl powder. The two compounds, tetrahj^droxy 
quinone and rhodizonic acid are valiuxl for their brilliant red barium salts 
which not only serve to det('ct minute amounts of barium (0-25y in one drop ; 
with disodium rhodizonate), but also a(*t as indicators in the titration of sul¬ 
phuric acid with barium solutions ; a solution of sulphuric* acid or sulphate, 
coloun'd [)ale yellow b^' rhodizonic acid may’ be titrated with barium chloride 
solution, until the sudden (change tored indicates the presenceof excess barium ion. 

When any of the foregoing substances is allowe^d to stand in alkaline solution, 
it becomes oxidised to triquino^d which undergoes a benzilic acid rearrange¬ 
ment involving one molecule of alkali, giving the potassium salt of an acid 
(428) which when acidifii^d loses carbon dioxide to give croconic acid (429), a 
tautomeric substance, existing mainly in the dihydroxy form, since it gives a 
monoquinoxaline with o-phenylenediamine (431), as does rhodizonic acid 
(432). On the other hand, w^hen oxidised, croconic acid jrields leuconic acid 

N 
\ OH 

N CO 
(431) 

OH 

which, despite its four molecules of water of crystallisation, is represented by 
the structure (430). It gives the double derivative (433) with toluyleno 
diamine, w^hich still has one keto group fr(*e to react with hydroxylamine, 
giving the oxime. Homolka * has also shown that leueonio acid breaks down 
on hydrolysis with warm sodium carbonate solution to sodium mesoxalate and 
glyoxal, a further confirmation of its structure (434). 

Leuconic acid, in the form of its tetrahydrate is colourless, and gives 
colomrless derivatives. It forms a yellow penta-oxime with hydroxylamine 

^ Maquenne, Ann, 1887, 12, 112. 
» Will, Arm,, 1861, 118, 187, 

* Homolka. G.P. 268. 741 and 370, 322. 
‘Homolka, Hen. 1022. 55B, 1310. 
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which explodes at 172° ; reduction of this oxime yields penta-amino cyclo- 
pentadiene. 

Croconic acid forms golden yellow leaflets with SHgO. It is a dibasic acid 
and yields a red crystalline anhydride, w’hich yields red salts. With ammonia 
it gives a tri-imide of leuconic acid, and with hydroxylamine the penta-oxime 
of the same acid. It is best prepared from diarninotetrahydroxybenzene by 
warming it with four times its weight of potassium carbonate dissolved in 
sixty parts of water, carrying two parts of freshly precipitated manganese 
dioxide in suspension.^ On filtering, acidifying and adding barium chloride, 
the barium salt is obtained. Barium croeonatt^ forms golden yellow plates. 
The acid has been exhaustively investigated by Malakovski and Prevondovski,^ 
w^ho were able to prepare its dimethyl (435) and diethyl esters, and who also 

CO-COCH3 (EtO)2C—OOH CO-; 

CO C-OCH, 
\ / 

CO 
(4.'iro 

CO C OH 
\'0 

(43r,) 

CO 
\ 

C() 

C(OI{) 
(437) 

C(OH) 

\:o 
I 
CO 

‘C(OH) 

obtained an ‘ ac(4ar having the formula v436), Carpthii® favours a bridge 
structure for croconic and rliodizonic acids (437), on the basis of spoctrographic 
and electrometric determinations, but the view is not generally accepted. 

Acid Halides, Anhydrides and Amides 

Benzoyl chloride appears to have been the earliest acid halide to be pre¬ 
pared, Liebig and Wohler having obtained it in 1832 ^ by t he action of dry 
chlorine on pure benzaldehyde. This method is general for the> preparation of 
numerous acid chlorides, and involves the chlorination of the aldehyde group ; 

R . CHO + CI2 -^ RCO . Cl f HGl 

the reaction is only successful with aromatic aldehydes, and in the absence of 
water. 

Acetyl chloride was next discovered by Gerhardt in 1853 ® by the action of 
phosphorus oxychloride on fused potassium acetate, and since this time the 
acid chlorides, and in some cases, fluorides, bromides and icKlides have been 
prepared for the vast majority of acids. 

In general, the acid chlorides are produced directly from the acid ; and 
the follo\^ing reagents are available, phosphorus tri- and pimtachlorides, 
phosphorus oxychloride, phosgene, thionyl and siilpburyl chloride.s and benzene- 
sulphonyl chloride. In nearly every case thionyl chloride ofl’ers a ready method 
of obtaining the acid chloride free from impurities. If the acid be mixed with 
thionyl chloride and warmed the reaction is as follows :— 

R . COOH + SOCI2-^ SO2 + HCl f R . COCl 

in which it will be noted the products of decomposition of thionyl chloride are 
both gaseous. Excess of thionyl chloride is usually employed, the surplus 
being removed by distillation, or in the case of acid chlorides which are easily 

^ Nietssski and Bonckiser, Ber,, 1876, 18, 509. 
* Malakovski and Prevendovaki, 1938, 71B, 2241. 
» Carp6ni, 1938, 208, 432, 601. 
* Liebig and Wdhler, Arm,» 1832, 8, 262. 
® Gterh^t, Arm. Ohim, Phya., 1853, 8, 87, 285. 
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decomposed by heat, the excess may be destroyed with anhydrous formic 
acid :— 

HCOOH + SOCI2 —> CO + SO2 + 2HC1. 

The residual crude acid chloride may usually be purified by distillation in 
vacuum. The use of phosphorus pentachloride is occasionally convenient, but 
for large quantities is expensive ; the reaction proceeds :— 

PCI 6 -f- R COOH-y R . COCl + HCl + POCI3 

and it is frequently found difficult to separate the acid chloride from the phos¬ 
phorus oxychloride. Frequently, too, phosphorus pentachloride acts as a 
clilorinating agent ; its a(*tion upon acetic acid ultimately yields trichloroacetyl 
chloride, whilst at 200"" it converts benzoic acid to benzotricbloride. On the 
other hand, phosphorus trichloride, although demanding a higher temperature 
for its use, is more economical, each mole converting three moles of acid to the 
chloride :— 

3R . COOH + -^ H3PO4 + 3R . COCl. 

The disadvantage lies in the tendency of part of the phosphorus chloride to be 
reduced, forming traces of phosphines and phosphine chlorides which con¬ 
taminate the product. 

Phosgene is useful for preparing the acid chlorides of the simpler aliphatic 
acids ; reacting with the sodium salts under pressure :— 

R . COONa 4 COCI2-^ R . COa 4 NaCl 4 COg. 

It is also possible to obtain excellent yields of the simpler acid chlorides by 
allowing phosgene to react with the acid anhydride under pressure, e.g., 

(CHaCOloO 4 COCI2 -2CH3COCI 4 CO2. 

Methods which may ultimately assume considerable importance are those in 
whi(‘h an alkyl halide is heated with carbon monoxide under pressure, in the 
presence of a copper catalyst. The reaction 

R . Cl 4 CO -R . COCl 
takes place. 

The oxidation of certain chlorinated derivatives of ethylene by the oxygen 
of air, in the presence of catalysts, constitutes a group of methods of consider¬ 
able industrial importance. Those commonly met with are :— 

CHCl--:^ CHCl 4 0-5^ CHgCl. COCl 
CHa2==CHCl 4 O -► CHQg. COCl 
CCl2=CCl2 4 O-CCI3. COCl 

Another reaction of importance is the interaction of phosgene and ethylene 
to give ^-chloropropionyl chloride. 

Acid fluorides are obtainable ; in the aromatic series they are obtainable 
by heating the acid chloride with potassium acid fluoride. Benzoyl fluoride 
was obtained as far back as 1863 by Borodin by this process. Aliphatic fluorides 
may be obtained by carrying out the reaction in the presence of benzoyl chloride, 
or by using benzoyl fluoride direct: 

CeHs. COCl 4 HFKF —v CeH,. COF 
CflH^. COF 4 R . COOH-► CeH^. COOH 4 R . COF 

The success of the method depends on the aliphatic acyl fluoride having a boiling 
point lower than that of benzoyl fluoride, 162°. Acids and their chlorides also 
react with zinc fluoride to give the acyl fluoride. 

Acyl bromides are almost exclusively obtained by the use of phosphorus 
tribromide—or by its equivalent, the simultaneous use of red phosphorus and 
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bromine. Double decomposition, particularly with oxalyl bromide, is also a 
satisfactory way of obtaining volatile acid bromides. The aerial oxidation, in 
the presence of catalysts of the bromo-ethylenes :— 

CHBr==CHBr —CHjBrCOBr 

CBrij==CHBr CHBr^COBr 

CBrj8==CBr2 CBrgCOBr 

proceeds even more sati8faotoril3^ than \>idth the corresponding chlorine com¬ 
pounds ; unfortunately, the bromo-ethylenes are not readily available. 

Most acid iodides are obtained by double decomposition, using an acid 
chloride and calcium iodide. 

In Table XLl 11 and Table XL! the salient physical properties of a 
number of common acid haUdes are shown. The reactions of acid halides are, 

TABLE XL IV 

Some Acyl Fluorides and Iodides 

Acid haUde Formula 

Fluoride Iodide 

M.P. B.P. M.P, B.P. 

Formyl H . COX —20° 
Acetyl CH,. COX _ 20'8° _ 108“ 
Propionyl C,H,. COX — 440 _ 128° 
Butyryl C,H),. COX — 07° _ 148° 
Isobutyryl (CH,),CH . COX — 57° 168° 
Dichloroacetyl CHCl,. COX — 7r 
Benzoyl C.H,. COX 

1 
162° r 117°/14 mm. 

on the whole, fairly simple ; the tendency is for the halogen atom to combine 
with hydrogen, and for the two remaining residues to unite ; in this way the 
acid itself is regenerated with w-ater ; esters art? fonru'd w ith alcohols, and a 
large variety of acyl compounds obtairic'd, as exemplified below :— 

R . CO .Cl + H2O - R , COOH acid 
R . CO . Cl + HO . W - R . COORi ester 
R . CO . Cl + NH3 -R . CONK 2 amide 
R . CO . Cl + NH2C,H, - R . CONHCeHs anilide 
R . CO . Cl + NH2NH2-R . CONH . NHg hydrazido 
R . CO . Cl + NaNg-R . CO . N., aiide 
R . CO . Cl + AgCN - R . CO . CN fl'Cyl cyanide 
R . CO . Cl AgNCO --—— R . CO . NCO ac^yl isocyanate 

The use of acyl chlorides in the Friedel Crafts reaction has already been 
discussed (p. 216). 

Acid Anhydrides 

Williamson ^ in 1860 predicted that there should exist an ' anhydride ’ of 
acids such as acetic, but it remained for Gerhardt ^ in 1862 actually to prepare 

^ Williamson, Ann. Chim. Fhys., I860. 28. 241 
* Gerhardt, C,B,, 1862, 84, 766. 
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the substance ; which he accomplished by the action of acetyl chloride upon 
anhydrous sodium acetate 

CH3COCI CHgCO 

-»- \o + NaCl 

CHjCOONa CH3CO 

The reaction has been used conside^rably for the preparation of this substance. 
The dir(H^t dehydration of aliphatic acids, even by such reagents as phosphorus 
pentoxide is difficult to bring about with any consistent yield of acid anhydride ; 
even with actetic acid resinification sets in and the yield is only about 30 per cent, 
of the theoretical, whilst with higher acids resinification is almost complete. 
Fortunately, nearly all the high(T acid anhj^drides can be prepared from acetic 
anhydride and the acid in question. Thus, caproic anhydride is obtained by 
heating caproic acid with an excess of acetic anhydride. 

C5H11COOH C^HiiCO 

\o + 2CH.COOH 

0,H„C00H C.H„CO 
If a good excess of acetic anhydride is u8(h1 the acetic acid formed can be dis¬ 
tilled off with it leaving the crude caproic anhydride to be purified by fractiona¬ 
tion in vacuum. 

Another exceptionally useful reagent for the preparation of the higher 
aliphatic acid chlorides is oxalyl chloride ; heated with even long-chain acids, 
e.g. Margaric acid, the anhydride is formed and may be distilled in vacuo from 

C,eH33COOH ‘ C,,H33C0 

-4^- \o 4- oxaHc acid + HCl 
chloride / ' ' 

C,3H33C00H C,«H33C0 

the a iliydrous oxalic acid. Yields up to 70 per cent, in the aliphatic series can 
be obtained by this reaction ; in the aromatic series the yields are quantitative. 
A variant of the method is to use the acid chloride and anhydrous oxalic acid. 
Industrially, acetic anhydride can be made by the action of a regulated amount 
of phosgene on sodium acetate :— 

2CH3COONa + COCl^-(CR^CO^O + 2NaCl 

Since, however, mu<’h of the acetic anhydride used in industry is in admixture 
with acetic acid for th(? acetylation of cellulose in making rayon, and since 
during the acetylation the excess of acetic acid is not destroyed, but merely 
requires bringing up to the (correct proportion of anhydride, keten is widely 
used. If keten is passed into acetic acid the anhydride is formed :— 

CH3CO 

CH2=C0 4 CH3COOH \0 
^ CH3CO 

This reaction can be used also for making the pure anhydride, but is particu¬ 
larly adapUxi to * topping up ’ acetylation inixtun>8. 

Some unusual methods of making acetic anhydride include Broughton’s 
method in which carbon bisulphide and lead acetate are heated ^ together:— 

2(CH3 . COO)Pb + CS3 —► 2(CH3C0)0 + CO^ + 2PbS 

and the procedure due to Lachowitz * in which two moles of acid chloride are 
warmed with one of dry silver oxide 

2R . COa + Agfi —► (R . C0)^0 + 2AgCl 

Broughton, 1805, 18. 2L * Lachowitz, Bar., 1884, 17, 1283. 
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Mixed acid anhydrides can bo made, but are very unstable, and on distillation 
revert to a mixture of the two corresponding symmetrical anhydrides :— 

R,CO R,CO RjCO R.,CO 

> + yo -> ^0 •f ^0 

R3CO R3C0 RjCO R3GO 

They may be obtained by suitable variants of tiie methods already described— 
such as the action of the acid chloride of one acid on the sodium salt of another, 
or the action of keten on an acid other than acetic acid. An exception to the 
rule of mixed anhydride instability is acetoformic anhydride, H. CO. 0. COCHg^ 
which distils undecomposed. 

Application of the reactions of ac^'d anhydrides is directed primarily to the 
process of acylation in which acids or amino bodies are converted to esters or 
amides, e.g., 

R . OH 4 (CHgCOloO - R . O . (’OCH^ f OH3COOH 
R . NH2 4“ (CHgCOlaO - R . NHOOCH3 f CH3COOH 

In the acetylation of glycols and glycerols with acetic anhydride care must be 
taken to sec^ that the reactants are not fed into tlu^ apparatus faster than they 
can react; serious explosions have taken place (luring the a(H4ylation of glyc'ol 
owing to neglect of this precaution. 

The use of acid anhydrides in the Frie<iel-Oafts reaction has already be^m 
discussed ; it is to be noted, however, that acid anhydrides have on(^ or two 
reactions which are peculiar to the group. Their reaction with ethers in the 
presence of a catalyst (such as HBr, SnCli, FeCla, etc.) is to break them down 
with the formation of esters, e.g., 

C2H5V XOCH3 EtOOC . CH3 

>0 -f- o< 
CiU/ \COCH., EtOOC. CH3 

a reaction which is occasionally of value in characterising ethers. Acetals 
behave similarly, but, of course, two esters are obtaintnl:— 

^OEfc CH3CO 

CHj. CH,. CH + > 
^OEt CHadO 

CH3 . CHj 

OEt 

I 
CH . OCOCH3 + GHjGOOEt 

When passed over a reduced cadmium catalyst, acid anhydrid(^ are converted 
almost quantitatively to the corresponding ketone. 

(CH3CO)jO CH3. CO . GH3 + CO3 

The aromatic acid anhydrides are often best prepared by the action of 
quinoline or pyridine on the acid chloride, followed by the addition of water. 

The action of heat on benzoic anhydride leads to benzophenone and anthra- 
quinone, but the action of zinc chloride leads to the substantial prcxluction of 
benzophenone-3-carboxylic acid :— 

COOH 

a reaction which has the appearance of a meta-migration.* 

1 Behai, Ann. Ohim., 1900, [7] 20, 419. * Dobner, Ann., 1881, 210, 278. 
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Certain dibasic acids form (iyclic anhydrides with great (^as(^, e,g., succinio 
and glutaric acid—a roa(;tion which may be expected on stereochemical grounds ; 
the ability to form such cyclic anhydrides is seen at its best in the benzene-o- 
dicarboxylic acid aeries, phthalic anhydride being more easily prepared than 
the acid, 

Succinic anhydride when heated for several hours at its boiling point passes 
into a spiro compound—a double lactone of acetone diacetic acid :— 

CH2—CH2 OH2—CH2 

-I--1 I 

CO CO CO CO 
^ / \ / 
o o 

CO- o O-CO 
-COi 

CHo—CHo CH,—CH' 

In addition, succinic, glutaric and phthalic anhydrides unite in showing 
unusual stability of the ring, being able to condense by loss of oxygen from 
one —C/O group with th(^ formation of a group of substances of unusual pro¬ 
perties and importance. 

Thus, both succinic and phthalic anhydrides condense readily with phenols, 
and the reaction is capable of being carried out with highly substituted phenols 
and phthalic anhydrides. The reaction is typified by the formation of phenol- 
phthalein. 

OH 

Both succinic and glutaric anhydrides give compounds of the same type and 
the range has been widely investigated. The coloured derivatives of this group 
have afforded a very valuable range of indicators; a full discussion of their 
structure is reserved to Chapter XV of VoL II. 

Unusual properties are also associated with substituted anhydrides of the 
succinic and glutaric anhydride series in which the carbon adjacent to one of 
the carbonyl groups is quaternary. Treated with anhydrous aluminium 
chloride in chloroform they are converted first to the lactone of a hydrox^^ acid 
and then to an unsaturated acid :— 

-CO (CHglgC-O 

CH*—CO CH,—CO 
{CH,),.C-CO {CH3),C-O 

(CH3),C 

CH.COOH 

CH, 
\ / 

CH.—CO 

(CH3),C 

/ 
CHa—CHj CH . CH*. COOH 

A well-known instance of this rearrangement, in which carbon monoxide is 
evolved, is that of the conversion of camphoric anhydride to wolaurolonic 
(/8-camphol3rtic acid). 
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KsTEliS 

This section deals only witli t he formation and ^eiuTal properties of esters, 
some of which are shown in Table XLVI. The reac^tions of ketonic an ddibasic 
esters which depc^nd for their success on the active methylene group are specially 
considered in Appendix 111 of this chapter. 

Esters have been known since the middle of the eighteenth century when 
Lauraquais prepared ethyl acetate by heating strong acetic^ acid with alcohol. 
Scheele prepared ethyl benzoate in 1785, but was inciint^ to deny that ethyl 
acetate could be obtained from the acid and spirit alone ; he observed that a 
small trace of mineral acid was necessary. The use of this small amount of 
acid is necessary to stim\ilate the process of esterification, although (as provixl 
originally by Pelletier in 178()) the ester is slowly formed from the acid in the 
complete absence of catalysts. It was soon realiscnl that the reaction 

C0H5OH + HOOC . CH3 --- HoO I . (JOCH, 

and similar reactions, are reversible or ‘ balanced ' in the senw^ that the four 
substances, acid, alcohol, ester and waiter conu^ to an equihbrium. In some 
cases it is only possible to drive this equilibrium to the ester side by the use of 
an agent to remove the water ; in other cases, the cjquilibrium is so far on to 
the ester side that a catalyst is only necessary to accelerate tlu* combination. 
In the former case a considerable body of sulphuric or phosphoric acid is 
required ; in the latter it is sufficient to diasolve some hydjogen chloride in the 
alcohol. 

Speed of esterification decreases when the hydroxyl to b(‘ acylatc^ is attached 
to a secondary or tertiary carbon atom ; an exception to this is the almost 
complete conversion of ter-butanol to ter-butyl chloride by shaking for a few 
moments with concentrat^xi hydrochloric acid 

* (^H,\ 
CH3~>C . OH + HOI-H2O I- CH, vO . Cl 
CB./ CU'/ 

Methods of Ester Preparation ^ 

(1) The treatment of an alcohol and acid with an auxiliary mineral acid. 

(a) Sulphuric Acid.—This method is mainly use^d for preparing simple 
esters such as ethyl acetate, in small quantities for laboratory 
purposes. 

(b) Hydrochloric Acid.—The use of this was initiated by Fischer and 
Speier ^ ; the alcohol is often saturated with hydrogen chloride, 
then heated under reflux with the acid. It is particularly useful for 
aromatic acids, e.g., benzoic or cinnamic. 

(2) The use of the acid and alcohol alone. 

(а) WithotU Devices to remove Water.—In the case of comparatively 
strong acids, such as oxalic and chloroacetic acids, the esters of 
simple alcohols may be obtained by simple interaction of the two 
reactants in a completely anhydrous state. Dimethyl oxalate is 
obtained in this way. In the case of some dibasic acids, e.g., tar¬ 
taric, refluxing with ethyl alcohol will only esterify one carboxyl 
group, thus giving a very convenient method of preparing the half 
esters for synthetic purposes. 

(б) With removal of Water.—If, however, tartaric acid and absolute 
alcohol are heab^ together with benzene, in a flask with a Dean and 

^ Fischer and Speier, Ber., 1895, 28, 3252, 
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Stark condenser and return, the water can be distilled oflF and only 
the benzene and alcohol returned to the flask, thus effecting a con¬ 
tinual removal of water ; in such cases, esterification proceeds to 
the neutral ester. 

(3) Alcohols and phenols may be converted to the esters by the use of acid 
chlorides or anhydrides, e.g.. 

CH2 0 f 2C2H5OH 

^CHa—CO/"_ 
Glutaric anhydride 

. COOEt 

CHj 

. COOEt 

Diethyl glutarate 

CHjOH 

i 
CHOH 

I 
CHOH 

AhjOH 

Erythritol 

CHgOCOCHg 

I 
CHOCOCH, 

+ 2(CH3C0)*0 I 
CHOCOCH3 

AnhydrouR j 

Sodium acetate CH2OCOCH3 

Erythritol tetraacetate 

(4) 1'he use of an Sivyl acid chloride, e.g., benzoyl, ^-nitrobenzoyl or 
3, 5-dinitrohenzoyl (chloride affords a good method of preparing identifica¬ 
tion compounds from small quantities of alcohols or phenols. The 
alcohol or phenol is suspended or dissolved in a little cold dilute caustic 
soda solution and shaken with a few drops or crystals of the acid chloride. 
The ester separates and may be crystallised for identification. This is 
ijften called tlie vSchotten-Baumann reaction. 

(5) In some cases where esterification is precluded by ordinary methods, as 
in the case of the 2, 6 disubstituted benzoic acids—especially those with 
halogen or nitro groups—it is poswsible to make the ester by refluxing the 
silver salt of the acid with an alkyl iodide, e.g., with trinitrobenzoic 
acid :— 

NO, 

NO. OOOAg + IC2H, 

NO2 

NO2 

N03^^^,C00C,H 

NO, 

5 't- Agl 

(6) In some cases, mainly aromatic, aldehydes can be induced to form esters 
by a reaction, the net result of which is 

+ 
AI(OBt), 

(Tischt43cheiiko’8 reeiction) ^ 

This method is used industrially to prepare benzyl benzoate, but the 
use of aluminium ethoxide, or of a trace of sodium benzyl oxide , is 
necessary to start the reaction. 

(7) The interaction of acids (formic excepted) with ethylene is a reaction 
capable of giving an excellent yield of ester :— 

+ CH3COOH-V CHa , COOEt 

* Tiftchtacheuko, €h, Ztg,, 1930, 11, 196. 
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Thf3 reaction is carried out in the vapour phase in the presence of a 
catalyst such as activated zinc phosphate. A mercury catalyst is used 
in the liquid-phase condensation of acetylene with acetic acid to give 
vinyl ac(^tate :— 

CH-CH + CHgtXJOH-► CH2=CH . COOCH3 Vmyl aoefcato 

a reaction of considerable importance in the plastics industry. 

The properties of esters are mainly concerned with (a) their hydrolysis to 
the original acid and alcohol, (6) their use as synthetic raw materials and (c) 
their organoleptic properties. Neither of the former matters need further 
discussion here ; the hydrolysis of esters is dealt with in Vol. Ill and the 
synthetic uses of esters is th(^ main subject of Appendix III to this chapter. 
A few words may b(^ addcnl concerning the organoleptic properties, since 
esters comprise among them some of the most agreeably odorous compounds 
known. Ever since their first ‘ pear drop ’ was made with crude amyl acetate, 
esters have been us(3d for the manufacture of essences designed to imitate fruit 
flavours—with more or less success ; some of the modern esters such as allyl 
caproate come very near indeiHl to the natural flavours (in this case, that of the 
pineapple), and when skilfully blended are a pleasant contribution to the 
pleasure we diTive from taste. In Table XLVI are collected together a few 
of the esters which ar('> valued for their cxlour, together with a very brief descrip¬ 
tion of their use. 

Ortho-Esters 

AH carboxylic acids are, theoretically, the anhydrides of the ortho-a^cids 
which ff)r the })iirposes of this book may be divided into three classes :— 

/OH yOH yOH 
I, H . Cf-OH II. HO ~c(~OH III. CnH.,H-i • c(~OH 

\OH ^OH ' \OH 

ort/io-formic acid carbonic acid The -carboxylic acids 

None of these acids exists, but their esters can be prepared and are useful 
materials for synthesis. The first aliphatic orfAo-esters were prepared by 
Williamson and Kay in 1854 ^ by t he interaction of sodium ethoxide and 
chloroform :— 

yOEt 
CHCI3 + 3NaOEt-- H . C^OEt + 3NaCl 

\OEt 
The method is, in a modified form,^ still used for the production of ethyl ortho- 
formate?. The ethyl ester is valued for its reaction with aldehydes and ketones 
(particularly the latter) whereby acetals are obtaint>d in good yield and uncon- 
taminatod—except by ethyl formate :— 

C2H5. yOEt 
C2H5. C0(^H3 -f HC(OEt)3->G< 

CH/ \OEt + H.COOEt 

Further, ethyl ortAo-forraato reacts readily with the hydrogen atoms of an active 
methylene group yielding alkoxy-methylene groups of a useful contour :— 

CO . OJlt CO . OEt 

I I 
{JH„ -CH, + 2C,H50H 

I ‘ I 
>1 , C(OEt)3 + CO . CH3 EtO . CH=-C . CH, 

' Williamson and Kay, iVoc. JSoc., 1854, 7, 135. 
^ Horzoff and Droger, Org, Syntheses, 1925, 5» 55. 
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Tho ortho esters are also available for a peiniliar synthesis of the acetylenic 
aldehydes. When a substituted acetylene magnesium chloride reacts with 
ethyl O7*if/m-formate, the following transformations occur leading to the 
aldehyde :— 

CH.CHaC-CMgCl + CH(0Et)3 

CH3CH0C-C . CH(OEt)o 

. (’HO 

Ethyl or///o-carbonate can only be obtained iii VTuy small yield, if at all, 
from carbon tetrat^hloride and sodium ethoxide. Bassett ^ found that ehloro- 
picrin gave the tetra ester, with loss of its nitro group, in moderate yield :— 

CCI3NO0 f- 4EtONa-^C(OEt)4 d dNaCl r NaNO. 

Rose improved Bassett’s method and improved the yield to about ,‘U) per cent, 
of the theoretical figure and Hill ^ obtained much hightT yields of the methyl, 
ethyl, butyl, amyl and /5-phenyl ethyl carbonic eHt(‘rs. C-onnolly and 
J)y8on ^ show'ed that ort/m-carbonates could be obtaiiKnl ecpially well from 
thiocarbonyl tetrachloride :— 

(;ci3. SCI -4- 4NaOEt-v EtO . S . ('(OEt)3 -p iNaCl —> C(OEt), f S 

The majority of ort/m-carboxylic ac'ids have Ixmmi made by one or other 
modification of the iraino-ester method, originatinl by PinruT in 1883. Hydro¬ 
gen cyanide, an alcohol, and liydrogen chloride aie alh)w'ed to react in ab.soIute 
ether ; a series of reactions leads to an imino-cliloride ester, which on warming 
with alcohol gives an orf^o-formate 

NHoCl i- 2C3H7OH OPr 

HCN 4 C2H5OH + HCI —^ nl’—OEt — > H(;—OPr * NH,(J1 
I 

OKt 

If a nitrile is used, a series of carboxylic ortko-estcru is obtained 

CeH^CN -I aHjOH + HC’l-> CeH.,. C . OKt -f 2EtOH C'bHs . C(OEt)., 
II 
NH^Cl b, 2;}0-240“ 

A .series of such compoinrds was prepared by Brookiu* and White.** 

APPKNiHX i 

LTPERA41J RE R EFE H EN( T:S 

V. R, Haitser and B. E. Hudson. ‘ The Acetoacetic E.stcT Condensation \ 
Section IX of Organic Rea<‘tions Vol. I, Wiby, 1942, N. York. 

P. A. Levenk. ‘Configurational relationships of Sugars and Hydroxy 
Acids etc., Chem, Rev., 1926, 2, 179. 

H. W. Post. ‘The Chemistry of Aliphatic Ortho-e.ster.sA.(%S. Mono¬ 
graph No. 92, Reinhold, N. York, 1942. 

E. Spath. ‘ Summary of Modern Work on Oonmarins Ber., 1927, 70, 72. 

1 Bassett, C'Am. Nmon, 1863, 7, 158 ; Arm., 1864, 122, 54. 
aKose, ibid,, 1H80, 206, 249. 
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APPENDIX II 

rilF TANNINS 

The art of tanning has been known from time immemorial, and is an example 
of a pro(‘ess which lias remained ('sst^ntialiy the same since its discovery in 
antiquity. In essence, the process of tanning involves the stec^ping of a pre¬ 
pared animal skin (hair and 6esh nuuov(-xl) in an extract of certain barks, 
berries or galls with tlie obj(*ct of rendering insoluble and waterproof the 
collagen protein, and so conviTting the skin to leather. 

It is only natural, therefore, that enquiring minds have turned to a study 
of the active principles of such harks—the tannins. Pliny mentions the use of 
slips of cane dipped in extract of nut-galls to detet^t the adulteration of verdigris 
with green vitriol, and observations of this kind led to the discover}^ and use of 
iron inks. 

Tannins are widely distributed in the plant w^orld, and are to be found 
mainly in trees and shrubs; annual plants seldom exhibit any tannin. In 
general, it may also be said that if a plant cDiitains tannin at all, the material 
will be diffused throughout the w'hole> structure, being carried in solution in 
the sap ; neverth(‘le8s, there is a marked tendency for accumulation of tannin 
in the outer structures—the bark, the root stocks, in woody tissue and in the 
outer part of fruits. The suggestion has been made that this tannin accumula¬ 
tion at surfaces is protective in the sense that it causes an astringenoy of taste 
which makes the plant unpalatable, but it is unlikely that this is the prime 
purpose of these substani'es, since many are closely related to plant pigments 
and other substances of phytochemical importance. During ripening the 
astringency of fruit disappears ; the tanmn is either precipitated or is gathered 
up into special ecdls—tannin sacs, whei'e it remains apart from the main flesh 
of t he fniit , whi(h having lost its astringency , is attra ctive to those animal and 
insect forci‘S which are responsible for the dissemination of the seed. Ethylene 
hastens ripening and not only turns the colour of the fruit but accxdcrates the 
segregation of tannins. 

The bite of certain insects on the leaves of vSumaoh (an Aphis) and of oak 
(Gynips) leads to an injury which brings about a large accmmulat.ion of tannins 
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in a small pathological growth or gall. Those galls are so rich in tannins as to 
constitute a source of the materials for industrial use. 

The sources of tannins for economic purposes may be summarised as follows : 

TABLE XLVIl 
JSuUBCE 

I . Fruiiif 

(a) B«rrio« of Termiwilin chebula, a plant ; gives the I'xtract known as ‘ inyra- 
bolaiis 

{b) Acorn cups of Grecian oak ; ‘ valoiiia \ also grown in Asia Minor. 
(c) Pods of CtTsalpina species ; tlieso give ‘ divi-divi 

II. Barks 

(а) Eac-ahjptm species give Australian tannins ; Kiu'nbjptus occiderUalis also giv^es a 
tannin. 

(б) canadensis, the Hemlock spruce, gives a useful tannin, 

in. Wood 

(a) One of the most important tannuLS is that from Quebracho Colonuio (Argentimd 
known as ‘ quebracho 

(b) Chestnut {Castamui vcsca) gives a taiuiin. 

IV, Leaves 

Sumach {Hhus species. . cofiniLs ami corinria), give a valuahlo tiinnin. 

V. (Jails 

From insect-bittou loaves of Qmreus and Rhus. “ AK'p])o galls " are from 
Querctis infectaria and Chinoso galls from Rhus semilata. 

In addition, innuiucrable plants, tea for exaiupl(‘, contain tannin in quan¬ 
tities too small for commercial extraction, e.g., willow (mlix trkindra), larch 
(larix europcea), cherry (])nnius rerasiLH) all give a bark tannin, as also does the 
wood of HamamelU virginiana, and the root ti.ssue of the IVimegranate (Pimica 
granatum). 

Chemically speaking, tlie (classification of tannijis into groups is best done 
according to the system of Perkin and Everest Three groups are recognised :— 

(1) Gallotannlns' or Depsides are those which on liydroiysis with dilute acids 
yield gallic or digallic acid and a sugar. 

(2) Ellagotannins, those which on hydrolysis yield ellagii^ acid and a sugar. 
(3) CcUechol tannins (Fhlobofannins), substances which on boiling with 

dilute acids give a red precipitate or * plilobaphene \ These are (jailed 
by Freudenberg ‘ condensed ’ tannins, sin(*e tlnir nuclei are held to¬ 
gether by carbon links and not by the sinqile caster links of (iasses (1) 
and (2). 

Freudenberg’s ciassi heat ion is similar, but lie pla-ccs the classes (1) and (2) of 
Perkin and Everest together as ‘ ester tannins 

Whilst carrying out investigations on chloro-acetyl tyrosine, Fischer hit 
upon the method of protecting the hydroxyl groups of the tyrosine molecule 
without affecting the carboxyl group, by treating the substance with methyl or 
ethyl chloroformate ; these esters form a carbomethox}?^ or carbethoxy-phenol 
group with the hydroxyl, which protects the latter through subsequent reactions 
and may readily be removed by mild alkaline hydrolysis. This reaction forms 
the basis of much of Fischer’s work in this field. 

Fischer’s work was first concerned with the linking together of galloyl and 
reflated groups in chains. It had been quite clear before Fischer came upon 
the scene that gallic and similar polyhydroxy acjids w^^rfj (joncerned with tannins 
and Fischer first elucidated the manner of their combination. To have a 
convenient referen(je to such complexes Fischer coined the term ‘ depside ’; 

* ApfH^udix I. 
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a didopsido was a cioinbiiiation of two gallic acid residues ; a tri- or tetra- 
depside involved three or four such groups. The* didepsides, lecanori(^ and 
overnic acids, have already been doscjribed (p. tilf)). Thc^ main interest, 
insofar as ordinary tannins are concerned, is tlie didepside from gallic acid. 
This compound was (;losely inve^stigated, and an unusual difficulty was en- 
countertMl when a m-didepside was obtained instead of t he expected p-compound. 
Thus :— 

HO cicoor.t ^ EtOOCO 

Kt00C'0<^ ^COOH (438) 

KtOOOO 

F.tOOOO KtOOCO 

no 

(441) 

(442) 

gallic* acid is converted to its tricarboethoxy derivative (438) by treatment with 
ethyl chloroforniate. This may be converted to the acid chloride (439) with 
phosphorus pentachloride and to the 3, 5-dicarboethoxy gallic acid (440) by 
treatment with one molecular proportion of cold caustic soda solution. The 
acid (chloride and the partially hydrolysed ester condense to give the penta- 
carboethoxy didepside (441), but this on hydrolysis gives, not the expected 
jp-digalUc acid, but m-digallic acid (442). The authenticity of this unusual 
migration was established by Fischer in a number of comparative experiments 
\iith the benzoyl derivative of protocatechuic acid. 

CeH.CO . COOH \COOH CH3CO . 0^^^(X)0H 

0 . COCH, O. COCeHj 
(444) 

({'IlsCOhO 
OCOCeHg 

(445) 

If jE?-benzoyhm-acetyl protocatechuic acid (443) is hydrolysed with cold alkali, 
sufficiently strong to remove the acetyl group without disturbing the benzoyl 
group, m-benzoyl protocatechuic acid (444) is formed, not the expected 
jj-benzoyl derivative ; on acetylation of the benzoyl derivative, p-acetyl-m- 
benzoyl protocatechuic acid is obtained (445) demonstrably different from the 
compound (443). In this way, and by other means, the formula (442) of 
m-digallic acid was substantiated. It is a crystalline substance, m. 
which has an astringent taste and precipitates gelatine. 

Fischer, having prepared a number of didepsides of which m-digalhc acid 
is typical, then proceeded to an examination of tannin (or tannic acid) itself. 
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It had betHi rD{><>r1vd by StiHH'kcr, workiiiij; with Iji»dngd thal tarniiii contained 
glucose and for a long time tauriin was r('gard(Ml as n simple gIyeosid(‘ of gallic 
acid. RochltHlerg' howeva'r, in IS5S, point<*d out that when tannic^ acid is 
purified the glucose eont(^nt drops to about 4 per cent., but that further puri¬ 
fication did not appt^ar to decrea.s(^ iliis proportion. Hlasiwetz ® suggested 
that tannin might be a derivative of digallic acid. Fiscdier purified tannin by 
a series of extractions from faintW alkaline solutions with ethyl a(^etate, and 
after hydrolysis by 5 per cent, sulphuric acid at 100"" for 70 hours, confirmed the 
view that glucose forms an inherent part of the tannin molecule, between 8 and 
9 per cent, could always be recovenxl and the average figure correspondcHl to 
one molecule of glucose to ten of gallic aidd. This naturally led FiscluT to 
suppose that tamiin was constituted as g]ucos(\ all five hydroxyl groups of 
wdiich were esterified by digalli(? acid—a penta-m-digalloyl glucose. Pic there¬ 
upon set out to confirm the presence of m-digallic acid in the tanniii molecule. 

He was unsiux^essful, although Herzig ^ and his co-workers succetKlcd in methyl¬ 
ating tannin wuth diazomethane (part of the methylated molecule is showm in 
446), and on hydrolysis they obtaintKi trimethylgallic acid (447) and the un- 
symmetrical dimothylgallic acid (448). Fisclnn* tlnm d(4ermin(‘d to synthesise 

a penta*w-digalloyl glucose. He first attempted this through the penta- 
carbomethoxy-m-digaliic acid, but the substance proved intractable and he 
turned his attention to pentamethyl-m-'digallic acid, which he prepared without 
much difficulty and converted to the acid chloride. This was condensed with 

^ Strecker, Ann,, 1854, 90, 328. * Roohleder, Ch, Zeni„ 1858, 8, 579. 
* Hlasiwetz, Ann., 1867, 148, 295. * Herzig et aP. Ber., 1905, 88, 989. 
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glucose yielding a penta(pentamethyl-m-digalloyl)glucose, which showed great 
similarity, if not complete identity, with completely methylated ChineBO tannin. 
Fischer had, meanwhile, prepared satisfactory quantities of penta-acetyl-m- 
digalhc acid, whic^h was easily converted to its acid chloride, the latter con¬ 
densing very satisfactorily with glucose in chloroform (in the presences of 
quinoline), the prodiu^t b(dng the pentacosamethyl derivative of tannin (449), 
whi(4i in turn gives on hydrolysis with caustic soda in acetone at 0° a substance, 
penta(m-digalioyl)glucose, which has a striking resemblance to Chinese tannin. 
The absence of very definite physical charact(Tisti(?s and the inability of ultimate 
analysis to difitinguish between closely relati^d compounds of high M.W. made 
it difficult to (‘stabhsh identity ; a difficulty wdiich was by no means lessened 
by the variations in the natural product ; indeed, the variations in optical 
activity betwe^en purifkxi samples of natural (Jhiru.^se tannin showed greater 
differeiu^es from their average value, than did the optical activity of Fischer’s 
synthtjtic product. The natural product is prol>ably a mixture not only of 
conipl<‘tely and incompletely di-m-galloylathed glucoses, but also of a variety of 
sttTeoisoriKTs. Fischer has also emphasisc^d the view that his owm synthetic 
material is not homogeneous but that it contains more and less soluble portions. 

One simple tannin in which identity between the synthetic and natural 
products has been amply demonstrated is the glucogallic acid discovered by 
Gibson in rhubarb root (450). This w-^as synthesised by Fischer and found 
identical with the natural product. 

Another simple tannin w hich is crystallini^ is hamameli-tannin (452) in which 
the arbort^sc(‘nt aldolu^xose hamamelose (451) has tw^o hydroxyl groups esterified 
by gallic acid. 

CHgOH 

HO . C-CHOH 
I 

CHOH 
I 
CH-O 

I 
CHjOH 

_OH 

CHjOCo/ ^OH 

I OH 
HO—C-CH(OH) 

CHOH 

0 

CH-' 
I 
CHjOCO: 

OH 

OH 
(461) (452) 

The tannins from twig-galls are more complex than Chinese tannins and 
hydrolytic experiments show that a part of their structure is composed of 
ellagic acid molecules. No synthetic work has, as yet, been accomplished in 
this section of the subject. 

The third group of tannins, the catochins, are flavono derivatives and have 
already been discussed (Appendix IV, Chap. V) in connexion with their relation 
to cyanidin and the phloroglucinol anthocyanidins. 

APPENDIX III 

THE ACTIVE METHYLENE GROUP 

The immediate proximity of a carbonyl group to a methylene group increases 
the lability of the hydrogen atoms of the latter ; the material in the main body 
of this chapter contains innumerable instances of reactions taking place at the 
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a-carbon atom of an acid or ester. The —CN group is even more powerful 
than the carbonyl group in this respect and nitriles sucii as 

CH3&.CN CH3(CH,)„CH3CN ^CH^CN 

have a strikingly enhanced reactivity in the a-mcthylene group. This takes the 
form of ability to form sodio derivatives by replacement of a single atom of 
hydrogen vith sodium, and power to condense directly with aldehydes to form 
unsaturated derivatives. 

The ' active methylene group ’ (as such groups are caUtxl) (♦), is shown to 
a remarkable degree in such groups as lie between two carbonyl groups or 
between one carbonyl or one cyano group. The following types can be dis- 
tinguishtnl. 

I. EtOOC . CH2. CN a-Cyano esters 

II. EtOOC . CHj. COOEt 

III. EtOOC . . CO— 

Malonic testers 

j9-Ketonic esters 

IV. -;C—CO . CHa—CN 

V. ^C-CO—CH2-CO—C^ 

j9-Ketonie n itriles 

jS-Diketones 

All these types show^ the characteristic behaviour of the active methylene 
group at the point marked (*), and one or more of any of them can recur more 
than once in the same compound—e.g., acetone dicarboxylic (‘ster, and its 
diacetyi derivative—both of which have two active groups. For the sake of 

CH2 . COOEt CH3CO . CH . COOEt 

CO (JO 

* I I 
CH,. COOEt CH3CO . CH . COOEt 

* 
clarity it is proposed to divide the consideration of these substances into cjasvsos 
corresponding to the five groups above, and to cornmem^e with malonic ester 
derivatives. 

Malonic Ester Derivatives 

Conrad,^ in his researches which initiated our knowledge of malonic ester 
syntheses, observed the formation of a monosodium derivative, which is a 
crystalline substance of definite structure and composition. It could be obtained 
either by the action of sodium on malonic esti^r or of a- solution of sodium 
ethoxide in ethanol, > 

COOEt 

-^ 

\cOOEt + CjHgONa 

/COOEt 

Na(5H I- CjHgOH 

\cOOEt 

In either case crystals of the sodio derivative are formed, and these will react 
with an alkyl iodide by a reaction which it is customary to write thus :— 

^COOEt ,COOEt 

CjH,! + NaCH-+ Nal 

\cOOEt \cOOEt 

1 (A>nrad, Ann,, 1880, 204^ 127. 
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li was ‘ in I88H who drew attention to the pOHsihilJty of <h(i sodio 
maJorhc ester being the d(‘rivative of tiie (aiolic form, and it was N(>f and 
Li(‘bermann ^ who expresstHl th(^ reaction above in the following manner — 

NaO . C . OKt 

, k 
I + I 

COOEt 

(463) 

(JNa 

I 
l_(;_OEt 

I 

(JOOB]t 

(464) 

COOEt 

I 
NaT f C.HyCH 

I 
COOEt 

(466) 

ill which the sodio derivativt^ has the enolic form ; and in which the reaction is 
represented, not as a double dei^oinpositipn, but as an addition, the intermediate 
unstable form (457) being postulated.^'Here the matter restel as, although 
the final result was th(^ same, no eritii^al method of toting the two alternative 
concept ions was available. Nearly twenty years later Jackson and Whitmore ^ 
noted that wdK‘n 1, 3, 5-tri-iodo-2-bromo-4, 6-dinitrobenzerie was allowed to 
r(ia(*t w ith th(‘ sodio-derivative of inalonic ester definiU^ evidence of the formation 

Hr 

NOo 

NO, 

ONa 

I 

-C-OEt 
I 

I—(JH 

COOEt 
(456) 

1 NO,. 

NOj 
^COOEt 

Itll 

\cOOEt 
(457) 

of an enolic derivative of the structure (456) was obtained which decomposes with 
the formation of iodomiilonie tester and a bromo-di-iodo-dinitrobenzene (457). 
This conception is further strengthened by the work of Kohler and MacDonald,^ 
w^ho observed that when p-toluene sulphonchloride reacts with sodio-malonic 
ester the reaction takes both courses ; yielding j^-toluene sulphomalonic ester 
(458) in small quantity, the main product- being ^-toluene sulphinic acid (459) 

/:C)OEi 

CH,/ \S0,C1 NftC'H-► 
_/ \ 

+ \COOEt 

^COOEt. 

CH,/ ^SO,—CH 

' ’ \cOOEt 

EtOOC^ ^COOEt 

HC-OH 

EtOOC’/ \cOOEt 
(468) 

OXa ONa 

(UoEt C'Hs/^^SO.-C—OEt CH,<f'~\sO,H 
II ^ + 
c;h cn.cH 

COOEt COOEt 

(460) 

COOEt 
I 

Cl.CH 
I 
t-'OOEt 

(469) 

and ethane tetracarboxylic eater (460) which results from the combination of 
two molecules of chloromalonic ester in the presence of excess of sodium. 

» Michael, J. Pr. Chem., 1888, 87, 498. 
* Nof, Atm., 1891, 800, 67; 1892, 870, 334 ; 1899, 808, 284. Liebermann, Ber., 1894, 

27 292. 
’ • Jackson and Whitmore, Ber,, 1913, 46, 67. 

* Kohlar and MacDonald, Che7n. J,, 1899, 22, 27, 
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fii dealing with th(‘ following <ir\(‘lopiiUMitt; of the nnilonic aiid syntlu^His, 
the conv(*ntionaJ foraiuhe will Ix^ nscnl for tlu' Ho(lio-(loriva.tiv(\,y 

(1) Halogen compoundH react n^adily with sodio-nialonit^ (\ster. Thus, 
alkyl halidt^s yield alkyl maloni(‘ esters by the following n^action :— 

^OOOEt ,(!0()Et 

C^H^Br 1 NaCH -> + NaBr 

^COOEt \^OOEt 

Care must bo taken in such reactions that the scxliuni and alkyl halide 
are piH*sent only in the correct monoinol(Mnilar proj)ortions, siiu'c, whilst 
it is very doubtful whethiT malonic foirns a disodio dtnivaiived 
it is quite easy to obtain the diaikyl halide^ by adding a st'cond mole of 
NaOEt and alkyl halide. The rea(dion tla^n takes the course :— 

/COOEt /COOEt 

2C,H7Br + CH2 _^ I ^NaBr 

\COOEt H^OOEt 

A small quantity of dialkylmalonic ester is alw^iys j)r(xiiiced in the 
former reaction, but is easily separated fn)m the ?nono-derivative by 
fraetional distillation. ^ 

In the preparation of mixed deTivatives, e.g., rnelhybRq)iop3'l 
malonic ester, tlu^ larger group should be introdiicexl fij'st, and it is 
preferable to isolate and purify the rnonoprofyl malonic ester bc^fore 
proceeding Avith the introduction of tlu^ so(;ond group. 

/CX)C>Et 

C8H7Br + NaOEt { CU^ 

\cOOEt 
STAGE J - 

yCOOlCt 

(yj^CiH t CH3I 4- NaOEt 

^COOICt 
-^ II -- 

( H3 ^vooyj 

Cali,/ \;OOPt 
- STAGE 11 

Theoretically, it seems that one could wait until the first reaction had 
subsided with the formation of the propyl derivative, and then add 
another charge of methyl halide and sodium othoxido ; if this is 
attempted, some interchange of radicles takt s place, and a mixture 
of dimethyl, dipropyl and methylpropyl malonic esters ensutxi with 
consequent loss of yield and difficulty of separation. 
,.yflydrolysis of these substituted malonic acids is invariably attonde<l 

with the formation of a monocarboxylic acid by elimination of carbon 
dioxide. Vigorous reduction of the esters yields an alcohol :— 

\CH.CH2OH 

Gjflf Beductlon 

2-n-propyl pentanol 

COOEt 

COOEt 

/COOH 

''COOH 

Hydrolysiw 

(C3H,),C!H . COOH 

di-n-propyl acetic acid 

i2) 
In this way an approach to acids and alcohols is available. 

The interaction of a dihalogen compound with sodiomalonic ester is 
capable of proceeding in several ways. Normally, when one dihalide 

^ Such a derivative was claiined by Biacho0, J9cr,, 1884, 17, 2782. 
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is ns*‘<] for rach f>air of sodio iihilonic rsliM hhiKm uIos the 
following rliango rosuKs ; — 

^(.^OOEt /JOOKI. 

CHg + cKCH^ydj -1 CPI. 

\cOOEt \cOOEt 

2NaOEt 

10t()()(! 

EtOOf'' 

^COOEl 

(.ih(ch2)«(;h 

"'\GOOEt 
Kon 

(461) 

(462) HOOC(OH2),COOH I 

(463) HOOC . OH(CH,,)(CH„)8CH(CH3)COOH 

'rtiis gives ail alkane t(‘iracarboxylie esttT (4)1) wfiicli can be 
bydrolyscHi to a dibasic acid (462). If an alkyl derivative of malonic 
ester (e.g., methyl malonic (^ster) is used the branched ((hain dibasic 
acid (463) is obtained. Under any circumstances a part of the reac'tants 
will stop short at the brom-alkyl ester (464) :— 

^COOEt /COOEt 

CHNa -f Br(CH2)5Br OH—(CH,),Br 

\C00Et — - \C00Et (464) 

l"he amount of this material is not a serious factor under normal condi¬ 
tions, but can bo incn^ased by raising the amount of halide present or 
by using the chlorobromide, if this be available, tlien^by making use of 
the difi'erene(^ in reactivity of the two halogens. 

Yet a third method remains b}' whieh a dihalide may r(*act with the 
sodio-ester, namely with the formation of a ring. It is not always 
possible to choose conditions sucli that th(^ earlier reactions of this 
section are either eliminated from, or subordinated to, the formation of 
the ring compound. Thus, 1, 4-dibromobutane forms the cyc^upentane 
compound exclusively under all circumstances (465), whilst trimethylene 

^CHg—C^HsBr ^UOOEt 

CH2 I <^2 
\:HsBr \cOOEt 

2NuOKt 

^COOEt, 

C 

\cOOEt 

(465) 

CHj—CHg-^ 

> OH.COOH 

(466) 

dibronaide can scarcely be induced to give more than mere traces of the 
cj/eZo-butane compound. The cycloalkane dicarboxylic esters give the 
monocarboxylic acids normally when hydrolysed (466). 

. 13) When the sodio derivative of malonic ester is treated with iodine, two 
molecules become linked as in (467) to give ethane tetracarboxylic ester. 

EtOOC. .COOEt 

EtOOc/ \cOOEt 
(467) 

EtOOC. .COOEt 

CHNa Na(jH 

Etoexy^ + ^OOEt 
I. 

42 
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This pr()(‘e(JiJiv can h(‘ usimI Io Iona in 1 lollowiu;^ riaiJ»n<»r : 

Etooe^ (il..(Ul. EtOOC 

EtOOC C—OOOEt EtO()(^ CHo—(>~COOEt 

CHJs Na COOEt 
(468) 

COOEt 

CH,—CH. 

FiOOC . Cii CHo 
\ / 

I 
-COOH 

(■r.'M 

Two moles of sodioinalonic ester are allowed to react with one of a 
dibromide—t^imt^thylene dibromide in (468)—to give the compound 
(468). This reacts with methylene didodidc' and two rnoh's of sodium 
ethoxide to give the cyclic* tetracarboxyJic csUt (469); on hydrolysis, 
hexahydro-i8ophthalic acid (470) is obtained ; had iodine itself beiMi 
used in place of methylene iodide a cyr/opentane derivative would have 
been produced, 

(4) The type of halide which will react with sodio-malonic ester i^ by no 
means confined to simple alkyl derivatives. Bromo esters or ketont\s 
will react similarly, giving a useful approach to the unsymmetrical 
dibasic acids and the higher keto acids. An example of each is given :— 

COOEt 

\ / 
EtOOC{CH,)4Br + C- 

/ \ 
\a COOEt 

I <JOOKt 
i / 

EtOOC(CH2)4™C 

CH,COCH,CHaCH,Br Na 

CH, 

COOEt 

y _ 

\ 
COOEt 

HO()C((’Hj),—C'K. COOII 

a-P]thyl piniolic acid. 

CH, 

► CH3C0(CH*)3 

COOEt 

/ 

COOEt Hyi)roly«l« COOEt 

CH,CO(CH,),CH(CH,)OOOH 
2-Methylhoptanone-6, acid-1 

There are numerous deviations from this course ; if a«bromowbutyric 
ester is coiidense^d with sodio-methylmalonic faster, the expect^^d tri- 
methyl succinic acid is almost entirely abstmt, and a, a-dimethylglutaric 
acid is isolated. 

^4, 

COOEt 

OOEt 

COOEt 

Should give 

actually gives 

>C—COOH 
CH3/J 
CH3. CH . COOH 

;.COOH 

CH*. COOH 
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Conversely, y-chloroi^ocaproic ester (471) gives with sodio malonic ester, 
a-t5opropylglutaric acid (473), instead of the expected j5, j3-dimethyl 
adipic acid (472). 

CH 

CH 
■‘^>0. CH.OHsCOOEt 

3' I 
Br i 

/COOEt 

NaC^H 

\cOOEt 
(471) 

should give 

CH3. 
>C—CHj. CH2. coon 

CH3/I 
CHa. COOH 

(472) 

CH 

actually gives QJJ 
CH . CH . CHj.COOH 

I 
CHj.COOH 
(473) 

From these examples, it is clearly unsafe to accept the course of 
synthesis as evidence of structure, without independent characterisation. 

(5) Most interesting structural t3^s can bo obtained by the condensation 
of unsaturated esters with sodio-malonic ester in the presence of potas¬ 
sium cyanide. The reaction takes the course :— 

/CCOEl 
COOKt + CH, 

KCN 
CH,-CH-CH»C00Et 

COOEf 

CHvC CHjCOOH 
I 

CH3COOH 

1/COOEt 

^COOEt 

thus giving a ^-substituted glutaric acid. 'Phe reaction is capable of 
wide variations; cinnamic ester gives ^-phenyl glutaric acid and the 
reaction proceeds equally well with mono-substituted malonic esters, 
which give a, /S-di-substituted glutaric acids, and even such compounds 
as sorbic ester (474) will react normally the ‘ 4 ’ double bond reacting in 
preference to the ‘ 2 

CHj. CH==CH . CH=(."H . COOEt CHj. CH . CH^. CH=CH . COOH 

(474) CHj. COOH 

The reaction is complicated by 1, 6 and 1, 8 addition in the case of 
higher acids, so that there is a tendency for the double bond to migrate.^ 

It may added here that the presence of a strained ring acts in a 
-/imarmor similar to unsaturation ; cyctopropane-1, 1-dicarboxylio ester 

reacts with malonic ester in the presence of potassium cyanide to give 
adipic acid:— 

CH,. .COOEt ^COOEt 

I 4- CH, — 

CH,/^ \cOOEt \cOOEt 

CH,.CH(COOEt), CH,.CHj.COOH 

-> 

CH2.CH(C00Et)j CHj.CHJ.COOH 

1 A summary of tho 1, 4; 1, 6 and 1, 8 additions is given by Kohler and Butler, J,A .C.S., 

im, 48, 1036, ‘ 
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(()) An interesting special case of tho reaction of a halide with nialoiiic 
ester is that of chloroform. Malonic ester with two equivalents of 
sodiinn ethylate 's vsubmitted to the dropwisc^ addition of half an 
equivalent of chloroform. Th(‘ reaction takes the course :— 

^.('OOEt 

CHCI3 H- 20H„ CH—CH---0 

'^OOOEt (X.)OEt 

HOOC. GH2CH===CH . COOH 

-> 

(47.-.) (470) 

giving a tetraearboxyii(‘ faster (475) \vhi('h <*an be hydrolys(=Hi to glut- 
a conic acid (476). 

(7) Another special cast‘ is the action of (‘hlorodimethyl etlier. The first 
stag(‘ of reaction is quite as usual :— 

. 0 . CH.Cn ^ NaOlirCOOEt), — > (ifi/). CH, . CH(COOEt), 

but on attempting to hydrolyse tht' ester with hydrochloric, acid two 
nudhoxy groups an* eliminated and cyc/obutaiu' dicarboxylic ac‘id 
results. 

CHgO . . CH(OOOEt), (df,—CH . COOH 

(EtOOOXJH ! CH.,0(^H3 HOOC . CH CHo 

From dichloro(dhyi ether it is possible to obtain butyrolactone by 
the use of iiialonic ester. Vinyb^-chloroethyl ether is obtaintxi from 
the 8ymmetri(*al ^-dichloro et-h(U‘, and reacted with sodio malonic 
ester to give the ester (477). On acid hydrolysis, butyrolactone is 
obtained by the various steps shown below ;— 

.CHa. CHj. Cl /CH=-=CHj 

^\r 
O 

CH, . CHo. Cl 

addJtt. of H2O 

^COOEt ^ ^COOEt 

\cHj. CHjC’l + Xa(;H X;H,. CH,. CH 

\cooEt \:;ooEt. 
(477) 

CH.CHO 
■f 

OH 

OH 

in—CH, 
-I 

CH,. CH,. CH, . COOH CH,. CH,. CH, . COOH 

t;H,—CH, 

• j ^O Jiutyrolaotone 

CH, —CO 

(8) Reactiom of Aldehydes and Ketones with Malonic Ester 

The reaction of an aldehyde with malonic acid can proceed in two 
ways (a) to form the unsaturated ester 

^OOEt .COOEt 

ECHO + CH2-V RCH==CiH -> R . CH=CHCOOH 
V ^ NftOEt V NmOH 

\COOEt \COOEt 
thus leading to the unsaturated acids, or (5) to form a tetracarboxylio 
ester:— 

.CH(COOEt)2 >CHa, COOH 

R . CHO I 2(JHsj(COOEt)* R. CH J?!??-* R . OT* 

__ ^ "\CH(COOEt), \)Hs. COOH NaOEt 
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ill turn, acids of i-bc /i-^^lui;ii ir s<a'i(‘S. TlHir is n'> ihhmI in 
use motaili(* sodium for those Hyritliosiss, as iho reaction procf^txjs liest in 
a secondary or ti^rtiary base ; diethylaniine, piperidiia* and yiyriiiine 
are commonly used ; if it is dosired to favour the unsaturated ester 
condensation, tin* us(^ of acetic anhydride is recommended. 

(9) Some mention must be mad(' of the condensation of urea and malonic. 
(^Hter, which is not, however, an active metliylene reaction but may 
conveniently be recorded here. The substance formcnl is malonyl urea 
or barbituric acid. This reaction is discus-sed in more detail in Chapter 
Vll, Vol. II. 

COOEt. 
1 

NHj 00- -Nil 
1 

ClI, 1 
1 

I 
(X) - 

1 

1 

1 

1 
(^0 

i 
1 
(X)i fEt 

1 
NH., 

I 
CO* -Nil 

Cyan ACETIC Ester 

Cyanacetic ester, and many other su})stances exliibiting the active methyhme 
group, give reactions which are etitirel\ analogous to those of maIonic ester. It 
is not, therefore, proposed to (catalogue all sui.h examples, but merely to give 
examples of particular int^^rest and to discuss such cases as are either anomalous, 
or where the new esters are able to (‘xtend th(* range of synthecsis. 

In the synthesis of simple acids by the interaction of alkyl halides, malonie 
est(T is preferable, in many <‘ases fo I'vanaceiic ester ; in some cases, liowever, 
the extra activity conferr(‘(i by cyano group and its smaller steric* effect are 
of value in inducing nsictions which are almost impossibh^ 's^oth malonie ester, 
for (example, M'o-jiropyl malonie est(‘r can only in rar(‘ instanc»‘s b(‘ inductn^l to 
allow the substitution of a sc^cond group on the act iv(‘ carbon atom ; fsrepropyl- 
cyanacetic^ ester, on th(‘ other liand, substitut(‘s r<\'idily .and thus gives alkyl-iso¬ 
propyl acetic acads on hydrolysis. Robinson ^ has irsed cyanacetic ester for 
condensation with the higher alkyl iodides and finds the reac^tion to give better 
yields tlian with Tualonic ester ; acids up to r^-octadecylic were prepared in this 

/COOEt /COOEt 

CH3(CH2),6l f NiiCH -CH3((Ud2),5CH —-> CH3(CH2),,COOH 

\c;N \cOOEt. (478) 

w'ay (478). Thoq)e ^ found that with ethylene dibromide, ( yelic; compounds 
w^cre obtained with cyanacetic^ ester, whereas, with malonie' caster, an open-chain 
derivative was obtained :— 

^COOEt ^C^OOEt ^.COOEl 

OHjBr NaCiH. CN CHg—CUT--CN CNa—OH CHg—•CH(COOH) 

I + j I >C^NH-*l >CO 

CHjBr NaCH.CN CHj.—(;H—CtN CHa—CH CHg—CH(COOEI) 

\cOOEt ^COOEt ^CN 

The anomalous reactions, described previously under malonie ester, in which 
the condensation of a-bromo?*.sobutyric ester with sodio-methylmalonic (‘ster 
gave dimethyl glutaric acid instead of the expected trimethjd succinic a cads, 
can be avoided by the use of cyanacetic ester with which the i*eaction proceeds 
normally. 

The Ghiareschi-synthesu.—One particular advantage which cyanacetic ester 
offers over malonie ester, is the ready condensation with ketones in the presence 

1 Robinaon, J,C,S„ 1924, 125, 220. ® Best and 'ITiorpe, ihi f., 1909, 95, 08o. 
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of ammonia to 
proceeds :— 

ON 

give a (cyclic »ix-membered 

VN 

iiitrogenoiiK ring. 'f'lio reaction 

\co + 

CHj . COOEt 
4- NH a 

CHj .COOEt 

ON 

OH3 ,CH—00. 
Nnh ■ 

CH— 

ON 
(479) 

OH3. .OH3COOH 

C,H/ ^CH^COOH 

(480) 

and the Guareschi imide (479) can either be hj^drolysed to a jS, )S-derivative of 
glutaric acid (480) or converted to a pyridine base, (^"clic ketones also give 
this reaction which affords a convenient approach to the cycloalkane diacetic 
acids :— 

CH,—OH, 

">00 

OH,—OH, 

2CNCHaC00Et 

-f NHs 

OH2—CHo OH(CN)COOEt 

< 
CH2—CHj CH(CN)COOEt 

OH,—OH, CH3COOH 

! / \ 
CHj—CHji (JH.^COOH 

cyc/opontaiHs ] -fliaeetic acid 

Further, it must be borne in mind, that the first Guareschi csUt still has two 
active hydrogens capable of reacting with alkyl derivatives. Kerr ^ prepared, in 
excellent yield, ^mww-norpinic acid (481) from the acetone Guareschi ester 
thus ■ 

CN coon 

CH, ,CH(CN)—Cp 

CH3 CH(ON)—CO 

Spiro-compounds can also be prepared by the action of iodine or alkyleno 
di-iodides on the Guareschi imides from cyclic ketones, e.g., 

CN 

CH3—OH,. /CNa—00. 
I >< >NH 
CH,—CH,/ XoNa—00/ 

OH,—OH,. /CH . COOH 

CN 

and 
hydrolyaie 

CH,- ch/Xh.o OOH 

Thori)e and Thole ^ used cyanacetamide in the presence of piperidine instead of 
the ester and succeeded in bringing the yields of glutaric acids up almost to the 
theoretical figures. 

One type of compound which reacts readily with cyanacetic ester is the 
cyanhydrin ; 

COOEt 

CH, OH NaCJH CH, CH. 
\/" \ \ \ 

C + CN C—CH. COOEt C—CHgCOOH 

-► C^s^iAiN-^ ^COOH 

thus giving an approach to the a, a-substitiited succinic acids. 

i Kerr, 1929, 614. * Hiorpe and Thole, J.C.S., 1911, 99^ 422, 
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Aceioacetic and Related Esters 

Geuth(T ^ (iiscovered acetoacetic ester in 1853 during his researches on the 
action of sodium upon ethyl acetate, and Frankland and Duppa ^ experimented 
with the action of ethyl iodide on its sodium derivative. The reaction between 
two molecules of ethyl acetate in the presence of sodium ethoxide (often called 
a ‘ Claisen ctondensation ’ since Claisen investigated a wide range of such re¬ 
actions) may be written :— 

2CH3COOEt f C^HgONa CH3C=CH . COOEt + 2C2H5OH 

iNa 

—indeed, Frankland and Duppa carried out their investigation on a sodio- 
derivative prepared in this way without the isolation of the intermediate ester. 
The reaction is a n^versible one, and the difficulty of obtaining good yields of 
the est(T is, in part., attributable to this factor. The scope of the acetoacetic 
ester condensation is wide; esters having hydrogen on the a-carbon atom 
condense rejxdily, thus :— 

{CH.3).,011 . COOEt f- (CH3)3CH . COOEt-{CH3)2CH . COC(OH3)2COOEt. 

IVIixtures are obtained wh(ui the two esters are different, unless one has no free 
a-hydrogen as in the ca8(‘ of ethyl formate, benzoate or oxalate, each of which 
affords excellent yi(‘lds of the simple keto-esters, e.g., benzoyl-acetic ester : — 

T)OOEt f CH-jCOOEt 
NaOKt 

• CH, . COOEt 

Examples in which ethyl formaU^ is used are :— 

(1) Formyl acetic ester. IlC^OOEt + CHgCOOEt-> H. CO. CHg. COOEt 
(2) FormVl crotonic ester. HCOOEt + CH3CH=CH . COOEt 

—H . CO . CH^CH^CH . COOEt 

It is to be noted that in the second example, condensation of the formic 
(‘sier takes place vith a y hydrogen atom, instmd of the a-hydrogen. This is 
also obsc'rvable in the condensation of formic ester and ethyl sorbate, where the 
tiTDiinal hydrogt^n reacts. 

An example of the use of oxalic ester is the formation of oxalacetic ester, a 
synthetic agent of considerable value :— 

COOEt CHaCOOEt CO . CHg. COOEt 
I + ->NaOEt 1 
COOEt COOEt 

The range of ketonic esters available for synthesis has been materially 
enlarged by the use of sodium triphenylmethyl as a rc\agent. Thus, by allowing 
an ester to mict ^vith a molecule of sodium triphenyl methyl, it can be converted 
quantitatively to its sodium compound, which is then able to react with a 

(M3CH2CHo. CO . OEt + (CeH3)3CNa-^ CHgCH^CHNa. COOEt + (CoH,)3CH 

COOEt 
CH3CH2. CHNaCOOEt | + NaOEt 

_>-> CH3CH2. CHCOCH2CH5 
CH3C:H2 . COOEt 

second, but different ester ; in this way, a tolerably gocxi yield of unsymmetric^I 
keto esters may be obtained. 

^ Cleutiier, Jahre^tb. CV*em,, 1863, 323, 
• TVankland and Duppa, Phdl, Tratus., 1860, 166, 37. 
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A further mt'tliod of preparing koto acidvS, especially those with a long 
initial hydrocarbon chain, is by digesting a ketone with sodium eihoxido and a 
large excess of ethyl (‘arbonate. 

CH3(CH,)600CH, f C2H5O . OOOEt-5^ CH3(CH2),COCH2COOEt. 

A further method for preparing esters of acetoacetic acid is feasible, on ac^count 
of llie large sc^ale manufacture of diketen ; th(> latter substaiu^e will react 
with alcohols giving almost tlieoretical yields of acetoacetic ester :— 

CH^CX^CH^OO-> OH3. (X)CH.. COOEt. 

It may also be renuirkexi that an internal acetoacetic ester condensation 
can be obtained between two ends of a long-chain keto ester. This reaction is 
known as l)i(^ckmann's Reaction and although of interest, with single rings, 
as for example, the conversion of ethyl adipate to C2/r/oj)entarione carboxylic 
acid :— 

j - j “ NaOEt CH..—CH.. 
1 j - nydroly.His 

CHj—CH., 
1 ( 

CH, COOEt CH„ CO CH, CO 

\ \ ■ 

\
 

CH2.COOEt CHCOOEt CH.COOH 

it is, however, of considerable value in the r//r/opentano-phenanthrene series ; 
this reaction enabled Bachmann and others^ to prepare equilenin in almost 
th(K)retical yield, thus :— 

The Decompositions of Acetoacetic Ester 

The tautomerism exhibited by acetoacetic ester is dealt with in Chapter IV, 
Vol. Til. This appendix is mainly concerned with its various decompositions ; 
when acetoacetic ester or its homologues are submitted to the action of alkalies 
they break down to give an acid :— 

(а) CH3. COCH^COOEt CH3COOH d CH3COOH + CaHsOH 

(б) CH3. CO. (JH. COOEt CH3COOH i C4H3. CHXDOH f CgH^O 

This process is T‘eferre<l to a.s acid hydrolysis in view of the nature of the product 
formed, and desjiite th(‘ fact that an alkali is used to perform the reaction. 

' fiacbrnaan, (>)lo and Wilds, 1940, 62, H35. 
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When heated with acids, acetoacetic ester and its homologues break down 
into ketones :— 

(а) CHgCOCHsCOOEt CH3COCH3 + COg + 
HCi 

(б) CHaCOCHCGOEt —CH3CO{CH2),CH3 + COg + CgH^OH 

C4H, 

I'his is referred to as koto-hydrolysis, and afiFords a very valuable method of 
building up ketones, which are not available frfjm the malonic and cyanacetic 
8ori(J8. Two examples will give some indication of the scope of ketone synthesis, 
but in the first place it must be premised that the active methylene group of 
the acetoacetic and other jS-ketonic esters is capable of afifording a sodio- 
derivative and a synthesis of ^-substituUxi derivatives similar to that exhibited 
by the malonic series. Thus :— 

OH3 CH3 

I ' / 
(1) (JH3 . COCHaCOOEt-^ CHsCOCCOOEt —> (JHg. CO .CH 

3 >Me thy loc taiione - 2 

(2) "^.COCHoCJOOEt "/."OCJHCOOEt /~~\cO . CH„{C5Hii) 
___^ \V._J_^ \s- 

-|- BrCgHij Phenyl hexyl ketone 

Acetoacetic^ ester will (‘ondense through the keto group with substances such 
as hydroxylamine and phenylhydrazine, leading to cyclic compounds of some 
importance. Thus with hydroxylamine it giv(^s methyl oxazolone :— 

CH3CO j H2NOH 

CH2. COOPJt 

CH3CO ^ HgN . NH2 

ifijCOOEt 

CH.,. C=-.-N 

I ! 
CH2 0 

Vo 
CH3. c= =N 

Methyl oxazolone 

CHg NH Methyl pyrazolone 

CH,,CO , HjN . NH; 

COOEt 

CH,C= =N 

CH, N Phenyl methyl pyrazolone 

whilst hydrazine and phenylhydrazine yield methyl pyrazolone and phenyl 
methyl pyrazolone. The use of substituted acetoacetic esters increases the 
scope of the reaction. 

Acefmie dicarboxylic ester, KtOOC . CH2COCH,,. COOEt. This substance 
is prepan^d by the cisterification of acetone dicarboxylic acid, prepared by the 
action of h<^at on a mixture? of sulphuric and citric acids. It has two fully active 
methylene groups and reacts accordingly. It evinc^es many unusual reactions, 
amongst which must mentioned the fascinating synthesis of tropinone from 
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succindialdehyde, methylamine and anetone dicarboxylic ester, which was 
discovered by Robinson ^ in 1917 :— 

(-H,- -CHO 
CH... COOHt 

1 
CH, 

1 
-CH 

1 
CH, 

1 
1 4- NH„. CH, [- CO > I NCH., CO 

CH„- -CHO 1 
CHj. COOKt 

j 

CH,- 
i 

-_(’H - 
1 

“CIi2 'J'ropilioiio 

Diketone Syntheses 

Many /9-dik('tones, in which there is nm*ssarily a mefhylene f!:r(tuf) lying 
between the two keto groups give rt'actions which are analogous to those of 
inalonie and aeetoaceti<' eaters and their dc'rivatives. Thus, ac(‘tyl acu-tone will 

C'O 
T IC^Hn 

NaOKt 

('H^. { ’OC'H., 

m, 

-> CO 

I 
ciKtyi,,) 

cot;H, 

react tlirough its sodio derivative to give the higher branclKHl-cliain, j6-diketoncs, 
e.g., whilst condensation with hydrazines leads to fonnation of pyrazoles :— 

CHX'O -f H.,N . NH< CH,C=N . XH, CH , . C - --N 

(’H: 1 CH 

CH,CO CH,CO 
nnti cyHmtion 

I 
(M, 

PhtMiyl (litaciihy) pyraz(»!r» 

The reaetiouH proceed eqiialU" well with hydraziiu^, hydroxylaniine and semi- 
carbazide giving other ring compounds. The yield of i.vo-oxazoles from acetyl- 
acetone and its homologues is almost quantitativ<% and the condons^ition takes 
place readily in aqueous potassium carbonat<‘ solution :— 

CH3.CO NHjOH CH3C=-N CH.CCH., 

NatCOj i ! 
CH OH - 

II i 
-- t:H,(; N 

ii I! \,/ 
CH3C . OH t^HjC. OH 0 

ii, o-Dimethylwfooxazolo 

An interf^sting reaction of ao*etyl acetone, and one which illustrates the activity 
of the methylene group, is its ('oadensation with p-nitrosodimethylamline and 
subsequent hydrolysis to pf^ntanetrione 2, 3, 4. 

CHj.dO CHa.ro rFfaCO 

TH. i ON ' TO | FI.N I - -- ■■ I • I - 
-> (jHj.co-- cfijcr) 

H. R.>bm8on. J.C.S.. 1017, 111, 762. 
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Ai’PKNDlX IV 

FA'rS, AXES AND SOAPS 

In disciLssing fats and waxos it is essential to ch^ar up, at the outset , the 
difficulties of t(M’minology. Th(^ whole group of substances are referred to as 
Lipoids, and the subdivisions set out by Hilditch (see Appendix I) wiU be us(xi 
throughout this work. This terminology is set out below :— 

Contain V, H, O 
OJll\' 

t ’<>nt am 
orlii'T 

t iniii (11, () 

Group Title Lipoids 

Sub-Group 1 

''Tvpu A. Fats 'rriglyoorides, coutaiiiiag C, H and 0 
only ; i.o., ordinary t riple esters of 
glycerol. 

'i’YPE B. Waxes Esters of fatty acids with alcohols other 
than glycerol, e.g., cetyl alcohol, or 
choIesterf>l. 

Si’p-Gkoup J1 Lipins 

f fi PF. C. 

J 
1 

PJiospJialides K6t/(a*H of glycerol with fatty acids and 
containing also phosplioric acid and a 
nitrogenous base. 

! T\ PK n. 

1 
C(*r<»brosidos Est<T8 of fatty acids with a carbohydrate, 

and containing a nitrogenous base. 

'i’VPK JO, No-generic name is ai>plied to this series, 
in which there is collected together a 
few sulphur and nitrogen-containing 
lipoids excluded from the other classes. 

It will be noted that no mention is made of oils in this classification, since 
an oil is a hquid nuunber of Type A—a fat with a frtx^zing point below normal 
temperature. 

Type A Fats 

On the whole there are more unsaturated fats than saturated, and of the 
former the most typical is olein, the triglyceride (482) of the oleic acid (cis- 
octadecene-9, acid) 

CH20C0(CH2)7CH-=4 3 
) 

CH . 0C0(CH.)7CH=-C^H(CH,)7CH3 
I 

CH20CO(CH2)70H==CH(CH2)7CH3 (482) 

Many natural fats contain about r>0~60 per cent, of oleic acid, and few have 
be<^m found in which the (T)ntent of this acid is below 10 per cent. It has been 
stAited that no natural fat has been examined in which there is no oleic acid 
(Hilditch). Two acids ap|)ear also to be as widely distributed, but in lesser 
amounts ; namely linoleic acid (octadecadiene-9, 12, acid) and palmitoleic acid 
(zoomario acid or hexadecene-9, acid). 

After oleic acid the next most widely distributed acid is palmitic acid, 
hexadecane acid, CH3(CH2)i4COOH, whilst stearic acid, although of limited 
distribution, is characteristic of the main constituent of the fats of land animals. 
With a minor exception only even-numbered acids are found in the fats, and 
when one partieulai’ acid is found to preponderate, there are nearly always to 
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be found in that fat, acids with two or four less carbon atoms and probably 
some with two carbon atoms more. Thus, in a fat containing the ester of a 
Cjg acid, there will probably also be some C14, and C^o acid esters. 

Thus all the even-numbered aliphatic acids from to C^e are met with 
in fats as their estoi-s, to which group must be added the odd-numbered iso- 
valeric acid whose glyceride is found in the depot fat of the dolphin. The 
principal iinsaturated acids are listed in Table XLVlll oji pages 668 aJid 669. 

It will be observeil that many of the acids of this scjries preserve either the 
0113(0112)7— or the (OHol^OOOH—fragment of oleiii acid, and most may, 
indeed, lx> said to be closely relates! to that add. Hilditch has pointed out that 
the component acids of the depot (i.e., reserve or non-functional) fats of various 
animals tend to sort themselves into groups according to the biological origin of 
the animals and cites the following figures :— 

ComfHjuo.iit Acidtt (Perccutnj^e) of Various Animal Depot, Fata 

Satiiran*d j Unsfituruted 

1 
1 Palniific 1 Cu 1 

1 “" ■ 
1 Cjo 1 <45 

j 

Fisil (fresh-water) i 
i 
j 18-20 40-45 ' 12 1 0-5 

Marine fish 12-15 1 f)— 18 27-30 ' 20-25 1 8-12 
Whale 8 { 

1 12-15 1 
1 

15-18 35--40 ! 15-20 i 5-10 
-^-/ 

Frog . 1! 15 52 i 
Tortoise . i 14 ! 9 ; 6.-> 7 
Lizard . i 18 ! 10 ; 50 ! 5 
Hon . . 1 25-25 ; 0-7 ! 00 1 0-5-1 
Bat . . 1 2^28 1 7-8 i 00 1 0-3485 
Pig . 25-29 ! 2-3 i 50-05 ! 0-3-1 
Ox 27-50 ; 2-3 1 40-50 0-2~0-5 

Again, the conception of structure in fats must not bf^ regarded as constant 
for any species ; fats taken from plants and animals at various stages in their 
grow’th and development do not, of necessity, contain the sfiine proportions of 
the various glycerides, and may vary from season to s(‘ason. As an instamn* 
one may cite the differences (which are instantly revf^aled by analysis) in the 
composition of olive oil harvested at the same stages in the growd/h of the same 
trees, but in ‘ hot' and ‘ cold ' seasons. Thus, the composition of a fat is a 
function of the biological history of the plant or animal and is not constant. 

Further, the glycrerides occurring naturally are, to a large extent, hetero¬ 
geneous, and it is only rarely that the simple triglycerides are found. It will be 
observed that if there are thr(?o main constituent fatty acids in a fat there are 
eighteen possible glycerides :— 

A A B B B B 
A B A A B B 
A A A B A B 

A C C C C 
C A A C C 
A A C A C 

B C c C 
C B B C 
B B 0 B 

A 13 B 
B A C 
C a A 
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In natural fats thr most (oinph^x distribution «ainon^ tlu^ ccsiiral S(H;tioii of llio 
Group above is eornrnonly met with, and it may b(* added that there is no .simple 
way of priHlieting th(‘ composition a. j^iven tr|y(H*ndo may take. 1'hus, w^ithin, 
say, a composition of 40 per cent, [iahnitic, .*}() per (^ejit. oleic, and 30 per cent. 
steari(r, thorc^ is an infinite* variety of glyceride mixtures which can arise. One 
or two excH^ptioiift to this gcuieral rule are met with ; in seed fats the nutmeg 
has a fat wdiich is very largely the simple trimyristin, and the laurel species, 
Neolitsm itivolvcraia is largely (*om[)os(‘d of simple iripalmitin. 

It will bo s(Hm that as a ])r(‘liminary to tln^ study of fats it is necessary to 
have exact data on tlu^ various isom(u*i(^ glycerides. To aficoinplish this a vast 
amount of work has already becai carried out by King and his co-work(Ts, and 
much data has Ixnai collected. King has used thf^ two methods outlined in the 
formuke b(dow' :— 

C’HjOH (ll,,()COA 
I 

CHaOCOA CH,OCOA 
1 

(HOH - ^ CH . OCOA 
1 

-^ CHOH - -> CH.OCOB 

CH2OII Cl 1,1 CHJ CH,0( OA CH.OCOA 

It will be not(*d that although these .steps are cai ried out by orthodox means, 
(‘.g., the acid chlorides A . OOCl and B . (’OCl are used for introduction of the 
acyl groups, isom(‘risation takes place and the final compound has the sym- 
m(‘tricul structun*. This is confirmed by using the acetone compound of glycerol 
which has undoubtedly, t-h(^ fonnula (a) and by the stages indicated the iso¬ 
meric and asymnudrical mixed triglyceride is obtained :— 

(tHoOH CH,OH CH2OCOB 

CdlOH —CH-Ov 
i I ymu) I >c(ch3), 

OH..OCOB CH.OCOB 

CHOH -> CHOCOA 

CH^OH CH.OCOA 

The whole situation in respect of these triglycerides is complicated by the fact 
that there are three> physical solid modifications of each, the stable form, an 
unstable a- form and a third form Avhich is non-crystalline. It is essential that 
any comparison made on data from two glycerides should bo derived from their 
corresponding forms. The^ following figures show the physical data obtained 
on some simple triglycerides 

Tranflltlou point 
of glass form a 

M.p. 

- 15" 18'^ 3D5° 
+ 15^ 36° 46-4° 

33° 46-6° 67° 
46° 66° 65-5° 
64-6° 66° 71-6° 

The most satisfactory data obtained were those of the long X-ray spacings, 
which assist considerably in the recognition of the various glycerides. 
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III thr fallow art' kIiowii Burnt' loii^ X-ray Hiiariii^s for niixtMl glyt^^ridcB 

(in the form) ; ~ 

TABLE XLIX 

Struct II n* 

A H 
A n A n 
Ji A A n 
A 11 n A 

Lauryl Oapryl 30-0 29-0 31*8 28-4 
Mvriatvl . : Lauryl 34*7 33*6 3tir> 33*0 
PahnitVi . | .Mynstyl 39*0 :i8* 1 4i*r> 37-7 
SU>ar\'l . ; Pahiiityl 44*1? ; 43*2 42* r» 

1 MxTristyl . | ('apryl :>i?*r> i 46*5 3r>*2 47*r> 
ralmityl . j Lauryl 50*0 ; 3r>-f> 39*8 r)4-t> I 
8tt'firyl . ( 

1 

MyristyJ Cu-H i 40*0 45*0 si'4 1 
Tho Figim^s are iu Angstrom units 

From the table it will be seen that there is a specific long spat'ing for each 
glyceride which materially assists in the identification. 

Waxes 

It might appear from a casual inspection of the literature that the waxes 
presented a comparatively simple problem of structurt^, compared with that of 
the fats, since they are largely simple esters of pirimary long-chain ak'ohols with 
primary long-chain acids. Such is not the case ; the older liL^rature makes 
continual reference to, and expresses, the structure of w’axes in terms of ‘ ceryl *, 
‘ melissyl * and ‘ miricyl ’ alcohols, and of ‘ arachidic^ ‘ hgnoceric ‘ (‘.erotic ’ 
and ‘ montanic ’ acids ; and of many more with names, e.g., ^ pisangceric 
which are a combination of the name of the source and ‘ ceric Some of 
these compounds have no real existence as chemical individuals and should bo 
struck out from the literature. 

The painstaking and exhaustive researches of Chibnall,^ Piper and others of 
the same school, have clearly demonstrated that what have for generations been 
referred to as the ‘ acid ’ and ‘ alcohol * fractions of waxes are most complex 
mixtures of even-numbered acids and alcohols, with an occasional keto- or 
secondary alcohol, together with odd-numbered paraflins. The elucidation of 
the nature of these acids, alcohols and esters is a triumphant application of 
X-ray analysis, and shows that the waxes, like the fats, are a complex mixture 
of esters. Some of the final conclusions concerning the nature of these com¬ 
pounds is shown in Table L. This is, perhaps, an appropriate point to mention 
that many fats from the fish livers contain glycerol ethers with alcohols as 
delineated below:— 

Chimyl alcohol. CHgCCH^igOCHgCHCOHlCHaOH 
Batyl alcohol. CH3(CH;)nOCHj . OTl(OR)CRfiR 
Selachyl alcohol. m^(CR2hCR:==CR(GR^)fiCR2. CHOH , CHgOH 

Various interesting speculations have been made as to the biochemicial signi¬ 
ficance of these compounds, but their r61e is not clear. 

^ Chibnall et al,, Biochem, J., 1934, 28, 2189. This paper oontame a useful summary of 
this work. 
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CHAPTEK IX 

TERPENES AND RELATED COMPOUNDS 

“ And because the breath of flowers is far sweeter in the air, where it comes 
and goes, like the warbling of music, than in the hand, therefore nothing is more 
fit for that delight, than to know what be the flowers and plants that do best 
perfume the air.’* 

—Bacon (“Of Gardens ”). 

The plant kingdom yields a vast number of pleasantly smelling oils and 
solids which by virtue of their odour have attracted attention from the earliest 
times. Some such as coumarin, vanillin, eugenol, and apiol, are purely aromatic 
in the chemical sense, iind their constitution was comparatively easily ascer¬ 
tained ; others, often described as the “ volatile or ethereal ” oils, proved 
more difficult to investigate, and only in the later decades of the last centuiy 
and the first twenty years of the present (century have tlieir structures been 
established. 

Some aliphatic substances of powerful odour, which are not apparently 
related to the terpene family, have been isolated from plants. Thus, from 
Eryngium foetidwm Koolhaas^ isolated 2-<lodecenal, and Ruzicka^ showed 
that violet leaves owe their perfume to 2, G-nonadienal, 

CH3[CH2]8CH=:CH . CHO CH3CH2. CH-CH[CH2],CH==CH . CHO 

2—Dodecenal 2, 6~NonadienaI 

The following classification of the terpene family is conveniently based on 
the number of carbon atoms of the compotmds :— 

C5 Hemiterpenes. 
Cjo True terpenes. 
Ci5 Sesquiterpenes. 

^aAd hi’ghe?} PoJyterpenes, 

Of the so-called hemiterpenes, only isoprene is of importance but there are 
several hundred true terpenes, subdivided for convenience into the classes :— 

(1) Olefinic terpenes. 
(2) Monocyclic terpenes. 
(3) Dicyclic terpenes. 

All, with one or two exceptions, are related structurally to p- and m-cyinene, 
the majority to the former ; (1) represents a typical olefinic terpene structure ; 
(2) a simple monocyclic terpene. The dicyclic terpenes are derived from the 
four structures (3) to (6) sabinane, carane, pinane, and camphane. 

Sesquiterpenes may be subdivided into groups similar to those of the 
ordinary terpenes (1) olefinic, (2) monocyclic, (3) dicyclic, whilst, in addition, 

^ Koolhaas, Rec. Trav. Chim., 1932, 51, 460. 
• Ruzicka and Schinz, Helv. Chim. Acta, 1934, 17, 1592. 
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there are some members of a fourth, or tricj^clic class. A typical olefiiiic 

c c 
\ 
c 

A c c 

c c 

A 

c c 

cc c i C I 
c^l 

sesquiterpene skeleton is shown in (7), and one form of monocyclic sesquiterpene 

0 C 

c (; 

C’ c c 

I I ! - 
c c. c—c 
\ C 0 

c c 

c c c 

(1 (' 0—c 

c c 

c c c c 
(7) (8) 

in (8); dicyclic sesquiterpene skeletons are shown below 
G 

I:: c 

c c c 

c c—c 

c c 

c c 

c c c 

D—i i c 
c c 

/ \ Selinene skeleton 
c c 
Cadalene skeleton 

Polyterpenes are represented naturally by the diterpene^, derived from 
C20H32, such as colophene and copaitene; triterpenes by the amyrilenes, and 
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in another sense, the rubbers and synthetic rubbers may be considered to be 
related to the polyterpenes. 

General Properties 

In general, terpenes are characterised b}^ the ease with which they are 
converted from one structure to another by simple reagents ; the section below 
entitled “ Cyolisation of Olefinic Terpenes illustrates this point. Such ease 
of transformation has made the elucidation of structure more difficult. 

Since most terpenes are imsaturated, a study of their structure is boimd up 
vnth breakdown at the double bond. Oxidative attack, using progressively 
strongr^r reagents, has proved a valuable method (vide Terpineol and Pinene), 
and in some cases the use of ozone and benzoyl peroxide has proved useful. 
Where a double bond lies between a cyclic structure and an t>o-propylidene 
group, as in (9), hydrolytic fission to give acetone and a cyclohexane derivative 

C C 

c c 
1 i 
c c 

/\ c c 
1 1 

c c 
\/ 

c CH, 

1 4- H3O + 
C CO 

/X /\ 
CH3 CH3 CH, CH 

(9) 

has proved a valuable method of elucidating structure. Addition compoimds 
with nitrosyl chloride, halogen acids, and occasionally the halogens themselves, 
are capable of affording much information. 

The chemistry of the herni-terpene isoprene has already been discussed 
(p. 97 ff.); further comment will be deferred to the end of this section, where 
it is better considered in relation to the phytochemistry' of the terpenes as a 
whole. 

The Olefinic Terpenes 

There is a relation between the olefinic terpenes and the higher plant 
ketones and hydrocarbons. Both methyl nonyl ketone (methyldecanone) and 

CH, 

CO 

da. 
CH, 

\!H 

A 
s CH, 
(10) 

methyl heptanone occur in oil of rue {Rata graveokm), but the most important 
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naturally (xuiiirring ketone of this group is 2-Jtiethylheptene-2, one-6 (“ methyl 
heptenone ”) (10). 

Methylhcptenone is a convenient starting-point for a study of the chemistry 
of the olefinic terpenea. It is a liquid of pleasant floral odour, b. 17F ; it 
occurs only to a limited extent in natural oils (linaloe, palrnarosa, and lemon- 
grass), but has been synthesised. If 3-methyl-l, 3-dibromobuttane (li) is 
allowed to reac^t with the sodio derivative of acetylacetone, only the terminal 

^COCHg CH3 

Na. dk 
CHjBr \C0CH., / 

I CH- 
CH, -f i + 

I -> CH2 H—ONa 
C . Br 

(H) 

€OCH, 

CH 

II 
C 

CH3 CH3 

CH3 

(12) 

JO 

/ 
CH3 

\ 
CH 

I! 
c 
/\ 

CH3 CH3 
(13) 

bromine atom reacts normally, the more labile bromine of the tertiary carbon 
atom being split off with hydiogen from the adjacent atom to give a double 
bond, as in (12). The compound so formed is decomposed by 40 per cent, 
sodium hydroxide solution to methyl heptenone and sodiiim acetate. 

A more rapid and econoinical synthesis of meth3flheptenone is achieved as 
follows :— 

Isoprene (14) is allowed to react with two molecular proportions of hydrogen 
bromide to give 3-methyl-l, 3 dibromo-butane (15); this loses one molecule of 
hydrogen bromide when warmed with dilute alcoholic potash to provide 
3-methyl-l-bromobutene-2 (16), which furnishes the ester (17) on treatment 
with sodio-acetoacetic ester. Hydrolysis of this ester to the acid results also 
in the loss of carbon dioxide, giving methylheptenone (18). 

The relation of methyl heptenone^ to the olefinic terpenes hes through 
geranic acid which can be converted to rhodinol, rhodinal, citral, citronellol, 
geraniol, nerol and linalool. Conversion of methyllieptenone to geranic acid is 

^ Experiments with methylheptenone led Grignard to discover what are now termed 
** Grignard *’ reagents ; although V. Grignewd (a student of Barbier’s) did much experi¬ 
mental work on their development, Barbier should share the initial credit. 
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a good example of tlu* Reformat ski react ion. The ketone is allowed to react 
with bromoacetic ester in the presence of zinc, giving (19):— 

1 Zn 
CHa 

i 
Br CH;, CHj 

1 

CO 

_l_ 1 1 

(:H., . COOEt C—OH 
1 

C 
/ —:-. / \-> 

/' \ 
C^Ho CH. (TI., CH CHj CH 

OH., ("OOEt CH. COOEt CH. COOH 

CH3 CH3 CH3 CH3 CH., CH. CH3 

which may be dehydrateii by boiling acetic acid to geranic ester, and at the 
same time hydrolysed to the free acid (20). 

The generic relationships of this family of compounds is showTi in Table I. 

TABLE I 

Mcthvl Meptenofu- ^ Dihydro-w-xvicriic 

Linalool Gcranic acij...- —ryt/c-Gcranic acui 

redact ion j 

4' * 
“Ocraniol Ncrol 

Tcrpmcol 

r~ 
of - I Of tone 

Citrylidcne acetone 

I 
1- 

ne ^-lononc 

acid 

Rhodmol Rhodinal 

I 
Menthone 

CiTRAL 

Citral, CioHigO, occurring in oils of verbena, lemon and orange to a limited 
extent, and to 70-80 per cent, in oil of lemon-grass (Cymbopogon species) is 
converted^ by heating with aqueous sodium carbonate into methyl heptenone 
and acetaldehyde (22); — 

CH3 CH3 

C 
/\ 

CHa CH N.,co. 

ino in. ^ ino 

C'H3\h3 CHa^Ha 

(21) (22) 

• Vorley, BuU. Soc. Cftim., 1897 fiiil, 17, 175. 
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which, bearing in mind that citral is an aldehyde, gives an a priori case for the 

CHa 

A 0H3 

/\ 1 

CH, CH C 

‘I /\ 
(:()-0(tu- (5H., CH 
-, I “ I 

CHa H—COca- CH.. CHO j CaCOj 

\ \‘ 
(^H CH 

CiHa^Ha (23) C’H3\Ha 

formula (21). •When calcium gcranate^ and formate are distilled together, 
citral (2.‘1), is obtained, thus confirming the structure. This is even more 
completely confirmed by the hydrolysis of citral diozonide which yields a 
molecule each of gl}a)xal, levulic aldehyde {pemtanal-one-4) and acetone, thus :— 

CH3 

CO 

/\ 
0H3 CH3 

Reduced in dilut(‘ ai(M)liolic acetic acid by soflium amalgam, nerol and 
geraniol, the corres})onding alcohols, are both obtained. These exhibit geo¬ 
metrical isomerism thus :— 

HOCH2—C—H H . C . CH2OH 

(CH3)5,0=CH . CHj,. CHj. (^UcHa (CHj)^ . C^'H . CH^ .CH^. A . CH3 

(24) (26) 

The question arises as to which formula represents nerol and which geraniol. 
In a subsequent section dealing with cyclisation of olefinic terpenes, it is pointed 
out that both nerol and geraniol give terpineol on warming with acetic acid 
containing 2 per cent, of sulphuric acid. With nerol, the rate of formation of 
terpineol is nearly ten times that with geraniol, from which it is argued that 
nerol must have the structure (24), since the groups are more favourably placed 
in this structure for ring closure; formula (25) will, therefore, represent 
geraniol. 

Further, citral itself has been shown to be a mixture of two geometrical 
isomerides corresx)onding to nerol and geraniol. 

^ In formulte whore the calcium salts of acids are involved, the ca- ” implies that a 
second radicle is attached to the calcium, which, owing to printing difficulties, has been 
omitted from the formulsp. 
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Linalool 

Linalool is a colourless liquid, b. 199°, found in oils of linaloe and coriander; 
it has a delightful odour, resembling lily of the valley. Methyl heptonone was 
converted by Ruzicka. and Fomasir ^ into lin.alool (28) by the sodamide and 
acetylene method (2(4):— 

CH3 CH3 

I 
CO NaNHj 

/ -I 
CH„ CH 

(’H., 

\' 
CH 

II 
C 

/ \ 
CHn CH. 

(!—OH 

CH,.^C 

i lii ■ 
CH.. (JH 

\" 
('H 

II 

CH3 

I 
OH 

/\ 
(fH, CH 

1 I 
CHj CH,i 

I! 
(’ 

(’H;, CH, (^H, CH, 
(26) (27) (28) 

dehydrolinalool being first formed (27). Rednotion of dehydrolinalool to linalool 
with sodium in moist ether finally established the slru(‘ture. Esters of linalool, 
especially linalyl acetate, are widely distributed as natural perfumes in sage, 
clary, lavender, coriander and many others. x\n /<vo-linaJool is stated to be 
obtained by the action of alkalies on tribromohydrogeraniol. 

CH, 
i 
1 

CO 

/ 
C’H CH(Br)COOEt 

II V- I 4- 
CH CH.J Zn 

\h ■ 

C 

/\ 
CH, CH3 

(29) 

CH3 

I 

('—OH 

/\ 
CH CH . COOEt 

11 ! 
CH CH„ 

CH 

11 
C 

('H3 

CH3 CH3 
(30) 

CH3 

I 
/\ 

CH3 CH 

c 
/ 

CH CH 

(’H i;H3 

\h 

CH3 CH3 
(31) 

A H, CH, 

\ 
CH 

C 

/\ 
CH3 CH3 

(32) 

‘ Kuzicka and Pornosiir. H. Oh. Anta, 1919. 2, 182 
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The naturally occurring aifo-ocimene is related to this series and has some 
points of interest; it is obtained by isomerisation of the unstable natural 
hydrocarbon ocimene ; by the pyrolysis of pinene (25 per cent, yield ; glass at 
*150°), and by synthesis from 2-methyl heptadiene-2,4-one-6 (29), anda-bromo- 
propionic ester in the presence of zinc, the hydroxy ester (30) being converted to 
a^/o-ocirnene (31) by hydrolysis to the free acid, which, on heating, loses carbon 
dioxide and water. 

The isomeric myrcene from oil of bay is the only other important open chain 
hydrocarbon of the terpcme group. Myrcene (32) diiBFers from ocimene only in 
the position of the double bonds. 

llHODINOL AND CiTRONELLOL 

It appears that the compounds usually known as rliodinol and citronellol 
are largely mixtures of the two isomeric alcohols :— 

Structure I is rliodinol, and 11 is citronellol, and this distinction is 
maintained for those natural and synthetic preparations in which the 
appropriate structure predominates. 

Gerani(^ acid is reduced readily by sodium and amyl alcohol to dihydro- 
geranic acid, the double bond adjacent to the carboxyl group being reduced 
preferentially. This acid is often kno>\Ti as rhodinic acid, and is also obtained 
by the oxidation of rliodinol or rhodinal. It may be converted by reduction of 
its ester with sodium and ethanol to rhodinol whilst rhodinal may be obtained 
(of. citral) by distilling together calcium rhodinate and formate. These 
cluuiges are represented thus :— 

Geraiiic Rhodinic Rliodinic Rhodinol Calcium Rhodinal 
acid acid eat-er | rhodinate | 

j j Reduction j 

Oxidation 

CitronELLAL and Rhodinal 

Confusion similar to that discusseil with the corresponding alcohols, exists 
with the aldehydes citronellal and rhodinal and most natural or a^mthetic 
products to which these names are attached prove to be mixtures of the two 

isomers. 
(Jitronellal is the main odorous constituent of citronella oil, and also occurs 
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in lemongrass oil. Considerable confusion was caused in the early investiga¬ 
tions on citronellal, CjoHigO, by its oxidation in aqueous solution to acetone 
and ^-methyl adipic acid (34), from which Tiemaim and his co-workers deduced 
that it must have the structure (33) now accorded to rhodinal:— 

CH3 CH3 

CH CH 

/ \ /\ , 
CH. CH. 1 “ 1 “ 

('H 2 OH 2 

(W, CHO 

1 1 
(dlo (T)OH 

\“ \' 
CH 
II 

COOH 

/\ /\ 
CH3 CH3 CH3 CH3 

(33) (34) 

Harries and others ascertained that oxidation of the dimethyl acetal of 
citronellal gave the keto-aldeliyde (35), thus pointing to the structure (36) for 

CH3 
1 

r CH3 
1 

CH3 
1 

(^H 
1 

CH 
1 

(^H 

/\ 

CH, CH, 
/x 

CH3 CH,. (.!H. \h„ 
1 1 

(IjHg C)HO (’H, i’HO 

1 1 

CH, t'H.OH 

\!H3 
\ 

CH. 
1 

V 
! j 

CO + ^- ( 

1 

-c 

/ / \ / \ 
CH3 (ECHO) CH., CH, VHo (dl, 

(35) (36) (36(1) 

citronellal. The final proof lies in the conversion of citronellal into tso-pulegol 
and (36a), the structure of which may be verified in other ways (see p. 698). 

Cyclisation of Citbal Series 

There is a strong tendency on the part of many members of this series to 
form ring compounds. With methylheptenone, 75 per cent, sulphuric acid 
induces dehydration to dihydro-w-xylene (37):— 

CH3 

(37) 
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0x1 the other hand, ring closure of geranic acid takes plac^e through the 
central carbon of the i^opropylidene section;— 

CH, 
CIC 

OHj {-' 

CH CH . (X)OH 
\ 

C 

CH. 

/ \ 
CHj ( 

OH 

CH, CH^COOH 
\" 

C—OH 

CH \’H;, 

(38) 

/\cH., 

-COOH 

CH., CH., 
(39) 

a-cyc/ogeranic acid (39) being fonned, presumably through the intermediate (38) 
or a succession of similar compounds. An analogous transformation is given 
by citral itself, providing its aldehyde group has been made unreactive ; thus, 
citrylidene aniline (40) is transformed into a-cycZocitrylidine aniline (41), which 

/CH.I 
CH, C 

t 11 

.CH 1 

CH^ ^C 

1 1 t 11 
CH CH CH=NPh (:H, CH CH=XPh 

^c^ 
/X 

CH, CH, CH, CH, 

(4n| 

'-7’ 
(41) 

CH, 
.chJ 

CH, C 
1 11 

C CH, 
.CH 

X xi 
CH, c 

1 1 1 il 
CH, CCHO 

CH, CH, 

CII, CHCHO 

CH, 

(42) «-form y5-form (43) 

CYCLOCITRAL 

gives cycZocitral on hydrolysis, as a mixture of the two forms (a- and )9-) (42) 
and (43), the )3-form being analogous to )S-cycZogeranic acid. 

This reaction may be extended to derivatives of citral; for instance, when 
citral is condensed with acetone in the presence of baryta, a citrylidene acetone 
(44) is obtained, more usually called pseudo-ionone. Cyclisation of citrylidene 
acetone by sulphuric acid takes place in the same maimer as with citrylidene 
aniline. The products a- and j3-ionone (45) and (46) possess an odour of violets 
and are utilised in compoimding artificial violet perfumes. The formation of 
the ionones is undoubt^ly due to a sequence of hydration and dehydration 
reactions similar to those mentioned under cycZogeranic acid. The character¬ 
istic ionone ring is met with in the structure of vitamin A, for the synthesis, of 
which )3-ionone is the raw material. Ruzicka ^ has shown that irone, C14H22O, 

* Kuzicka, Soidol and Schinz, Eelv, Chim, Acta, 1933. 16, 1143. 
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the (characteristic violet-smelling koloiie of natural o(c(!urrenee in orris root (Irin 
species), is an ionone derivative (47); on oxidation it. yields the corresponding 
trimethyl pimelic acid (48). 

oc-IONONE 
«6) 

S-IONONE 
(46) 

CH. 

CHj 
/\j! COCH, 

/\ 

y-IRONE 
(47) 

CH 

CH, 
/\ 

CHj COOH 

t-(!!H CC COOH 

CHt-C—CHj, 
I 
CH, (481 

Cyclisation of many olefinie terpenes gives true monocyclic terpenes, these 
reactions serving to indicate the close relation between the two groups. Thus, 
rhodinal oxime (49) is converted by acetic anhydride into menthone (50). 

CH., 
1 

CH, 
1 

1 
CH 

1 
CH 

ch,\h 
_^ I 1 1 1 _ 

(JHo (JH--=N.OH CE^ CO 

\h 
n 

\4 
1 

i L 
/\ /\ 

CH, CH, CH, CH, 
(48) (60) 
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Citronellal (61) is converted by the same reagent to ^5opulegol (52). 

CH, 
1 

CH, 

1 

CH (!;h 

g^,\:h2 c^h,\h. 

1 1 ^ 
(JH, CHO 

1 1 

(^H, CH(OH) 

\ \/ 
CH, CH 

1 

1 

c 

/\ /\ 
CH, CH, CH, CH, 

(51) (62) 

Both changes involve wandering of a single hydrogen atom, 
directions. Citral (53) under the same conditions, gives a 
analogous to it^opulegol, but which is converted by prolonged treatment with 
acetic acid top-cymene (56), presumably through the trihydroxy derivative (55). 

CH, 
1 

CH, 
1 

1 

c 
1 

C 

/\ /\ 
CH, CH CH, CH 

j I —> 1 1 —. 
CH, (;ho CIH, CHOH 

\ \/ 
CH C 

i II 
C c 

/\ /\ 
CH, CH, CH, CH, 

(53) (54) 

CH3 

i.OH 

Ah, inoH 
HOV 

in 

CH^ ^3 
(65) 

CH3 

\ 

(68) 

Geraniol and nerol (57) are converted by acetic acid containing 2 per cent, 
of sulphuric acid to terpineol (59); it is not clear whether ring formation and 
the addition of water are sequential or simultaneous, but the formation of an 
intermediate glycol (58) has been suggested and is probable. 

CH3 

i 

CH, 

i 

CH, 

,1 

CH, 
\ 

CH 

I 

C'HsX'H, 
(67) 

/X 
CH, CH 

in, k 

\!H, 

(ii.OH 

s^CH, 
(58) 

cJh, CH 

1H«0H i IH, 

CH3 

CH, 

■ 

(Ij.OH 

c^i,\h, 

(89) 
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Linalool presents a somewhat more difficult problem ; DL-linalooI is con¬ 
verted by acetic anhydride int;0 a mixture of nerol and geraniol (62); L-linalool 

CH, CH, 

CH, chI 

CH, CH, 

CIL 

CH 

I! 
c 

CIL 
4 2H,o\ 

(60) 

CHa CHj OH 

^CH 
II 

OH, 

-H-O 

CH, 

CH, 
I 

^C;OH 

CHj CHjOH 

CH3 CHj 

(;n. 

(62) 

CH, 
-2H,0 

CH, CHjOH 

CH, 

COH 

CH^ '^CH, 

(61) 

CH, CH 
I ! 
CH, ^CH, 

CH 
1 

(! OH 

CH, CH, 

(63) 

(60) is stated to give an optically active terpineol (63) in addition. If a series 
of hydrated intermediates is postulated (61), there seems no reason why tlie 
activity of the carbon atom of L-linalool should result in an active tei-pineo) 
in which the asymmetric carbon atom is at the other end of the molecule. 

Sinailar cyclisations take place amongst open-chain sesquiterpenes ; nerolidol 

(67) (66) 
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(64), for example, refulily yields (j)robably through farnesene), the monocyclic 
sesquiterpene a-bisabolol (66). 

On the other hand, nerolidol (64) is cyclised by boiling formic acid to a 
hexahydrocadalenc (66) which, in turn, is dehydrogenated readily by sulphur 
or selenium to cadalene itself (67). 

This type of reaction is of fimdamental importance in building up ring 
systems akin to those found in the natural sterols. The cyclisation of dirnethyb 
hexenol to dimethylrycZohexene (69) was extended by Linstead and his co- 

■\ 

OH,on 

'\ 
(68) (69) 

workers to the formation of 9-methyI derivatives of octalin, thus obtaining 
a hydrocarbon having the 1 and II rings of the sterol structure. 

This is cairied even further by Cook and others, who have cyclised 2-methyl- 
l-A>'-butenyl-3, 4-dihydrophenanthrene (69a) to a chrysene derivative:— 

Mention should also be made of the interesting structures of tagetone (696) 
and its dihydro derivative (69c) and of the ketone (69ci) isolated from Artemisia : 

CHa CHa 
1 

0 OH CH 
/\ 

OH OH 
1 II 

c!H2\)H 
1 II 

CHav. / \ 
>C CHa 

< 'H / 1 
OO CH, 00 CHa 

v n-a 1 
CO 

\ \ 
CH, 

j 
CHa 

j 
CH, 

1 

(;h CH 

(iHa^Ha CHa CHa 

(606) (60c) (60rf) 
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(he former is notable for a farbonyl group in an uiiuKuaJ positioi», and tagetono 
itself (from Tagefes Gkmdulifem,) is unusual in having a conjugated diene 
system. The ketone from Artemina is one of the few naturally occurring 
substances showing a neo-carbon atom. 

The Monocyclic Terrenes 

Some anomalies, peculiar to the class, are met with in the nomenclature of 
cyclic terpenes. Wagner regarded them as derived from the fully saturated 
hydrocarbon CjoHoo, l-methyb4-«'.?#o-propylci/cZohexane, which he temied 

• 10 

‘ menthane ” and numbered as in (70). Thus, (71) w ould be called A^-menthene 
and (72) Ah rnenthadiene. Baeyer used the terms, terpanc, terpene and 
terpadiene, etc. ; whilst there is no particular reason why these methods should 
be used in preference to more systematic nomenclature derived from 1-methyl- 
4-isopropylcyciohexane, custom has in many cases established such usage. 

It is proposed to introduce this group of compounds by consideration of the 
“ key-substance ” a-terpineol, a pleasant-smelling liquid of (comparatively 
limited natural occurrence in oils of marjoram, cardamom and cajuput, but 
which is frequently obtained from other terpenes by the action of mild hydro¬ 
lytic agents. The empirical formula CjoHigO, and the molecular weight 154, 
indicate that a-terpineol is probably a derivative of hexahydrocymene, con¬ 
firmation being readily obtained since j>-cymene is formed w^hen terpineol is 
dehydrogenated with either sulphur or selenium. The general chemical be¬ 
haviour of a-terpineol shows it to be a tertiary" alcohol, and the formation of a 
nitrosochloride indicates the presence of a single double bond. a-Terpineol 

CH, 

CH 

CJH, CHg 
I I 
CH, CH, 
X/ 

CH 
I 

CH 
/\ 

CH, CH, 
(73) 
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niay, 1 h<‘rcl()r(*, be regarded as ,b(‘xaJiy(iro-y>-eviiK‘ne (7.S) inte wide li ojie dniibie 
bond ajul a iiydroxyl gi-onp liave. to be i!iHert(‘d. The position of Ihese 
I'nnetional gron})K has been aseerlained by degradative oxidation. When 
terpineol is oxidised tJie I’ollow ing stages may be observed :— 

Oxidation of Terpinkol 

CiotligO Terpineol 

1 t lodaoOs Formed by addition of the elements of hydrogen jioroxide to the 
double bond, forming a trihydroxyhexahydiocyrnerie. 

11 

IIJ 

A ketono-acid (11) which loses water as soon as formed, passing 
into the lactone of homoterpenylic acid methylketone (Ul). 

IV C.H„0, Wlum homoter{>enylic acid methylketone (HI) is further oxidised. 
it 8|jhts up inUi acetic acid and torjienylic acid (IV). 

V Terpenylic aedd on further oxidation loses —CHj and becomes 
terebie acid (V), which has been synthesised. 

Tiie synthesis of terebie acid has been aehieved as follows : Ethyl acetate 
and sue(driic‘ ester (74) are condensed in the presen(‘e of sodium to give acetyl 
succinic ester (75). 1"he corresponding acid, with magnesium methyl iodide, 
followed by hydrolysis gives tlie hydroxy- ac^id (76), which immediately cyclises 
to terebie acid (77). 

OOOKt COOEt coon 

In the same way terpenylic acid (78) has been synthesised from )9-acetyl- 
glutaric acid. Since terpenylic and acetic acids were produced from the 
lactone of homoterpenylic methylketone, it is a justifiable assumption that the 

44 
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latter compound, and the acid from which it is derived, are formulated (79) 
and (80). 

CH, CHa 

! 
HOOt' 

HOOC CO - 

i i 
CHg CH, 

C- 

CHj 

O 

CH„ 

CO 

/ 
CH.. CO- 

I ■ I 
CH, CHj 

\V 
CH 
1, 

O 

CHa 

JO 

/ 
CH,a (X)OH 

I I 
CHa CHa 

C . OH 

CHa CHa CHa CHg 
(79) (80) 

The carbonyl and carboxyl groups in (80) must indicate the site of the 
double bond of a-terpineol (81) and of the adjacent hydroxyl groups of tri- 
hydroxyhexahj'drocymene (82) :— 

CH.. CH.. 

C. OH 

/\ /\ 
CH,. CH „ CH. CHOH 

1 1 
KMuO« 1 - 1 

CHj CH., CHa CHa 

\/ \/ 
CH OH 

] 1 

C.OH (^J.OH 

/\ 
CHa CHa 

a-TEBPINEOL 

(81) 

(82) 

0H3 CH3 

The synthesis of a-terpineol by W. H. Perkin, jun., in 1904^ confirmed this 
structnre. The sodium derivative of cyanacetic ester was allowed to react with 

COOEt COOEt 
I I 
CH, CH, 

CH, CH, 

I + i — 

COOEt COOEt 

in, 

CH, 

CH, 

CH, 

CH, 

k 

CHNa -| 

LCN ^COOEtJ 

(83) 

HCl 

CN COOEt 
CN . CH,. COOEt 

+ 2NaI 
(84) 

COOH COOH 
I 
CH, 

CH, OH, 

^c" 

lfO0C^(X)OH 

(86) 

Ac,0 

CO 
/\ 

CH, CH, 
I I 
CH, CH, 

ioOH 

(86) 

/3-iodopropionic ester (83), thus producing the 3-cyanopentane-l : 3 :6-tricar- 
boxylic ester (84); hydrolysis to the free acid (85), boiling with acetic anhy¬ 
dride, followed by diy distillation gave, by progressive Icmsis of carbon dioxide 
and water, cyctohexanone-4-carboxylic acid (86). 

^ W. H. Perkin, jun., 1964, 85. 416. 
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The conversion of this compound to terpineol is a fine example of the 
application of the Grignard reagent. Magnesium methyl iodide was allowed 

CH, Vll, 

CJL . 

OH 

CH, 

COOH 

(87) 

GH, 
I 

on. CH 
I I 
CH2 

OH 

OIL 

XK) 
MgMcl 

CHo 

CH 

CHo 

^C;OH 

CH, CH, 

(00) (91) 

to react with cyclohexanone carboxylic acid ; only the keto- group reacXs, the 
carboxyl group being unattacked by Grignard reagents. The methylcycZo- 
hexanol-4-carboxylic a-cid so formed (88) is easily converted with hydrobromie 
a(*id to the corresi)onding bromide, which loses hydrogen bromide on heating 
with al(H)holic potash, giving melhylcycfohexene-4-carboxylic acid. The ester 
of this acid (89) can react with magnesium methyl iodide to give a methyl- 
cyc/ohexenyl methyl ketone (90) and a still further reaction wuth magnesium 
methyl iodide yields the methylcycfohexenyl dimethyl carbinol, more usually 
known as inactive a-terpineol (91). 

There are several isomeric ‘ terpineols \ together with the so-called ‘ ter- 
pinenols the characteristics of which are summarised in the Table II. The 

TABLE II 

Name 

Position of 

Physical properties 

—OH group Double bond 

a-Terpineol 8 1 m. 38-40®, b. 218-219® [a]p -f 98*5® 
^-Terpineol 1 8 m. 32-33®. b. 209-210® 
y-Terpineol 1 4* ra. 69-70®, b. decomp. 
TerpinenoM . 1 :) b. 208-210® 
Terpin0nol'4 . 4 1 b. 209-212® [a]D -f 25-4® 
Piperitol 1 1 b. 210® decorap. 

terpineol of commerce is a mixture of the first four compounds of the Table II, 
and is obtained by dehydrating terpin hydrate with phosphoric acid. It is 
used as a base for lilac perfumes. 
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Transformations of a-TERPiNEOL 

The scheme below shows the various directions in which a-terpinool may be 
transformed by various reagents :— 

cymencs 

It will be seen that a-terpineol, by its decompositions, is linked with many 
other terpenes. Thus, when heated with potassium hydrogen sulphate, dipen- 
tene is obtained by the loss of the elements of water, a reaction which could 
have taken place in two ways to give one of the following :— 

(92) (93) 

Since dipentene has been shown to be a racemic mixture of d- and L-limonene 
it must have an asymmetric structure, which can only reside in the carbon 
atom marked (*) in (92), which formula, therefore, represents the dipentene 
structure. 

Dipentene itself is capable of some interesting transformations ; it forms a 
nitroflochloride (94) which can be hydrolysed to oarvone, the main constituent 
of oil of carraway seed. The action of alcoholic alkali on the nitrosochloride is 
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dual ; it ncirves to elimijiate hydrogen ohloride and to hydrolvHe the oxime 
group (95). 

The addition of the nitrosyl (‘hloride is known to take place to the nuclear 
double bond, sim^e the substance produced has the properties of a ketoxim, 
(94) ; had addition taken place to the side-chain double bond (since the chlorine 

presumably, attaches to the carbon carr3dng least hydrogen) an aldoxime (97). 
would have been obtained, yielding an unsaturated aldehyde on hydrolysis (98)e 

The structure is further confirnied hy oxidation of carvone w ith loss of COg 
to the diketone (99), w^hich would not take place had the original reaction not 
taken the course specified. 

(99) 

Reverting to a-terpineol, the double bond is capable of adding on the 
elements of water, in the presence of dilute sulphuric acid to give 1, 8-terpin 
(100). 

(100) 001) (102) 

If it be assumed, for a moment, that the iiddition takes place as shown in 
(100), the product can exist in cis and tram forms (101) and (102); from 
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ovitU^nce obtained IVoin (^hemu^al reactions, it is deduced that the terpiji ob- 
tainetl directly from terpineol is the form, d’hc structure of the compound 
is confirmed by its synthesis from cyr/ohexanone-4-carboxyJic ester (103) which, 
in contradistinction to the corresponding acad, (^an react with two molecular 
proportions of magnesium methyl iodide to give the methylhydroxycycZoliexanyl 

(lO:^) (104) (KB) 

methyl ketone (104), which is converted by a third molecule of magnesium 
methyl iodide to chs-terpin (105), m. 104''. I’his product is identical with the 

(100) (107) (lOH) 

cw-terpin from terpineol. Trans-ierp'm (108), m. 157^' is obtained from dipen- 
tene dihydrobromide (106) by the action of silver acetate in acetic acid. The 
di-acetate so produced (107) gives <mn,v-terpin on hydrolysis with alkali. Cis- 
and trans- terpins difi’er (considerably, the fonner forming a monohydrate, while 
the latter does not react with water. 

CiNEOLE 

The essential oils of cajuput, eucalyptus and wormseed contain cineole 
(eucalyptol) CjoHigO. This substance behaves as an ether, hut also has the 
property of combining with acids to form salts, such as the phosphate, arsenate 
and ferrocyanide ; it can also form double compounds with phenol; the seat 
of activity is presumed to be the ether oxygen. 

Cineole is readily obtained by the action of mild dehydrating agents on 
ci^-terpin—no deep-seated change of structure has taken place, since the 
cineole is readily converted back into ct«-terpin dibromide by concentrated 
hydrobromic acid (110). Since the oxygen atom of cineole is of the ether type, 
there is good reason for assigning to cineole the structure (109).* 

♦ Cineole is usually written 

the extended formula (109) is retained here in order to clarify the relation with the terpins* 
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(lOO) 

This is further confirmed degradatio]i of cineole through the following 
stages :— 

Oxidation of cineole yields cineolic acid, the anhydride of which breaks up 
on distillation to methyl heptenone and oxides of carbon. 

The Carone Series 

'fhe parent of this series, carane (IJl), is seldom met with, but Simonsen 

(111) (112) 

has separated the carenes (112) from the natural oils of Pinna longifolia and 
a 8})ecie8 of Andropogon. Carone, the ketone (113) b. 210'^, is an important 
link between the terpineol and dipentene family on the one hand, and the 
carane and vestrylamine group on the other. Carvone (114) is reduced by zinc 
dust and alcoholic potash, at its nuclear double bond to dihydrocarvone, 
which forms a hydrobromic acid addition product (116). The latter, on treat- 
ment with alcoholic potash, loses hydrogen bromide, but does not regenerate 
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dihydrocarvone ; instead, carone is obtained (117). The existence of the cyclo’ 
propane ring in carone is revealed by oxidation to caronic acid (118) (gem- 
dimethyloiyc^propane-2 : 3-dicarboxylic acid), synthesised in 1899 by Perkin ; 

A. 
(114) (117) 

since then, other syntheses have been evolved, e.g. the interaction of excess of 
sodio-malonic ester with 2 :2-dibromopropane followed by hydrolysis to 

-dimethyIglutaric acid. The ester of this acid brominates in the a-position 
to give a-bromo-/S^'-dimethylglutaric ester, which, on hydrolysis with alcoholic 
potasli, not only loses hydrogen bromide to form the cvcZopropano ring, but is 
also hydrolysed, thus producing cis- and caronic acids (118). 

CH, C-OHj 

Br Br 

^ CH^C^CH3 

(EtO(>C)2CH CH(COOEt)2 

coon 

:cH 

The conversion of carone through its oxime (119) to carylamine (120) 
(sodium and alcohol reduction), and the rearrangement of carylamine into 

(119) (120) 

vestrylamine (121) provides a very important link with the m-eymene series, 
since when vestrylamine hydrochloride is heated it loses ammonium chloride 
to give carvestrene (122). The authenticity of this transformation series, 
ending in carvestrene, is confinned by the synthesis of the latter compound by 
Perkin and I'attorsall in 1907.’ 

Perkin and TattorssH, J.f/wV., 1907, 91, 480. 
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wi-Hydroxybenzoic acid is reduced by sodium and alcohol to the hexahydro 
comjmund (123); oxidised with chromic acid to cyctohexanone-3-carboxylic 
acid (124), which then undergoes a series of reactions exactly parallel to those 

for obtaining terpineol, resulting in the »t-analogue of that substance (125) 
(3-methyl-2-c«/cZohexenyl dimethyl carbinol). The properties of this substance 
resemble greatly those of terpineol itself and, wth acid potassium sulphate 
dehydration takes place to carvestrene (126). 

(larvi'strene is the racemic form of the D-svlvest rene originally isolated from 
pine oil by Atterborg in 1877. Sylvestrene, b. 175°, [aj^ + 67-5° in chloroform, 
IS also obtained from caieni', wlum the latter is treated with hydrogen chloride. 

The Phellandrenes 

The phellandrenes are two members of a large family of menthadienes (or 
l-methyl-4-(sopropylci/cfohexadienes); the positions of the bonds are shown in 
Table III. 

TABLE III 

Name Positions of double-bonds 

a-Terpinenfi 1 3 
^-Torpiiiene 1(7) 3 
y-Tf^rpinene 1 4 
a-Phollandreno 1 5 
/?-Phelladren« 1(7) 2 

Limoiiene 1 8(9) 
Terpinoleiitj i 1 4(8) 

^•Lirnoriene i 1(7) 8(9) 

a-Phellandrene (128), found naturally in the oils of elemi, euealyi)tus and bitter 
fennel, is the 1,5 diene, and has been sTOthesised (a) from uopropylcyrZohcxenc- 
2-one-4 (127) through the following simple steps :— 

(127) (128) 
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(6) fiom carvone. 
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^-Phellaiidrene is the 1(7), 2 diene (120), and has been synthesised from 
carvone, thus :— 

Reduction 

I 

'\ 
CHOH 

Dehydra¬ 
tion 

/\ 
(J2i>) 

and also from /,9opropylr^cZohexene-2-one-4 (130) by condensation with ethyl- 
bromoacetate and zinc, to give the ester (131), Mhich, on conversion to the acid 

COOEt 

I 
CH,Br 

Zn 

(130) (131) 

and heating, yields )8-phellandrene (132). 

(132) 

The Menthone Family 

The schematic relations between the members of tliis group are shown 
below' ;— 

Rhodini) . 

f><?-Pulcgonc 

Pulcgonc - 

MENTHONE 

THYMOL 

Citroncllal 

i 
> f JO-Pulcgol 

—Pulcgol 

Menthol - 

Pipcrvfonc 

Mcnthcnc 

Menthol, the Z-foi*m of which is the main odoriferous principle of peppermint, 
is widely used in medicine for its antiseptic and analgesit! properties. The 
Dutch botanist, Gambius, recognised it as a crystalline compound in 1771 and 
called it camphora europcea rnenthce piperitidis.'' Its formula CioHaoO, and 
the fact that it is easily converted to the ketone menthone CioHjgO by oxidation. 
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s]i()w it to 1)0 a sooondary aloohol. 1’he koy to the stniotun' of menthol lion in 
the degradation prodiiols and Hynthesis of moiifhone. Oxidation of inonthono 
yields a hydroxymenihylic acid and by stronger a(^tion /i-methvl adipic acid 
(ld3) from which it may ho deducted that the two —COOH groups of/^-methyl 
adipic a(ad re[)reBe]it the point of attachment of the ?^!?opropyI group and the 

\ 
\ 

( 

position of the carbonyl grouj). Since menthone can be converted to tliynio 
(135) by bromination, and reduction, the /wpropyl group must be para- to the 
methyl and the formula of mcmthone that shown in (134), suggested by 
Semmler in 18t)2. Confirmation of this structure was obtained b}" the synthesis 
of Kdtz and Schwarz in 1907.^ By reacting 3-methyIc2/ciohexanone-6-carboxylie 
ester (136) with sodium ethoxide and wo-propyl iodide, a menthone carboxylic 
ester (137) was obtained. This can be converted to menthone itself by boiling 
with (‘oiutentrated alkali when the ring is opened, hydrolysis and loss of carbon 

’OOTl 

(133) 

CO 

(134) 

OH 

\ 
(I3r>) 

(13fi) (137) (J3S) (140) 

dioxide ensue, and a methyl ii^^o-propyl pimelic acid is formed (138). Distillation 
of the calcium salt of this acid yields menthone (139) ; reduction of menthone 
yields menthol (140), The ester of 8-methyl-a-/6’opropylpimelie acid (141) will, 
on treatment with sodium, undergo an internal keto-ester reaction (cf. aceto- 
acetic ester from ethyl acetate), giving the menthone carboxylic ester (142). 
The oorre8]>onding acid gives menthone and carbon dioxide on heating. 

The stereochemistry of the menthol group is complicated by the fact that 
menthol has throe, and menthone two, asymmetric carbon atoms, whilst in 
addition cis* and tram- forms are known. Considerable work has been carried 
out by Read and Grubb on the menthol structures by examining the reaction 

^ Kdtss and Schwarz, Ann., 1907, 857, 209. 
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velocities of menthols and Momenthols. Their configiiratioiiH ar 
following table :— 

TABLK 1\^ 

c shown in tJie 

Menthols Neompnthols ! iw-menthols Neo-iao'inontholft 

Struftiiiv CH,-H OH3 ~i - H CUj,-H CHa-H 

HO-H H—{. OH H-HO HO-H 

H-?-rr i.Vr i-Vr-H i.Pr-H 

M.l\ of DL. . S.o-SS" f)3 1 .■>3-5° 14" 

M.P. of D- or I.- 42-43 - 22" j 82-5’ ■ - 8*^ 

[alD -- 49-6" 1 t 20-7^ i i 25-9'" 

j 
4 2*2^* 

faji) of coirespoiRiing i 
i 

j menthylaaiiue — Uo 1 

_1 

- 15*r 1 i 29-0 
1 i 

-t 2‘r j 
• Figure obtained from alcoholic solution. 

PlPERITONE 

Piperitone has a special economic interest in that it is coitimercially available 
in very large quantities from certain species of the genus Eucalyptus. Eucalyptus 
comprises three-quarters of the vegetation of Australia and from E. dives 
piperitone may be extracted readily since this species yields 4 per (jcnt. of oil 
containing 40-50 per cent, of piperitone. Since this species of Eucalyptus is a 
rapid grower, even from felled stumps, piperitone might easily be obtained in 
sufficient quantity to serve as a raw material for manufacturing processes. 

Piperitone has the empirical formula CjoHjgO, and may be hydrogenated at 
35° in the presence of colloidal palladium to a mixture of menthones. The 
structure of piperitone must therefore be that of menthone, except for the 
presence of a double bond in the former. Oxidation of piperitone yields a 
series of compounds, the simplest of which is a-iwpropylglutaric acid (144), 

(144) (145) (146) 

intermediate product 2-methylheptanone-6-carboxyUc 
acid-3 (146) proves that the formula of piperitone must be (146). This methyl- 
heptanone carboxylic acid can be synthesised by the actiem of the Grignard 
reagent on the half ester of a-wopropylglutaric acid. One of the most char- 
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acteristic reactionB of piperitone is the formation of 1 : I'-bis-menthone (147) on 
reduction with sodium amalgam and aqueous alcohol. 

PULEGONE 

Pulegone, from oil of pennyroyal, is isomeric with piperitone, and, like it, 
may be reduced catalytically to menthone, from which it follows that pulegone 
and piperitone differ only in the position of the double bond. Pulegone (148) 
and water, when heated at 250'" C., yield acetone and methyl cyc^ohexanone-3 
(149), from which it is clear that the double bond is in the semi-cyclic position 

(148) /■ \ (160) 

(■Ha CH3 
(149) 

shown in (148). Pulegone may be converted to i.5fo-pulegone by heating the 
hydrobromide of the former wit h basic lead nitrate ; the reverse process takes 
place when /.w-pulegone is heated with baryta. This shows that pulegone and 

pulegone differ only in the jx)Bition of the double bond, and the relation of 
('itronellal and 90-pulegone indicate that this is situated in the side-chain, as 
in (150). 

MENTHEME 

The rnent hene obtained by the dehydration of menthol must, since it contains 
one double bond have one of the tw^o formulae (151) and (152); its oxidation to 
^-methyl adipic acid (153) show^s that the second of these formulae is the correct 

(151) (162) (163) 

one, and this has been confirmed by Wallaoh's synthesis of this menthene. 
He condensed 4-methylcy5fohexanone (154) with a-bromo^obutyidc ester in 
the presence of zinc, giving an ester (155), the corresponding acid from which 
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lost carbon dioxide on heating forming menthanol (156) ; this, on warming 
with sulphuric acid, yielded rnenthene (157) identical with that from menthol. 

(1570) 

i-Perilla aldehyde (4-i.9opropenyl-2, 3, 4, 5-tetrahydrobeiizaldehyde) (InVa) is an 
unusual type of aldehyde derived from Perllla nankinensis ; it has a pleasant 
smell and" its ari^ialdoxime is 2000 times as sweet as sugar four times as 
sweet as saccharin). It has not been synthesised. 

The Dicyclic I’erpenes 

Of the dicyclic terpenes having a cycZopropane ring, the (^aranes have 
already been mentioned. The thujone series provides a link with the mono- 
cyclic terpenes, since thujone itself is isomeric with pulegone and piperitone, 
but does not show the properties of an unsaturated compound. This points to 
the existence in thujone of a secondary ring, which has been fonnulated as in 

(158). Thujone occurs in sage and wormwood oils ; heat converts it to carvo- 
tanacetone (159) which by bromination and reduction gives carvacrol (160), 
thus estabhshing the main points of the structures. Thujone itself yields 
carvacrol when boiled with ferric chloride. 

The existence of the br idge link in thujone is confirmed by its conversion to 
t>othujone, a cydopentanone derivative (161) on warming with 40 per cent, 
sulphuric acid. The identity of i^rothujone was established by Semmler 
through a series of oxidative degradations. Sabinene (162), one of the 
main constituents of marjoram oil, has a bridge similar to that of thujone. 
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Its most fiiarac'teristic reac'tiou is the loss of a —UHa group on oxi(i;Uion, 
forming sabinaketone (103). The existence of the unusual bridge-link 

(DU) (162) (16:i) 

in this group of (‘ompounds is demonstrated by the oxidation of sabinol (hydroxy- 
sabinene) (104) to a-tana(*etone dicarboxylic acid (105). Thujane itself, b. 157° 
(105a), (;an be obtained by the catalytic reduction of sabinene (102). 

(ir4) 

References made above to ‘ thujone ’ are intended to refer to a-thujone, 
b. 201 [ol]x) " 10', found in oils of thuja and absinthe. Hie stereoisomeride, 
j8-thujone, is less frequently met with, but has been isolated from tansy and 

wormwood. 

The Pinene Group 

Pinem?, OjoHis, is an optically active substance; its d-form (australene) 
occurs in Scandinavian and Gennan turpentines, and the /-form (terebenthene) 
in French turpentine. Much information concerning the structure of pinene 
may be obtained from its progressive oxidation, the (compounds formed being 
listed in Table V below. 

TABLE V 

SubsUiioe Fonnula Properties 

I Piuonic acid (oxidation of 
pinon© with potassiiun 
permanganate) 

rcooH 

[COCH* 

A monobasic acid 
methyl ketone 
No double bonds 

II Piiiic acid 
From pinonic acid with 

bromine + alkali 

C^H^tCOOH), A dibasic acid 

in Norpinic acid C,Hio(COOH), A dibasic acid having 
one —CH, less than 
pinio acid. Has been 
synthesised 
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Originally the sUMu ture of piiunie was de(ilu•^^d iVoin other eonsidf'ralions, 
but the synthesis of nor|)ini(^ acid by Kerr in 1929 giv(\s a simf)ler ineans by 
which the fonnulfi of pinenc may he deduced. J)im('thyldicyanoglularimid<* 
(166) in the form of its sodio-derivative reacts readily with methylene iodide to 
give the methylene compound (167) whit h is hydrolysed to norpinic acid (168), 

Since norpinic acid is obtained by loss of —CHo from the analogous dibasic 
acid, pinic acid, the structure of the latter must be (169). It may also be 
argued that pinonic acid is the corresponding methyl ketone (170). The 
alternative formula (171) is rided out on the ground that pinene yields^?-cymene 

am 

CIL 

CH 

CH 
CH3CCH, r 

CH, 

CO 

HOOC ^CH 
|cn,001131 

CHo 

(172) 

1^11300 

OIL 
CII3 C 0113 
m 

cu 

(170) 

2 I J'ih 

Cll 

(171) 

when heated with iodine ; the alternative formula would yield ^//-c^ymene. 

Since pinonic acid is formed from pinene it is to be supposed that the ^^^0 and 

—COOH gi’oups of the former indicate the position of the double bond in the 
latter ; hence pinene is assumed tn have the structure (172). 

The formula of pinene is in keeping with its reactions, more particularly 
those shown in the scheme below^:— 

(173) (174) (175) 

Step I.—^Pinene is oxidised by dilute potassium permanganate to pinene 
glycol (Sobrerol) (173) CioHi^e(OH)2. 
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Step II.—Pinene glycol, when wanned with very dilute hydrochloric acid 
passes, presumably through intermediate (174), into pinol (175) OjoHieO. 

Step III.—Pinol, oxidised with potassium permanganate yields terpenylic 
acid (17b), the formula of which has previously been established (p. 089). 

(175) 

HOOC 

CH, I^CHj 

(176) 

Nopinene ()3-})inene) (177) is isomeric with pinene and constitutes two-fifths 
of French turpentine ; it can be (‘onverted readily to nopinone (178) in exactly 
the same way as sabinene to sabinaketone. This points to the existence of the 
semi-cyclic double bond, whilst the remainder of its structure follows from its 
oxidation to norpinic acid. 

CIL 

II 
CO 

ClI, 

ICHjCtll 
CH, I 
^ I ^ 

cn 
(177) 

^011 CH, ^cn 
—► |cjl,c'cii,| 

.Cllj (^H, I CHj 
'CH 
(178) 

Camphors 

Some confusion arises from the fact that the term ‘‘ camphor ’’ was applied 
originally to any solid terpene-like substance, and in addition to the true 
terpenes the gioup originally contained hydrocarbons (“ stearoptenes ’’) and 
sesquiterpene alcohols. The following is a summary of the camphors most 
frequently met with :— 

I. —Ordinary, Ja}mnese or Laurel Camphor,—From the camphor laurel, Cinna- 
momum camphora, and in smaller quantity from essential oils of lavender, 
rue, rosemary and sage, etc. Hexagonal prisms, m.p. nS"", b.p. 204'’ C. 
[ajn + 44’2“ in 20 per cent, solution in alcohol. 

II. —Lmvo or Matricaria Ca/mphor,—This is the antimer of ordinary or dextro- 
camphor. It is obtained by oxidising l-borneol, or from the oil of Matricaria 
parthenium. 

III. —Synthetic camphor is, of course, optically inactive. 

IV. —Borneo, Malayan or Drybanalops camphor is d-bomeol, m.p. 204® b.p. 
212®. It is obtained from the wood of Drybanalops aromaiica. 

45 
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V. —Ngai camphm is the Isevo isomer of the previous substance found in 
Blumea balsamifera. 

VI. —Buchu camphor or diosphenyl, from Baromia leaves is not a true camphor, 
and is of the structure shown in (179). Its inclusion in the series of 

(179) 

camphors is purely due to its solid and aromatic nature ; for similar 
reasons the early chemists included in the family “ mint camphor — 
menthol. 

Ordinary (Camphor 

The industrial value of camphor is very liigh ; apart from its use in medicine 
as counter-irritant and local anaesthetic, it is used in laige cjuantities for the 
manufacture of celluloid and of smokeless propellants. So far, no entirely 
satisfactory substitute for its use in the celluloid industr}^ has been found. 

Camphor, CiqHjqO, is obtained by distilling with steam the wood of the 
camphor tree (Laurus camphora or Cinnamamum camphora). The camplior 
entering commerce differs in rotatory power a(5(joi*ding to the district in which 
it has been grown, but is mostly dextro-rotatory. 

The first point to be established in a consideration of its structure is the 
fact that it is a ketone, whilst from the ease with which it is converted to its 
i^o-nitroso compound, it is probable that a methylene group is in a position 
adjacent to the carbonyl group (—CHg. CO). p-Cymene is obtained when 
camphor is heated with dehydrating agents, thus establishing the a priori case 
for a terpene structure. Since, howrever, camphor has two hydrogen atoms less 
than the formula CioHjgO of a simple monocyclic terpanone, and since it 
shows no properties consistent with the presence of a double bond, the presence 
of a second ring is probable. The position of the keto-group is defined by 
the oxidation of camphor to carvacrol (181) by iodine, and the formula for 
camphor shown below was suggested by Bredt in 1893 (180). 

(ISO) (181) 

In this formula the only real issue is the position of the secondary ring system, 
which has been settled by a consideration of the oxidation products of camphor. 
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When camphor is oxidised it yields, progressively, camphoric acid ^0^1604’ 
and camphoronic acid C9Hi40g. 

In suggesting the formula (182) for camphoronic acid Bredt was guided by 
its thennal decomposition to trimethyl succinic (183), *«o-butyric (184) and 

CH, CH, 

I ■ 1 ■ 
C CH 

-and CHg. CH. CH, 

COOH I 

{»OH 

(182) 

COOH COOH 

(183) (184) 

<wbonic acids. Confirmation of this structure was obtained by Perkin and 
Thoi'pe in 1897 by synthesis. The Keformatski reaction between acetoacetic 
ester, a-bromo (wbutyrio e.ster and zinc furnishes )S-hydroxji:rimethylglutaric 
ester (185). By usual methods, the hydroxyl group of this eompound may 
be replaced by chlorine and by the —flN group (185o); hydrolj'sis then 
yields optically inactive camphoronic acid (186). 

CH,, CH, 

CO (V-OH(Cl)((^N) 
(185o) 

m. Br ( 

1 
CH,.C.CH3 > 

1 
CH,.( ). CH, -> 

i 
COOEt COOEt 

(JOOEt COOEt 

(185) 

CH3 
I 
c 

CH3 

CH3 . C . CH., 

COOH 

COOH 

(186) 

COOH 

Camphoric acid (187), since it is a dibasic acid, and not ketonic, must have 
been obtained from camphor by attack at the carbonyl group (•); the well- 
known vulnerability of a methylene group adjacent to the carbonyl group 

CH, 

CH, "COOH 

CH,CCH, 

CH, COOH 

"CH 

(ist) 
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makes it probable that such a group furnishes the second carboxyl of cam¬ 
phoric acid, indicating (187) as the tentative formula for the latter compound. 
This is further confirmed by the tendency of camphoric acid to give an anhydride 
and by the reconversion of camphoric acid to camphor according to the following 
scheme :— 

(190) (ion 

(’amphoric anhydride (188) is reducible by sodium amalgHui, at the 

^^^0 group (*) to campholide (189). ('amphoiide nacts with potassium 

cyanide to give the potassium salt of homocamphoric nitrile (190), the corre¬ 
sponding acid (191) being obtained by hydrolysis. Distillation of either the 
lead or calcium salt of horaocamphoric acid yields camphor (192). 

Finally, several independent syntheses of camplioric a(*id have confimied 
the structures already put forward. The .synthesis of Kom[){)a in 1903 com¬ 
menced with an ester condensation between oxalic^ ester and j3)S-dimethyl- 
gliitaric ester, producing diketoapocamphoric ester (193), which, with sodium 
and methyl iodide gave dikeiocamj)horic ester (194). 

(Jr>) 096) 097) im) 

Reduction with sodium amalgam in an inert atmosphere gives the corre¬ 
sponding alcohol (195), the ester groups being hydrolysed at the same time. 
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Further reduction with red phosphorus and iodine gives the unsaturated 
derivative (IDO), the hydrobroinide of which (197) is reduced by zinc dust and 
acetic acid to (jamplioric acid (198). The position of the double bond in acid 
(196) and of the bromine in (197) has been settled by the oxidation of (196) 
with formation of trimethylglutaric acid (200), clearly obtained through the 
intennediate substance (19*9) :~ 

(net) (200) 

Perkin's synthesis of camplioric acid is shown in the following scheme. 
1, 1-T)imethylbutaiie-1, 2, 4-tricarboxyIic acid (201) on heating with acetic 
anhydride cyclises with loss of carbon dioxide and water to give 2, 2-dimethyl- 
c;*/cZopentanone-.‘bcarboxyli(‘ a(‘id (202). This yields, with magnesium methyl 

(204) (205) (206) 

iodide, a hydroxy- acid, which passes to the lactone (203). Conversion through 
the bromo- and cyano- compounds (204) and (205) to camphoric acid (206) 
proceeds by orthodox steps. 

Clearly, the combination of the synthesis of camphoric acid with its con- 
versioji to camphor constitutes a complete synthesis of the latter body. 

Synthetic Camphor 

The syntliesis of camphor just described obviously has no commercial value, 
and camphor is synthesised industrially from freshly fractionated pinene. 
When freshly distilled pinene is cooled and dry hydrogen chloride is passed in, 
pinene hydrochloride (bomyl chloride) is obtained in white crystals. These 
are filtered by pressure from any liquid material and fractionated, pinene 
hydrochloride boiling without decomposition at 207-208° C. This process 



710 ADVANCED ORGANIC CHEMISTRY 

gives a good yield of the hydrochloride, which is converted to cainphene by 
heating with slaked lime to 130-160^"; an improvement in this phase of the 
process, suggested by Reychler, is the use of phenol with half an equivalent ot 
sodium hydroxide, which, when heated with pinene hydrochloride in an auto¬ 
clave for ten hours at 150-170'' gives a good yield of camphene. 

'Die camphene, purified by fractionation, is treated with acetic and sulphuric* 
acids when borneol and ^so-borneol are obtained. These are readily oxidised 
to camphor, in presence of a catalyst, preferably by aerial oxidation. These 
reactions are shovra below :— 

Many attempts have been made to convert f)inene diixu^tly into borneol, 
and some measure of success has attended the use of oxalic acid for this purpose, 
Pinene and anhydrc^us oxalic yield 30 per cent, of borneol when heated togetJier 
in vacuo at 125^. 

Borneol, the alcohol corresponding to campljor, is a naturally fx'ciirring 
substance (from Drybawilops aromalica), and may be obtaiiuHl together with 
wo-borneol by reducing camphor with sodium Jind alcohol. Tt yi(*lds a (chloride 
on treatment with hydrogen chloride which octaipies a position of importance 
in the following scheme :— 

CAMPHOR; 
>1^ 

: BORNEOL- 
A 

■> BORNYL- 
CHLORIDE 

PINKNE 

/>f>.BORNYL 
ACETATE 

:;.ro-BORNEOL 

I 
-CAMPHENE^ 

a NOPINENK 

Both nopinene and pinene (207) and (208) yield bomyl chloride (210) on 
treatment with hydrogen chloride, change in the secondary ring structure being 
thus obtained, which may take place through the intermediates (209) and 
(211). A further example of the lability of this type of linkage is the formation 
of i«o-bomeol (212) from camphor by reduction, which probably takes place 
through the intermediate stage (213). 

The formulae at top of page 711 again draw attention to the problem of cam¬ 
phene (214). This hydrocarbon CjoHig is produced both from borneol by de¬ 
hydration and from pinene by heating with sodium stearate. It is outside the 
scope of this work to enter into all the considerations which have led to the 
general adoption of the Wagner formula for camphene, but the excellent 
account of the later stages of the problem given by Kon (J.G.8. Ann. Rep., 
1932, p. 147) is recommended to those desiring more detailed knowledge. 

The alternative route for iso-bomeol is shown in (212o) and (213a). It is 
also to be noted that when t«o-bomeol is converted to its chloride and the latter 
heated with alcoholic potash, camphene (214) is produced. 
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Fenchone 

A new type of ring system is shown by fenchone (215), which occurs in 
fennel oil and was synthesised by Ruzicka in 1917. Ethyl levulinate (216) 

or 

(215) 

and bromoacetic ester are condensed in the presence of zinc to form the lactone 
(217). This adds on the elements of HCN, and the nitrile-acid (218) so formed 
yields the tri-ester (219) on treatment with alcohol and sulphuric acid. Sodiunx 
in benzene suspension brings about an internal acetoacetic ester condensation 
in the tri-ester furnishing 3-methylcyclopentanono-l-^rboxylic acid-3 (220). 
Another Reformatski reaction with zinc and bromoacetic ester gives the aloxjhol 
(221) which readily loses water on treatment with phosphorus tribromide in 
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chlorofonn to give the unsatiirated ester (222). This, alter reduction to the 
saturated compound, and conversion to the lead salt of the corresponding acid 
(223), yields on distillation methyl-wor-camphor (224). The final cojiversion 
to fenchone (225) is achieved by methylating methy^?^or-eanlphor with sodamide 
and methyl iodide. 

CH, 

CH, I 

CN 

on. COOEt 

COOH 

(218) 

’iC 1 '^cooii 
‘ CH, caoEi 

. I ill. 

^COII 

(221) 

Cl I, 

CH, 

CK 
CAI2 COOEt 

CH, 2 I ^'<2 1 ^-*^2 
Reduction hydro!) su j |- 

.CIL 

C 
(222) 

and Tonverwon to 

lead salt 

Heu 
, (223) 

ciC CHj 1 < 
1 CH, 1 1 1 

CH cn,i GlI 
*■ (224) . N,,x,| 7^ (225) 

CO 

C(CIl3)2 

The Azdlenes 

Records going back five centuries show that the essential oils extracted 
from certain plants—e.g., camomile, possess a blue colour which has in recent 
years been shown to be due to the presence of deep blue or violet hydrocarbons 
—azulenes, the parent of w'hich is a C15 hydrocarbon. Work carried out by 
Shemdal ^ showed that if an ethereal solution of the oils be treated with a 
concentrated phosphoric acid solution, the azulene is extracjted, and on dilution 
of the aqueous phase is regenerated and may be extracted. 

1 Shemdal, J,A.C.S., 1916, 87. 167 and 1637. 
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The main azulene (compounds of natural occurrence are shown in Table VI 
below :— 

TABLE VI 

Name M.P. Colour Source 

/?-(niaiazuleije in. 30^ Blue needles From geranium oil, coaLtar, and by 
the action of sulphur on guaiacuin 
wood, patchouli, and gurjun balsam 
oils 

Vetivazulene m. 32^^ Violet needles From votiver oil, by the action of 
sulphur 

Caiiiazulenw m. 132° Blue noodles From camomile oil 

Lactarazulon(3 — Blue liquid Of fungoid origin from Lactaritts deli- 
cio8U8 (‘ Blue stales ’) 

The azulenes fonii compounds with trinitrobenzene, which can be crystallised, 
but from which the aromatic iiitro body is removed by chromatographic 
adsorption. 

When the pure azulenes are reduced catalytically they take up eight atoms 
of hydrogen to give hydrocarbons of the formula CjgHge. but one double¬ 
bond still remains unreduced. Refractive index determinations and the fac^t that 
azulenes (^an be converted into naphthalene derivatives led to the suggestion 
that thes(‘ substances are c^c/opentenoc;?/c/oheptene derivatives, related to 
azulene (225a). 

The synthesis of the parent compound has been carried out by Pfau and 
PlattiH'r,^ together with that of its homologues substituted in the ‘ 4 ’ position. 

(225/) (225^) 

The methfxi is to obtain cyciodeeandione-1, b (225d) by the action of ozone on 
octalin. This is converted to cyriopentenoct/c/oheptanone by dilute sodium 
carbonate (225e), when, by acting on the carbonyl group with a Grignard 
reagent and dehydrating the alcohol produced, a tetrahydroalkylazulene (225/) 
is obtaimHi ; catalytic dehydrogenation then gives the azulene (225^), which is 
deep blue and indistinguishable spectroscopically from the natural azulene 
derivatives. In view of their transformation to the corresponding dimethyl- 
i>apropylnaphthalenes, 5-guaiazulene and vetivazulene are regarded as 1, 
4-dimethyl-7-t.9opropylazulene (2256) and 4, 8-dimethyl-2-iVopropylazulene 
(225c) respectively. As to the mode of formation of these compounds in nature 

' Pfau and Plattner, Helv. Chim, Acta, 1036, 19, 858. 
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one has on]}'' to rewrite the formula of farnesol to obtain at least one method by 
which an azulene ring could be obtained :— 

The Sesquiterpenes 

Terpenes containing fifteen carbon atoms—the sesquiterpenes—are plentiful 
in natural materials, especially in flowers and wt)od-oils. Their structures are, 
naturally, more complex than those of the true tcTpeiU's, and, in addition, their 
study is complicated by the fact that they form cage compounds, (\g. those 
derived from terevsantalic acid (226), more usually written (227). 

It is proposed to discuss only representative s(»squiterpenes of prorniiumt 
interest. 

Farnesol 

Farnesol, Ci5H260, occurs to a very limit(‘d extent in oil of cassie (Amcia 
farnesiana), and is best obtained from ambretti' seed oil. Its n^fractivity, 
ability to add on six hydrogen or bromine atoms and to form a triozonide jK)int 
to the presence, in its molecule, of three double bonds, and since it oxidises to 
an aldehyde of the same number of carbon atoms, it is probably a cyclic prirnary’^ 
alcohol. 

Its structure has been determined by the follow ing stops. Farnesal oxime 
can be dehydrated to a nitrile, which on hydrolysis yields farnesic acid ; this 
breaks down on mild oxidation to 

dihydro ^ ionone 

R . CH==N . OH 

R.CN 

R . COOH 

AcjO 

Hydrolyata 

CHg .COOH 

COOH CH,OH 

/\ 
1 
\ — /\ s 

\ y V 

X 
(229) 

/\ 
(228) (230) 
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diliydro-</f-ioiione (228) and acetic acid ; thus indicating the formula (229) for 
farncHic acid and (230) for farnesol. This has been confirmed by Verley, who 

showed that fannvsal on heating (231) with potassium carbonate, is broken 
down into acetaldehyde and dihydro-i^-ionone (232) just as eitral is broken 
down under similar conditions to methylheptenone and acetaldehyde. Syn¬ 
thesis of farn(‘S()I was carried out by allowing dihydro-0-ionone, broinacetic 
ester and magnesium to react together ; a hydroxy ester (233) was obtained 
which readily lost water on boiling \^ith acetic anhydride to give farnesic ester 
(234) ; ix^duction of this with scxlium and alcohol yields some farnesol (235), 
mixed with a larger quantity of dihydrofarnesol. 

Nerolidol (237) (formerly “ peruviol ”), found in various blossoms (‘' S^Tinga ” 
v--: Fhiladelphus coronarius) is isomeric with fanu'sol (236) and converted into 
it by boiling with acetic anhydride. It appears that tliis cihange is parallel to 
that of linalool into nerol ; further, nerolidol, wiien oxidised by an acetic acid 

solution of chromic acid yields farnesal (238); this, again, is parallel to the con¬ 
version of linalool by the same reagtmt to eitral, and points to the formula 
(237) for nerolidol. Oonfirmation comes through Ruzicka’s synthesis from 
dihydro-0-ionone, thus :— 

4 C«Ha 

+ NaNH, n 
CH 

f! OH 

Nerolidol is much more plentiful in natural oils than farnesol, which is 
prepared commercially by boiling nerolidol wth acetic anhydride in a stream 
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of carbon dioxide; both farnesyl and iierolidyl a(‘(‘tates aiH‘ formed, and after 
saponification treated with phthalic anhydride whicli esterifies the farnesol, 
but not the nerolidol, which is steamed out and used again. The difarnesyl- 
phthalate may be hydrolysed with alkali. 

Bisabolol and the Cadalene Series 

Bisabolene is a pleasant smelling hydrocarbon obtained from oils of lemon, 
pine and opopanea, and lias been synthesised from lUTolidol by the following 
steps. Nerolidol, when converted into fariu\sol hy acetic anhydride produces 
at the same time some famesene (2*t9) which, when allowed to stand in acetic 

acid solution gives bisabolol (240). The latter may be converted by hydrogen 
chloride to a ‘ trihydrochloride ’ (241) and this, by soilium acA^tate and acetic 
acid to bisabolene (242). Although there is still some trace of doubt as to the 
position of the third double bond in bisabolene, no doubts exist as to the struc¬ 
ture of bisabolol, which has been synthesised by Kiizicka. The Grignard 
reagent from 2-methyl-5-bromopentene-2 (243) was allowed to react with the 
ketone (244) obtained from the oxidation of a-terpineol; bisabolol is thus pro¬ 
duced. The direct conversion of nerolidol to bisabolene takes place on boiling 
with acids. 

When the sesquiterpene cadinene is dehydrogenated by sulphur or selenium, 
cadalene is obtained. Its chemical properties indicate that it is prob¬ 
ably a naphthalene derivative since it will not, in spite of its lack of hydrogen, 
show addition reactions. The structure of cadalene has been confirmed by 
synthesis. Carvone (246) with zinc and bromacetic ester readily passes into 
cymyl acetic acid (247) through the intermediate (246). Ihe acid may be 
reduced to the alcohol and converted to jS-(2-cymyl)ethyl bromide (248), Re¬ 
acting this bromide with sodio-methyl malonic ester yields an ester (249), the 
acid from which, when heated, furnishes y-(2-cymyl)-a-methyl butyric acid, 
the acid chloride of which is shown in (260). This acid chloride imdergoes an 
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internal Friedel-Crafts roaetion on treatment with aluminium chloride, giving 
the ring ketone (251) ; this was converted to cadalene (252) by reduction with 
sodium and amyl alcohol to the hydrocarbon and dehydrogenation with sulphur. 

(kdinciH* C15H23 is found in the oils of cade, juniper and cubebs ; it is 
probably a ?nixture of the a- and /S-cadinenes, having the structure below ; full 
eoiifirrnation of this structure has yet to be obtained. Two other members of 

Cadinenb 

this gioup which gave cadalene on sulphur dehydrogenation are zingiberene 
and itwzingiberene. Reduction of zingiberene with hydrogen and palladium 
yields a hexahydro derivative, thus indicating the presence of three double 
bonds. The arguments for assuming that these double bonds are situated as 
in formula (253) are derived mainly from considerations of refractive indices. 

Zingiberene itself has a molecular refractivity 68*37 ; the calculated value 

(263) (264) (266) 

for a monocyclic sesquiterpene with three double bonds is 67*87, and for an 
open chain sesquiterpene 69*6. It is therefore probable that zingiberene is a 
monocyclic sesquiterpene with an enhanced refraction due to conjugation of 
its double bonds. This is more probable since, on reduction with sodium and 
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alcohol, it yields a dihydrozingiberene with the theoretical molecular refraction 
of 68’3 ; the structure of dihydrozingiberene is probably (254), indicating con¬ 
jugation in zingiberene itself. The fact that zingiberene is con vended to iso- 
zingiberene by heating with glacial acetic acid containing some sulphuric acid 
points strongly to the presence of conjugation in zingil)erene itself, more 
especially since i\^ozingiberene has the the^oretical molecular refractivity for a 
dicyclic sesquiterpene with two imconjugated double bonds (255). This is 
further confirmed by the fact that catalytic hydrogenation of i^ozingiberene 
only causes the addition of four hydrogen atnms. 

Further confirmation lies in the fact that with dry hydrogen chloride in 
ether, both zingiberene and i,9ozingiberene giv(‘ the same hydrochloride, but 
that on treatment with alcoholic potash, the hydrochloride Avill regenerate 
i^ozingiberene only. 

The Eudalene Series 

Cadalene is not the only hydrocarbon type from which sesquiterpenes are 
derived ; many, such as the selinenes, give eudalene on sulphur dehydrogena¬ 
tion. At the same time, however, they yield a molecular proportion of methyl 
sulphide, an indication of an angular methyl grouj), which, obviously, cannot 
be retained by the true naphthalene ring. Thus, eudalene contains one —CHg 
group less than cadalene insofar as its empirical formula is coiu'enied. In 
1922, Ruzicka synthesised eudalene (256a) from cuminal (256), by the following 
series of reactions :— 

The addition of the angular methyl group to complete the skeleton of the series 
can be contemplated in two ways to give (257) and (258); the former being 
preferred for a variety of reasons. 

(257) (268) 
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The a- and the latter of which is to be found in oil of celery seed 
are derived from the eudaleiie skeleton by the insertion of two double bonds, 
the situation of which is very probably as shown in (259) and (260). 

a-Seliiieno 

(259) 

HOCH^ 
(259a) j3-Selirienei 

(260) 

In order to illustrate the relation betw(H"n tin* eudalone type of structure 
and the open-chain sesquiterpenes, faniesol has been rearrange^d in the formula 
(259a) ; it will be se(^n immediately that the carbon skeletons of the eudesmol 
and faniesol seTies are identical. 

a- and /J-Kudesrnol (261), from certain species of eucalyptus, also yield 
e‘udal(‘ne on dehydrogenation w ith sulphur and their structure was assigned on 

/ 

M.;- 
VH./ I \/ 

OH 

a-Eudoamol 

('»■/1 
OH 

j^-P^udesrnol 

(261) 

grounds ejf the ielentity of the‘ dihydre)chlorid(xs of eudesme‘ne and seliiiene. 
Anotlu^r (ios(iy related substance is the ketemic dieyclic se'squiterpoue eremo- 
philone (262), found in the wDod-oil of Eremophila Mitchelli. 

(262) 

From the remarks made above, it might be thought that the sedinenes w'ere 
the odoriferous principles of celery. This is not so, the odour being largely 
due to the lactone sedanolide (262a) derived from sedanolic acid (2626). 

V 

('O 

I 
o (262a) 

CH2.CH2.CHj.CH3 

/\C00H 

V/\ 
CHOH 

Ah, . CH,. 

(2626) 

CHj. CH3 

The Tbicyclic Sesquitebpenes 

There are many tricyclic sesquiterpenes, mainly derived from two series— 
the a-santalenes and the caryophylleues. The /3-santalenes are dicyclic,* but in 
view^ of their close relation to the a-santalenes, they will be discussed here. 

East Indian Sandalwood contains, among other substances, the following :— 

Suntene . 
Santenol . 
Teresantalol 
a- and )3-Bantalone 
a- and )3-Santalol 

C.H,. 
C,H„0 
CioHjeO 

0„H^0 
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Camphorene (from oil of camphor) is one of the few C20 terpeiies the consti¬ 
tution of which has been elucidated. Reference has already been made to 
myrcene (2-methyl-6-meth€myloctadiene-2, 7) (see p. 681) ; myrcene dimerises 
to camphorene according to the structure indicated below :— 

/ \ 

\ 
/'Hn i 

Myrcono 

V.H3 

i- -> 

\ \/ 
1 <'H3 1 

X'li, 

OH, 

Camphorene 

In concluding this consideration of the sesquiterpenes, some Jiiention must 
be made of the caryophyHones, although their structure is not known with 
certaint3C Three isomeric caryophyllenes are found in oil of cloves, and as the 
result of a long series of degradations carried out by Semmler, Simonson, and 
others, Ruzicika ^ has proposed the structure (271) for the /S-isomeride. 

Santonin 

Santonin (273) is obtained by extracting the dried unexpanded flower- 
heads of the worm-seed plant {Artemisia santonica) with milk of lime. The 
solution of calcium santoninate so obtained is worked up for santonin, which 
is used medicinally as an anthelmintic or vermifuge. 

by 
When santonin (CigHigOg, m. 170® ; [aj^ 
Clemmensen’s method and the product 

— 174® in chloroform) is reduced 
dehydrogenated with selenium, 

^ Buxicka et a/., Helv, Chim, Acta, 1936, 19, 343. 

46 
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l-methyl-7-ethylnaphthalene (274) is obtained, thus bringing the carbon structure 
of santonin (273) in line with that of the selinenes (272)—the resemblance being 

(274) 

heightened by the angular methyl group. Evidence of the existence of a 
methyl groxip in this position was obtained by Angeli and Mario, who obtained 
a heptanetetracarboxylic acid (275) by oxidising santonin. 

Me 

CH3. CH- 

COOH 

COOH 
(275) 

t’OOH 

COOH 

CH3 

I ! i 
CO O CH, 

(276) 

One of the most puzzling properties of santonin iKS its conv(Tsion by boiling 
h^^drochloric acid into desmotroposantonin (276), wliicJi is phenolic, and in 
which the angular methyl group has altered its position. This cliangt? was at 
first thought to be purely keto-enolic ; but subsequent work has not only (hui- 
firmed the position of thf‘ angular methyl group of santonin itself, but has 
established the formula of desmotroposantonin as (276). As a consequence of 
this, the formulae developed by Cannizzaro and his colleagues for santonin and 
desmotroposantonin were revised (277). 

AT. 

oJ' 

Me 

Me 
(277) 

CH . Me 
I 

CO 

Me 

Caiuiiz2;aro*B formula (now abauidoned) 

The synthesis of desmotroposantonin by Clemo, Haworth and Walton ^ has 
put an end to much speculation concerning the exact disposition of the remain¬ 
ing groups. In this synthesis p-xylyl methyl ether (278) is condensed with 
maleic anhydride in the presence of aluminium chloride to give j8-(4-mothoxy-2, 
5-dimethylbenzoyl) acrylic acid (279), the ester of which adds on dry hydrogen 
chloride, thus producing /3-(4-methoxy-2, 5-dimethylbenzoyl)a-chloropropionic 
ester (280). This compound will react with sodio-methylmalonic ester in the 
usual manner to give a tricarboxylic ester (281), which on hydrolysis and gentle 
heating loses carbon dioxide to give a-(4-methoxy-2, 5-dimethylbenzoyI butane- 
)3y-dicarboxylic acid (282), reducible by Clemmensen’s reagent to l-(4-methoxy-2, 
5-dimethylphenyl)pentane-3, 4-dicarboxylic acid (283). The methoxyl of this 
compound is converted to hydroxyl by ZeiseFs method (284). Cyclisation of 
this acid was effected by strong sulphuric acid, the lactone (286) being isolated, 

'Clerao, Haworth and Walton, J,C.8,, 1929, 2368 ; 1930, 1110. Clemo and Haworth, 
1930, 2679. Kuzicka, Helv. Chim, Ada, 1930, 13, 1117. 
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and this, on reduction with sodium amalgam gave dl-desmotroposantonin (286) 
identicial in all respects with that obtained from natural sources. 

Ci[~CO. 

Cl I—CO 

CH, 

:o 
V OCH, CH 

f278) 
CH, 

s‘'Y) 
'N30ohS;o 

CH, 

CH, 

OCH, OGJI V ^coohY^ 
OCH, 

AcCl, (279) HCl (280) 
CH, 

F.iicnfy and react with 

•odio-methylrnaloiuc eitrr 

CH,CH- V J 'COOIf Xh 
COOH 

(282) 

OCH, 

Reductic 

CH, CH- 

I «)OH 

COOH ,284) ’ 

Cone. HjSO^ 

The Polytbepenes 

Under this heading is included a variety of compounds which have a struc¬ 
tural or genetic relation to the simpler terpenes—more especially to the sesqui¬ 
terpenes just discussed. How close this relation is may be seen by comparing 
the structure of sclareol (287) and of hinokiol (288), with the structure of the 
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resin acids and carotenoid plant pigments on the one hand, and with the 
ionylidene compounds on the other. 

(287) ' (288) 

The substances discussed in this section are divided into the following 
sections :— 

1. Phytol and squalene. 
2. Lycopene and the carotenoid plant pigments. 
3. Fish pigments. 
4. Vitamin A. 
5. The resin acids, 

whilst consideration of natural and synthetic rubbers, although relate<l to the 
terpene family, has been discussed in Chaj)ter III. 

It is not, perhaps, out of place to emphasise here the persistence of the 
“ ionone ring in compounds of this series ; even with open-chain comj)ounds 
such as lycopene and phytol, the ring is potentially present, only nmling a 
simple cyclisation to bring it into being. Even in such compounds as angustione 
(the )S-diketonic compound from BackhoiLsia angustifoUa) (1,3, 3-trimethyl-l- 
acetylcycZohexandione-4, 6) (289) the ionone ring stnicture is to be seen. 

(289) (290) 

In addition, attention is drawn to the amazing number of instances where 
the configuration (290) occurs, from w'^hich phenanthrene or steroid structures 
may be obtained by simple cyclisation. 

Phytol 

Study of the structure of chlorophyll has shown it to cx)nsist of a complex 
dicarboxylic acid containing pyrrol rings (see Vol. II), esterified with methyl 
alcohol and phytol, a complex colourless alcohol of the formula CjoHioO. 
General reactions showed phytol to be a primary alcohol and to contain a single 
double bond ; it can be reduced cataljrtically to phytanol (dihydrophytol) and 
to phytane;— 

^20^^40^ ^ C20H42O-> C20H42 

Phytol Phytanol Phytane 
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Oxidative breakdown of phytol gave glycollic aldehyde, CH2OH . CHO, and 
a ketone, indicating that the double bond is in the position “ a to the primary 
alcohol group, thus :— 

. CH2OH 

-c- 

The ketone proved to be 2, G, lO-trimethylpentadecanone-14 (298), the 
eonstitulion of which was confirmed by synthesis. Coinmeneing from i/r-ionone 
(291) catalytic hydrogenation gives hexahydrop^re^^doionone (2, 6-dimethyl- 

undecanone-10 (292). This ketone reacts normally with sodamide and acetylene 
to give the corresponding acetylene (2, 6, lO-trimethyldodecyne-ll-ol-10) (293). 
This may he reduced to the corresponding “ 11-ene ” compound (294), which 
undfTgoes on boiling with acetic anhydride the characteristic rearrangement 
of its class to tetrahydrofarnesol (294). It is to be noted that tertiary alcohols 
having the configuration 

^(OH). CH=CHs. 

are rearranged by boiling acetic anhydride to 

^C=CH. CH,OH 

e.g. Liualool-Geraniol 
Nerolidol-y Faniesol, etc. 

Tetrahydrofarnesol forms the bromide normally, which condenses with sodio- 
acetoacetato to give the eumpotmd (296) and regulated hydrolysis leads to the 
ketone (297), 2, 6, lO-trimothylpentadecene-lO-one-14; hydrogen and palla- 
dised calcium carbonate reduce the double bond without affecting the carbonyl 
group. 2, 6, lO-Trimethylpentadecanone-14 (298) obtained in this way is in 
all ways identical with that obtained from phytol, and since the latter is split 
down into the ketone and glycollic aldehyde, the probable formula for phytol 

is (299). 
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This was confirmed by the synthesis of Fischer and Lowenberg,* ** who sub- 
jected 2, 6, lO-triinethylpentadecanone-U to the scxiainide and acetylene syn- 
thesis (300) in exactly the same way as 2, O-diinethylundecanone-10, in an 

(300) (301) 

earlier portion of this series. Reduction and rearrangement of the tertiary 
alcohol (301) gave phytol identical with that from natural sources. 

Squalene 

Closely allied to phytol, and an important link between animal and vegetable 
members of this series is squalene,^ of constant occurrence in the livers of 
Selachians * such as the shark and ray. 

Squalene CaoHgo was for a long time the subject of controversy until Karrer 

OH2-CH. 

(302) 

suggested in 1930 a symmetrical formula (302) and succtieded, in collaboration 
with Helfenstein,® in synthesising squalene from farnesol (303). The conversion 
of faniesol to famcsyl bromide (304) gives poor yields, but sufficient bromide 

* Fischer and Ldwenberg, Ann,, 1928, 464, 69; 1929, 466, 183 
* Heilbron et al„ J,C\S., 1926, 1630 and 3131 ; 1929, 873. 
* Karrer and Helfenstein, Hdv, Chim. Acta, 1931, 14, 78. 
* The Sdachiane are conaidered as a group apart from the fishes (Pisces); the term 

** elasmobranch ” is often applied to them. 
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can be obtained to give sqnalene (305) on treatment with magnesium or potas¬ 
sium. Karrer suggested that the natural formation of squalene might take 
place from farnesol by the condensation (306). 

It is of considerable interest to rewTite the carbon sktdeton of squalene thus, 

drawing attention t-o the similarity of its carbon contour to that of the sterols, 
e.g. cholesterol (307), mor<‘ especially since the foiling of squalene to rats more 
than doubles the cholesterol cronteiit of the liver. There is a strong probability 
that demethylation and cyclisation of squalene to sterols takes place in bio¬ 
logical reactions and provides at least one link between te^rpenes and sterols. 

The Terpenoid Plant Pigments 

There are a number of ri^, or orange, plant pigments, the structure of which 
is closely related to that of the compounds just discussed. It is proposed to 
discuss the structure of the more important of these pigments here. 
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Lycopene 

Lycopene C4()H5q, which derives its name from the tomato (Lycopersicum 
esculentum), is widely distributed in nature as a renl pigment in rose-hips, bitter- 
swt)et and many similar fruits, being first isolated in 1876. 

In the presence of palladised calcium carbonate lycopene adds on thirteen 
molecules of hydrogen to give perhydrolycopeiu* C40Hg2, thus indicating the 
presence of thirteen double bonds in the original pigment. The deep colour 
of lycopene is some indication that many of these double bonds are conjugated. 

Perhydrolycopene show^s the physical properties of a paraffin, and has been 
synthesised by Karrer from ph}^.oI :— 

Phytol (308) is readily reduced to dihydrophytol (309), which is converted by 
concentrated hydrobrornic acid to dihydiophyty) bromide (310). Two mole¬ 
cules of the bromide, when acted upon by potassium, undergo a kind of Fittig 
synthesis to give perhydrolycopene (2,6,10,14,19,23,27,31-octamethyl-dotria- 
contane) (311). The carbon skeleton of lycopene is thus made clear and the 
remaining problem is the positions of the thirteen double bonds. Karrer pro¬ 
posed the formula (312) for lycoptme, being guided by its breakdown products, 
on chromic oxidation. 

The first break in the structure of lycopene produced by chromic oxidation 
occurs at A ; the second at B. The formation of methylheptenone (314) and 
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the aldehyde lyeopeiial (313) diseloses the position of the two double bonds 
“ 2 ” and 6 and, smee lycopene is symmetrical, of the corresponding pair of 
double bonds at “ 26 and 30 

\ 
CH=0H“l 

l/\ 
CO I 

X 
X\ 

(313) (314) 

Lycop(‘naI has a p(‘culiar inUTcst in that it, or its analogues, may be concerned 
in the biogenef ic synthesis of the sterols ; its formula may be rewTitten as (315) 
in wliich form its resemblance to the characteristic sterol structure (316) becomes 

VHO 

appar(‘nt ; liiig <'losiir(‘ along the dotted lim^s, demethylation and the fission 
of a ])air of t<*rminnl carbon atoms are all that is needc'd to complete the trails* 
forinati(m. TIk" o.xidation of lycopcmal results in the fission of a second molecule 

(diot 
\/^ 

|/\ 

-C’H=CH—'' j 

"t CHO 
\/ 

(317) 

of methylheptenoiH' at B heaving bixin dialdehyde (317), identical with that 
pnaluciHi from bixin itself (q.v.). Thus, although no Ci>mplete synthesis of 
ly(H>jK*iie is available, its constitutional formula is firmly establishes:! as 2, 6, 10, 
14, 19, 23, 27, 31-octametlivIdotriaconta])olvene-2, 6, 8, 10, 12, 14, 16, 18, 20, 
22, 24, 26, 30. 

Bog(‘rt has suggested tliat the origin of lycopene is through phytolaldehyde, 
twD molecules of w}H(*h (vin condens(‘ either through a benzoin reaction as 
shown, or by a pinacoiu' reaction ; reduction and dehydrogenation follows. 

TIO 
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Bixin and Crocetin 

Seeds of Annatto (Bixa oreUana), at one time used for colouring milk, contain 
a yellow pigment, bixin C35H3„04, whicli proved to be the monomethyl ester 
of a dicarbox3dic acid ; its formula ma\' be represeiitc'd ;— 

COOH 

COOMe 

Hj'drolj'sis of the methyl ester yields norbixin, from which the structure of 
bixin itself has been elucidated. Norbixin can add on nine molecules of hydro¬ 
gen, this indicating the presence of nine double bonds. 'Fhe full_y reduced 
compound perh\’'dronorbixin has been sv'uthcsised thus ;— 

(.120) 

(322) 
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Step L—1, 3 Dibromopropane (317) is allowed to react with the sodio-methyl 
malonic ester. Hydrolysis of the reaction product gives 2, 6-dimethy]- 
heptaiie-di-acid-1, 7 (318). 

Step IL—The di-acid is esterificd and reduced with sodium and alcohol to 
2, 6-dimethylheptane-diol-l, 7 (319), and converted by phosphorus tri¬ 
bromide to 2, 6-dimethyl-1, 7-dibromoheptane (320). 

Step HI.—The dibromo-compound is allowed to redact with sodiornalonic ester 
and the resulting product hydrolysed to 4, 8-dimethylundecane-di-acid- 
1,11(321). 

Step IV.—Electrolysis of a solution of the potassium salt of the di-acid yields 
pThydro-nor-bixin (322) or 4, 8, 13, 17 tetramethyleicosane-di-acid-1, 20 
(cf. Kolbe’s s^nithesis). 

I'he position of tlie double bonds has been arrived at from consideration of 
the oxidative breakdown of nor-bixin,^ indicating for bixin itself the formula^ 
(323). 

/\ 

ROOC 

_„\CH=CTE 

(323) 

(JOOMe 

0()C(‘tin, obtained from crocin,* its digentiobioside, the colouring matter of 
saffron (Crocus' sativiu^), C2o^i24^^4 formulated*^ (324). 

-\ch==CH/- 

COOH COOK 

(324) 

A numbfT of da and tra7is isomers of bixin and crocetin occur naturally. 

The Carotenes 

In 1831, Wackenroder (of “solution fame) isolated from carrots a yellow 
pigment which he called “ carotin ”, a name since changed to “ carotene ”. 
The three principal carotenes (a, ^ and y), are formulated below' (325) (326) 
and (327) ; they are widely distributed in natural substances, such diverse 
materials as grass, nettles, carrots, chestnuts and palm oil, all containing appreci¬ 
able quantities, a- and /3-Carotenes (C4oH5g) occur together, and are separated 
by Tswett's method of chromatographic adsorption,^ involving the passage of a 
solution of the mixed pigments in an inert, solvent through a column of some 
material such as alumina or kaolin ; the j8-form is adsorbed at the top of. the 

^ Karrer H al., Hdv, Chim, Acta, 1932, 16, 1399 ; 1933, 16, 337. 
»Kuhu al.. Ber., 1931, 64, 1732 ; 1932, 66, 1873. 
» Hoilbron, J.S.C.I., 1937. 66, 160T. 
♦ It has recently hmn shown that crocin, even in high dilution up to 1 in 10*, exerts a 

profound stimulant action on spermatozoa, which probably accounts for tho birds’ fondness 
for crocus in spring, and the use of saffron in fertility rites. 



732 ADVANCED ORGANIC CHEMISTRY 

oolumii and the a-fonn at the bottom, so that by dividing the column, separation 
is effected. 

(327) y-CAKOTKNE 

The constitution of tiie carotenes has been est a blighted by a ItMigthy series 
of researches by Karrer,^ Kulin ^ and others, niainl}' througli the oxidative 
breakdow'Ti products and by dehydrogenation and cyelisation. Tlu' production 
of geronic acid (328), alone in the c^ase of jS-carotene, and nuxi‘d with icso-geronic 

^co 

^^COOH 

X 

(.:00H 

acid ^ (329) in the case of a-carotene, indicates the nature of the end-components. 
Thermal degradation of /}-<;arotene gave toluene and m-xylene, presumably 
from cyelisation of fragments of the unsaturated chain joining the two ionone 
rings thus :— 

1 Karrer et al,, Helv. Chem. Acta. 1930, 18. 1084 ; 1931, 14. 1033. 
• Kuhn el cU., Ann,, 1935, 516. 95. 
» Karrer el al,, Helv, Chim. Ada, 1931, 14. 614 and 833 ; 1933. 16. 976. 
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The fact , also, that both fraws-crocetin and ^-carotene yield 2 : 6 dimethyl- 
naphthalene on heating demonstrates the identity of the cjentral portions of 
their poly-ene chains. The cyclisation is assumed to take place thus :— 

y-(/arotene can take up twelve mol(K*ular proportions of hydi'ogen (com- 
par(‘(l with th(^ (‘lev(‘n taken up by a- and jS-carotenes) ; its absorption spectrum 
li(*s betvtH^n tliosc* of lycopc'iie and /^-carotene, and on this, and other grounds, 
it has be(‘n <*oiicluded that the stincture is made up of one half of ^-carotene 
and one-half of lycof)ene. 

The full story of the oxidative d(*gradation of the carotenes and the identi¬ 
fication of the products obtained is too long to be set out in full in a book of 
this scope ; in general, the results confirm the structures discussed, and for 
further detail the reader is referrtKi to the selected references at the end of the 
chapter. 

Vitamin A 

It is not within the scope of this book to consider the physiological actions 
of vitamiji A ; suffice it to say that it is essential to healthy animal life, and the 
absence of an adt^quate supply leads to arrested grovih and keratomalacia in 
growing animals. Early in the study of this vitamin, a connexion was noticed 
between it and the carotenes ; particularly jS-carotene, which appears to be 
converted into vitamin A in the animal, according to the equation :— 

f 2H,0 = 2C,oH3oO 

Chemical work on vitamin A (sometimes calkxi ‘ axerophthol ') has been 
hampered by its great sensitivity to oxidation. Karrer and his co-workers 
fomid halibut liver oil to be a rich source of vitamin A, and obtained from it 
very active preparations ; later from mackerel livers, a preparation w^as iso¬ 
lated which w^as considered to be vitamin A, with a small amount of other 
material; it w^as a viscous oil; further work led to the isolation of a fairly 
pure vitamin A as pale yellow crystals m. 63-64''. The empirical formula 
C20H30O and molecular weight (East’s method) of 320, indicate that its mole¬ 
cule is, as suggested above, half the size of that of carotene. It reacts as a 
primary alcohol, and by catalytic hydrogenation may be converted to a per- 
hydro compound (341) containing 5 molecules of hydrogen more than vitamin 
A itself. This points to a polyene structure, and taken together with its 
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known relation to carotene and its production of geronic acid upon oxidation, 
led Karrer to formulate it thus ;— 

CHI) 

Heilbron and his collaborators have shown that vitamin A is rapidly cyelised 
by alcoholic hydrogen chloride, the substance obtained being formulated (342), 

(342) 

CH.OH He ,M(' 

(343) 

Selenium dehydrogenation of this compound gave 1, B-dimethyJnaplitliHlene 
(343), thus confirming part of the structure suggested for vitamin A itself. 

Karrer ^ confirmed his view of the nature of the carbon skekdon of vitamin 
A, by synthesis of perhydrovitamin A. )3-l()none (344) was subjc^cted to a 
Reformatski reaction with zinc and bromoacetic ester, followed by the rtunoval 
of the hydroxyl group, to give /S-ionylidene acetic acid (345). This w'as 
reduced to its perhydro compound (34fi) and by hmgthening tlu^ chain by a 
series of reactions along orthodox lines, perhydrovitamin A was obtain(‘d (347). 

The identity of perhydrovitamin A from natural sources with the synthetic 
material was established, and two co-workers of Karrer-Kuhn and Morris 
claim to have 83aithe8i8ed material rich in vitamin A itself.* In the many 

1 Karrer et al,, Hd^, Chim, Ada, 1931, 14, 1036 ; 1933, 16, 537. 
* Kuhn and Morria, Bcr., 1937, 70, 853. 
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attempts to synthesise vitamin A, one difficulty has been the production of 
^-ionylidene acetaldehyde ; /S-ionylidene acetic acid (345) was obtained in the 
synthesis of porhydrovitanhn A, but on account of its unsaturated structure 
has proved exceedingly difficult to convert to the aldehyde. Kuhn and Morris 
attempted to effect this reduction by treating )9-ionylidene acetic ester (348) 
with magnesium methyl iodide and o-toluidine, thus obtaining the o-toluidide 
(340). This, on treatment with phosphorus pentachloride in benzene solution 

(352) (353) 

at O'", gave the imino chloride (350) which is rtniuced by chromous acetate in 
acid solution to the Schiff ’s base, which, under these conditions, hydrolyses to 
the aldehyde (351). jS-lonylidene acetaldehyde, a limpid colourless liquid with 
a te>rpeno4ike odour, condenses with j8-methylcrotonaldehyde to give the 
aldehyde corresponding to vitamin A (352). The reduction of so sensitive 
an aldehyde proved difficult, but finally was carried out successfully with 
aluminium t^o-propoxide, Al(OPr)3 (Ponndorf’s reagent) (cf. “ Avertin 
Vol. II). The final product purified by chromatographic adsorption on alumina 
had the colour reactions and growth-promoting properties of an impure vitamin 
A (363), but the crystalline vitamin could not be isolated. Doubts have been 
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cast on the identity of the /3-ion;yiidene acetaldeliyde obtained in tliis series of 
reactions ; although a crystalline semi car bazone was isolated, it is diflScuIt to 
exclude tlie possibility of a structural (‘hange having taken place. 

So far, the preparation of pure /5-ionylidene a<^etaldeliyde has not been 
satisfactorily settled ; many attempts have been made to build up polyene- 
aldehydes from simple substances by auto-condensation. The straightforward 
unsaturated aldehydes can easily be produced by the condensation of croton- 
aldehyde and acetaldehyde in the presence of pi})eridiue.^ Tlie rc^ac^tion was 
shomi by the earlier investigators to give the three substances :— 

Clio 

Hexadional‘2, 4, Octatrienal‘2, 4, 6. Docatetraciial-2, 4, 6, 8. 

but later work b}^ Schmidt ^ has shown that it is possible to (’arry tht* condensa¬ 
tion in regular steps to octadecaocta-enal-2, 4, 6, 8, 10, 12, 14, 10 (353a) 

CHO 

(363a) 

CHO CHO 

\CH ,.\j 1 
II i 1 I- 

•N. k 
V' m, CH3 /\ 

(3636) (363c) 

The later members of this series are oraiigt^ or deep red, and bt‘ar an obvious 
structural resemblance to the carotene family. By c()inmeiu‘ing the condensa¬ 
tions with j8-methylcrotonaldehyde (3536) it has bec^n found possible to procc^^d 
as far as farnesinal (353c), the structure of which is reminiscent of jS-ionylidene 
acetaldehyde. 

The relation of vitamin A to carotene is structurally (‘lear ; the formula of 
)3-carotene, if divided into two equal parts and the terminal group converted to 
—CHgOH by the addition of the elements of a moh^ciile of water, gives vitamin 
A. There is abundant biochemical evidence to show that this change actually 
takes place in the animal system, probably in the liver, and, moreover, the 
feeding of j3-carotene is equivalent in all biochemical aspt'cts to the feeding of 
vitamin A ; for this reason )3-carotene is often reh'rred to as a ‘ provitamin A \ 
Provitamin A activity appears to be related spt^cifically to the intact ^-ionone 
ring which must be without an oxygenated substituent; any alteration of the 
position of the double bond destroys the activity. 

Whilst the molecule of /^-carotene has provitamin A activity equivalent to 
two molecules of vitamin A, a- and y-carotenes have only about half this activity, 
as also has kryptoxanthin (3-hydroxy-)3-earotene); if both rings are hydroxy- 
lated as in zeaxanthin (3, 3'-dihydroxy-j8-carotene) provitamin A activity dis¬ 
appears completely. In addition, all the hydrogenated vitamin A series from 
dihydrovitamin A to perhydrovitamin A have been prepared ; all are without 
vitamin A activity. 

A second substance, vitamin Ag, has recently been detected ® in freshwater 
fish, but its structural and biological characteristics are not yet known with 
certainty. 

^ Keichstein ti Helv* Chim, Acta, 1932, 15« 261 j 1074. Fischer and Wiedemann, 
Ann,, 1934. 518, 261. Kuhn ei al. Ber,, 1936. 69, 98. 

« Schmidt. Ann,, 1941. 647, 286. 
* Gillam. Heilbron et al,, Biochem, J., 1938. 82, 118. 
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1'uE Phytoxanthtn Pigments 

'riH‘ term “ pliytoxaiitiiin i« appli<‘(l to tliose nK^mbers of thi', caroleiioid 
family of pi/.{m(‘n{s which coiitain. oxygen ; the name “ xantliopliyll at one 
lime applied to tJiis group, being res(‘rv(‘d for a B])eeific Biibstanee obtained 
fi’orn the ](^av(^s and jxdalK of certain plants, tl'iie principal members of tiiis 
class iuv shown in Table VII. 

TABLE VII 

.Nairii- f)f j>liyt<)\:iiithir» I'uniailu Source 

1 t'tic 
! {3. A, 39. 30 t.-lruketo- 

j ) 

. 

^ itdbs' h , iiK tallif 
lUM'dh^s, TTi. 305"^ 

Lobsters 

! 
A/.afriji pnHrns, in, 31 3 Azalran root 

e'apsantliiri J..on).ij aarnuiH' 
s, rn. 170 

('apsiciiin 

('Trifiy - r-caroia'iie) 
(inJtlan pi'isins, in. 

ISL 
Buttercups 

l''u('()xantinn ^ 4 0iff,6^ Park, thick nco(il<‘s, 
in. lOO-f)' 

Brown al^a; 

Krv]>t()xaiitijin 
(.3dlvdroxN -|6-cHro((‘Ti{*) 

Viok’t j>risins, in. 
109 

P/n/f<aliK species, where 

Its esters occurs 

lajleijj (\antli()[;hyll) Uubv prisniK, in. 
195 

1.cavils, yellow petals, 
maize, egg-yolk, sun- 
1 lower 

UhyKMlu‘11 
i 
1 
j 
1 

Ito<i nccdl(‘.s, in. 99” 

i 

The (lipalmityl ester of 

zcaxiiiithiii found in 
Phymlis, (Cliiiu'ise 
Lantern plant ) 

lihodoxaiithin ^'aoff 5otb Blue-black leaflets, 

m, 319" 
A dt>ep blue pigment 

found in yew biTrioa 

Jiubixunthiii Lustrous copp(>r 
needles, in. 100” 

Hips of dog-rose 

Taraxaiitii in bellow prisms, ni. 
185-5” 

Taraxacum (Dandelion) 

ViolHxanthin Keii-brown neetlles, 
in. 307" 

Pansy, laburnum, nettles 
uini horse chestnut 
leaves 

Zwjixaiit/hiii CJolden leaflets, in. 
214-5” 

Egg-yolk and ripe yew 
berries {taxtis bncxuta) 

It is not possible, with the space available, to enter into all the considera¬ 
tions which have led to the assignment of constitutions to these substances. 
Xanthophyll appears to be dihydroxy-a-carotene (354), its perhydro-compound 
(356) yielding the diketone (356) on oxidation. Zeaxanthin ^ appears to be the 

^ Karrer et al., Helv, Chim, Acta, 1930, 18, 268 ; 1932, 16, 490. 

47 
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corresponding di-liyclroxy-/5-caroterie (357), and kryptoxantbiii the mono 
hydroxy-j8-carotene (358). 

xYzafrin,^ which givT^s geronic acid on oxidation, and m*xyhnie, w-toluic 
acid and toluene on thermal degradation, has l>t*(‘n formulated (359), and 
rhodoxanthin, the most uiiHaturated member of this serie s, is state'd to (360). 

^ Kuhn and Brodemann. i4nn., 1935, 516» 95. 
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It is interesting to note that the red colour of the Cruatacm (e.g. spider- 
crab, lobster) of gold-fish, prawns, the liver of the angler-fish, together with the 
pink of lhf‘ salmon and the red of the star-fish, are due to a pigment of this 
series, astacin (from the lobstc^r, Astacus grammarm). Tt is 3, 4, 29, 30, tetra- 
keto-^-earo((*ne (361 ),^ 

Ah this book go(‘s to pr(‘ss, n(*w carotenoids are being discovered in various 
natural materials, and much evidfmce is being published which serves to confirm 
the structures referred to. 

Resin Acids 

When the exiidat(‘s from various species of pine-trees are commercially 
\vork('d for turynuitim* by steam distillation, a residue remains, non-volatile in 
st(‘am, which on cooling solidifies to a hard, glass-likt^ mass of resin. Resins 
from diff(‘rent s})e(*ies of pine difler, but many of them on boiling with 98 per 
cent. aceti(^ acid give abietic acid, whi(;h crystallises on cooling. This acid 
does not exist y)r(dorm(*d (‘ither in the original exudate or in the resin, but is 
j)roduc(‘d from the resin acids by isomerisation. This was shown by Ruzicka 
and Mey(*r, who distilled the resin in a very high vacuum wdien a 90 per cent, 
conversion to abietic acid was attained. 

/-Pimarie acid wdiich occurs in certain resins appears to be an isomeric 
precursor of abi(*tic acid, which may itself be converted into other acids by 
heat alon(‘. Abietic acid must be regarded as a relatively stable phase in a 
long (duiin of isomerisations, the beginning and end of w^hich are at present 
unknown. This tendency on the part of abietic acid to pass into other com¬ 
pounds has hampered th(' (ducidation of its structure, but reference to its 
formula (362) indicates its close relation to the polyterpenoid systems already 
discuss(^d, although in this connexion it must not be assumed that the terpenes 
themselves are nc^cessarily the precursors of abietic acid (see p. 743), 

Abietic acid, . COOH, gives the hydrocarbon retene (363) C H 
on heating with sulphur or selenium. Since the structure of retene has already 
been established (363) it may be deduced that the structure of abietic acid 

1 Sorensen. Tide, Kjemi, Bergveeen, 1935, 15, 12. Kairer and Htibner Helv Chem 
Acta, 1936, 19, 479. ' • ^ 
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contains the l-metliyJ-V-i'^opropylphenanthrene group. Kuzicka, in order to 
determine the fate of the nunaining carbon atoms, heated abietic acid with 
palladised charcoal at 300-330^, obtaining a 90 per cent, yield of retene, to¬ 
gether with 4 molecular proportions of hydrogen, one of methane and one of 
(CO 4- CO2). The carbon oxides are from the carboxyl group, the hydrogen 
from the nucleus, and the methane from a methyl group whicli must have 
occupied some special position, since otherwise it would have been retained as 
is the 1 ’’-methyl group. There is a stTong presumption that the position 
occupied must have been an angular one, such groups being known to furnish 
methane on dehydrog(Miation thus :— 

+ 2IT., + CII, 

This gives the structure of abietic acid as ]-methyl-7-?>opropyl d(‘cahydro- 
phenanthrenc' (364) with a methyl group at positions 11, 12, 13 or 14, two double 
bonds and a carboxyl group in, as yet, unspecified positions. 

Evidence concerning the positions of these groups may be summarizcHl as 
follows ;— 

1. The fact that abietic acid gives a Diels-Alder adduct ^ with maleic anhy¬ 
dride w'as at one time held to confirm the i^xistence of a conjugated diene 
structure, which was, on somewdiat slender premises, assigned to ring II 
as in (364a), w hilst the isolation of wobutyric acid was regarded as further 

confirmation. The fact, elicited in 1936,^ that during the supposed addi¬ 
tion, abietic acid was transformed into Z-pimaric acid which then added 
to maleic acid, left the position of the double bonds still unsettled. 

2. Kraft ^ showed that the absorption spectrum of abietic acid indi<‘ated a 
conjugated diene system and Vocke ^ suggested that the diene structure 
embraced rings II and III as in (3646). 

^ Kuzicka ei oZ., Helv, Ckim, Acta, 1932, 15, 1289. 
a Ruzicka et al„ J.S.CJ,, 1936, 65, 646. 
® Kraft, Ann,, 1936, 529, 138. * Vocke, ibid,, 1932, 497, 247. 
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3. Evidence from the pennaugaiiate oxidation abietic acid shows the 
formation of two acids :— 

II 

COOH 

rrr 
\, 

c;ooH 

f!OOH 

•X /X^/(X)()H COOH 

wilich (‘onfirins tiie tliat the double bond system embraces the two 
rings ri-and 111, but doi^s not distinguish between the structures (3646) 
and (364r), the lattcu* of whi(;h cannot be excluded solely on spectroscopic 
grounds. 

4. ControlIt‘d oxidation of abi(*tic 
(364d) which yii^lds an anhydride 

OK 

if'id gives a tetrahydroxy dtuivativ^e 
{364e) ; careful stud}^ of the oxidation 

Oil 

products^ of this lactone indicates that it contains a glycerol structure, 
and that th(‘ threfx remaining hydroxyls are atta(*hed to three adjacent 
carbon atoms thus confirming the structure of (3646) insofar as the double 
bonds are concerned. 

6. lluzicka isolated froni the products of energetic permanganate oxidation 
of abietic acid, a (^jj-acid. This acid was subjected to a minute examina¬ 
tion by Vocke, who came to the conclusion that it was best rejucsented 

CH, 

/\ 

CH, COOH 
(366) 

-('0 
>0- 

-('0 

OH 3 

COOH 

COOH 

,CH, 
CH, 

('H„ 
I 
COOH 

in* 
(307) 

C . COOH 

I 
H 

(368) 

by the formula (365) ; the Cj^-acid gave the degradation products (366 
to 368), but it is cleai' that other interpretations could be placed on the 
evidence. 

A series of investigations by Ruzicka and others tends to confirm the 
structure of the Cu acid as (365), so that abietic acid is now regarded as having 

^ Huzicka and Stonibach, Helv. Chi?n. Ada, 1941, 2^ 223. 
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the established formula (369). d-Piiuaric acid which gives pimarithreue 
(1, 7-dimethyl retene) on dehydrogenation is regarded as (370). 

TABLE V111.—Some TiUTEia^ENEs 

1 
! structure 

Name j _ Source arol discovery 
1 

A ii 
1 

1 ! ' ■ 

)3> Amy rill OH, CHj CH, in, ; H I >is<‘ttvcnHi by if. Rose in 1839 j 
1 in olt'ini resm. H. I-Uitst*, j 

dn/n, 1S39. 32. 1197 1 
1 ! 

Erythrodiol CH3 CH,OH CH, 
i 
i u, 

i 

11 Fniiinl \A nil its stearic t'stor in j 
• tio' Innt <»t’ tho cocoa-bush. | 

/imnK'rnianii, /iVc. 7'mc. 1 
; ( him., 1937, 67, llMH) i 

1 

Oleanolic acid CH3 GOGH C’H, 
1 

a, 
j 

1 

i H Occurs froo in (do\’cs and olivos, 
1 and us a glyt’osido in sngar- 
1 nuHticlcs^ and marigold 

a-Boswoilic acid COOH GH3 t'H, |h, 
i 
i H 

’ 

Hederageiiin CHjOH GOOH CH, H, 1 H From ivy mui soap-nuts 

Gypsogeiiiii i 
j 

CHO GOGH j 1 H ‘ From soaji-wort [Suponariu) 

Glycyirhetic j 
acid j 

1 
1 

cu. GH3 I'OOH r_^0 
i i 
1 H From t h»» gIycoHi<if> of hcpioricc. 
1 Kuzicka and Ixnicnlxiirger, 

lidv. Vhim. Acia, 1936/19, 
1136 

Echinocystic 
acid 

CH3 GOOH CH, 

1 

OH 

Quillaic acid | 

I 

GHO GOOH I 
i 

1 
1 
! 

h, 

1 

OH From tho gl\(*OHid€'«« of quillaia 
bark uw'd for putting the 
‘ liomi ’ t>n lMsf»r 

Baageol j a t 
i 

otracyclic fliothcnoi 
1 

d From shoa-buitor 

Betulin Hydroxylup<>ol : From birch-bark 

Triterpenes 

Various tritcTpene derivatives have been found in the saponins of plants, 
such as ivy (hed^ra), liquorice {glycyrrhim), oh^ander, etc. These saponins are 
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nearly all substituted and hydrogenated derivatives of picene and th(5 two 
alternative key formulaD for the basic structures are shown below :— 

Struetun^ (A) is due to Haworth ' and (B) to Bilham and Kon.* Space 
d<»es not allow a consideration of the arguments leading up to the establishment 
(d' th<^ striK‘tures, but those of the varimis members of the /5-amyrin group are 
indi(*at(‘d in 'table VIII on opj)Osite j)age. 

BnXJENESIS OF THE TeRPENES 

Much spt'culation has be(‘n d(‘voted to possible methods by which terpenes 
and tt'ppenoid struct ures are built up in plants. The “ isoprene hypothesis/’ 
as originally presf'uted, involved the formation of terpenes from two or more 
isopren(‘ units, followed by such simj)le hydro-additive or oxidative processes 
as are known to take place in biological systems ; for example, the monocjxlic 
t<‘rpenes (‘uuld be obtained through dipentene thus 

CHj 
1 

cn, CIL 1 CH, 
1 

CH CH. 
11 a. 

1 
f; 
x 

CJl <'H 
^ II 1 

CHj CH 
_1 * 1 

CH, CH 
_j j 

II + 
GTI3 VII. 

/y 

CH 
1 

— jj j 

(11.2 

vn, 
1 ** 

^CH 

CH, CH, 
X X 

CH 

CH, CH, 

1 
(/ 

CH, CH, ^CH, 

j 
^C-OH 

CH, VH, 

Apart from the fact that such a scheme invoIvciS asymmetric synthesis, 
there is the obvious limitation, implicit in this h5rpothe8is, that only such 
comf>ounds would exist in tlie terpene family, as could be represented (insofar 

‘ Hftworth: Chem. Soc. Ann. Rep., 1937, 338. » Bilham and Kon. 1941, 552. 
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as their carbon skeleton is (‘oncenied) by an a^grej^att' ol isoprene units. Curi¬ 
ously enough, of the vast Jinmber of terpen(‘ substances known, scarcely any 
substances ha\n^ been discovered whi(*h violat(‘ this (condition, and ( he ‘Msopnnie ” 
rule has been invaluable as a “ poinb‘r ” in probing tlie struct ures of terpcnu^s. 

Even such substanct‘s as santonin (f/.r.) uiay Ix' considenxl as built up from 
isopreiu^ units (371). Further, in 1932, Wagnt‘r-Jiuir(‘gg treated isopnaie with 
acetic acid containing a little sulphuric acid and obtanuxl the following ter- 
penes :— 

(h‘rani(>l 
c//r/o-Geraniol 

Linalool 
T(‘rpiiu'oI 

1, 4 and 1, 8 Cineole and a monocyctlic sesquiterpene with thre(‘ doubl(‘ bonds, 
transformed by formic acid into a nuuulxu' of tli(‘ caryophylkaie seri(‘s (see 
also p. 721). 

Useful as the “ isoprene hypothesis lias becui in assisting in tht‘ (ducidation 
of structural problems, it has several stTious objixMions as a practical nndhod 
of tcrpene biogenesis. No isoprene has been detet'tixl in jilants ; the conditions 
of the Wagner-Jauregg conversion are far mort' s(‘veT(‘ than thos(‘ (‘ver met 
with in plant tissues; and finally, twen w(‘re tlu‘ prectxling ditticulties over¬ 
come, there is the synthesis of isopnaie iiMdf to be considered for which no 
satisfactory biogenctic method has beiai advanced. Fiu' pr(\s(‘nt t(‘nd(*ney is 
to regard the ’'‘isopreru' hypothesis'* as a conveniein formal pr(‘sentation of 

the fact that terpenes are built up from an iso-ain^'l M>—(’■—C unit, but to 
(-</ 

Avithdraw the implication that the biog(Uieti(‘ unii is isoprene itself. 
This idea has been partly worked out by Stewart (“ Eix-ent Advanc(\s ”, 

Vol. II) in which it is pointed out that the natural sugar, apiose, may be con¬ 
sidered as built up from fivf^ formaldehyde units (372), for which route there is 
a g<x>d deal of independent evid(mce. Clearly, siiict^ apiost* has t li(‘ same carbon 

H . CHO 

H . CHO - 

+ 
H . CHO 

H.CHO h!(JHO 

(372) 

skeleton as isoprene, the formation of terpeuf\s may equally well be attributed 
to a continuation of the procjess of (’arbohydrate fonnatioirin such a way as to 
involve the condensation of two or mon* apiose units, followed by nxiuction. 
On the other liand, apiose is of eornparalively rare occurnmcc^ in plants, being 
found mainly in parsley as a glycoside ; since it is (comparatively stable, one 
would have expected to find it widely distributed if it were the precursor of 
the terpenoid family. 

It has been suggested by Hall that the tiTpenes may k? formed from the 
carbohydrates, especially glucose through metasac(;haronic acid ; the condensa¬ 
tion of one molecule of metasaccharonie acid and one of dicarboxylic acid is 
shown in the scheme shown at top of opposite page. 

CHO 

CH . OH 
I 
C. OH 

CH,OH (JH^OH 

A'jrioHe 
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It will be Keen t hat the formation of quinic, citric and aconitic acid could 
take place along the lines suggeatcxl. 

(’HO 
1 

COOK 
1 

ClhCHOllCOOH 
1 ^ 

1 

{’HOH 
1 

I 
(iioii 

1 
^CllOH 

HOOC CHOH CHOH (T)OH 1 
('IIOIl 

1 
('lio 1 ^ + I 

(iioii 
1 

(iloii 
i 

ii(>o(’-(iion (iiOH 
\ / 

^ rnoH ('iloil 
1 

(’Hon 
I 

(’H.oil ro()i{ 

■MT. 

Alternatively, metasaccharonic acid and the hexoaedicarboxylic acid could 
unite as shown at top of page 740. 

The formation in this way of an acid j9, isomeric with the acid a-obtainc^d 
previously, is merely a preliminary- to the formation of the acids A and B. 
These, according to Hall, are the true precursors of the terpenes, combining in 
the four possible ways AA ; AB ; BA ; and BB, to give complex acids which 
lose carbon dioxide with the formation of terpene-glycerols e.g. in the AA 
(ondensation, he pf>stulatos the formation of the glycerol (374) in the manner 
shown. The reader will see how extremely simple it would be to form a variety 
of terpenes from regulated dehyrdration of this structure. 
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CllOH CHOTI COOH 
I 

HOOC CHOH CHOH COOH 
+ I 

PIOOC CIIOH ,('HOH 
X / 
Xhoh 

/ \ 
CH, Xh, 

\^\ 
CHOU X:HOn 
\ ^ I CHOH 

t 
OHOH CHOHCOOH 

COOH COOH 

B 

CHOH CHOH COOH 
I 

^CH 

HOOC CH ^CH COOH 

CHOHCOOH 

^C OH 

CH, ^CII, 
I ■ « I 
CHOH^CHOH 

^CHOH 

T 
CH.CIIOIT (!(>OH 

I 
^Cpii 

('Ho ^CHo 

I I ■ 
COOH CO(.)H 

A 

COOH 

Ah* 

I 
C'.OH 

HOOC.CH., CHj 
4- I 

HOOC .CHOH CHOH.COOH 

^CH, 

I 
C.OH 

HOOC . ChT ^^Hj . COOH 

OH 3 
I 

C . OH 

1 i 
CH.. (JH,OH 

v 
cn, 

I 
V. OH 

ch3\;h3 
(374) 

' Tbrpineol 

CiNEOL 

Dipkntkne 

- PlNENE 

Myrcene 

CARENE 

OCIMENE 
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From similar fragments it is possible to build up the structures of more 
complex substances, such, for example, as vitamin A, or abiotic acid. The 
process for the former is shown below :— 

HOOC 

I 
COOH ^COOH (iHOH 

i 1 
(!H., 

COOH 

1 < 
C.HOHI 

CH„.COOH 

CO, uo, 

(m., . 
HOOC. (.'H OH M.'.OH 

CH„ {;h, 

"^C . Oil Njhoh 

HOOC;. C H 2 \CH 2(!x)OH 

VH., 

C . OH 
f i 1 

(JHa.iJHOH .COOH i 

'C(OH)CH„.(;OOH 
I 

( ’HOH . COOH 

COOH 

This Hcfuune may (‘ontain the germ of the explanation of how terpenoid 
substances come into being ; at the moment, liowever, it suffers from being 
universal ; almost any coinpoiind could be obtained (on paper) by taking a 
sufficient numbtu' of “ moves ”, and the theory may he aecepU'd only with 
rf‘stTve ; indeed, until a scTies of intermediates hav(‘ been isolated, no biogenetic 
scheme can b<‘ wliolly acceptable. Thus, Knuners has suggested the following 
biogenetic scheme for lh(^ terpenes :— 

but the isolation of all the intermediates from the natural material has not yet 
been achieved. 
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APPENDIX 11 

“ De gufltibus non est disputandiirn.” 

ORGANOLEFFIC PROPERTIES OF ORGANIC SUBSTANCES 

The impressions we perceive* through our sf*rises of smell and taste serve 
both us€iful and aestlietic purpos(‘8. By means of them mankiiid can differen¬ 
tiate roughly betweoii good and bad food, between cir‘Hn and iinck an conditions 
and between normal and abnormal states of liealth. Aesthetically, smell plays 
just as important a part in life as colour, althougfi from a physical standpoint 
we know much less about it. The perfumery industry has anson from the 
age-old desire with which man is endowed, to experience the pleasant sensatioiLS 
of smell. 

It may be expedient later to divide our consideration of taste and smell 
into separate sections, but, before doing so, attention must be drawn to a dif¬ 
ference in mechanism between the perception of task* and smell, and the per¬ 
ception of colour and sound, namely that physical contact b(*twwn the substance 
tasted or smelled and the organ of perception is a prerequisite for perception. 

Thus, a substance to be tasted must be placed in the mouth, and an odorous 
substance must have sufficient volatility for its molecules to vaporise, enter the 
nostrils, and impinge upon the osmic sensory processes. Since the perceptions 
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of taste and sniell overlap to some extent, it is necessary to examine more exactly 
what processes are involved in the ordinary process of tasting. When food or 
drink is taken into the moutli the perception of its flavour is composite, and is 
(‘omprised of four distinct main sensations :— 

(1) Tni(* sapidity, tlie effect of the tasted substance on the true organs of 
tast(‘. 

(2) Tiu^ olfiietory sensation or odour, caused by volatile portions of the 
mat (‘rial asc(‘7i(ling into the nos<^ and stimulating t he organs of smell. 

(3) ffh(? tactile sf‘nsation. 
(4) Th(‘ thermal s(‘nHation. 

Tile tactile sensation is in itscdf composite, a sensitive tongue and mouth 
being abhMo dedu(‘e a number of physical eliara cl eristics of the tastfKl subBtances. 
TIk^ shape of small objects can be roughly diff(‘rentiated—and the texture, 
elasticity and (colloid natun^ can be interned. Examples are the d(*tection by 
th(^ ]>alat(‘ of ‘ grain ’ or textun^ of i(‘e-eiTam or hoiu'y, quite independently of 
th(‘ flavour, a proc(\ss wlueh is, in (‘ff'ec't, an estimate of particle size. Again, 
tli(‘ thermal s(‘nsatioii is stimulated independently of the taste or smell ; and, 
iiKle(‘(l, may b<‘ stimulated by m(‘aiLs otluT than variations in temperature. 
’Thus, menthol pro(iu(‘(‘s in th(‘ mouth a true sensation of cold in the sense that 
hv its eflect th(* thermal s(a»sory m'rve (‘ndiiigs send an impulse to the brain 
similar to that which would have been prcxluced by a (*old substance. Simi¬ 
larly the pimg(*n(‘y of i>cpper, and ginger, is related (‘los(*ly to the sensation of 
h(‘at. 

It must not be thought that there is an individual mental sorting out of 
th('s(‘ various im])ressions during the process of tasting; the reception of the 
sensations is covered by an int(*grati()n factor. Thus, in tasting marmalade 
th(‘ following s<Misatious will b(‘ coiieeriud :— 

(J) T(mip(‘ratiire. 
(2) Size, shape, t(‘xture and meehanieal strength of the peel. 
(3) (/oiisisteney and texture of the jelly. 
(4) The acidity, bitti^niess and sweetness of the inaterials. 
(5) The pungency of the essential oils. 
(6) 73ie olfactory scnsatioiis from the essential oils and oleo-resins. 

All these ar(‘ inb'grated by th(‘ l)rain in the single concept ; of them, only No. 
4 is concerned with th(^ tast(' organs proper; this factor is often referred to 
as ‘ true sapidity 

True Sapidity 

The tnn^ tast(‘organs—or * taste-buds* are a series of minute organs distri¬ 
buted over the interior of tlie mouth, the tongue and the mucous membranes 
of the upper part of tlie throat.. The statement is often made that they are 
only capable of differentiating betYveen four distinct tastes :— 

(1) Tlie HWeet taste, as, for example, that of sugar. 
(2) The biiter taste, as typified by a dilute solution of quinine. 
(3) The sour taste, as of acids. 
(4) The saMne tajst<y as of a dilute solution of salt. 

Indeed, Skramlik ^ -w^ent so far as to say that any tnie taste sensation could 
be reproducc?d b}^ mixing together solutions of sucrose, salt, quinine and tartaric 
acid ; in addition, Lazarev ^ asserted that the taste-buds are divided into four 

^ Skramlik, Z. Sinm$^Physiol,, 1921, 53, 36. 
** Lazarev, J, Buss, Chem, Phy$, 8oc,, 1922, 64» 106, 
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distinct groups, in accordance with the established fact that different taste 
sensations are associated with difi'erent areas in the mouth. His statements 
are unsupported by morphological evidence, and it is now fairly certain that 
no simple theory of taste on the lines just describt‘d is adequate. 

If an analogy from the world of colour is ptu missible, it would be as follows : 
All average non-techiiicuil person, a8k(Ml how many colours he knew, would 
answer that he was acquainted with some hiindrc‘ds ; a person with some 
knowledge of elementary physics might supplcuuuit his answtT by saying that 
the colours w'ere divisible into four or tiv(^ gi’oups. the greens, blu(\s, reds, 
yellows and violets. In the same way, a (*asual observer might (^laim that 
there are hundreds of tastes and a more tliougditful man might claim thtun to 
be classified into a feiv groups on ground of similarity. It does not follow’ in 
the case either of colour or of taste, that becaust* a number of sensations fall 
within the * yellow ’ or ‘ sw’wt ’ class, that tlu'V arc of necessity identitial. 

The latter statement becomes more appanmt wiieii swcK^t substanct^s arc 
considered in detail. Dilute vsolutions of saccliarin, duh’in and pfTjlla-aldoxinut 
can be made each of which is equivalent in intensity of sw'(‘etness to a 5 jht 

cent, solution of sucrose. Such solutions are of equivalent sapidity, but are 
easy to distinguish one from another ; moreover, on mixing any two of them 
the resultant solution has a higher equivakmt sapidity than either solution 
tasted separately ; in short, the three substances do not act on th(* sarm^ group 
of taste-buds. Careful exaininatioii of sapi<i substances shows thorn to have 

five main t;sq)es of taste :— 
(1) Acid. 
(2) Bitter. 
(3) Sw’cet. 
(4) Saline. 
(5) Meaty. 

The phenomena of sweetness and the production of artificial sweet substancH^s 
is dealt with in the Appendix JI to Chapter X. The sensation of acidity is 
associated with the presence of the hydrogen ion, although the anion has also 
some influence on the general perception of flavour. Thus tw'o acids at dilu¬ 
tions of the same pii taste different. Further, tht^rc appears to 1h‘ some other 
disturbing factor and no linear relationship between pH and acid seiLsation can 
be detected. Thus, N/800 hydrochloric acid has a just perceptible acid taste ; 
acetic acid at N/200 has only one-quarter the hydrogen ion concentration of 
N/800 hydrochloric acid, yet tastes strongly ac id ; and then* are sevcTal well- 
known acids—citric, tartaric, malic and the like, in wdich it is observed that 
the apparent acidic sapidity is greater than that to be expected from the pH 
of their solutions. This may be due to the lipid nature of the sensory portions 
of the taste-buds which would tend to extract such acids from their solution 
to a greater degree than the mineral acids, thus giving a higher apparent 
sapidity. 

The bitter taste is possessed by many organic substances, and it is amongst 
this family that wide differences in type of taste are experienced. Cohn ^ 
records several thousand substances of a bitter taste, but these range through 
the unbearably ‘ metallic ’ bitterness of strychnine, through quinine to the 
pleasant bitters of the grape-fruit. 

A fairly detailed description of the problems arising from the ^ meat-ta«te * 
is given below, partly as an example of the research which has been conducted 
in this type of field. 

Utilisation of chemical products having a meat taste dates back to the 
earliest times ; aspergillus mould fermentation of soya-bean meal to obtain 

^ Cohn, ‘ Die Organischen Geschmacksstoffe \ i914, Berlin. 
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the shoyii (“ soy ”) is really a form of production of a crude solution of sodium 
glutamate. The use of certain species of seaweed, in particular Laminaria 
Japonica, in Japanese (cookery, has been (‘ustomary for centuries, in ordtT to 
impart a meat-taste. A similar seaweed is also consumed in South Wales 
coast towns under the name “ laver-bread It is boiled to a pulp and fried 
with oatmeal. 

The use of monosodium glutamate as such (named ‘‘ gluta “ aji ”, ''shuyu'\ 
‘‘ ve4ze-iHin ”, or more usually ” aji-no-moto ”) is mainly du(‘ to the researches 
of lk(‘da,^ who made a series of invt^stigations into the nature of seaweeds 
which have a meat flavour in ordcT to ascertain to wdiat particular ingredient 
the unusual flavour is due. He revealed thc'* somewhat surprising fact that the 
active principle^ is monosodium gluta mat :— 

(JOONa 

in. NH, 

I 
C’Hj.CHj.COOH 

wliich, when in dilute* aqueous solution, has a pronounciHl and strong meat 
flavour. The curious fact is that neither the free acid, nor its hydrochloride, 
dt'velo}) the flavour at all strongly. Again, the nunarkable fact emerges that 
it is only rfer/ro-glutamic a<‘jd which possess(*B the strong and characteristic 
meat tasti* ; tin* flavour of the /aero-isomer is mucli weaker and less well- 
d(‘fin(‘d ; it was shown quite clearly by Chuo-Lun-l's(*ng and Jii-Hwa-Chu ^ 
that the synthetic (//-product is not the* cornpltde sapid equivalent of the 
natural d-isonuT. The sanu* investigators ^ also examin(*d a. long S(‘rie8 of 
glutamic mono-salts, and found that only the salts of sodium, potassium and 
methylamiiu* (CH., . NH.^) showcxl the meat taste, and of these, the t\vo last- 
nanu*d devt'lopc^d a fanmliar brackish after-taste. 

Their investigations * W('re also extended to a consideration of whit'h carboxyl 
group was neutralistKl in the monosodium salt, and the*v concluded that the 
(*arboxyl group adjacent to the —CH . NH^ group was the one* eoucenuxl. 

Th(‘ meat flavour of monosodium glutamate is still perceptible even at 
one part in 30(K) of waU*r ; since su(TOs<* has a thresiiold sai)idity of one part 
in 300 of water, this figure is a fairly high one. The Chinese and Japanese use 
the mono-H(Klium salt mixed with a little common salt as a condiment, and 
for flavouring rice and other cereal dishes. It is interesting in this coimexion 
to note that the ancient Japanese used to add, for the purpose of meat flavouring, 
the powd(‘red fi(‘sh of a certain dried fish ; it has been shown by Ikeda that 
this mat erial is rich in sodium glutamate. The use of the ''aji-no-m>oto 
{literally, the ” principle of taste ”) is widespread ; and a strong contributory 
factor to the* use of this condiment is the fact that Buddhists disapprove of a 
meat diet ; the ” aji-no-moio ” is approved and allowed ; it forms a w’^eleome 
addition to, and dispels the monotony of an exclusively cereal diet. 

A mono-smlium glutamate (with salt) preparation is now^ manufactured in 
this country ; some is im|X)rt(*d from Holland, mainly for the production of 
imitation soup-powders. 

Peng-Cheug-Hsu and Adolph,® as the result of a long series of animal ex¬ 
periments, concluded that the use of sodium glutamate has no adverse action 
on the course of digestion and assimilation from the alimentary tract, 

* Ikeda, Eighth Internal. Congr. App. Chem., 18, 147. 
* Chao-Lun*Tseng and Ju-Hwa-Chu, Acad. Sinica. Rea. Inat. Chem., 1937, No. 5, 1. 
• Chao-Lun-Tseng and Ju-Hwa-Chu, J. Chinese Chem. Soc., 1933, 1, 188. 
^ Chao-Lim-Tsong and Ju-Hwa-Chu, Science Quarterly, Pekin, 1932. 8, 1. 
• Peng-Cheng-Hsu and Adolph. J. Chinese Chem. Soc., 1936. 4> 42. 
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There are a number of other substances which owt^ part of their flavour to 
the presence of mono-sodium glutamate. It iias been shovMi by Monti ^ that, 
tomato sauce prepared in the normal manner contains up to 1*5 gm. p(U' litre 
of monosodiuin glutamate, and Dyson “ was able* to isolate t he same substance 
from the shojoi, or matured soy-bean saiicc' of tin' hast. The Hc>ya bean 
contains a high proportion of proteins of the ed('stin and zein type, whic h are 
rich in glutamic acid units, and the latter are iel(‘as(‘d during tlu* mould fer- 
memtation ; the appearance, thtTefore, of sodium glutamate' in the fernientcHl 
material is to be expected. 

The production of ast rong meat-flavounHl soya-saucc' is a considerable.' iiuiust ry 
in the Orient—visitors being impressc'd not only by the large' scale upon which 
the business is carried out, but also by the' long time (iij) to two yt'urs) requirc'd 
for the production cd the fully matured produc't. 'two raw materials arc list'd ; 
the soya bean itself, which is a buff-eoloured oval bc'an ric*h in pintein and oil, 
and comparativc'ly poor in carbohydrates wIh'II uu'asured agaimst ordinary 
cereal standards. The balanc*e of carbohydrate' is made' up by the addition of 
wheat which has been roasted to incripic'iii brownnc'ss and crushed betw(*c*n 
rolls so that each grain is broken into five or six piece's. 

The first operation is tlie production of immature' “ ” (shoyu^koji). 
The soya bc'ans are soaked in running watc'r foi* 12 hours to swell and soltc'U 
them ; rumiing water is essential unlc'ss sterile materials c*an bt' used, since' in 
still water a rod-likc* organism (similar to B. mcmntericus) may develop, and 
leads to an off-flavour ; running water prevc'Uts tins growth. The' soakc'd 
matter is e^ookc'd with pressure steam (15 lb. })cr sq. in.) and all water is blown 
off from the bottom of the cooker, leaving thc' bt'ans just moist ; they sliould 
cool out of contact with the air. 

When cooled, the beaiLs are mixed with seven-eighths of their volume' of 
crushed wheat. Much of the suc'cess of futurei operations de'pends on the* skill 
with wiiich this portion of the operations is carrif'd out . The aim is to voiii 
each bean with an even layer of crushed whe'at so that tlie coated beans move 
freely over one another without sticking. A loose mixture with plenty of 
aeration channels is essential to prevent uneven attac'k and overheating in the 
subsequent moulding ; anything in the nature c^f a puljK'd mass must bo 
avoided. The function of the crushed wheat, however, is not only mechanical ; 
it gives the colour to the final product and contribute vs very materially to its 
flavour. 

The next stage in the preparation is the moulding of the* prepared inateriaL 
The moulds used {Aspergillus flavus and/or oryzoe) are kept as pure*, c'ulture 
under laboratory conditions. They are then ino(!ulat(*d into stc'am sU^rilised, 
half-softened rice, and allowed to ripen in an incubator room until sporulation 
has set in. This bulk-culture, called “ tane-koji ”, has the usual yellow-gr(*en 
wrinkled appearance of a mildew growth ; it is mixed with tlie prepared bean 
and wheat mixture and the mixture is placed in shallow wooden trays to a 
depth of Ij—2 inches. Deeper layers lead to overhf'ating ; tlie trays are pik’<l 
one on top of another in special rooms kept at 24-25^ C., and the progress of the 
moulding is carefully watched by experts. 

After 18 hours, each bean has become coated with a silky growth, wliich is 
the white mycelium of the mould ; there should be no tinge of yellow or greim, 
which would indicate premature sporulation. The contents of the trays are 
stirred with a thin wooden spatula to effect thorough mixing and transferred 
for 8 hours to a warmer room (30"" C.), after which the mycelia have grown 
sufficiently long to bind the grains together ; another gentle stirring separates 
them, and they are all left xmdisturb^ for 40 hours, by which time their tem¬ 
perature will have risen to 35-36° C. The mass is now a green colour, since 

» Monti. SUiz. SperimerUale, agrar, Ital,, 44, 813. * Dyson, Pharm. J., 1928, 375. 
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sporulation has set in and all the interstices between the beans are filled with 
mycelium, consolidating the contents of each tray into a mass. The tempera¬ 
ture during this latter stage must not exceed the value given or else the flavour 
of the product sujffers. 

The trays are carefully inspected for signs of the growth of any other moulds. 
A tra(*e of Mucor or Ehizopua is ignored, but any considerable growth leads to 
a bitter flavour ; trays so contaminated are used for preparation of a lower 
quality shoyu*\ The ''shayu-koji'' is now converted to the mature mash 
or moromi ” b}^ stirring the contents of the trays into vats of brine followed 
by inoculation with the “ shoyu '’-yeast (a species of Zygosaccharornyces). The 
tubs stand in the open, being protected from dust and excessive rain by gigantic 
straw-hats, conical in shape. After 6 months, much of the solid matter has 
disintegrated or gone into solution, and the various proteolytic and other 
enzymes have entirely altered the nature of the material. At the end of the 
fi-month period the sauce—or “ shoyu ”, as it is now termed—is ready for 
bottling ; in many cases only a portion is bottled at this stage, the “ vintage ” 
material being obtained alter 18 months to 2 years. It is a brown, thickish 
liquid with a pronouncied meat-flavour. The curd remaining at the base of the 
vat is sold at a low pric^e, and is esteemed of considerable value for the feeding 
of children. 

The various (diemical syntheses of glutamic acid wliich have been devised 
from time to time are ill ^wlapted to the industrial production of that substance. 
One of the most satisfactory syntheses is that of Dunn, Smart, Kedemann and 
Brown.^ Malonic ester (1) is converted to its iso-nitroso compound (2), and 
this is redu(‘ed by aluminium amalgam to aminomalonic ester (3). 

ElOOCv ^ Etooa EtOOO 
Vh, V;=N. OH-> 

EtOO(X ■ Etoocr EtOOO 
CH . NH, 

(1) (2) (3) 

EtOOC 

EtO 

00. EtOOC. 
V;H . NH . COPh > 

OCX EtOOC/ 
C. NH . COPh 

NaOEt 

Br.CU, -CHi.COOEt 

(4) 

CH, 

i. ;h, . cooEt 
(8) 

HOOC . CH . NHg 

in, 

HOOC. (in, 

(0) 

The benzoyl derivative (4) of this amine is treated with sodium ethoxide 
and /9-bromopropionic ester, producing a complex compound (5), which, on 
boiling with hydrocliloric acid, is hydrolysed to glutamic acid (6). The con¬ 
version of glutamic acid to the mono-sodium salt is almost invariably canied 
out by solution in sodium bi-carbonate solution followed by evaporation. 

The process of Keimatsu and Sugasawa ^ is more adapted for use on a large 
scale. Acrolein (7) is treated with an alcoholic solution of hydrogen chloride, 
producing ^-chloropropionacetal (8), which reacts normally with potassium 
cyanide to give jS-cyanopropionacetal (9). Hydrolysis of the latter yields the 
half aldehyde of succinic acid (10), which, on treatment (Strecker’s method) 
with ammonia and a cyanide, yields glutamic nitrile (11). Hydrolysis to 
glutamic acid may then be carried out in the usual way. 

^ Ihmn, Smart, Redemaim and Brown, J, Biol, Ch^., 1931, 94, 699. 
• Keimatsu and Sugasawa, J, Pharm, Soc, Japan, 1925, 581, 369. 

48 
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The sodium glulamate of commeiee is eniirel}^ pre])ared from natural 
proteins. Several types of raw material (mil be used ; the original process of 
ikeda used seaweed, but this has been discarded in favour of soya-bean, fish¬ 
meal or wheat gluten. Yamamoto introdiu'ed a fish-meal process tor sodium 

OHO CHiOKt)* (:H(OEt)„ OHO NH,CHCN NH.OHCOOH 
I I I I I I 
CH CI4 - CH, —- OH, ~ - CIU - - OH, 
i I I I 1 I 
OH, CH,C1 CH,Cx\ CH/’OOH CH,OOOH CH/X)OH 

(7) (8) (9) (10) (11) (12) 

glutamate 20 years ago ; a hydrochloric* acid hydrolysis was used on one-half 
of the material and an alkaline liydrolysis on tlie other half. On uniting the 
two portions and concentrating, a mixture of sodium chloi ide, sodium glutamate 
and other substances separated. This was claimed by tlie inventor to I'ontain 
esters of glutamic acid, which gave the product a superior llavour. I'he diffi¬ 
culty lies in obtaining an odourless fish-meal as a raw material. 

Ikeda and Suzuki cited wheat gluten and soya-l)(?an meal as the best 
materials for making monosexlium glutamate, the hydrolysis being carried out 
with hydrochloric^ or sulphuric acids. The shortage of wheat gluten in the 
East is due mainly to the very small proportion of gluten in (’hinese wheat and 
to the fact that their demand for starch is small, rend(Ting it unprofitable to 
extract the gluten. In passing, it may be mentioned that the annual value of 
imported and home-produced aji-mj-irioto in Oiiiia is about £380,000. In 
general, the processes used concentrate on the us(* of soya-hean meal from 
which the oil has been removed by pressure and solvent extraction. 'I'akayama ^ 
describes a prexjess by which the meal is hydrolysed by 50 pc‘r cent, sulplmric 
acid and the glutamic acid separated from the residues as the dibasic calcium 
salt. Conversion to the monosodiiim salt may he carricnl out by doubles decom¬ 
position with sodium carbonate. 

Where wheat kernels are available, tlie Chinese extract starch and oil and 
grind the kernels to a coarse powder. This constitutes the crude gluten, which 
is mixed with concentrated hydrochloric acid in coarse earthenw'are pots (like 
giant ginger-jars), each fitted with a reflux condemser. Hot. oil is circulated 
round the pots and the true boiling is not allowed to start until the solid matter 
is all in solution, after which the wiiole is boiled briskly until a sample with¬ 
drawn and diluted fails to give the biuret reaction (absence of protein). On 
cooling, dark crystals of glutamic acid hydrochloride separate, and may be 
washed and converted to the sexiium salt. 

The greatest difficulty is in the purification of the product from the dark- 
coloured impurities and from arsenic and iron, wliich (jomes from the crude 
glaze of the pots. The process used by Wu ^ in the aji-nr)-m<)to factory at 
Tsien Chu is to add a small amount of metallic tin to the charge in the pots, 
together with a ver>^ close temperature control, llie tin not only prevents the 
destruction of the derived material, thereby lessening the amount of dark 
products, but also, through the aid of nascent hydrogen, removes tlie arsenic. 
The final isolation is made by adding alcohol to the partially neutralised and 
clarified liquor when a white sodium glutamate separates. Details of a labora¬ 
tory equivalent of this process are given by King.’* 

Takayama’s process has certain industrial potentialities wdiich may become 
valuable; * beet sugar residues are fermented and the alcohol distilled out. 

^ Takayama, J. Soc, Chem, Jnd. Japan, 1930-1, 88, 91. 
* Wu, B. Patent 258655, Sept., 1926. 
* King, “ Organic Syntheses/* Coll., Vol. I, 281. 
* Larrowe-Suauki, Fr. Pat. 724750 ; B. Pat. 385054 ; and U.8.-4. Pat. 1947568. 
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The residual liquor is dialysed and the dialysate is concentrated ; jjotassium 
salts and betaine hydrochloride separate and are purified ; the mother liquor 
is coiKuntraied Hirther and Ihe/JH adjusted to 3*2, when glutamic; acid hydro- 
chloride separates. Ikeda’s ^ modification of the Larrowe method described 
above is widely worked in pra(‘ticc. The schlemye (beet residues) is diluted 
and hydrolysed with hydrochloric* acid, as in the original process, but the liquid 
is then filtered and neutralised with lime ; dec‘olori8at ion with dec*olorising 
carbon leaves a liquor whi(;h, on evaj)oration and c'ooling, deposits c‘al(;ium 
glutamate. 

One.' curious source of glutamic acad is the liquor ohtainenl in Foreman’s 
method of peat hydrolysis. Miller and Robinson were able to isolate glutamic 
a(*id from this source in fair quantity. It may also be mentioned that glutamic 
acid is the source of the succ*inic acid which arises in the fermentation of cereal 
washes ; fermentative proc*ess bre^aks it do\ni in the following way :— 

HoN . CH . FOOH (X) . COOH (^HO COOH 

■ I I ; i 
CHj -^ {'Ho -^ CHa -V ('Ho 

! i ‘ I ” 1 ' 
C'HoCOOH {'H„('()(3H ('H,/'()OH CHaCOOH 

Runokncy 

It is doubtful whether pungency—the ‘hot ’-taste is a true sapidil}*, since 
it aifec'ts the heal sensitive ncive terminals rather than the taste-buds, it 
has, however, been the subject of much interesting researc‘h, some of which is 
summarised below :— 

'Fkis type of pungency inust not be c*onfusecl with the ])ungeney which is 
assoc’iated with casil}^ volatile substances such as tlje simple mustard oils whicdi 
are c*apaV)le of giving sufficient vapour to develoj) a Iac]n’ymatc3ry action. 
Even so, some of tliese volatile oils have a ])ungent action on the sensitive 
nerves of the moutli iji addition. 

The Peppers.—'fhe flavour and pungency of pepper (Piper nigrum) depends 
on Bt‘V(‘ral factors. 'Thus Pictet and Pic’tet ^ showed that black })epper contains 
a quantity of the alkaloid jS-methyIp\Troline (1)—but it is doubtful whether 
this has any connexicui with the pungency ; its presence may, however, 
acc;ount in part for the clifferem‘e in tlavour shown between the blac'k and white 
peppers, wliich are often the fruit of the same plant taken at different seasons 
of maturity and pre})ared by different ])rocesse8. 

CH-. CH3 

in (Wj 
\nh/ 

(H 

The extent to which the pungency of I)epp6r is due to piperine (2) has been 
the subject of argument; pepper contains 2-8 per cent, of piperine, but the 
pungency tissociated with this compound is only slight when compared with the 
bulk of the material from w^hich it is prepared. The pungency appears to be 
associated with the “ oleo-resin ** portion of pepper w’^hich is, in all probability, 
derived from piperine. Thus, if pure pi{>erine is groimd in a mill with flour, 
the mixture is not pungent until grinding has been carried on for many hours. 

^ Ikeda» B, Pat. 248453, 1926; U.S.A. Pat. 1928840, 1932. 
^ Miller and Robinson, SoU Scimee, 1921 ll, 457. 
* Pictet and Pictet. H. Chim, Acta, 1927, 10» 593. 
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This may be due to the exposure, during powdering, of a much Jarger active 
surface of piperine, or to the formation of a more pungent oxidation product. 
Piperine is present in several isomeric forms ; thus Ott and Eichler ^ separated 
chavicin from pepper as previously described by Buehheim ^ and by hydrolysis 
have isolated a number of acids which appear to be geometrical isomers of 
piperic acid. It is clear that there are four such arrangements possible :— 

R—C—H 

H—C—CH 

R—CH 

II 
HC—OH 

11 
HC . COOH 

R—C’H 

CH—CH 

R—CH 

HC—in 

HC . COOH HC . COOH HOOO-CH HOOC . CH 

trails-trans cis-cis trails-cis cis-trans 

1 II III IV 

Ott and Eichler associate these structures with the folloT^ing compounds 

1. Normal piper c acid, m.p. 217'^. 
II. Chavicinic acid, the piperidide of which is present as a pungent con¬ 

stituent of black pepper. 
III. i,$o-Piperic acid (m.p. 145'^), s^mthesised by the elimination of carbon 

dioxide from piperonylidene malonic acid :— 

^0—CH=CH . CH=0 

CH. 

\o- -COi 

/COOH 

\COOH 

CH, j 

\oJ 

/\_CH=CH . CH=CH . (’OOH 

IV. t>o-Chavinic acid, m.p. 200-202° C. 

In an attempt to obtain substances of a pungency comparable with that of 
pepper, Asano and Kanematsu® prepared the piperidides of the ac^ids from Cg-Cj|. 
Their results are sho'wm in Table IX below':— 

TABLE IX 

Add CJarI)on No. of 
add 

PimKf-ncy of 
pipf'ridide 

Caprylic 8 r +" "f" 
Pelargonic . 9 ■f 4" 4 
Nonyienic 9* ■1 4 4- 
Capric . 10 
Undecylic 11 ~h 
Undecylenic 11* ■f 
Laurie 12 
Myristio 14 

i 

♦ With ono unsaturated hnk. 

^ Ott and Eichler, Ber., 1922, 55B, 2653. 
* Buehheim, Arch, exp. Path. Pharm., 1876. 6, 455. 
* Asano and Kanematsu, J. Pkarm. Soc, Japan, 1926, 875. 
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Staudinger and Schneider ^ complemented this work by examination of the 
piperidides of acids containing few^er carbon atoms. Simple aliphatic and 
aromatic piperidides had onl}'' a feeble pungency, but rt-valeryl and the alpha, 
beta and gamma pentenyl piperidides were fully pungent. 

Ginger,—The use of ginger as a spice or condiment dates from the earliest 
times of vchich records are available. Ginger itself is the underground stem oi 
rhizome of Zingiber officinalis^ a reed-like plant. 

The ginger of commerce is the dried stem w^hich is often bleached or white¬ 
washed in order to give it a light (.‘olour. Its main constituents are starch and 
fibre together mtii a volatile oil, to w'hich its odour is due and several constituents 
on whi(‘h its pungency depends. These latter w^ere formerly termed the 
“ pimgent oleoreain ” of ginger, mainly because the pungent principles were 
extracted together with resinous matters by ether. Investigation has showii 
that the pungency is in reality due to tw^o principles—gingerol and shogaol, 
but early work w as complicated by the fact that gingerol is readily decomposed 
into zingerone, a pungent ketone and heptaidehyde. Lapworth, Pearson and 
Royle,"’ in continuing an investigation of Garnett and Griershowed that 
gingerol, the pungent olooresin of ginger, wrs capable of decomposition into a 
ketone zingerone and n-heptaldehyde and concluded that gingerol must have 
the formula (4) 

/ Vh ,C'0( ’ H 2C H (OH)( CH 2) 4CH 3 
HdJ 

OCH3 (4) 

They isolated and also synthesised zingerone by methods similar to those of 
Nomura,^ who had isolated from ginger a ketone, zingerone, which proved to 
be l-(;bmethoxy-4-hydroxyphenyl) butanone-3 (5) synthesised from vanillin 
and acetone in alkaline solution (6). 

,/V-CH,CHs.COCH3 
Hd i 

t)CH3 (6) 

H(X 
/\-CHO + CHaCOl’Ha 

Vh. 
Hol 

-CH=CH . COCH, 

'Hs (6) 

The imsaturated compoimd is reduced to zingerone by hydrogen in the presence 
of platinum (U.S. Pat, 1,263,790 (1918)). Lapworth states that the reduction 
of l-(4-hydrox3''-3-methoxyphenyi)-butene-l-one-3 to zingerone gives a poor 
yield, but Nomura claims over 75 per cent. 

Nomiua and Tsurumi ® have prepared several homologues of zingerone—in 
which the terminal methyl group of the side-chain has been increased in length 
up to nine carbon atoms. No gain in pungency is recorded, 

Nomura and Hotta • liave synthesised a number of reduction products of 
zingerone and related compounds in an attempt to obtain more pungent com¬ 
pounds and to elucidate the relations betw^een pungency and chemical constitu¬ 
tion. Reduction of zingerone gave l-(4-hydroxy-3-inethoxy-phenyl)-butanol-3 

* Staudinger and Schneider, Bcr.. 1923, 56« 699. 
* Lapworth. Pearson and Roylo, 1917, 111, 111, 
* Garnett and Grier, Pharm, J„ 1907, 25, 116. 
* Nonnira, Sci, lUp, Tok, Imp, Univ,, 1917, 6, 41. 
* Nomura and Tsurumi, ibid., 1927, 16, 565. 
* Nomura and Hotta, ibid,, 1925, 14, 119. 
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(7), and more energetic reduction provided l-(4-hydroxy-.'{-inethoxyphenyl)- 
butane (8), both of which have a pungent taste similar to that of zingerone 

n- HO! 

0H,O 

CH,CH,CH(OH)CH, 

(7) 

HO! 
V/' 

OCH 

[CH.C^H.CH.CHa 

(8) 

itself. There is, however, a somewhat disagrc'eable “ (‘hemical ” flavour 
observable with these two compounds. These eom}>onnds are comparable in 
many ways with those examined by Mariii (g.v.). 

It is interesting to note that doubling " of the zingerone molecule produces 
a series of compounds in which the ])imgent taste is absent. This is a remark¬ 
able continuation or extension of t)ie observations made in other branches of 
chemical physiology that the “doubling” of active molecules destroys their 
activity. Thus, neither disulphonal nor diveronal have narcotit^ activity. The 
“ doubling ” of zingerone was carried out by (‘ondensing acetone and vanillin 

("H=('H . CO . CH=(’H— 

OCH 3 (9) "(K'H3 

to give 1, o-di(4-hydroxy-3-methoxyphenyl){)entadiene-l ,4-one-.‘> (9) and 
reducing this with palladium and hydrogen to the (U)rres])oiidlng pentanone 
wdiich is almost tasteless. 

Various homologues of zingerone have been synthesised by Ichikawa,^ 
Nomura and Seinosuke - and Murai ^ e.g. l-(4-hydroxy-ll-methoxyphenyl)- 
pentanone-3 (10) the corresponding dimethoxy componnd and tlie series of 
compounds similar to (10) in which the group [ ] is propyl, butyl, i-so-butyl 
and /er-butyl ; in all cases the compounds were strongly pungent. Even the 
extension of the side-chain to eight carbon atoms as in 1-(4-hydroxy dl-methoxy- 
phenyl)-octanone-3 (11) still gives a piuigent (compound. On the other hand 

ho! 
OH.. CH.. 00 . [OH, . vn.,] 

\;h. (10) 

^CHjs. CHj. CO. CH„. CHj. CHj. CH^. CH3 

OCH, 

CHaOi, 
/NcHj.CHj.COCHs 

(11) OH (12) 

l-(m-hydroxy-phenyI)butanone-3 has only a trace of pungency. t«o-Zingerone 
(12)—juepared from vanillin has a strongly pungent taste. 

Murai ^ has made an investigation of the phenyl ethyl derivatives from which 
the 4-methoxy group is absent in regard to pungency. He has shown that 
l-(o-hydroxyphenyl) pentanone-3 (13) is quite pungent and that the molecule 

(13) (14) (16) (10) (17) 

^ Ichikawa, JSci. Rep. Tok. Imp. Univ., 1925, 14, 127. 
* Nomura and Seinosuke, ibid., 1925, 14, 131. 
» Murai. ibid., 1925, 14. 146, 149. 
* Murai, Und.. 1925, 14. 145, 149. 
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retained this property even when the side-chain was altered as in the com¬ 
pounds— 

Pungent Compounds 

I - (o-hydroxypheiiyl)-3-phenyl j)ropanonc-3 (14). 
l-(o-hydroxyphenyl) butane (15). 
l-(o-hydroxyphenyl) propan-acid-3 (16), its anhydride and ester. 
Dihydroc^oumarin (only faintly pungent) (17). 

Nomura and Nozawa ^ prepared samples of the following analogues of 
zingerone in orde^r to correlate if [)08sible the pungency with some particular 
group. 

0 
I X.'- 
CHoO 

(IH) 
0~~l 

I (19) 

j'" Y'H2^'H200CH3 

(20) 

/\ 

HO' 

i(:h.('h..(’0('h . 

(21) 

f V'H,(’h,('()(’h, 

OH 
\v. (21) 

('H.0H,,('0(’H., 

jlOH 

OCH, 
(27) 

/'\CH=(!H .('OCH, 

(22) 

.('(K’H . 

'v. 
OH 

(2.7) 

/' Y’H==('H.(’0.0„H5 

H(i 
"v/ (28) 

0(’H;, 

, ' V’HX'H.COCHt 

I r ' 
(23) 

.COCH3 

!0H 

OCH.. 
(26) 

y \ 

HOk 

cii.riucocji, 

OCH., 
(29) 

His results may be summarised thus :— 

(19) , (21), (23) are all pungent. 
(24) and (27) are similar in taste, but much less piuigent than (19), (21), (23). 
(20) and (29) are similar in taste, but much less pungent than (19), (21), (23). 
(29) is very similar in taste to zingerone. 
(18), (22), (26) and (28) only developed pungeney after being on the tongue 

for some time. The authors eonelude that the position of substituents has 
more effet^t t han the nature of the side-chain. 

Pearson - examined the pungeney of a series of ketones from the two series :— 

/\CH==CH . CO . R . j^XcH,CH,CO .K 

'J U ■ 
where R is methyl, ethyl or phenyl, with an OH, OCH3 or methylenedioxy 
group in the ring. Most pungent of all was l-(2-}iydroxyphenyj)-butene-l -one-3 

(30) analogous to the compounds of Murai. Its pungeney is still perceptible at a 
dilution of 1 : 100,000. The compounds (31) and (32)—are still pungent at 

* Nomura and Nozawa, iS'ct. Hep. Tok. Imp. Vniv., 1918, 7, 79. 
» PeaTBon, Pharm. J., 1910, 108, 78. 
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1 : 30,000. In general, the fully saturated compounds are less pungent than 
their unsaturated analogues. 

/\ch=OH.CO.CH3 

OH HOi 

,CH==CH.CO.C«H 

(30) 

o 

CH., (31) 
CHa-0 

CH==CH.C0.CH8 

(32) 

Shogaol.—Nomura,^ in 1919, in his extensive researches on the pungent 
principles of ginger, fonnd that after zingerone had been removed from a 
ginger extract, there was still remaining a pungent principle which was in¬ 
soluble in sodium carbonate solution. This he isolated as a yellow oil, O17H24O3, 
giving it the name shogaol (from “ shoga ” the Japanese for “ ginger ”). From 
his prelirainfiry analyses he ascribed to it tlie structure (3J), the nature of the 

•C*H„ 

(33) 

group C9H17 being imperfectly understood. The substance, shogaol, resembles 
one of the compoimds obtained by Garnett and Grier, but \vas not further 
investigated until Nomura and Tsurumi ^ in 1927 attacked the problem of the 
constitution of the side-chain. They observed that the side-chain was un¬ 
saturated, and that dihydroshogaol benzoate was identi(^al with the benzoate 
of l-(3-methoxy-4-hydrox\^henyl) decanone-3 obtained from gingerol by 
dehydration and reduction. The dihydro derivative has, therefore the con¬ 
stitution (34). 

/\(jO 
hqI II 

V OCH, 

^^^^CHj.CHj.CO.fCHj^CHg ^ '^CH2.CH3.CO.CH=OH{CH3)/,’H3 

OCH, (34) ICH, (35) 

The position of the double bond is indicated by the refractive index which 
points to an a/S-unsaturated ketone, from which it is clear that shogaol must be 
a styryl or an heptenyl derivative ; for various reasons, Nomura preferred the 
latter conception and formulated shogaol (35). 

In a subsequent paper the same authors record the synthesis of shogaol by 
condensation of zingerone with valeraldehyde:— 

f^CHj.CHj.CO.CHs 0CH(CH3)4CH8 

"'Yh 

/\CH,. CH,. CO. CH==CH(CH,),CH, 

OCH3 

Capsaicin.—Capsaicin derives its name from the capsicum, or chili, a species 
of hot red pepper used widely in tropical countries for flavouring meat and 

’ Nonmra, J.CJS., Ill, 76». 
• Nomura and Tsurumi, Sci, Rep, Tok, Imp, Univ., 1927, 16^ 565. 
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fish dishes. The medicinal capsicum (Capsicum frutescens) is used as an external 
stimulant, and in more than the most minute doses may cause vesication. 

(Capsaicin is also found in paprika, of which there are three varieties well 
recognised in Continental use. These have been described by Zega ^ as:— 

1. Those containing capsaicin, employed as a condiment, 
2. The long capsaicin-free form. 
Ik 'J'he broad capsai(*in-free form. 

The two latter are used mainly as a vegetable, and are valuable artic-les of 
diet on accamnt of their vitamin content. 

The structure of capsaicin has been worked out comparative!3^ recent 13^; 
Lapworth and Royle “ considered capsaicin to be an oxazole derivative, but 
this was disproved b}^ Nelson.^* ^ 

Nelson obtained 50 gm. of (capsaicin from 50 Ib. of very hot cayenne pepper 
and by oxidation of its methyl compound obtained veratric acid. H3’'droly8i8 
of capsaicin gave vanillylamine and a decylenic acid afterwards identified as 
8-methvlnonene-6-acid-l. The structure of capsaicin was thus proved to be 
(36)-- ‘ 

.CH, 

, NH . (X)(('Hi,)40H==C'H . CH 
HOl j ' \ 

CH, 
OCH.^ (ac) 

'Die same author was able to reconstitute capsaicin b3^ allowing the acid 
chloride obtained froTU liis decylenic acid to react with vanilhdamine, when 
capsaicin resulted. In 1930, Spiitli and Darling,^ following on the structural 
anal3^sis of (^apsaiiin, earned out by Nelson, and indey)cndentlv bv Spath and 
Felma\T^r, sAmthesised capsaican. cs'o-Butyl zinc; iodide w^as treated in cold 
toluene w'ith the ester of the half chloride of adipic acid, thus producing the 
ester of 8-meth3dnonanone-6-acid-l (37). 

CH3. 

va,- 

CH.,. 

(m. 

■CH .CH,, .Znl + 

>CH . c:h, . CO . CH2 

Cl . CO . (CHali. COOEt 

. CH,,. (JH,. CH2 . COOEt 

(37) 

The free acid from this ester may bo reduced either by hydrogen and palla- 
dised charcoal or by sodium and alcohol to the 6-ol acid (38), 

CH., 

CH3- 
.CH . CHj. CH(OH) . (CHj)^. COOH 

(38) 

and by conversion of this acid to its 6-bromo compound, followed by distillation 
with quinoline, S-methjd-nonene-b-acid-l is obtained (39) 

CH . CH==£;H . (CH2)4C00H 

(39) 

■ Zega. Chem. Zgt., 1911, 85. * Jjapworlh and Koylo, J.G.8., 1919, 116, 1109. 
> Nelson. /..4.O.S., 1919, 41, 1115. ‘ Nelson, ibid., 1919, 41, 2121. 
* Spftth and Darling, Btr,, 1930, 68B, 737. 
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Condensation of this acid through its chloride with vanillylamine gives capsaicin 
identical with the natural product. 

Further work by Nelson and Dawson ^ showed that the dihydro capsaicin 
(40)- 

. (^O(CHo),. CH. 
,CH, 

(^H3 

(40) 

is equally pimgent with capsaicin, thus demonstrating that tlie pungency is not 
primarily concerned with unsaturation of the side-chaiji. 

Lille and Kamivez ^ have condiK^ted a pharmacologi(\‘il examination of 
capsaicin, and find the general order of toxicity to be low. Readers are referred 
for details to the original paper. 

Nelson, having established the formula of capsaicin, prepared a series of 
acylamides of vanillylamine. The pungency of these was measured, and is 
shown graphically below'. 

It will be seen that sharp rise is shown after five carbon atoms have enteied the 
chain leading to a strong maximum at Cj,-nonoyIvanillylaraide (41). 

This substance was equal in pungency to capsaicin. On the other hand, 
A^®-undecenoylvanillylamide was only one-quarter as pungent as capsaicin, 
from which it was concluded that pungency is not entirely a function of an 
unsaturated side-chain. 

^ Nelson and Dawson, J,A*CJS,t 1923, 45, 2179. 
* Lille and Bamivez, Arudea, Inat. Biol. (Mex.), 1936, 6, 23. 

/^CH,. NH . CO . (CH2),CH3 

V 
OCH3 (41) 
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Ott and Ziminerniajiii * cf)iumeiice(l their investigations Avith a survey of 
pungency in the hydroxybenzylaniides. Thus unde(*ylenoyl 4-hydroxy-J- 
benzylaniide (42)— 

. NH . CO . CjoHjo 

(42) 

is pungent, with a sJiarp note as that of black pepper, although the corre¬ 
sponding 2-hydroxy compound has no i>epper taste. A^,-Nony]enoyl vanillyl- 
aniide (43)— 

/\nH . (X). CH=CH . (CH..),CH3 
hoL J 

OCH3 (4.1) 

possesses a very sharp pe|)per taste. It was found that whilst stearoyl vanillyl- 
amide— 

HOI 
y^u. CO. 

(44) 

is d(?void of any taste, tlie corresponding oleic vanillylamide is st rongly pungent. 
Ott and Zimniermann inclined to tht‘ opinion that the pungency was to be 
eorn^lated diiectly with the imsaturation in the side-chain, but this is at 
variance with tin* work of Murai, who showed that the zingerone derivatives 
still retained their piuig(mcy even wlien tlie ketonic side-chain was (‘ornpletely 
reduced to tlu' saturated hydrocarbon radicle. 

TABLE X 

Vaiiillylamido of 
Pungency 

(Capsaicin 100) 

n-Noiioic acid 
a-j'^o-Tropyl-a-lioxoic acid 
A“^-Undoccnoic acid 
Boiizoic acid 
Phonylacctic acid . 
)3-Phonylproj)ioiiic acid . 
y-Phonyl-n-butyric acid 
y-Phenyl-n-valoric acid . 
jS-p-Nitrophenyl-propionic acid 
Cinnamic acid 
aj3'Dichlor-/3-phonylpropionic acid 
Chlora(!otic ac id 
Bichloracotic acnd 
Trichloracetic acid 
Bromo and lodoac^otic acida . 

100 
5 

100 
0-5 
0 

40 
40 
40 
20 

3 

Benzylamide^ 
w-Nono-3, 4-dihydroxy- 
A‘"-Undoooiio-3, 4-dihydroxy 
n-Nono-3. 4-methylene dioxy 
n-Nono-4-hydroxy- 
A“'-Undeo6no-4-hydroxy 
n-Nono-4-inethoxy 

25 
60 

0 
10 

30 
0 

^ Ott and Zimmermann, Anmden, 1921, 425» 314* 
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A considerable extension of the study of the pungent vanillyl and benzyl 
amides was carried out by Jones and Pyinan.^ Some of their results are shown 
in Table X on previous page. 

Kobayashi ^ has examined a lengthy series of amides of various acids in a 
fuither attempt to correlate chemical constitution and pungency, but without 
being able to draw many general conclusions. Pungency in the vanillyl amides 
does not appear to obey any simple rules, and he states that this property does 
not vatT regularly with the number of (wbon atoms in the side-chain, although 
it appears to be related to a free hydroxyl group in the para-position. 

Speaking generally, it appears that tlie pungency of the capsaicin series is 
to be correlated in some way witli the acid amide group. Thus Szeki ^ has 
examined a .series of a(‘yl derivatives of amino-guaiacol, and finds certain of 
them to be possessed of a considerable degree ol‘ pungency. The general 
formula of his compounds is given by 

f'" \nH . CO . R 
HOI^ j 

(X!H.3 

and the main results of his experiments are summarised in Table Xi. 

TABLE XI 

Group R . (’0 iij 
above formuJu M.P. Deizree of pmijjcnry 

wo-Butvrvl 142" t- 

n-Hoptylyl . 110" 
A^'Noneiiylyi 93^’ j 
C'apryl 100" 1 -i- -f -t 
A^®-ITidecylenyi . 89^" 1 4- i 4* 

In addition, he examined a series of compoimds derived from the general 
formula 

R . CO . o/^>NH . CO . R 

by varying the group R. They were obtained by the action of the acid chloride 
on p-aminophenol. The degree of pimgency and composition of these com¬ 
pounds is indicated in Table XII :— 

TABLE XII 

Acid from which 
compound derived 

M.r. Pimgency 

1 

A^®-Ln(lecylenic . Ill" i. 4 

Noriylic 121" 1 h -f 
A ’^-Nonylenic 84° 1 4' 
Hoptylic 119° 1 d" 

Note.—Pungency is oxprc»MJcd in the three dogreos. 
-f -f 4- 3 mg. 150 cc., pungent taste. 

+ + 3 mg. 1 C.C., pungent taste. 
-f Beurely perceptible) taste. 

^ Jon€« and Pym&n, 1925, 127, 2588. 
* Kobayashi, Sci, Papers Inst. P.C\ Res. (Tokio), 1927, 6, 106. 
» Szeki, Arch. Phwrm,, 1930, 268, 151. 
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Finally, it is interesting to note that Asahiiia and Asano ^ had traced the 
high pungcnt*y of Para-cress to the presence of spilanthol, which they stated to 
be related to 7i-docoyh'^obutylamide, in which certain features of the capsaicin 

CH3. 
. OH2. NH . CXXCH,),. CH3 

CH/ 

mole(;ule are discernible; later work, however, showed that spilanthol, the 
substance in question, contained two atoms ol hydrogen less than was originally 
thought, and degnidative oxidation with ozone showed it to be the iso-butyl- 
aniide of a nonenecarboxylic acid, possibly 

((!H3)o(^HC’H2NHC’OCH2CH2CH - rH(CH2)4CH3 

Similarly, (hilland and Hopton have shovm that pellitorine is a closely 

related pungent principle. 

Odour 

The sense of smell, as far as the human race is concerned, has become less 
acute through tlie ages that liave elapsed between the existence of primitive 
maji and the ])resent time. It is commonly held that animals possess a sense 
of smell that is far more acute than ours, just as many of the inhabitants of the 
bush are accredited with a keener sense of sight and hearing than domestic 
creatures. It would sei^m, then, that those faculties are most keenly developed 
that constitute the greatest advantage in the environment in which an animal 
exists; from whicJi it may justly be observed that as civilisation has de¬ 
veloped, and man has been forced less and less to depend on his ovn activities 
in the field for safety, food and so forth, the iaeulties ot the senses, more especi¬ 
ally that of smell, have become loss active. Primitive land animals lived in a. 
world wher(‘ percej)tion must have been mostly dominated by the smell of 
things. In their evolutionary progress, vision and hearing have become rela¬ 
tively more important, and in the higher animals all three are well represented. 
In man the power to perceive and differentiate between various smells has 
diminislied, but this decline is not always apparent , since partial loss of the 
ability to smell (anosmia, if complete) does not give us such immediate incon¬ 
venience, or even discomfort, as the loss of any ol the other faculties ; with 
individuals whoso nose and palate show comparative insensibility (and there 
are many such) the loss would pass almost unnoticed. 

In considering the scientific bfisis of odour, the matter may be divided into 

two sections :— 

1. The physiological basis of odour-perception, 
2. The ph>^ical basis of the osmic stimulus. 

That part of the nose associated with the perception of smell consists of 
a layer of cells, long and narrow, which are arranged with their length perpen¬ 
dicular to the plane of the nasal cavity. These cells arc of two kinds, the 
sustentacular cells, the outer end of w'hich is broad and blunt, and w^hich serve 
to support the more delicate olfactory cells associated w^ith the actual process 
of perception. The olfactory cells are elongated, the inner being connected to 
the nervous systrem, the outer end being freely exposed to the air in the nostrils. 
This free end terminates in a small clear projection which passes through the 
cuticular membrane and is furnished with a number of stiff, hair-like projections. 
These are kept moist by the mucous secretion of the nose, without which per- 
(jeption would be almost impossible. It may be added that the olfactory hairlets 

^ Asahina and Asano, J, Pfmrm* Soc, Japan, 1922, 85* 
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just described are less prominent in man than in other animals, and appear to 
be most strongly developed in the ampliibia, birds and reptiJes. The stimulus 
received by these tenninal fibres is passed by the body of the cell to the nerve 
fibre and thence to tlie brain. The surface of the nose, therefore, presents to 
the free space of the nostrils a series of minute liair-like projections, moistened 
with mucous, which acts as the osniic sensory processes. It is obvious that 
diii'ing the incidence of colds, when the mucous linings are intiamed and covered 
with thic^kened mucous, or in catarrh when a similar condition exists, the ability 
to smell will be considerably diminislied and in some (‘uses completely inhibited 
by reason of the osmic sensory processes being (*ut oft' fiom aect^ss to tlie air. 

There has been much controversy over the nature of odour perception, 
some of which still continues. Nevertheless, some facts are quite dear. In 
the first place, the sense of smell is not necessarily (connected with any of the 
other piTceptive faculties althoiigli, like them, it is perceived by specialised 
nerve endings in a specialised epithelium. There was at one time a suggestion 
made that the sense of sight and taste were interconnec‘ted, and that the sense 
of smell was less acute in the dark than in the light, but there is no experimental 
evidence to support this ; indeed, Dugald Stew art l ecords the case of a boy w'ho 
w'as born blind, deaf and dumb, but show ed abnormally at tiv(‘ smelling faculties. 

The problems of odour perception are two ; the ([lucstion as to what passes 
between the odorous body and the nose in order to product‘ tl)e sensation and, 
secondly, the nature of the mechanism by which the sensation is created and 
received within the nose itself. During the last (‘entury a definite answer has 
been given to the former question, namely that for a substance to stimulate the 
sensory processes of the nose it is necessary’ for some of its molecules to leave 
the main portion of the substances and pass into the nasal cavity and onto the 
smell-sensitive cells contained therein. That this w’^as by no means, imtil 
recently, the common view is indicated in the 6th edition of T. Keid’s “ On 
Smelling ”, in which it is suggested that odorous substam es “ are continually 
sending forth effluvia of vast subtility ”, while in ” An Inquiry into the 
Human Mind on the Principles of t/ommon-sense ” he discusses the problem as 
to “ w'hether as some chemists conceive ev^ery spec'ies of bodies hath a spiritus 
rectus, a kind of soul, which causes the smell Thcie is contained in these 
suggestions the germ of the idea that smell may be due to an emanation from 
the odorous compound, although the author does not indicate its precise 
nature ; w^e are, indeed, to suppose that he did not support the theory that 
odour is due to the perception of vibrations, since he says, later, ” we have no 
variety of vibrations corresponding to the immense variety of sensations which 
we have by sight, smell, taste and touch ”. The idea of a spiritus rectus (more 
exactly “spiritus rector”) is derived from BcK^rhaave (1668-1738), a Dutch 
physician, who postulated that every odorous substance has tw^o parts, the 
“ resinous substance ” or matter and the ver^^ subtle, nearly unw'eigliable, 
“ ether ”, which w^as the spiritus rector. It was soluble in water, whilst the 
resinous part was not. 

The two hypotheses which stood side by side were these, that on the one 
hand, odour sensations might be due to the perception of vibrations transmitted 
in some way from the substance to the sensory apparatus, or due, on the other 
hand, to the actual particles of the odorous substance impinging onto the 
sensitive cells of the nose. The former hypothesis arose from an analogy ; our 
sensations of light and heat are due to the stimulation of the appropriate 
apparatus of the body, by vibrations in the ether and our auditory apparatus 
is stimulated by vibrations in the air, what could be more natural than to 
suppose that our olfactory sensations should be stimulated by vibrations from 
the odorous substance ? This hypothesis is coriect enough, but its early 
exponents went too far in asserting that the vibrations could pass through the 
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apace separating the odorous body from the nasal receptive apparatus. It has 
been established that actual contact between the molecules of the odorous 
substance and the osrnic cells is necessaiy before the perception of smell can 
take place. This being so, it is obvious that some mechanism must exist by 
w^hich the molecules can reach the nose; this mechanism is comprised in the 
phenomena of vapour pressure, or the tendency of certain substances to 
evaporate. 

Certain substances have, even at ordinary temperatures, a tendency to 
evaporate, whilst others are comparatively permanent ; the former part vith 
their component molecules which pass otf into the air, whilst the molecules of 
the latter have no tendenc^y to pass off* in this w'ay. Camphor and turpentine 
are good examples of the former class, iron and glass of the latter ; the former, 
tending to evaporate, show a. vapour pressure, and the latter have either no 
v^apour pressure or one which is insignificantly small, d'o be odorous, a sub¬ 
stance must liave a perceptible vapour pressure. It is, therefore, the invisible 
wandering particles of a substance w^hich come to rest inside the nose, and having, 
so to speak, anchored themselves in the haven of the olfactory cells, proceed 
to stimulate the latter in their own peculiar w^ay. The amount of material 
required before a sensatioji is registered at the olfactory cells is almost un- 
weigliable ; NewTon exposed a grain or two of musk to the air of his study 
and observed that, after several yc^ars, it had not altered appreciably in weight, 
although it had perfumed the room throughout the whole of this period. Later 
experiments have shown that there is a very small loss of weight when such 
substances arc expos(*d for prolonged periods. From the standpoint of weight, 
thendore, the nose can perceive an incredibly small amount of matter. Strong 
smelling substam^es such as ionone can be perceived in one normal inspiration 
containing only O-OOOOOOOOOOl of a gram, a quantity so small that it cannot be 
weighed directly, but must, like astronomical distances, be computed. On the 
other hand so small is the molecule of these substances, that the small quantity 
just mentioned will contain 1,600,000 molecules. This quantity appears to be 
the minimum that will cause the sensation of odour. 

The second problem of odour, referred to above, is that of the mechanism 
by which the odorous particles, once in contact with the sensory processes, 
give ris(^ to their chara(;teristic odour sensation. Chemical theories have been 
advanced from which there is more divergence than adlierence, and the subject 
merits careful consideration. It appears that the first essential, after volatility, 
for an odorous substance is solubility in lijx)id (fatty) matter. All odorous 
substances are soluble in lij>oid matter, and it appears that the hair-like terminal 
of the olfactory cell is sheathed with lipoid matter. It has been suggested 
that the mere solution of the odorous substance in the lipoid of the terminal 
sheath disturbs a chemical equilibrium, and so sends an impulse to the brain. 
This hyiK)thesis fails to accoimt for the vast variety of odour sensations ; a 
chemical equilibrium cannot be upset in a variety of ways, only to varying 
degrees, and, moreover, it is difficult to see why a strong smelling substance in 
small quantities should not produce the same degree of disturbance as a higher 
concentration of less active substance. Another h5q)othesis is that oxidation 
of odorous substances gives rise to vibrations which are perceived by the nose ; 
but this cannot bear a rigid examination. Substances such as hexane and 
diphenyl oxide have a powerful smell, but cannot be oxidised readily even with 
the powerful reagents of the laboratory; it is apparent that any hypothesis 
which seeks to explain the odour of these substances must bear this fact in 
mind. There is an additional fact which assists in the disposal of the oxidation 
theory of odour perception, namely, that odorous substances still exert their 
characteristic smell in atmospheres of hydrogen and nitrogen, where oxidation 

is impossible. 
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There is a general tendency to refer to the problem of the relation of 
odour to chemical constitution ” as though a direct correlation existed between 
odour and the gross details of chemical structure. This is not so, and much 
confusion has been caused by this conception, which has arisen from a false 
analogy with the so-called “ problem of colour and constitution. 'J'his matter 
is part of the general problem of the inter-relation between physiological action 
and chemical structure, and may best be considered as follows. In the first 
place, the ability of an organic compound to produce a physiological eflect 
presupposes a physical conjugation bet ween the substance mider consideration 
and some sensitive organ or process in the animal system. In drug action, tlie 
drug must be brought physically into contact with the processes on which it is 
to act ; in colour perception light modified by transmission through or reflec¬ 
tion from the coloured body must impinge upon the eye ; with sound, the 
aerial vibration must enter the ear. In the second plaice, the physiological 
activity must be caused by some property peculiar to the substance examined, 
reacting upon the sensor}^ processes. I’he reaction may be chemical, as in th(‘ 
case of certain sulphonamides w'hich interfere with metabolism of bacteria, 
competing for their nutritional essentials in such a way as to starve them ; it 
may be physico-chemical, as in the perception of light where the stimulus of 
light produces its effect by bleaching the visual purple converting it to the 
orange pigment retinene. 

There is little doubt that the correct mechanical picture of odour stimulus 
is achieved by consideration of :— 

(а) A direct contact of molecules of odorous substances with the sense 
organ. 

(б) The perception of some physical property of the molecules, peculiar to 
themselves. 

This latter property is comprised in the periodic rotational or vibrational 
movements of the individual parts of the molecule. The implications of such 
an hypothesis are as follows :— 

1. Since the molecules of all substances are able to show these intra¬ 
molecular frequencies, it follows that all substances must have the potentiality 
of odour. To account for the absence of odour in many such compounds it is 
necessary to assume that only such vibrations can be perceived as fall within a 
certain range—the “ range of osmic sensation The parallel with colour 
perception is important hen*—practically no substance is w ithout some absorp¬ 
tive capacity for electromagnetic vibrations from the infra-red to the ultra¬ 
violet ; this is a fundamental attribute of matter ; whether this absorption 
falls within the comparatively naiTow limits of visual frequency, how'ever, 
depends on a large variety of circumstances. When the so-called “ conelation 
of colour and constitution ” theory was in its ascendancy, it was customary to 
attempt to trace the factors causing absorption to fall within visual limits, to 
certain groups, or combinations of groups, the chromophoros and auxo- 
chromes ”. It cannot be said that such attempts were uniformly successful, 
and the most that can be said is that certain configurations, mainly unsaturated 
groupings, cause such disturbances in the molecule as predispose towards 
absorption in the visible spectrum. (See also Vol. Ill, Chap. \ni.) 

So with odours: certain chemical groups and configurations (mainly, but 
not exclusively, those of imsaturation) lead to the development of intramolecular 
frequencies capable of affecting the osmic sensory processes. These are referred 
to, subsequently as the ‘‘ osmic frequencies 

2. The connexion between chemical constitution and odour is therefore 
an indirect one; entirely dissimilar structures may, through the accidents of 
quantum mechanics engender similar osmic frequencies; and configurations 
which appear chemically similar may have different osmic frequencies. 
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When we find such chemically diverse substances as hydrocyanic acid, 
benzaldehyde and nitrobenzene with odours which, in appropriate concentra¬ 
tion, are similar in many ways, it clearly becomes necessary to search for some 
property which they all possess in common, and which may be correlated with 
their effect on the osmic sensory processes. A similar example is to be found 
in the odours of the highly chlorinated hydrocarbons such as hexachloroethane 
and benzene hexachloridc which both resemble camphor, as also does tetra- 
chloronaphthalene ; whilst the curious similarity between the odours of iodo¬ 
form and 5-trichloro})henol w^ill be familiar to all w’^ho have handled these 
compoimds. Numerous other instances will occur to those familiar with the 
odours of organic compounds. 

As examples of the opposite type, reference may be made to the investiga¬ 
tions carried out by Dyson ^ on the odours of aryl and aralkyl thiocarbiinides. 
Thus, phenylthiocarbiinide (45) has a characteristic, pungent odour which is 
similar in many ways to that of m-tolyl thiocarbimide (46) ; on the other 
hand, js-tolyl thiocarbimide (47) has the sweet and penetrating odour of aniseed. 

NC8 NCS NCS NCS 

Further alkyl substitution, as in mesityl thiocarbimide (48) intensifies the 
pleasant characteristic of the odour, leading to a floral spiraea-like perfume; 
Many similar instances w^ere observed where the substituents were halogen, 
cyano- or methoxyl groups. In these examples, it is abundantly clear that 
these large osmic difiFerences cannot be attributed to changes in chemical 
constitution, but must be due to physical differences engendered by the orienta¬ 
tion of the constituent groups. 

A molecule of an odorous substance, such, for example, as benzaldehyde, 
may be taken as that of an assemblage of atoms arranged in the accepted con¬ 
figuration of the organic chemistry, but nuclei and electrons of the atoms are not 
static ; they move about a mean position and are dynamic in the sense that 
they have a periodic motion with regard to their fellows. Not all such motions 
are perceptible by the osmic sensory system, but certain of them which are so 
perceptible constitute the osmic frequencies of the molecule, and it is these 
which are able to affect the sensitive membranes of the nose and so give rise to 
the sensation of smell. 

It has often been lamented that there has been no method by which the 
nature of an odour can be measured, and that whilst both colour and sound 
were amenable to a detailed vibrational analysis, odour could only be somewhat 
unsatisfactorily discussed in terms of analogy and vague attempted description 
of the personal effects produced. If the fundamental principle of the concept 
of odour as the perception of intramolecular osmic frequencies be adopted, then 
the approach to the basic scientific analysis and measurement of odour lies in 
the measurement of these intramolecular frequencies. To amplify this state¬ 
ment, if the physicist wishes to obtain an exact measurement of the vibrations 
associated with a certain organ pipe he uses an instrument which will register 
both the frequency and intensity of the various vibrations set up when the 
column of air in the pipe is thrown into a state of motion by the act of 
** blowning ; he makes, as it were, a map of all the vibrations set up in his 
sound system ; he knows, of course, that some of them are too rapid, and others 
too slow, to be heard by the human ear, but the audible frequencies are those 

* Dyson, Perf and Eb9. OU Eecord, 1928, 8, 88, 171; 1929, 2 and 42. 
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responsible for the note we hear from this particular organ-pipe ; the physicist 
knows also that no matter how such vibrations are produced, so long as they 
are exactly the same in frequency and intensity, they will produce the same 
effect on the human ear ; it is only recently that an electric organ without any 
pipes at all has been constructed, which is able to produce all the sensations of 
organ tone by electrical apparatus depending on the production of vibrations 
identical with those from the pipes of any ordinary organ. We must, therefore, 
in our consideration of the physics of odour, search for some means of measure¬ 
ment of the vibrations set up inside the molecule. 

The suggestion has been made by Dyson ^ that there may be a correlation 
between the osmic frequencies and the Raman shifts, since the latter reveal 
something of the intramolecular vibrations. 

The Perfumery Industry 

The production of perfumes for aesthetic enjoyment and of flavours for the 
improvement of foodstuffs occupies a considerable industry. One large section 
is employed in extracting the odorous oils from plants, flowers and fruit in order 
to condense into a small compass the odorous materials. The main methods 
employed in the extraction of these volatile materials are :— 

(1) Distillation, with steam. Thus, the bales of harvested peppermint plant, 
the chopped camphor- or sandal-w^oods or the roses are placed in large 
stills with water and subjected to the action of steam wiiich carries off 
the volatile materials, these being separable from the condensate. Yields 
are quite small; Mitcham peppermint yields about 1(>~22 lbs. of oil per 
acre of plantation ; a pound of Bulgarian rose-otto requires over a thousand 
acres of roses. 

(2) Expression, as with the lemon, orange and bergamot oils obtained by 
simple rasping and pressure of the peels. 

(3) Extraction with volatile aolvenis is sometimes practised but more often 
the extraction is carried out wdth a low melting, deodorised animal fat 
which extracts the volatile flower oils and gives a pomade of high value. 
The odorous constituents can readily be transferred to alcohol by extracting 
with the warm spirit, in which the fats are only slightly soluble. 

(4) Enfleurage is a process by which the flowers are placed in contact with a 
layer of lard which has been solidified on a glass tray. The trays are 
placed in cool, dark cupboards and the essential oils distil slowly into the 
lard. Good yields are obtained, since the flowers live and produce perfume 
for some days, instead of being immediately killed by the solvent or 
temperature of more drastic methods. Fresh petals are placed on the 
lard at intervals, and the perfume may then be transferred to alcohol as 
in the fat extraction meth^. The method is particularly successful with 
jasmine and rose. 

The production of the concentrates by the above methods yields the main 
raw material of the flavouring and perfume industry, and the individual teipene 
constituents of these mixtures have been discussed chemically in the main body 
of this chapter. It is, however, very seldom that the raw concentrates can be 
used directly, even when suitably diluted, for perfuming and flavouring. Thus, 
during their preparation certain small traces of labile constituents may have 
been lost; these will have to be replaced; others may have been modified 
and their modified odour may need correcting; fixatives may be necessary to 
improve the persistence of the odour in use. The art of building perfumes or 

^ Dyson, Psi/. and JBss, Oil Record, 1^37, 13. 
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flavours is to improve the natural essence or extract by the addition of other 
natural or synthetic isolates. Tolerably good imitations of natural perfumes 
can be obtained wholly from combinations of synthetic materials, and for some 
purposes, e.g., soap-perfuming, are to be preferred to natural concentrates. 

Among the more widely used materials of perfumery (excluding the ter- 
penes and floral isolates) are :— 

1. Higher AliphMic Aldehydes, 

Capryl aldehyde C7H15CHO. 
3-Methyl nonyl aldehyde {3-methylnonanal), 

CH3(CH2)5 CH(CH3)CH2 CHO 
3-Methyld(^ecyl aldehyde (3-mcthyldodecanal), 

CH3(‘CH2)«CH(CH3)CH2CH0 

Undecyl aldehyde (‘ Cu-aldehyde ’), 
Lauraldehyde (dodeeanal or ‘ Cig-aldehyde '). 

The three latter are used in small quantities in nearly all floral perfumes, 
and are actuallv found in natural perfumes, whilst unsaturated nonadienal-2, 6 

(CH3CH2CH={:)H , CH2CH2CH=CHCH0) has been isolated from violet- 
leaves. In the aromatic division the use of vanillin, coumarin, piperonal, etc., 
in flavouring is well established. 

2. Ketones. 

Reference has already been made (Chap. VI, Appendix II) to the ring 
ketones of interest in the perfumery industry. Some of the higher normal 
ketones have powerful odours, and can be used in certain perfumes and flavours. 
The following are notable :— 

Methyl heptyl ketone (nonanone-2), CH3CO(CH2)0CH3, 
Methyl octyi ketone (decanone-2), CH3CO(CH2)7CH3, 
Methyl nonyl ketone (undecanone-2), CH3CO(CH2)8CH3 

all from Ruta graveolens. 
The first of the above group with methyl amyl ketone (heptanone-2), 

CH3COC5H1J, are found in Roquefort cheese. 

3. Esters. 

The odour of ‘ pear-drops ’ is one of the earliest experiences of the organic 
chemist, and the use of ‘ i^oamyl acetate ’ for flavouring these sweets is one of 
the earliest uses of a ‘ synthetic ’ flavouring. The use of this material is an 
example of what is often termed a ‘ conventional' flavour ; to be successful, 
pear-drops must taste of tsoamyl acetate—not of pears. Another instance is 
use of allyl caproate which gives the excellent, but ‘ conventional' pineapple 
flavour of the trade. Some of the more interesting flavour esters are described 
in Table XIII. 

In addition, a large number of higher esters of powerful odour such as octyl 
acetate, octyl butyrate and octyi caproate (all of which are found in parsley) 
have been only slightly investigated from a flavouring standpoint. 

4. Ethers. 
One or two ethers—anethole and diphenyl ethers—are used in perfumery 

on account of their pleasant odours. 
In addition to the four classes mentioned above, there are one or two 

individual substances which are of interest. Thus, sedanolide, the odoriferous 
constituent of celery, is a lactone (49); other odorous lactones, e.g., those 
from ambrette and angelica have been mentioned previously (p. 444), Jasmone, 
an important constituent of jasmine perfume is a ^olic ketone (l-methyl.2, 
(2-pentenyl)cyctepentenone.3) (60). Equally interesting is the so-called ‘ methyl 
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TABLE XIII 

Alcohol Add B.P. Characteristics Uses iq essences 

Ethyl formic 55° Strong flavour of rum Raspberry, red currant, peach 

Ethyl acetic IT Strong, but indefijiito 
fruit odour 

Apple, pear, and all soft fruit 
essences 

Ethyl butyric 120° Pineapple, banana, straw¬ 
berry 

Ethyl wo-v"aIeric 134° Has a definite raspberry 
note 

Raspberry, j>each 

Ethyl heptoio 187° Ditto Raspberry, red currant 

Ethyl j)elargoiiic 227° Strong quince flavour Quince 

AUyl caproic 242° Pineapple I’iiieapplo 

wo-Amyl acetic 142° — Pear-drops 

wo-Ainyl butyric 178° — Soft fruit essences 

wo-Amy 1 wo-valeric 194° Found in oasontial oil of 
bananas 

Apple, pineapple, peach 

heptine carbonate ’—the methyl ester of octyne-2-aeid-l (52). It may be 
prepared from the cenanthal (51) obtained by the destructive distillation of 

CH 

2CH2CH3 
(49) (50) 

castor-oil, by the steps shovii in the scheme below. The ester has a fresh 
violet odour. Yet another group of compounds of interest are the sulphur 
compounds responsible for colFee aroma ; this aroma, it may be added, is only 
produced during roasting and comprises a wide range of volatile products. 

CH3(CHj)sCHO CHj(CH3)6CHCl3 CH3(CH3),(^CH 

CH3(CH3)4feC . COOMe -CH3(CH3)4C^ . COOH 
(62) 

These include diacetyl, CH3C0C(X1H3, acetylpropionyl, CHgCOCOCHjCH, (to 
which, incidentally, butter owes its flavour), ketones of the furan series, particu¬ 
larly furyl methyl ketone (66), together with furyl and thienyl thiols (63) 

()H,CH=CH . CH.CH 

(63) (64) (66) 

tod (54). There is no doubt-that other and more complex arilphur oompoupda 
are preaent, together with derirativee of pyhdine and the alkyl-pyraEines. 



CHAPTER X 

POLYALCOHOLS, CARBOHYDRATES AND RELAl^ED COMPOUNDS 

“ Sorno are te^rrned sugars (aaKxapov), being a solid honey found in canes 
(cTTi Tojv tcdXafJicjuv) coining from India and Arabia Felix, in consistence like 
salt, and capable like salt of being ground to powder between the teeth.” 

—Dioscokides, ‘‘ On different kinds of honey 

Sweet substances have attracted man’s attention as articles of food froin 
the earliest times, and sugar as such was known in the East at least two thousand 
years ago, the use of crj^stalline sugar being introduced into Euroj)e during the 
time of Alexander the Great. In this country and in Northern Europe its use 
was strictly limited by its high cost, and honey was more common, being 
indigenous. It is interesting to note that Libavius in his ‘ Alchymia ’ of 1595 
refers to ‘ Sacchari crystallini quod candi appelant ’. During the seventeenth 
century the working of sugar cane was brought to a commer(;ial stage and in 
the tuirly part of the eight eenth century cane sugar was an article of commerce. 
In 1747 Margraaf pointed out the existence of considerable quantities of sugar 
in beet and other fleshy roots, and impressed on the continental authorities the 
potentialities of the beet as an independent source of sugar ; it took a century 
and a half for the idea to become an industrial achievement in this country. 

Quite naturally other prodin^ts were shown to contain saccharine substances 
allied to cane sugar ; in 1619 Fabrizio Bartoletti drew attention to the ‘ sugar of 
milk * w’hich was thoroughly examined by Ludovico Testi in 1698, and pro¬ 
nounced by liim a valuable medicine. Glauber was acquainted with the 
distinct nature of glucose in 1660. The early part of the nineteenth century 
show’od concentrated efforts directed tow^ards the isolation of new sugars from 
natural sources ; in 1802 Proust showed the identity of the sugar from honey 
and grape sugar with that obtained from other sources, and Dumas christened 
it ‘ gliKUse ’. Later, in 1806, mannite wus isolated by Proust from manna, 
and although not a true sugar, w^^s so much like one in manj^ respects as to be 
classified temporarily with the group. Erdmann and Pasteur found that milk 
sugar was hydrolysed by dilute acids to give a hitherto unrecognised sugar which 
they wished to call * lactose ’ but Berthelot successfully pleaded for a new 
name ' galactose leaving ‘ lactose * itself as the proper name for the original 
sugar of milk. Meanwhile Kirchofif (1811) had isolated maltose from the 
products of the acid treatment of starch, and for years chemists speculated 
about its tnie nature until O’Sullivan ^ cleared up its individuality. In 1836 
Hiinefeld isolated dulcite, and Stenhouse erythrite, whilst glycogen or ‘ animal 
starch ’ was isolated by Claude Bernard from liver in 1857, Valentine Rose 
having many years previously (1811) recognised inulin from the root of elecam¬ 
pane as a distinct form of starch. 

It wall already have been noticed that certain substances have been men¬ 
tioned which are not, strictly, carbohydrates. The original meaning of the 
word w^as “ a substance containing carbon, hydrogen and oxygen, the two 
latter elements being present in the correct proportions to constitute w'ater ”. 
The field is broinier than is implied by this definition, methyl pentoses, for 
example, not coming within its strict import; they will, however, for the 
purposes of this book, be included with the carbohydrates—as also w'lll be the 

> O’SuUivan, 1872, 579 ; 1876, [i] 478. 
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polyhydroxylic alcohols from erythrite onward. The consideration of this 
extremely large family will be subdivided in the following way :— 

(1) The structure of the monosaccharides. 
(2) The indiv dual monosaccharides. 
(3) The structure of disaccharides. 
(4) The individual disaccharides. 
(5) The higlier sugars. 
(6) The general synthetic and degradative reactions of sugar chemistry. 
(7) The polysaccharides. 

The division of the sugar family into mono-, di-, tri- and higher saccharides is 
dictated by the number of individual sugar units which their structure com¬ 
prises ; each unit may be an aldose or ketose, according as the substance carries 
an aldehyde or keto- group. 

The Structure of the Trioses 

Trioses, or three-carbon sugars, are not numerous, owing to the simplicity of 
the carbon chain. The alcohol of the series, glycerol (1), has already been 
discussed in Chapter V (p. 296). 

CHgOH CHO CH^OH 

inoH H—i—OH CO 

in^OH iH.,OH in^OH 
(1) (2) (3) 

The two possible trioses are (a) the aldo-triose, glyceric aldehyde (propanaldiol- 
2, 3) (2); and (b) di hydroxy acetone or propanonediol-1, 3 (3). The s^mthesis 
of glyceric aldehyde is difficult; it is almost impossible to obtain a satisfactory 
yield by the direct oxidation of glycerol, and a roundabout method must be 
used ; this is illustrated by the formulsB below. 

CH,OH 
1 ‘ 

CHO 
1 

CH(OEt)j CH(OEt)j 
► 1 

CH(OEt), CHO 

CHOH CH CHj CH CHOH CH(OH) 
1 II 1 11 1 1 

CHjOH CHjOH CHj CH,C1 CH, CHjOH 

W (5) (0) 1 (7) 

i / 

/ (8) 

CH^OH CHOH 
II ^ 

1 
CO 

1 

Pyridine H 
COH 

1 

CH,OH (,0) CHjOH (9) 

If acrolein (propen-2-al) (4) from glycerol is treated with alcoholic hydrogen 
chloride the acetal, 1, l-diethoxy-3-chloropropane (5) is formed which may be 
converted to the acetal of acrolein (6). This can be oxidised to the acetal of 
glyceric aldehyde (7), from which the free aldehyde (8) can be obtained by acid 
hydrolysis. The final stage is not a simple one, since during the splitting of 
the acetal the first product is a definite enol form ^ (9) which, as a thick viscous 
syrup, can either be allowed to turn spontaneously into glyceric aldehyde or 
may be converted by boiling in pyridine solution to dihydroxyacetone (10) *. 

»Reeves. 1927. 2478. * Fischer al., Ser., 1927, 60» 479. 
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It will have been noticed from formula (8) that glyceric aldehyde has an 
asymmetric carbon atom, and that it can therefore exist in dextro- or Isevo- 
forms. These, indeed, have been prepared through the Z-menthyl urea deriva¬ 
tives, and may be written thus :— 

CHO 

H—i—OH 
I 
CHjOH 

D -glyceraldehy de 

CHO 
I 

HO—C—H 

in^OH 
L- gl y ceraldehy de 

This is the first application of a convention which must be mastered at the 
outset of sugar chemistry, the rules of which are as follows :— 

(1) All sugars are written with the formulae vertical, —CHO at the top, 
—CHgOH at the bottom. In the case of ketoses the carbonyl group is 
placed so as to be as near the top as possible. 

(2) Any sugar whose lowest groups are 

CH^OH 

is described as a D-sugar irrespective of whether it is dextro- or Icevo- 
rotatory ; and the converse is also accepted, namely, that any sugar 
with the lowest groups written thus :— 

HO—C—H 
I 
CH.OH 

is described as a L-sugar. 
(3) The group 

H OH 

is often written by the plus sign alone (+), and the group 

HO— 

by the minus sign (^). 
Thus the sugar d-glucose (which is so-called because of the accepted 

CHO 
1 

( mo CHO 

H—C—OH H— —OH + + 

HO—i—H HO— —H — — 
1 

H—^OH 
j 

H— —OH + + 

H—C—OH 
j 

H— —OH + + 

CH,OH < !!H,0H CH*OH 
(11) (12) (13) (14) 
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configuration of the lowest active carbon atom) happens to be dextro- 
rotatory- (some D-siigars, e.g., D-arabinose, are /cevo-rotatory) and is 
written (11) or (12), but by substituting the + and — convention can 
become (13) or even (14). 

(4) In dealing with the problems of stem configuration in simple sugars no 
account is taken of the fact that pentoses and hexoses often fonn inner 
ethers, a matter which can be considered in detail later. 

(5) It should be realised also, that the optically active sugars exist in pairs 
D and L ; the L form is the complete reversal of the plus and minus 
structure of the core. Thus, 

•f 

if D-glucose is , L-glucose will be ^ 

“T 

It follows, therefore, that the number of sugars of the aldose series will be 
expressed by 2”, where ‘ n ’ is the number of asymnudric carbon atoms ; thus 
there are 2^ ™ 16 hexoses, or eight pairs of d and l cnantiomorphs. 

The Aldotetroses 

The simple aldotetrose structure (15) contains only two asymmetric carbon 
atoms and the four possible structures are :— 

CHO 
j 

CHOH 
1 

+ - - + 

CHOH -)• - 
1 

CH^OH D- L- D- L- 

(15) erythrose threose 

There are therefore two pairs of sugars, d- and l- crythrose, and D- 
and L-threose. The assignment of the structures to these is based on the 
following groimds. Erythroses give the same mesotartaric acid on oxidation ; 
threoses give an active tartaric acid. This may be expiessed thus ;— 

CHO COOH COOH CHO 

-i. + 

j 
H—^OH 

or 1 <- 
— 

4- -r H—C—OH — 

CHjOH COOH 

1 
COOH CHjOH 

(16) A (17) 

CHO COOH COOH CHO 

-^ 

HO—A—H H—(LoH 
and 1 

HO—C—H 
1 

+ 

+ H—(1-OH 

(!x)0H 

— 

CHjOH (]OOH CH,OH 
(18) B 0 (19) 

Since mesotartaric acid is known to have the configuration A, and the active 
tartaric acids configurations B and 0, it follows that the erythroses must be 
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(16) and (17) and the threoses (18) and (19). The erythroses on reduction give 
i-erythritol, the D-threose gives a Icevo- and the L-threose a dea:^ro-rotatory 
erythritol. 

It may be remarked that when D-erythrose and D-threose are written side 
by side :— 

CHO CHO 

+ - 
4 + 
CHgOH CH2OH 

it is seen that they differ only by the sign of the group adjacent to the aldehyde 
group ; such pairs, however long the molecule, are termed epimers provided 
always that tlie one point of difference is adjacent to the —CHO group. When 
a single epimer is converted to the corresponding acid and is boiled with quino¬ 
line an equilibrium mixture of the two epimeric acids is formed, and may usually 
be separated into its constituents by crystallisation. The procedure is of the 
utmost importance in the elucidation of sugar structures. If an acid, say, 
for example (20), the structure of which is known, gives another acid on epiraer- 
isation, the structure of the second acid must be (21). 

(X)OH COOH 

-j- Epimeriaatimi 

-1- + 
+ 

CHjjOH CHjOH 

(20) (21) 

The Aldopentoses 

There are seven pentose sugars which correspond to the typical aldose 
structure (22), and which occur in nature or may be prepared in the laboratory ; 
they are listed by name in (23) from which it will be evident that Myxose has 

CHO 

inoH 

inoH 

inoH 

1 
CH,OH 

(22) 

D- and L-arabinose 
D- and L-ribose 
D- and L-xylose 
D-lyxose 

(23) 

1 

+ - 
I 
I 

D- L- 

2 

- + 
+ - 
4- - 
D- L- 

3 

4- - 
4- 

4- 
D- L- 

4 

- + 
~ + 
4- - 
D- L- 

(24) 

not yet been obtained. The four enantiomorphic pairs are shown in outline in 
(24) and our task is first to attach the names of (23) to the configurations in 
(24). The substance to which the name D-xylose is given yields D-threose when 
it is degraded to the next lower sugar at the —CHO group end. Since (25) 
represents D-threose, the stnictureof D-xylose must be either (26) or (27). On 

CHO 
CHO 

+ 

CHO COOH 

+ 

COOH 

4- 
— — or — — — 

+ + + + 
CHgOH CHjOH CHjOH CH,OH COOH 

(25) (26) (27) (28) (29) 
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oxidation, D-xylose gives, first by conversion of the aldehyde group to —COOH, 
a D-xylonicacid and subsequently by oxidation at both ends a xylotrihydroxy- 
giiitaric acid. Since the latter is inactive by internal compensation it must 
have the structure (29). It will be observed this trihydroxyglutaric acid which 
has been rewritten (30) has only two asymmetric carbon atoms; the centre 
atom is not asymmetric ; the structure of the two remaining active groups 
must therefore be + in both cases, as in mesotartaric acid. This means, 
therefore, that D-xylose has the configuration (26). 

COOH 

H . C.OH 

HO . i . H 

I 
H . C.OH 

COOH 

(30) 

D-Xylose and D-lyxose give the same osazone ; this implies that the two 
sugars are epimers ; D-Iyxose must, therefore, have the structure (27). This 
can be confirmed by the conversion of D-xylose into D-lyxose by the process 

CH=N. NHPh 
CHO 1 CHO 

+ 3 molfi C=N . NHPh S molB — 

— phenylhydriirinc — pbenylhydradne — 

-j- 
CHsOH CHjOH CH2OH 

D-xyloae osazone ulyxoso 

CHO COOH COOH CHO CHO 

+ + — + 
4_ 

-f + ■f + 
CHjOH CHjOH CHjOH CHjOH CH2OH 

D-xylose D-xylonic acid D-lyxonic acid D-lyxoee L-lyxose 
(32) (31) (33) (34) 

shown in (31). D-Xylose is oxidised to D-xylonic acid (32) which on boiling 
with quinoline epimerises, giving a mixture of D-xylonic and D-lyxonic acids. 
If these are separated the D-lyxonic acid lactone can be reduced to D-lyxose (33) 
with sodium amalgam in weakly acid solution. Although L-lyxose has not yet 
been isolated, it has been accorded the stereochemical structure (34). 

The sugar, D-arabinose, which has been isolated from certain glycosides, can 
be reduced to a pentahydric alcohol, D-arabitol; on the other hand, D-lyxose 
on reduction gives the same alcohol; the full implication of this is seen in the 
detailed formula (35) in which it is clear that the pentahydric alcohol from 
D-lyxose when turned upside down, is the corresponding alcohol from D-arabinose. 
Thus, D-lyxose and D-arabinose differ only in that the former has —CHO where 
the latter has —CHgOH and vice versa. This gives (36) as the structure of 
D-arabinose, a conclusion which is reinforced by the fact that D-lyxose and 
D-«w*abino8c both give the same D-trihydroxyglutaric acid, thus indicating a 
stereo-identical core. 

L-Arabinose (37), when degraded to the next lowest aldose, gives L-erythrose, 
(38), thus confirming its structure as the mversion of D-arabinose. 
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CHO CHoOH CHO 

+ 
CHgOH 

+ 
CHaOH 

+ 
+ 
CH2OH 

D-lyxose D-arabinose (36) 
\ CH,OH CHjOH / 

\ HO.C.H 
\ 

HO.C.H / 
/ 

^HO.C . H = H . C . OH*^ 

H . C . OH H . C . OH 

CHjOH CH.OH 
(35) D-arabitol 

The remaining pair of structures (1 in formula 24) must, by elimination, 
belong to d- and L-ribose, but additional confirmation of this lies in the fact 

CHO 
+ CHO 

-> — 

CHjOH CH2OH 
(37) (38) 

L^arabinose ii-erythroe© 
that both D- and L-ribose (39 and 40) give on reduction the inactive, internally 
compensated pentahydric alcohol, adonitol (41), and on oxidation the similarly 
internally compensated ribotrihydroxyglutaric acid (42). 

redn. 

CHO 
j 

COOH ^CHO 1 
CHO H . C . OH H . 0 . OH 

j 

H.C.OH 

1 
HO . C . H CHO 

+ 1 redn. 1 1 oxidn. 1 — 
-f or H . C . OH -► H.C.OH H.C.OH -HO.C.H or — 

4- 1 I 1 I 
CH,OH H . C . OH 

j 
H.C.OH H . C . OH 

j 
HO.C.H CH,OH 

CH,OH 

J 

CHjOH COOH 

j 

CH.OH 

D-ribose oxldn. ii-riboso 
(39) (41) (42) (40) 

The structures of all the aldopentoses have, therefore, been elucidated. 

Aldohexosbs 

The sixteen possible structures for the aldo-hexoses are written in (43): 
there are, of course, eight pairs which correspond to the natural and synthetic 
aldohexose sugars:— 

1. D- and L-allose 
2. D- and L-altrose 
3. D- and L>glucose 
4. D- and L*mannose 

6. D- and L-gulose 
6. D- and L-idose 
7. D- and L-galactose 
8. D- and L-talose 

1 2 3 4 5 6 r 8 
+ — — + + — — + + — — + + — — + 
+ — + — — + — + 4" — + — — + — + 
+ — + — + ~ + — ~ + — + — + — + + _ + — 4* — + — + — + — + — + — 

(43) 
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The attachment of these fonnulte to their respective names is carried out by a 
series of arguments, similar in many ways to those used in the case of the 
pentoses. The following steps are useful in obtaining a clear picture of the 
various structures. 

(1) Two hexoses, D-glucose and D-mannose give D-arabinose (44) when 
degraded to the corresponding pentose. Since the structure of arabinose 
is known then both D-glueose and D-mannose must have the same 
structure in the lower three units of the active core ; they must, in 
fact, be epimers of the structure (45). This is confirmed by the fact 

CHO CHO 
CH=N. NHPh 1 

CHO 1 
T' 

— {1=N , NHPh 

:a - {7 -i- ■> + 
+ J U- + + 
CHjOH CHjOH CHjOH CHjOH 

(44) 

D-arabinose 

D-glucose and 
D-maimose (45) 

(45a) 

that they both give the same osazone (45a). I'e decide which of the 
two formulae represent glucose, and which mannose, attention must be 
turned to the sugar, L-gulose, which gives on oxidation the same acid 
(D-saeeharic acid) as glucose. Clearly this is due to the fact that both 
gulose and glucose contain the same active core, but that the —CHO 
and — CHjOH are at reverse ends, thus ;— 

CHjOH COOH CHO 

CHO COOH CHjOH 

Referring ^ain to formula (45), it is clear that only one core (the first of 
the pair) could give two different sugars by reversing the ends ; this 
structure must therefore belong to D-glucose. Thus, the structures of 
D-glucose, D-raannose and L-gulose must be (46), (47) and (48), At the 

CHO 

H . C.OH 

HO . C . H 

H . C . OH 

H . C , OH 

CHaOH 
(46) 

CHO 

HO . C . H 

HO . C . H 

H . C.OH 

H . C . OH 

CHjOH 
(47) 

CHO 

HO . C . H 

HO . C . H 

H . C.OH 

HO . C , H 

CHjOH 
(48) 

CHO 

H . C.OH 

HO . C , H 

H . C.OH 

HO . C . H 

CH.OH 
(48) 

same time, since L-gulose and L-idose are epimers, the latter must have 
the structure (49). This disposes of four of the eight pairs of structurally 
different aldo-hezoses. 



OAEBOHYDEATBS AND BELATED COMPOUNDS 781 

(2) D-Galactose and D-talose give D-Iyxose on degradation, and have the 
same osazone (51). They are, therefore, epimers, and are expressed by 
the formulae (50). 

CHO CHO 
CH=N . NHPh 

1 
CHO + — C=N . NHPh 

■+ f -f + 
CHjOH CHjjOH CHjOH CHjOH 
D-lyxose D-galactose and D-galactosazone 

D-talose 

(50) 
(61) 

(3) If we consider the oxidation of the two structures which represent 
D-galactoae and D-talose, w'e find that two different acids are produced ; 
one from galactose is mucic acid (an internally compensated acid) which 

CHO 
+ 

COOH CHO COOH CH^OH CHO 

+ 
+ 

CH,OH 
-4- 

CHj.OH COOH 
-I- 
CHjOH 

+ 
COOH 

— or 
-I” 
CHO 

(62) Mucic acid D-taloinucic acid (55) 

(53) (64) 

must therefore have the structure (53), and a second from d-talose is 
D-talomucic acid, which is optically active and has the structure (54). 
D-Galactose, D-talose and D-altrose have, therefore, the structures (56), 
(57) and (58), and since D-altrose and D-talose yield the same talomucic 

CHO CHO CHO CHO 

H . C . OH HO.C.H HO.C.H H . C.OH 

HO , C . H HO.C.H H . C . OH H . C.OH 

HO . C . H HO.C.H H . C . OH H . C.OH 

H . C . OH H . C . OH H . C . OH H . C . OH 

CHjOH CHjOH CH^OH CHjOH 
(66) (67) (68) (69) 

D-galactose D-talose D-altrose D-allose 

acid, they must be related by the principle of core-inversion; since 
D-allose and D-altrose are epimeric the structures of all eight pairs of 
aldohexoses is known. The structures of D-allose and D-altrose are 
confirmed by the fact that an epimeric mixture of these two sugars is 
obtained by converting D-ribose into an aldohexose. 

The whole of these structures and their logical development from the d- and 
glyceric aldehydes is summarised in Table I. It is only fair to add that 

the arguments which have been developed in the previous pages for the assign¬ 
ment of structures to the ald6se sugars are not arranged chronologically; in 
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some oases the structures of the smaller sugars were inferred from those of the 
larger and the structural knowledge which appears above to proceed quite 
easily from smaller to larger aldoses may have been acquired subsequently to 
the establishment of the larger structure by laborious roundabout means. 
Nothing has yet been said about the reactions used in the development of this 
subject or the character of the substances themselves ; these matters will be 
discussed after the structural difSculties have been disposed of. 

Table I. 

D-Glvceraldohyde 
-f 

Aldose Sugaes 

L-Glyoeraldehyd© 

+ 

+ 

D'Erythrose 

-f- 

4" 
D-Threose 

+ 

L-Threose 

+ 

L*Ervthro8o 

4 
D-Ribo80 4 D Arabiii03© 4 D-Xylose — n-Lyxose ~ L-Lyxos© 4 L-Xylos© 4 L-Arabinoeo — L-Uibose — 

4 

A 
4 ~ 
4 4 
4 4 
4 4 

4 

A 
4 - 

4 4 
4 4 

H- 

A 
4 ~ 
4 4 

4 

A 
4 

4 4 4 4 

A A A A 
4 - 4 ~ 
4 4 — — 
4 4 4 4 

4 - 
4 4 

4 

< 
a 

< 
3 
o s 

<5 © ^ ^ 

§ J § J I 0 TJ o 
A 

e9 
H 
Q 

B c 
3 
o 

^ a 

II I I 
So < ^ 

The series already enumerated does not entirely exhaust the possibilities in 
the aldose group of sugars ; one or two branched and alkyl-substituted natural 
sugars are known. The chief of these are shown in outline formula below :— 

CHO 
1 

CHO 
1 

CHO 
I CHO j 

CHOH 
1 

H . C . OH 
1 

HO 4. H h4.oh 

C.OH H 4. OH 
j 

H.C.OH j HO 4. H 

HOChAHjOH 
1 

HO C. H HO 4. H HO. (i. H 
Apiose I i 1 

(60) HO . C). H 
1 

HO. . H 
1 

H. d). OH 
j 

CJHa djH, 
L-Rbsmoow ii-iw>-RhAmnoee S'FuOOM 

(61) (62) (68) 

Votodek ^ has proposed to call the methyl pentoses according to the hexoses 
from which they are derived, e.g., 

Rhamnose = Mannomethylose 
fso-Rhamnose = Qlucomethylose 

Puoose = Galactomethylose 

»Votoaek and J. Czech, Chem, C<mm„ 1929, 4, 289, 
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This method has an advantage in linking up the methyl pentoses in such a 
way that their structure can be easily correlated, and will serve for new sugars ; 
the names rhamnose and fucose, however, are too firmly fixed to be altered. 

CHO 
j 

CHO 
j 

CHO 
1 

CHO 
1 

CH, 
1 

CH, 
1 

C.OH (!:h, 
1 

CHOH 
1 

CJHOMe 
j 

C1h,OH CHOH H C.OH 
j 

CHOH 
1 

CHOH 
j 

1 

(^HOH 
1 

H • C.OH 
1 

CHOH (JHOH CJHjOH (JH,OH 

1 J. (66) (67) 
CH, CH, 

(64) (66) 

Mention must also be made of digitoxose (64) and cymarose, its 3-methyl 
ether (65), which represent yet another t3rpe of aldose, namely methyl pentoses 
with a desoxy group next to the —CHO group. A similar sugar, found in 
animal nucleic acids is desoxy-D-ribose (67) called ‘ th^Tnose The branched 
structure of apiose is found also in hamamelose (66) and synthetic sugars with 
elongated —CH(OH)— chains have been made up to the decoses with ten 
carbon atoms ; very few^ of the family are met with in natural conditions ; an 
exception is the seven carbon sugar sedoheptose from Sedum spectabile. 

The Ketoses 

Dihydroxy acetone, CHjOH . CO . CHaOH, usually obtained by the fermen¬ 
tation of glycerol by sorbose bacteria, has no problem of structure as it contains 
no asjTnmetric carbon atom, and does not exhibit any possibilities of geometrical 
variation. Nevertheless, it behaves as a ‘ sugar * in solution, giving the same 
osazone as glyceric aldehyde : 

CHO 
j 

CH=N. NHPh 
j 

CH,OH 

CJHOH 
j 
-J ► C==N . NHPh 

1 
(io 

j 

(^H,OH CH,OH CH,0H 

In the solid form it is dimeric and melts at 80°. 

CH,OH CH,OH 
1 

CH,OH 
1 

CH,0H CH,OH 

j 
1 

1 
)0 (^0 

1 
io 

1 
Ao 

1 

H . C . OH 
j 

H.i ).OH HO . C . H 
1 

HO C.H H 
1 

C.OH 

CH,OH H.^ 
1 
).OH HO . C . H 

1 
H, C.OH HO. 

1 
,A.H 

1 )H,OH (:h,oh (^H,OH 

1 

(iH,OH 
D-ErythruloM D- and L-Biboketoee n- and L-Xyloketose 

(68) (69) (70) 

There is also but one ketotetrose, but it can exist in two optically active 
forms by virtue of its single asymmetric carbon atom ; it is called * erythrulose 
KetopentoseSi of which four should exist, are little known; one, L-xyloketose 
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(70), has been isolated from natural sources (pentosic urine), although it has 
been conjectured that one of the pentoses formed during the autocondensation 
of formaldehyde to give formose, is the D-riboketose (69), and its L-isomer. 

'Phe Ketohexoses 

Of the four possible pairs of ketohexoses shown by the configurations below, 
members of each pair are known and the structures represent d- and L-fructose, 
D- and L-sorbose, d- and L-tagatose and d- and L-psicose. The assignment of 

CH^OH CH,Ofi 
1 

CHiiOH 
j 

CHjOH CHjOH 
I 

CHjOH 
1 

CHgOH 
1 

OH,OH 
1 

io 1 
CO 

1 
CO CO 

i 
CO (X) 

1 
(^0 

1 
CO 

+ — — -f- 1 — — + 
+ — 4- — — -i — 1- 
+ — + — -i- -- -f — 

CH*OH CH,OH CH,OH CH,OH CHjOH CHjOH CH2OH CHjjOH 
(A) (B) (C) (D) 

(71) 

structure is a comparatively easy matter once the structures of the aldohexoses 
are known, since each ketohexose gives an osazone identit^al with one from a 
pair of aldohexoses, thus.— 

D-Fructose gives D-glucosazone and has structure B (71). 
D-Sorbose gives D-gulosazone and has structure C (71). 
D-Tagatose gives D-galactosazone and has structure I) (71). 

leaving structure A for psicose. 
The higher ketose sugars have been examined by Bertrand ; IVom perseitol 

(72) (a vegetable heptitol) he obtained two sugars,^ perseulose (73) and D-gluco- 

CH,OH 
j 

CH,OH CH,OH 
j 

CH,OH CH,OH 

CHOH 
j 

io 
j 

CO 1)0 
j 

ko 
j 

CHOH 
1 

HO . (J . H 

1 

H . C . OH HO . (J . H HO C . H 

CHOH 
j 

H . C . OH HO . C . H HO.C . H H . C . OH 

CHOH 
1 

H . C . OH H . C . OH H . C . OH H . C . OH 

CHOH 
j 

HO . C . H 
1 

H . C . OH 
j 

H . C . OH H . C . OH 
1 

CH,OH (:h,oh <!;h,oh d'HjOH (i’HjOH 
(72) (73) (74) (75) (76) 

heptulose (74). A mannoketoheptose has been isolated from the avocado pear 
(75), and reference has already been made to the sedoheptose (76) from Sedum 
apectabile. 

Ring Structure in the Sugars 

Hitherto, no account has been taken of ring formation in the sugar family ; 
all previous examples have been treated as though they were open-chain pofy- 

»Bertrand and Nitstberg, C.JR., 1928, 186, 1172; Bertrand, BuU, 8oc. Ohim,, 1909, [4] 
8» 629. 
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hydroxy aldehydes or ketones, and whilst it is clear from their general reactions 
that the simple sugars can behave as such, there is much evidence whicjh points 
to the existence of cyclic forms. The first hint of this was the suggestion made 
by (blley ^ in 1870 to explain unusual x>^operties of a nitroacetyiglueose. 
Skraup ^ showed that glucose penta-acetate has no aldehyde group, and in 
1889 Krwig and Koenigs^ showed that there were two glucose penta-aeetates 
and proposed a ring structure to exx)lain their existence. Fischer’s observa¬ 
tion ^ in 1893 that D-glucose did not give a normal acetal but tiiat only one 
methyl group enterc^d the structure was a further extension of this idea. Two 

a-methyl-D-glucoside [ajj, + 159'" 
/3-methyl-D-glucoside [a]D - 34'' 

products wei’(^ pro{luced, and Fis(4i(*r correctly iiiterprcded ihem as ring isomers, 
but arbitrarily ac(rorded them a furan structure, (77) and (78), afterwards shown 
to be incorrect. 

ClhOH 
I ^ I ■ 

CHOH CHOH 

So Tar. it may appear that although methyl-D-glucoside exhibits two forms, 
this has not much f>earing on the structure of glucose itself. The extension of 
these ideas to glucose depends on three muiji points :— 

(1) A consideration of mutarotation. 
(2) Tanret’s isolation of a- and /3-glueose. 
(3) AnUvStrong's direct relation of the two forms of glucose to the a- and 

/3-methyl glucosides. 

All simx)lc sugars show mutarotation, namely the gradual alteration of the 
optical rotatory })ower of freshly made solutions to a constant minimum or 
maximum. Much discussion of this plienomena centred around the suggestion 
tliat there wen? two forms of glu(?ose and that the alteration of rotatory power 
is due to the conversion of one form to an equilibrium mixture of the two. The 
isolat ion by Tanret ^ in 1895 of the two forms :— 

a-D-glueose [ajp + 113° 
/3-D-glucose [ajp + 19° 

and the demonstration of the fact that either form in solution mutarotates to 
[aln, + 52*5°, finally cliiKdies the matter, and demonstrates that the sugar 
D-glucose exists in two distinct forms. Armstrong® followed the hydrolysis of 
a-methyl-D-glucose by maltase x)olarimetrically and observed the formation of 
a-D-glucoso, of high rotatory power, and in similar exx^eriments on the hydrolysis 
of /S-methyl-D-glueose wdth emulsin showed the formation of /3-gluco8e. Behrend 
and Roth’ acetylated the a- and /3- forms of D-gluoose in pyridine and obtained 

X)enta-acetyI-a-gluco8e [a]^ 102'' (CHCI3) 
and penta-acetyl-/3-glucose [a]|3 + 4° (CHCI3). 

1 CoUev, Anti, Chim, Phyfi., 1870, f4] 21, 363. * Skraup, Monatsh., 1889, 10, 401. 
» Erwig and KocnigB, Ber., 1889, 22, 2207. ^ Fiacher, ihuL. 1893, 26, 2400. 
‘Tanrot, BuU, 80c, Chim., 1895, [3] 18, 728. 
•Armstrong. 1903, 88, 1305. 
^ Behr«nd and Roth, Ann,, 1904. 881, 359. 

50 
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All the above facts throw no light on the two fundamental questions of 
(a) the orientation of the groups attached at the new asyimnetric carbon atom 
(* in 79) and (6) the exact nature of the ring. 

It cannot be said that the evidence for the configuration of the ‘ 1 '-carbon 
atom and its group is very convincing. Bdeseken from observations on 
simpler polyhydroxy compoimds arrived at the conclusion that a cis- glycol 
structure as in (80) gave a stronger acid than tlie corresponding trans- structure 
when combined with boric acid. Experiment reveak‘d that a solution of 

1 
.C.OH 

1 

1 
H—G-OH 

j 
HO .( 

H.C.OH 
1 

H—{^OH ( 
1 

J H .( J.OH 0 

HO . C . H 

1 

HO.C . H 

1 

HO .( 

I 
|.;.H 

(79) (80) (81) 

a-D-glucoso /3-i>*gluco8e 

a-D-glucose in aqueous boric acid decreased in conductivity during uiutarotation 
and the formation of )9-D-glucose. On the other hand, during the niiitarotation 
of ^-n-glucose in aqueous solutions of boric a<ad tlie conductivity increased. 
This would indicate that (80) is a-D-glucose, and (81) /9-D-glucosc. Whilst no 
rigid chemical method has been devised to continn this conclusion, it has imt 
been shown to conflict with tlie general behaviour of a- and /3-d-glucose in other 
respects. 

Insofar as the nature of the ring is concerned, Fischer arbitrarily assigned 
the furanose structure to glucose, and it wns not imtil Hudson ® and liis co- 
wnrkers, over 20 years later, isolated four isomers of the penta-acetate of 
D-galactose, that attention became focin sed on the matter again. I’lie four 
penta-acetates of D-galactose are divisible into twn a-/3 pairs, and each pair 
differs in respect of the size of the ring, one pair containing a furanose and the 
other a pyranose structure :— 

a-D- 

n 
C. OAc 

1 
AcO . ( 

1 
[!. Ac 
j 

r 
H . C . OAc 

1 
AcO .C.H 

C. OAc J 
1 

H.( J.OAc 
1 

H.( U.OAc 
1 1 

H.C.OAc 

i.H 
1 

AcO.( Lh 
1 

AcO . ( !:. H ^ ^ AcO .C.H ? 
j 

-C.H ( 
1 
J .H 
1 

AcO . ( Lh AcO .C.H 
1 

COAc H.^ ̂ OAc H.( 

1 
( 

1 
H 1 

^HjOAc IHjOAc ^HjOAc 

X jL • V.y ' 

in,OAc 

Furanoee structure 
/J-D- 

l^ranoee structure 

although this was not proved for some time after the work referred to. In 
1927, Schlubach and Huntenberg® obtained tbe four corresponding penta- 
benzoyl-D-gluooses, but by this time tbe work of Purdie, Hawortb, Hirst and 
Irvine bad shown that metbylation was tbe key with wbicb tbe ring-structure 
of tbe sugars could be unlocked. 

^ Bdeeekeu, Ber,, 1913, 46, 2612. 
• Hu^ d al. J.A.C.8 1916, *7, 1688 j 1916, 88, 1223. 
■ Bchlubaeh and Huntenberg, Ber., 1927, 60, 1487. 
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Purdie and Irvine ^ were at work on this problem at the commencement of 
the century, long before Hudson had obtained his four penta-acetyl D-galactoses, 
and in 19011 had published results on the methylation of a*raethyl-D-glucose (82), 
which they achieved by the use of methyl iodide and silver oxide on alcoholic 
solutions of the glyc^oside. They found that a tetramethyl-a-methyl-D-glucoside 

(83) could be obtained. This was readily hydrolysed in dilute acid solution to 
tetramethyl glucose (84). The great value of this process lies in thefact that the 
four methyl groups in the final tetramethylglucose may reasonably be supposed 
to occup3" the positions of the free hydroxyl groups of glucose itself. Since 
the metliylated sugars are often crystalline substances which can be distilled 
in high vacuum without change, many operations and degradations can be 
carried out with them wdiich would be impossible w^ith the sugars themselves ; 
further, the degradations lead to simpler substances, the structure of which is 
knowTi, and which by the position of their methyl groups act as indicators to 
the posit ion of such groups in the parent sugars. Thus, the original tetramethyl- 
a-methyl-D-glucoside of Purdie distils unchanged in vacuOy and yields a beauti¬ 
fully crystalline tetramethyl D-glucose on hydrolysis. When Hirst ^ submitted 

this tetramoth}d-gIucose to oxidation with nitric acid, he foimd an inactive (in- 
temally compensated) trimethoxyglutaric acid (85), which indicates that the 
original tetramethylglucose must- still retain the H-h configuration on the 2, 
3 and 4 carbon atoms and points strongly to the pyranose ring (1, 5). The 
fact, also observed by Hirst, that dex^ro-dimethyltartaric acid (86) is also 
produced confirms this conclusion without adding fresh evidence. 

Fdbahosb Ring Structure 

If D-glucose is allowed to stand in a methanol solution of hydrogen chloride 
the methylglycoside of D-glucofuranose is formed ; it is difficult to obtain the 
compound in the solid state, but Fischer ® obtained considerable data on this 
furanose which he called a ‘‘ y-sugar (the previously isolated methyl-D- 
glycosides being from a- and jS-glucose). The arguments leading to the 

^ Purdie and Indue. 1903, 88» 1021. 
• Fischer, Her.. 1914. 47, 1982. 

* Hirst, ibidu 1926. 350. 
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recognition of the furanose structure are somewhat complex, and depend on a 
study of the acetone derivatives of D-glucose. All the formulae connected with 
the subject are sho\\Ti in Table II; they are depicted as though the furanose 
ring was flat—in the plane at right angles to the paper ; D-groups have the 
—OH below the ring ; in L-groups it lies above. 

When two molecules of acetone react with glucose in slightly acid solution 
diacetoneglucose (87) is formed. The mode of combination of the acetone with 
the sugar is by loss of two atoms of hydrogen, one from each of two hydroxyl 
groups (from glucose) and an atom of oxygen from acetone ; the substance 
obtained is, therefore*, a cyclic acetal. It is assumed, from evidence wliich will 
be adduced later that the pyranose form of D-glucose is converted by opening 
of the ring follow^ed by closure in the I, 4-posjtion (88). The action of acetone 
was tii’st thought to be located at pairs of adjacent —CHO.H grou})s, but 
although in actual fact the groups in diacetoneglucose are so situated, the 
implication that acetone is able to form cyclic acetals only with 1, 2- dihydrox}" 
bodies is WTong, as the w'ork of Hibbert on the cyclic acetals of glycerol show^s. 

When subjected to controlled hydrolysis, diacetoneglucose yields a mono- 
acetoneglucose (89), which does not react with plienylliydrazine or give an 
osazone. This show^s that the ‘ 2 ' carbon atom must be involved. On the 
other hand, when monoa(;etoneglucose is methylated if- yields a trimethyl- 
acetoneglucose (90) winch gives a trimethylglu(‘ose on removal of the acetone 
group. Diacetoneglucose on methvlation gives a monomethyl dervative 
(91) , wiiich on removal of the acetone gives a crystalline mononiethyliglii<*ose 
(92) ; this latter gives an osazone, from which fact it is deduced that the acetone 
residue in monoacetoneglucose (and, of course, one of the acetone residues in 
diacetoneglucose) is attached to the ‘ 1 ’ and ^ 2 ’ carbon atoms. 

The crystalline inonomethylglucose proved to be the 3-meth\i compound, 
as was shown by an exceedingly ingenious device of Freudenberg and Doser,^ 
w’ho formed the p-toluenesulphonic ester of diacetoneglucose and by hydrolysing 
this with hydrazine obtained 3-hydrazino diacetoneglucose (93), during the 
hydrolysis of which a p;vTazole derivative (94) was formed identified by the 
formation of pyrazole-3-carboxyhc (95) acid on oxidation. This pvTazole ring 
fonnation indicates that the ‘ free ’ hydroxyl in diacetoneglucose* is in the ‘ 3 ’ 
position. 

Confirmation w^as obtained by Levene and Meyer’s ^ conversion of mono- 
methylglucose to a crystalline monomethylglucoheptonie lactone (96) in which 
the free hydroxyl group is inferred to be in the L- position from an application 
of Hudson’s rule (see Vol. Ill, Chap. IV). In this way the structural arrange¬ 
ment of the first three carbon atoms is determined. Tlie configuration of the 
remainder was decided from consideration of the trimethyl-D-glucose obtained 
from the methylation of monoacetone-D-ghicose and removal of the acetone 
group. Full methylation with methyl sulphate and alkali ® gave a tetrarnethyl- 
a-methyl-D-glucoside (97) which readily hydrolysed by loss of a methyl group 
at the ‘ 1 ’ position to give a tetramethyl-D-glucose (98). I'hat this substance 
was the 2, 3, 5, 6-tetramethylglucose was established by Hawwth and his co- 
workers^ by oxidation to 2, 3, 5, 6-tetramethylgliiconic acid, the lactone of 
which (99) crystallises readily, and may be progressively degraded to give recog¬ 
nisable 4- and 5-carbon acids. The establishing of the structure of this com¬ 
pound as a 2, 3, 5, 6-tetramethyl derivative, taken together with previous 
evidence makes it obvious that the ring of glucose in its diacetone compound is 
in the 1, 4-po8ition. The sugar itself is usually referred to as D-glucofuranose. 

^ Freudenberg and Doser, Ber., 1923, 66, 1243. 
® Levene and Meyer, J. Biol. Ohem., 1922, 64, 80r». 
^ Micheel and Hees. Ann., 1926, 460, 21. 
* Anderson, Cliarlton and Haworth, 1929, 1329. 
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The evidence set out above shows that there are four varieties, at least, of 
D-glucose, namely :— 

a-D-glucopyranose 
^-D-glucop}T'ano8e 
a-D -glucofuranose 
^-D-glucofuranose 

there will also be a similar set of four L-glucoses. 
In general the furanose sugars are very labile, and when prepared in solution 

readily revert to the more usual pyranose form. There is, however, reason to 
believe that the ring-forming capabilities of the ‘ simple * aldoses are by no 
means exhausted by the develoj)ment of ppanose and furanose structures ; 
Micheel and his school,^ obtained yet another pair of acetyl derivatives of 
D-galactose, in which methylation studies indicate the presence of a 1, 6- ring. 
They protected the aldehyde group of D-galactose by allowing it to combine 
with ethyl mercaptan, and the —CHgOH group by etherilying it with triphenyl 
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( ifisjOCPha (JHjOH 
I 
(JH, ( - 

(100) (101) a- 
p<Hita-acotyl-i>-galact<>hoptauo8<i 

(102) 

carbinol producing the substance (100) which was acet-ylated ; the tetra-acetyl 
derivative can be so treated as to remove the morcaptal- and trityl-groups 
without disturbing the acetylation, thus freeing the terminal —CHO and 
—CHgOH groups and producing 2, 3, 4, 5-tetra-acetyl-D-galacto8e (101) which, 
on further acetylation, gives the two compounds, a- and ^-penta-acetyl-galacto- 
heptanose (102). 
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iMioheol et al,, Ann., 1933, 502, 86 ; 1933, 507, 133 ; Ber., 1933 60, 1967 ; 1934, 67, 
1665, 
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So much has been said in previous pages about the ring forms of glucose 
that the aldeh^^de nature of its open-chain form is apt to have been almost 
forgotten ; the acyclic form is, however, a very real entity, and maiiy char¬ 
acteristic ‘ sugar ' reactions are concerned with the —CHO group of ac^yclic 

TABLE III. 

f/-(jALACTOSE PeNTA-ACETATES. 

pi nf.a-acetyl d<Tivativc from RlnR M.P. tojgoo (CHO,) 

a -1> - (jT a 1 ac to f ii rai K)so 5 87" 1 61" 

/S-n-Galactofuranoso 5 98" -- 42" 

a'i>-Galact(>p3TanoHe 6 96" -f 107" 
^•D-Oalacto])yrano80 (> 142" -h 29° 

a'i)-(ialact.oboj)t(iiiORo 7 128 -- 11" 

JalactoboptanoHO 7 112 - 109" 

Aldohydo-D-^alactoHO 

1 

nil 121" --- 25" 

D-glucose. The isolation by Wolfrom ^ of a crystalline acyclic penta-acetyl- 
D-glucose in which the aldehyde function was preserved intact, not only added 
another to the lengthening list of penta-acetyl derivatives, but also gave a 
further proof of the validity of the structures proposed for the previously dis¬ 
covered types. Wolfrom allowed glucose to react with ethyl mercaptan, giving 
the mercaptal (104) which can be acetylated to a penta-acetyl derivative (105) 
whicli, in turn, gives the aldehydo-penta-acetate (106). 
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i I I 
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H.C- H.C.OBz H.COBz 
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O.c- 
Mef/ I 

\O.C.H 

1 
H.C.O. o 

j yCMe.> 
H.C.O/ 

I 
CHg- 

(114) 
The removal of the = (SEt)2 groups is effected by allowing a dilute acetone 

solution of the mercaptal to react with aqueous mercuric chloride in the presence 
of cadmium carbonate. Such open-chain or ‘ aldehydo ’ sugars have been 
prepared from several aldohexoses, including d-galactose of which seven penta- 
acetyl derivatives are known ; their properties are summarised in Table III. 

1 Wolfrom. J,A,CJS., 1929, 61, 2188. 
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The various forms which have been described for glucose and galactose are 
paralleled by similar ring structures in the case of many other aldohexoses, but 
in the case of the sugars talose, idose, altrose, etc., H(^arcity of experimenta] 
material has previmted the full investigation of ring structure. Lit tie is known 
of the ring structures of aidopeiitoses, although Swan and Evans ^ have isolated 
an a-methyl-D-trimethylarabinoside. 

With k(‘tose sugars, such as fructoses, ring formation exists, but is less 
completely investigated than with the aldos(\s. Extensive work t)y BrigI and 
Sehinlo^ has shown that \vlien D-fructose is benzoylated, three* pnxlucts arc 
formed, tw^o tetrabenzoyl derivatives and a pentabenzoyl compound. The 
latter still preserves its keto- grouj) intact and must , therefoic, he the acyclic 
substance (112) derived from keto-fnictose (108). 

Space does not jxwmit a full account of the arguments w hich led Brigl and 
Schinle to pro|X)se that the tetrabenzoyl derivatives are derived from the 
D-fructofurano.se and D-fructop^nanose structurt's rospetf ively (107) and (109). 
There are also twn isomeric di-acetone fructoses wliicli are both formed from 
D-friictose, and may bo s(*parated by fractional crystallisation ; methylation 
studies indicate that they are the 1, 2,4, r)-com|)oimd (110) and the 2, 3, 4, 5- 
compoiind (114) respectively; but this suggestioji lacks rigid confirmation. 

Some ('hemical Keaction.s Among the Simple St gars 

In the foregoing discussion of the structun* of simple sugars, as little as 
possible has been said about the means of achi(*ving chemical transformations 
in order not to distract the reader’s attention from constitutional problems. 
It is proposed now to deal with the various reactions that the simple aldoses 
and ketoses can undergo. 

In the first place, they will undergo almost all the reactions which are 
commonly associated with the aldehydes or ketones. I'hus, sernie.arbazones 
and compounds with phenylhydrazine can be obtaijuMi; indeed, it w^is in con¬ 
nection with the elucidation of sugar structures that Emil Fischer developed 
the chemistry of aiyi hydrazines. When a simple aldose or k(‘tose (D-glucose 
or D-fructose, in the example below ) reacis with phenjihydrazine, a plienyl- 
hydrazone (1156) and (115r), is first fonned. A second molecule then oxidises an 
adjacent —CHOH or —CHoOH group to —CO or —CHO with wiiich a third 
molecule of phenylhydrazine combines yielding an ' osazone ’ or ‘ 6L9-phenyl- 
hydrazone ’; D-glucose and D-fru(*tose both give the same product, wTitton 
(ll5d) for many years, Vmt which w'as shown by the Percivals^ in 1935 to have 
thefructop3nranose structure (1156). These investigators methylated glucosazone, 
obtaining a trimethyl derivative which on removal of the h^ydrazine groups and 
reduction of the aldehyde group yielded 3, 4, 5-trimothylfructo8e (115/). 

By removing the tw'o phenylhydrazine residues from glucosazone, a keto- 
aldose is obtained. Fischer called such a sugar an ‘ osone and in the case 
cited it would be ‘ D-gluc osone The nominal straight-chain formula (I15jr) is 
often used for D-glucosone, but it is very probable that the pyranose fonn 
(115/i) is more common ; this point has not, however, been finally settled. The 
osone when reduced gives D-fructose, so that the procedure constitutes a method 
of passing from an aldose to a ketose sugar. 

In general, the osazones form a useful and convenient group of substances 
for isolating and characterising sugars. As a nile, they are crystalline, and 

* 8wan and Evanat. J.AXJ.S.^ 1935, 67, 200. 
* Brigl and SchinJo, Ber„ 1933, 60, 325 ; 1934, 67, 127. 
* E. E. Percival and E. G. V. Percival, J,G,S,, 1936, 1398. 
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much less soluble than the sugars from which they are derived. The character¬ 
istic crystalline form of an osazone under the microscope often enables small 
amounts oF sugars to be recognised. An extension of the method is tlie use of 
1-methyl-1-phenylhydrazine for the differentiation of aldoses and ketoses. 
Owing to steric factors, methylphenylhydrazine only gives the colourless 
hydrazone with an aldose ; with a ketose, the yellow osazone is formed. 
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I 
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I 
H C OH 

I 
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CO 
I 

C H 
I 

C OH 

C OH 
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(115a) 

'rh(5 reducing properties of simple sugars are well developed, and the use of 
Fehling’s and Benedict’s solution for the estimation of glucose or invert sugar 
depends on the power which glucose possesses (in common with many simple 
aldoses and ketoses) of reducing quantitatively, alkaline copper salts with the 
separation of cuprous oxide. The reducing power of glucose is made use of in 
silvering mirrors where the metallic silver obtained by reducing ammoniacal 
solutions of silver salts is deposited on the glass in the form of a highly reflecting 
film ; another use of glucose reduction on an industrial scale is the boiling of 
indigo with glucose and alkali to form the soluble indigo-w'hite which forms the 
basis of the ‘ vat 

The Sugar-alcohols 

When simple sugars are themselves reduced, a group of polyhydric alcohols 
results; many references have been made in previous pages to members of 
this group, and it is proposed to deal more fully with the family at this point. 

Every monosaccharide sugar, when reduced, yields a polyhydric alcohol, 
and it was through these alcohols that much was learnt of the sugar structures, 
more especially since most of the alcohols are also to be obtained in alternative 
ways, and since some of them occur naturally. In Table IV are shown the 
principal members of the polyhydric sugar families and their physical properties ; 
more details of their chemistry are given below. 
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The Erythbitols 

First prepared by Stenhouse ^ in 1848, from the orchella lichens, and the 
formula elucidated by Strecker,^ t-orythritol, is the most commoji of this family. 

CHjOH CH/)H CH,OH OH ,011 CHjOH 
1 

H . (V 011 HO . A . H __ H . (O OH ■F 

H . OH -f- 

1 

H . C.OH + HO . 0 . H — 

OHjOH 
I 'Er^'thritol 

(116) 

CHjOH 

1 

OH,OH 
D-Er^'thritol * 

CHjOH 

(117) 

(,'HjOH 
L-Erythritol * 

CHjOH 

It uill be observed that er^^thritol lias two asymmetric (‘arbon atoms, and 
should, like tartaric acid which has a similar type of asymmetry, exist in one 
inactive and two active forms. These are dejiicted in the 1‘onnuUe (116) and 

TABLE IV 

No. of 
(' 

atoms 
Jsumi' 

! 
j Orourrence Coufluuration of 

fort; M.r. lalD 

4 i-Er>dhritol 
I 

Lic’hens, alga^ 
, 

il.4> 1 tini 1 ivo 
(b. 329 ) 

4 o-Erytiiritol Synthesis • 89 ’ ■ 4*4 (whUm') 
4 L-Er^'thritol Synthesis 89 {dl, 72' ) 
5 n-Arabitol Lichens -r - • - 103 V'rry small 
5 i.-Arabitol Synthesis ■} ■ f 103 
5 Adonitol Adonis vernal is 4 . '1- 102 Inactive 
5 Xylitol Synt.hesis -t - 5- Inactive 
5 Pontaerythritol CtCHjOH)^ — 200 ' inactive 
6 L-Methy Ipontif ol- Sjutln^sis .< ,, 

(rliamnitol) 
6 Dulcitol Madagascar 4-4 188 Inactive 

manna 
6 1 D-Mannitol Manna, normal f- 4- - - 0-25"'(water) 

urine 
6 L-Mannitol — — 4 

6 D-Sorbitol Mount^iin ash 1 f 4- - 4 111" - 1*73" (wRU>r) 
berries 

6 L-Sorbitol — — 1 
6 I)-Idiiol Mountfiin ash : 4 — ! 73" i 3*5" (water) 

lierriea 
6 L-lditol - 4' - P i 
6 D-Talitol \ Redn. of f- -- 

L-Talitol J talose : -r 4 
7 Porsitol Lanrus per sea r 4 ■“ • - Dextro rotatory 

in borax so In, 
7 V^olcinitol rrimiilas and > 155'’ P 2*05" 

moulds 

(117). They are all known, and have been synthesised. When butadiene (118) 
is allowed to react with a molecule of bromine some 1,4- addition takes place, 
and 1,4-dibrombutene-2 (119) is formed. This, on treatment with silver acetate 

^ StenhouBO, FhiL Trans., 1848, 76 ; 1849, 399. 
• Strecker, Ann. Chim. Fhys., 1852, [3] 35, 138. 
♦ See p. 795 for anomalous nomenclature of d- and L-erythritols. 
t An additional hexitol from allose, CH,OH -f f- 4* CHjOH is possible, but is 

virtually unknown. 
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yields the diacetylbuten-2-diol-l, 4 (120) which, in turn, is capable of adding a 
further molecule of bromine, giving the 2,3-dibromo compound (121). A second 
treatment with silver acetate converts the bromo- compound to the tetra¬ 
acetate of *-ei*ythritol (122), from which the L-ery thritol (123) itself can be obtained 
by hydrolysis. If, however, 1,4-dibromobutene-2 is oxidised with permanganate 
it yields a glycol (124). This on digestion with potassium hydroxide is con¬ 
verted to the compound 1, 2 ; 3, 4-di-epoxybutane (125) which is hydrolysed by 
dilute sulphuric acid t o a racemic mixture of D- and L-eiy thritol (126). To avoid 
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('H^Hr 
1 
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the dilHcult separation of this racemic mixture into D- andL- components, they 
(‘an be [)rcparcd by alternative methods ; D-eiythritol may be obtained from 
the internally ( ompensated i-erythritol (127) by the action of t he sorbose bacteria 
which oxidises it to an active erythrulose (128) (presumably destroying its 
antimer). When the erythrulose is reduced by sodium amalgam D-erythritol 
is obtained (129). 

CH^OH OH2OH CH2OH GHO CH2OH 

H . i.OH H.i.OH H.A.OH HO.A.H HO.A.H 
I —. I 1 I I 

H . 0 . OH CO HO . C . H H . C . OH H . C . OH 

Ah^oh AhsOH AhjOH Ahj.oh AhjOH 
(127) (128) (129) (130) (131) 

L-Erythritol is obtained by the reduction of D-threose (130-131). It will have been 
observed that the d- and L- nomenclature of the erythritols is anomalous, and 
has not followed the rule that D- compounds must have the H— C— OH con¬ 
figuration on t;he penultimate carbon ; to remedy this it has been suggested 
that L-erythritol should be called D-threitol, and D-erythritol, L-throitol. The 
suggestion is a good one, and might with advantage be adopted. 

Of the pentitols, adonitol is most commonly met with, being the naturally 
occuiTing alcohol of Adonis venialis. It can be obtained by the reduction of 
D- or L-ribose, just as the arabitols and xylitol are formed from arabinose and 
xylose by reduction ; they present no unusual features. Two unusual members 
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of this series are rhamnitol (132) from the reduction of rhamnose and pentaery- 
thritol (133) a symmetrical tetrahydroxy?i6opentane. The latter is a synthetic 
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I 
CH3 

(132) 
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HOCH3. (J . CH2OH 

(^HjOH 

(133) 

CH.ONOj 

NOijOCH^ . i;. CHaONOa 

(^JHaONO, 
(134) 

substance obtained by the reaction of a molecule of acetaldehyde with four of 
formaldehyde in the presence of lime :— 

H. CHO Cil.OH CH^OH 
-i- i ‘ I 

HOC . CH3 ^ HCHO HOC^. C ~im.OH H(KT1.. t:. CHaOH 
4- -> j “ -^ “ I 

. HCHO CH.OH VUJ>H 
f HgO 

It is a cr^’stalline substance, the tetraiiitrate of which (134) is produced in large 
quantities as an industrial explosive. 

Hexitols 

Proust ^ discovered nmimite in 1806 in the so-called ‘ manna ’ which is the 
solidified sap of varieties of ash (Fraxiiim omus and F rax inns roiundijolia), 
lound in S. Europe, especially Calabria and Sicily. (I'he manna of the Israelites 
in the wilderness was an exudation of a similar cliaracter from Tainarix rnannifera 
but contains no mannite). It can be obtained readily by the reduction of 
D-inannose or D-fructose, the latter of which is easily obtainable industrially. 
D-Maimite is found in most fungi, in normal urine and a vast variety of vegetable 
organisms. When Madagascar manna is extracted with water it gives a gf>od 
yield of D-dulcitol, a fact noted by Hiinefeld in 1836,^ whilst Laurent ^ in 1851, 
recognised that the new substance w'^as an isomer of mannitol, d-Sorbitol and 
d-iditol are found in the berries of moimtain ash, but sorbitol is produced in 
large quantities on an industrial scale by the electrolytic reduction of glucose, 
and may now be bought by the ton, either as the pure substance or as a thick 
syrupy aqueous solution. The latter has many of the properties of glycerol, 
and has been used to replace it in pharmaceutical preparations, and other cases 
where the physical nature of the sorbitol or glycerol is more important than its 
chemical structure. The term ‘ humectant ’ is used to signify a substance of 
this type. 

These hexitols are of value to the bacteriologist, since their fermentation 
(or otherwise) by various species of typhoid and dysentery organisms is used as 
a means of identification of the species. 

The chemistry of the hexitols does not call for a detailed survey ; in general 
the six hydroxyl groups can be esterified to give hexa- derivatives, such as the 
hexa-acetate and hexanitrate. Vigorous reduction by hydriodic acid gives 

^ Proust, Ann, Chim., 1806, 67,143. »HOni^feld, J. Fr, Chem,, 1836, 7, 233. 
* Laurent and Gerhardt, C.R., 1851, 82, 29. 
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iodohexane, and mild oxidation leads to the hexose sugars. Brigl ^ has 
studied the oxide rings which can be induced in mannitol; these include a 

PhCO O CH^CH-O 

(13^) o-CH CH gOPOPh 

dz-furanose structure from I, 6-dibenzoyl-D-mannitol, which is quite stable, and 
is probably best represented by the cis stnu'ture (136) ; it will be noted that the 
epoxy- groups are in the 2, 4 and 3, 5 positions. 

The Desoxy Sugars 

The reduction of ordinary aldohexoses to their corresponding sugar-alcohols 
does not exhaust the possibilities of reduction, although in some cases a roimd- 
about method must be used to obtain desoxy- sugars. The term ‘ desoxy ’ is 
usually restricted to those compounds in which a single group has been deprived 
of its oxygen atom as in 2-de80xygluco8e (140), which may be obtained from 
triacetyl-2-(*hIoroglucose (137) on treatment with an aqueous suspension of lead 
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hydroxide, giving the triacetyldcsoxygluconic acid (138) which can be reduced 
to triaoctyl-2-de80xyglucose (139) and finally hydrolyaod to 2-de80xyglucose. 
Mention has already been made of some desoxy-sugars (p. 789); a fuller des¬ 
cription of them is given below. 

H . C.OH 
[ 

CHO 
1 

CHO 
1 

CHO 
j 

OHj 
1 

1 
CH, 

1 
(3H, H . C . OH 

H . (t. OH ( 
1 

) ,-==i H .(^.OH 
1 

1 

H . C.OH 

1 

H . C!. OH 
1 

H . (t. OH 
j 

H. C.OH 
1 

1 

H . C . OH H . C . OH 

CH,- CHjOH H . C.OH 

1 

CH, 
(141) L CH, 

(142) (143) 

‘ Brigl and Griiner, Ber., 1933, 66B. 1946, 



798 ADVANCED OKGANIO OHBMISTKY 

The simplest 2-desoxy- sugar of importance is 2-de80xy-D-ribose (141) ; 
inspection of the formula will show that since the 2-carbon atom has lost its 
asymmetry this sugar could equally well have been named 2-desoxy-D-arabinose. 
The interest of this sugar lies in its isolation ^ from the nucleic acid of the 
thymus gland. Other desoxy- sugars owe their interest to their occurrence*in 
natural substances, digitoxose (142), for example, being discovered in digitoxin 
by Kiliani ^ nearly half a century ago. He established tlie empirical formula 
of digitoxose as C(5Hj204, and observed that although it was a sugar, it was not 
a ‘ carbohydrate ’ in the strict sense of the term, being deficient in two atoms 
of oxygen. Since it gave a phenylhydrazone and no osazone Ealiani formed 
the opinion that the second carbon atom was reduced, and since acetic^ acid is 
formed during its oxidation ^ a methyl gt'oup must exist in the structure, which 
can only be at the * 6 ’ carbon. This established digitoxose as a 2, O-desoxy- 

sugar. 
The final elucidation of the structure of digitoxose depends on two main 

points :— 

(1) The isolation of 1, 2-dihydroxyglutaric acid (144) and mesotartaric acids 
(145) on oxidation of digitoxose with nitric acid which proves that the ‘ 11 ’ and 
‘4 carbon atoms of the sugar are and 

COOH OHO (!HO 

C’Ha 000H H . ('. OH HO . (L H 

H . C . OH 

1 
H . 0 . OH H . (' , OH H . b . OH 

1 1 
H . 0.OH 

1 

1 
H . 0 . OH H . (' . OH 

1 
H . 0 , OH 

COOH 

j 

COOH 
1 
OH, Ofl, 

(144) (145) (14fi) (147) 

(2) the conversion * of digitoxose through an intermediate stage to the 
methyl tetrose (146) which, although not identical with D-arabomethylose (147), 
has the same osazone. The stmcture of the methyltetrose from digitoxose 
must, therefore, be (146), in which the three active groups are all m-, or D- groups. 
This confirms the stmcture (142) for digitoxose. C^marose is a raonomethylether 
of digitoxose, giving that sugar on demethylation. The position of the methoxy 
group on carbon atom ‘ 3 ’ was elucidated by Elderfield in 1935.® 

The Oxidation of Sugaks 

Direct oxidation of sugars usually afiFects the terminal groups ; the following 
types of compound are all potentially capable of being formed ; the original 
aldose (148) is frequently oxidised to the glycuronio acid (161) ; to the glyconic 
acid (160) or the dicarboxylic acid (152); the dialdehyde form (149) is seldom 

encountered. 
If the oxidation takes place in a ketose, or if an indirect method is used 

for oxidation, groups other than the terminal ones may be affected. The 

^ Ii0vene and X/Oudon, i/. JBiol, Chctn,, 1928, Sip 711 ; 1929, 793. 
* Kiliani, Arch, Pharm,, 1895, 288, 319 ; 1890. 284, 486. 
»Kiliani, Ber., 1899, 82, 2190 ; see also ibid., 1906, 88, 4040. 
♦Cloetta, Arch, expU, Path, u, Pharm,, 1920, 88, 113. Micheel, Ber., 1930, 68, 847. 
» Bldeifield, J, Biol. Chem., 1935, lU, 627. 
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osones or 2-koto- sugars (153) are oxainples ; Kiliani investigated a 5-keto- 
sugar (154) and its ketogluconic acid (156). 

CHO (^HO CHO 
1 1 1 

COOH COOH 
1 

i. 1 
1 

1 
1 1 1 

T 
_L 

1 
I 
j j- 1 

'1 

T 
1 1 

1 T 
1 
f 

1 
rr 

1 1 
-j 

1 
1 

1 
1 

CHjOH 
1 
CHO COOH CH,OH COOH 

(M8) (149) (150) (151) (152) 

Strictly speaking, ascorbic acid is an ' oxidised ^ sugar, but consideration of 
its structure is deferred to Chapter XI. Some interest centres roimd the two 

(^HO 
I 

CO 

CHO COOH 

I I T C<.) CO 
I i I 
CH.OH CHjOH CH,OH 

(loa) (154) (155) 

substances reductoiie (150) and reductic acid (157), both of wliich have a strong 
(du^imeal likeness to ascorbic acid, and may be intermediates in sugar meta¬ 
bolism. 

CHg 
/\ 

CHg C.OH 
I II 
CO—C . OH 

(157) 

The glycurmic acids are of paramount importance in biological studies ; they 
occur as polymerides in algins and pectins ; as conjugated compounds in the 
glucoproteins and in urine. They are part of the detoxication mochanism of 
animals and slowly excreted substances are, where possible, removed from the 
animal system by combination with a glycuronic acid giving a compoimd 
whicli as a rule is excreted readily. This was detected by Schmiedeberg,^ over 
sixty years ago, who, on feeding camphor to dogs, recovered a bornyl glycuronate. 
There are several common glycuronic acids, D-glucuronio acid, D-galacturonic 
acid and D-mannuronic acid, whilst others such as D-alluronic acid are known. 

D-Glucuronic acid (158) is a substance utilised by the body in detoxication ; 
the substance to be detoxicated fonns a compound analogous to a glycoside, 
in this case, a glycuronide. Levene has shown that D-glucuronic acid is a 
constituent unit of the mucoproteins, and it is probable that the free acid 
required in detoxication processes in vivo, is obtained by the breakdown of 

muein. 
D-Glucuronic acid itself is an intractable syrup, but its lactone (159) is readily 

crystRllisable and has been synthesised by several methods, e.g., Zervas and 

^ Schiniedeberg and Meyer, Z. Physiol. Ohem.» 1879, 8, 422. 

CHO 

i . OH 

II 
CHOH 

(15«) 
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Sessler * obtained the essential intermediate 1,2-aeetone-3,5-benzylidene 
D-glucofuranose (160); this contains a free hydroxyl on the terminal carbon atom 
and may be oxidised to the corresponding acid from which the benzylidene group 

H-COH-n 

H C OH 
I 

HO C H 
I 

H C OH 
I 

H C- 

O 

COOH 
(158) 

H COH 
I 

H C OH 

-i 
I 

H C OH 

H C 0\ 
1 /CMe, 

H CO 
O 

0 
H C— 

I 
—CO 

(159) 

I 
HO C H 

HCl I 
H C 

H C OH 
I 
COOH 

O 

I- 
H CO 

I 
II CO"^ 

0 c 
oxliin. 

PtUH, H C 

H CO 

cupll 
(160) 

can be removed by catalytic reduction with palladium and hydrogen leaving 
a 1, 2-acetone derivative of D-glucuronic acid with a furanose ring. Hydrolysis 
with dilute hydrochloric acid converts the acetone derivative to n-glucuronic 
alctone (159). 

Gums and the mucilages of plants are mainly polysaccJiarides of D-ghicuronie 
and d-galacturonic acids. The latter forms a particularly high percentage of 
purified citrus pectin from which it is easily prepared.^ D-Galacturonic a(?id 
is much easier to handle than is D-glucuronic acid, being n^adily ciystallisable. 
It was easily synthesised from 1, 2, 3, 4-diacetone galactopyranose (161) whicli 
has the necessary free tenninal group. Oxidation to the corresponding diace- 
tone-acid (162) and hydrolysis yield the crystalline galacturonic acid (163). As 
with the simple sugars, two methylgalacturonides exist, and there is some 
evidence for a pyranose-, rather than a furanose-ring. D-Mannuroni(r acid is 
obtained by the hydrolysis of the algins ^ of seaweed ; its lactone has been 
obtained by reduction of D-mannosaccharic lactone.* 

H . C , 0 
\cMe. 

Me, 

H . C . 0/ 
1 

O . C . H 

H 
I 

H 

yO.C. 
I 

\o.c. 

i 

(161) 
H*OH 

1 
H . C . 0. H.( 

—- 

^.OH 
1 >CMe, 

K.c.(y H.( J. OH 

0 ^ J. „ ( , „ () 1 ,0.6 . H 1 HO .( : .H 

ffil ta
 R

 

\0 . (J . H 
1 

HO .( Lh 
1 

H.l^- H .( 1 .---- 

i OOH 
(162) 

OOH 
(163) 

The Olyconic Acids.—Only two of the glyconic acids—D-galactonic and 
D-talonic acids are easily obtainable in crystalline form, the others usually 
being met with as syrups. They form crystalline lactones, which are presum¬ 
ably analogous to the glycuronic lactones. Glyconic acids are important in 
sugar chemistry, since they are intermediates in the passage from pentose to 

^ Zervas and Sessler, Ber,, 1933, 1326. 
* Link, J. Bud. Chem.. 1933,100, 386. 
* Nelson and Cretoher, J.A.C.8., 1930, 52, 2130. 
* Niemann and Link, J. Biol. Chem., 1933, 100, 407, 
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hexo8e sugars ; tlius if an aldose (104) is allowed to react with hydrogen cyajiide 
t he nitrile of the glyc^onie a(ad is Ibrmed (165) and the acid itself may be formed 

mo 
I 

(CHOH), 

I 
c:h.X)H 

(iw) 

U(’N 

ON COOH 
j 1 

{'hoh CHOH 

((’HOH).; (inOH). 

('H./H1 

1 

CjH„OH 
(itis) (10(i) 

CHO 
I 
CHOH 

I 
(CHOH), 

1 
CHjOH 

(107) 

by hydrolysis (10(5); jexluctioii ol the lactone to the aldohexose(167) follows. This 
procedure, whicli often go(!S by the name of ‘ Kiliani’s reaction lias been used 
to build up aldoses with up to nine and ten atoms. The rever.se process can be 
carried out by heating the oxime of an aldose (<‘.g., that of D-glucose (168)) with 

Clio 

I 
11 .C . OH 

I 
110 . C . H 

H . (J. OH 

I 
H . C . OH 

(’H2OH 
(IBS) 

.NHjOll 

('H==x\ . OH 

H . (';. OH 
I 

HO . (';. H 
I 

► H.(;.OH 

1 
H . C . OH 

t'HjOH 

AijO 

(1«9) 

CN 

I 
H . C . OAe 

I 
.4cO . C . H 

I 
* H . C . OAe 

1 
H . C . OAe 

I 
CHjOAc 

(170) 

CHO 

I 
HO.C.H 

H . i . OH 

H . i . OH 
i 
CHjOH 

(171) 

acetic acid when the acetyl dei'ivative of D-glueonic nitrile is formed (16t)-]70). 
Ammoniacal silver nitrate converts this to the aldose (171), hydrolysing the acetyl 
groups and removing the elements of HCN. In this way D-arabinose is obtained 
irotu D-glucose. 'I’he gh'conic acids also play an intermediate part in Huff’s de¬ 
gradation, wherein the aldohexose is converted to the glyconie acid, the calcium 
salt of which is oxidised by hydrogen peroxide in the presence of a trace of 
feiTic iron to the next lower aldose ;— 

CHO 

1 
CHOH 

J^hoh 

etc. 

COOH 

i 
<^HOH 

-f CO, -f- HjO 

CHO 

/jHOH CHOH 
I H,0, , 

etc. etc. 

Of the glyconie acids, D-ghiconic acid is best known, as it is prepared in 
industrial quantities by the oxidation of aerated solutions of glucose by a 
micro-organistn,^ B. gluconicum. The fermentation can be carried out in the 
presence of chalk and the D-gluconic acid isolated as the calcium salt. Calcium 
gluconate solution is used as an injectable calcium preparation in medicine and 
the borogluconate is widely used in veterinary medicine. The glyconie acids 
from other sugars are known, but offer no outstanding features of interest, 
excepting their epimerisation which is a valuable weapon in probing sugar 
structures. If a glyconie acid (e.g., D-gluconic acid) is heated in quinoline 
solution there separates on cooling a mixture of the original D-gluconic acid 

' Hormaiiii and NeiiBchuI, Biochem* Z,, 287, 400. 

SI 
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(172) and D-mannonic acid (173), epimerisation having taken place at the ‘ 2 ’ 
carbon atom. The effect of thia is that any sugar can bo converted to its 

epimer via the glyconic acid, e.g., D-galactoso (174) can be converted to D-talose 

(177) via the glyconic acids, D-galactonic acid and D-talonic acid (176) and (176). 

COOH COOH 
I i 

H.C.OH HO.C.H 
I 1 

HO.C.H HO.C. H 
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HO.C.H 
I 

H . C. OH 
I 
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H.C.OH 

HO.C.H 
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I 

H.C.OH 

CH,OH 
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COOH 
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HO. (Ml 
I 

HO . C . H 

HO . . H 
I 

U.t\OH 

(^’H,OH 
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CHO 
I 

HO. C . H 

HO. i. H 

HO . i. H 

H . . OH 
I 
CHjOH 

(177) 

The Saccharic Acids.—Scheele coined the name ‘ sac'charic acid ’ to describe 
the acid obtained by oxidising cane sugar with nitri(‘ acid ; his new acid con¬ 
sisted of a mixture, largely oxalic acid but with a second acid which Hess ^ 
correctly characterised in 1837, and to Avhich he gave the original name. In 
the same way Scheele obtained mucic acid from lactose by nitric oxidation. 
Later investigators showed that all aldohexoses yield a dicarboxyli<^ acid on 
oxidation, the optical activity or internal (compensation of which throws con¬ 
siderable light on the structure of the hexoses themselvccs. The various acids 
and the sugars from which they are obtained are set out in liable V. It w'ill 
be noted that there are ten saccharic ac'ids, two of which are inactive and the 
remainder divided into four pairs of d- and L-eiiantiornorphs. 

TABLE V 

t 
1 Sugars Dicarboxyllc acids 

1 
j CootlguratioD erop4‘rtlw 

D-Allose "I 
L-Allose J 

Allomucic acid ■f -f- ■■f 
■{ 

m. 19ir" 
Inactive 

u-Altrose 
D-Talosa / 

D-Talomucic acid 4. -f- —- m, 158® 

L-Altrose 1 
I/-Talo80 ) 

L'Talomucic acid 1- III. 158® 

D-Gluco8e\ 
L-Gulose / 

p-Saccliaric acid ■T 4- — 
m. 125-126® 
Lactone, m. 130-132® 

li-Glucose 
n-Guloae / 

L-Saccharic acid ■— — — in. 125" 

D-Maniiose 
x,.-Manii08e 

D-Mannosaccharic acid 
i.-Manno8a4^charic acid 

f -t- 
4 

Lactone, in. 180-190® 

i>*Galactoftel 
L-Oalacto86 j ' 

Mucic acid ■f — m. 215® 
Inactive 

D-IdO60 . 
l.-Ido8e . 

D-ldcxsaccharic acid 
L-Idosaccharic acid — 4‘ 

4 
4 

— 

These correspond exactly with the ten hexitols (p. 794), 

Atm. Pha/rm., 1S87, 26» 1. 
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Saxxharinic Acids.—It will have been noted that all discussions of epimerisa- 
tion and the like have centred round the glyconic and saccharic acids. This is 
not because the sugars themselves do not undergo changes when submitted to 
similar reagents, but because such changes are so deep-seated and far-reaching 
that little can be gathered from their study unless the constitution of the sugar 
itself is already completely known. Thus, when alkalies are allowed to react 
upon d-glucose, disaccharides make their appearance in solution, together with 
a group of acids called saccharinic acids. The main types of saccharinic acids 

COOH . COOH 
I I 

OH, . C . OH HO . C . CHjOH 
1 1 
CHOH CHj 

inOH CHOH 

I I 
CHjOH {;HjOH 

S-Asymmotric atoms 2-A8yinniotric atoms 
8 Forms 4 Forms 

Sacchakinic wo-Saochabinic 

(178) (179) 

COOH 
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CH, 

CHOH 

^HOH 
I 
CH.OH 
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8 Fonns 

WCto-SACCHAHINIC 

(IBO) 

(;ooH 

I 
HO.C.CH,.CHaOH 

CHOH 
I 
CHjOH 

2-Asymmetric atoms 
4 Forms 

para-SAOCHABiNlc 

(181) 

are set out in formulae (178) to (181), but the mechanism of their formation is not 
properly imd(‘r8tood. Various explanations given by Nef,^ and by Benoy and 
Evans depend on the formation of an aa-diketone, followed by a benzilic acid 
rearrangement, as shown in formulae (182) to (185). 
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1 
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—^ H0.(!;.C00H 

1 1 

CH^ 
1 

CH* 
1 

(to 
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(184) 

1 
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WetO-SAOOHAWNlC SAccHAanac 

It will be observed that the mechanism suggested for the formation of these 
four acids is a regular benzilic acid transformation from aa-diketo sugars all 
containing the —CO. CO . CH2— chain; the first group (182-183) of carbon atoms 
at ‘ 2 * 3 * and ‘ 4 *; the second group (184-185) at ‘ 1 ‘ 2 ’ and ‘ 3 Benoy 

»Nef., Ann., 1914, 408, 206. 
» Benoy and Evans. 1926. 48, 2676. 
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and Evans postulate the formation of the intennediate substances through an 
enediol form which is shown in the formulfc belo’w :— 
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The formuhe of the various saecharinic^ acids whidi can b(^ developc^d from 
the four varieties just described (182 to 185) indicate the polential existence 
of twenty-four isomers ; very few of these are known. 

Many other oxidation products of simple sugars can be oblained and in 
the processes described above for obtaining glyconic, BaccJiaric and saeeliarinic 
acids it must not be thought that the substances referred to are tlie sole products ; 

CHoOH CHoOH 
I “ 1 ‘ 
ro cooH (i«7) 

I NaOBr 
HO.C.H -> COOH 

H.i.OH H.C.OH 
! I 

H . C . OH H . C . OH (l«N) 
I 1 

CHjOH CHjOH 

(186) 

CHOH COOH 

H.V.OH 

i 
HO . C . H 

i 
H.i.OH 0 

I 

('HjOH 

I 
H . c;. OH 

HO.d'.H 
1 

H . i . OH 

io 

('^HjOH 
(100) 

they are often accompanied by numerous other products, the genesis of which is 
difficult to elucidate. This is due, in large measure, to the labile nature of the 
aldose structure; even cold saturated lime water will induce deep-seated 
changes in »-glucose, and both D-mannose and »-fructose have been isolated 
from sucb a solution and it is known that many other suhstances are present. 
Since nearly all oxidising agents are acid or alkaline in reaction, the formation 
of numerous by-products is inevitable. 
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Tiius, the reaction of sugars with hypobrornites has yielded a wide variety 
of products. Under vigorous conditions ketoses are attacked between the 
second and third carbon, D-fructose (186) gives glycoliic acid (187) andD-erythronic 
acid (1,2, 3-trihydroxybutane af‘id-4) (J88), a fact which gives an additional 
cross-(?h(‘(*k on tlie structures already arrived at for these compounds. 

Again, barium hypobromite oxidises D-glucose (189) ^ to 5-ketogluconic acid in 
good yield, thus making this keto-acid available in quantity (190). This oxida¬ 
tion must take place either with the open chain form of D-glueose, or by attack 
at the pyran ring ; when mtjthyl glycosides (191) are oxidised with hypobromite 
the pyran strmjture r(jmains intact, oxidation opening the ring between the 
second and third carbon atom, leading to th(^ mixed acetal (192) wliich can be 
opened by Jiydrolysis to glyoxalic acid and glyceric acid (193). An initial 
oxidation with jieriodic acid followed by hyijobromite oxidation increases the 
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1 
(.'OOU 

COOH 

I 
H,C.OH 

I 
('H,OH 
(199) 

yield of the acetal (192) to 60-70 per cent. Pyranose sugars show formic acid 
furniation IVom the central carbon atom during s\ich oxidations; furanose 
structures give no formic acid. 

Finally, tJie ability of sugars, such as glucose, friK^lose and other aldo sugars, 
to l)e oxidised in alkaliiu' solution has led to t‘Xtensive application of the 
‘ cop}M.‘r reducing jH>wer ' to the estimation of tliese bodies, since the amoimt 
of cuprous oxid(,‘ obtained from a given weight of aldose in reaction with an 
alkaline copper solution is constant under controlled conditions. Fehling’s 
soluthai lias, foi' generations, served as the basis of a number of practical 
methods of sugai’ analysis, and has been modified to give consistent results 
under a variety of eireumstaiK’es. 

The Dehydration of Sugars 

The simple loss of one molecule of water from D*glueose leads to a product, 
to whif‘h the name ‘ glueosaii ’ was originally given. An enquiry into 

the mechanism of tin's loss of water and the structure of the remaining j)roduct 
led to the recognition of a number of isomeric glueosans, for it appears that 
glucose can lose one molecule of water in almost every conceivable way. For 
convenieiKie, the prodiuds are now divided into two groups (a) the glucoseen 
group, where dehydration has led to a double bond and (d) the anhydrogiucose 
group, comprising 1,2-, 1,3-, 1,4-, 1,6-, and 1,6-, anhydro forms, the oxide 
ring being situated as indicated by the figures ; this ring is, of course, indepen¬ 
dent of any normal pyranose or furanose configuration which may also be 

' Ilokihatein aiul Neracher, /lelv. Chim. Acta, 1935, 18, 892. 
* Jackson and Hudson, J,A»C,S., 1936, 68, 378, 
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present. The formulae (194 to 199) show 1, 2- and 5, 6-gliicoseen. and also 
some of the anhydroglucoses. 
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The 1, 2- glucK)seens are perhaps the best known of this group, being obtained 
by the action of bases such as diethylamine on acetobromoglucose,^ the effect 
being to remove hydrogen bromide, leaving a 1, 2-gluco8een tetra-acetate (200). 
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^ Mauler and Mahn, Ber., 1927, 1316. 
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When this tetra-acotyl derivative is hydrolysed, the enol of fructose (201) should 
be produced, but fructose has never been isolated by this method, although if 
the acetyl derivative (200) is reduced at the double bond by palladium and 
hydrogen to the dihydro- derivative (202) the latter can be deacetylated to 
styracitol (203).^ 

One of the most important conversions of this series is that which takes 
place when tetra-acetylglucoseen (200) reacts with chlorine, forming the dichloro- 
addition product (204) which can be decomposed by silver hydroxide to the 
substance (205), a dihydrate of glucosone tetra-acetate. This substance, on 
boiling with a solution of acetic anhydride in pyridine, is converted to di- 
acetylkojic acid (206) which, in turn, may be deacetylated to kojic acid itself 
(207). This acid is one of the principal metabolites of the moulds, and can be 
obtained in quantity by the fermentation of glucose by Aspergillus flavuSy^ and 
its fonnation by the changes shown above is an important link bet ween chemical 
and biochemi(^al })roees8e8. 

The 5, 6-glucoseens are obtained by reacting G-iodotetra-acetylglucose (208) 
with silver fluoride (209). The structure of a 5, G-gliicoseen can only be retained 

O 

-OHOAc 

I 
CHOAe 

I 
(JHOAc 

1 
CHOAc 

iH., ' AgF 
(208) 

CHOAc 
i 
CHOAc 

i 
0 CHOAc 

inoAc 

i 

^H, 
(209) 

CHO 

H . C.OH 
I 

HO . C . H 

H . (i . OH 

io 
I 
CH, 

(210) 

whilst the ether ring is intact; as soon as hydrolysis takes place glucoseen 
reverts to t>o-rhamnose (210). 

Space considerations forbid a detailed study of the anhydro- sugars, but the 
following are important. 

(1) i, 4-Anhydroglucose?—When D-glucose (211) is converted to its 2, 3,6- 
tri-methyl derivative (212), the remaining free hydroxyl group at 
position ' 4' can be esterified by the tosyl group ^ (214). The substance so 

CHO 
I 

H.C.OH 

HO.i.H 

H.i.OH 
I 

H.C.OH 

daijOH 

(211) 

-CHOH CHOH r 1 
H.C^OMe 

j 
H.C.OMe 1 

MeO.C.H 

1 
MeO.C.H 

o 1 O 1 o 
H.C.OH 

j 
H.C.O.tos 

1 1 
C.H 

1 
C.H 

-CH- 

H.C.OMe O 
I 

MeO.C.H 

H.i— 

-C.H 

CH,OMe 
(212) 

CHgOMo 
(213) 

CH,OMe 
(214) 

CHO 

H.C.OH 

HO.i.H 
! 

H.C.OH 
1 

HO.C.H 
► I 

CHjOH 
(215) 

obtained is converted by alkali, with elimination of the tosyl group, to 
the 2, 3, 6-trimothyl-l, 4-anhydro-glucose (214), a substance in which 
both furanose and pytanose rings are present; demethylation wth 
hydrobromic acid gives L-idose (215). 

1 Zerbfts, Her.. 1930, 6d» 1689. • Barham and Smits, Ind* Eng. Ckem,, 1936, 28,667. 
* Hess and Neumann, Her., 1935, 6S» 1360. 
* The term * tosyl * is a convenient abbreviation for * n-toluenesulphonyl 

(CH,.CA.SO,-~.). 
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(2) Loevoglvrcosan, 1, 6-Anhydroglucose.—First obtained by the distillation of 
starch in vacuo,^ and also by the following series of reactions from bromo- 
tetra-acetyl-D-glucose (210) (see also p. 825) which reacts with trimethyl- 
amine to give the compound (217); on hydrolysis with alkali, 1,0- 
anhydrogliu^ose is formed (218). 

Br N(CH;3)3Br 

CH 
1 i 

CH- - CH - 

H .( 
1 i 

. OAc 
I 

1 

H . C , OAf 

1 

H . C . OH 

i 9 
AcO , < . H - AcO . C . H 

^ j HO . C . H 
1 o 

H . ( LoAc ( 
1 1 

) HA'.OAc ( ) 1 H . i). OH 

H . ( 
’ i 

H.(’- —J 
1 

H - ~ 

1 I ! 
OH/) Ac (^HoOAc I-(’Hs 
(211)) (217) (218) 

(3) 2,5- and S,6-Anhydroglucos(\—These can be obtained through the 
medium of the corresponding amino-sugars, a small group of sugar 
derivative's closely related to tlie mucoproteins and to chit in, the poly¬ 
saccharide material of molliis(\s and insects. TJie majority of amino- 
sugars of natural oc'curnmce are 2-amijioh(‘\os(‘s, and may be obtained 
synthetically from the pentose whi(‘h has structural identity (insofar as 
the three lower asymmetrie carbon atoms are eoneeined) witli the 
hexose in question. Thus, j>-arabinose (21 h) a<lds liydrogen cyanide 
which in the presence of ammonia is convert(‘d to th(‘ aminonitrile (220). 

CHO 
I 

HO . C . H 

H.i.OH - 
I 

H . C . OH 
I 
CH/)H 

(219) 

CN 

I 
CH. NH^ 

I 
HO.O.H 

I 
H . C . OH 

I 
H . 0. OH 

I 
CH^OH 
(220) 

OOOH 

I 

1 
HO.C.H 

I 
H.O.OH 

I 
H.t^OH 

I 
OHjOH 

(221) 

CHO 

I 
H . NH, 

I 
HO.C.H 

I 
H.(COH 

I 
H.C.OH 

I 
(;h/)h 

(222) 

-CHOH 
I 

H . C- 

! 
HO . C . H 

O I O 
H . C . OH 

I 
-C;- 

I 
CH,OH 

(223) 

This nitrile, w'hen hydrolysed to 2-aminoglueonic acid (221), may be re¬ 
duced via the la<'tono to the amino-aldose (222) wJiich immediately loses 
ammonia to give 2, 5-anhydroglucose (223). Jn practice this sequence 
of reactions is not quite so simple to operate as the series of formulae 
{219 to 223) indicates, sinc'C during the addition, an epimeric mixture of 
D- and L-forms is obtained leading to a mixture of 2-amjno-D-glu(^onie 
acid with the corresponding D-Tnannoni(r derivative ; the separation of 
these two epimers at this stage is essential to the success of the sub¬ 
sequent operations. 3, G-Anh^^droglucose may be obtained from 3- 
amino-glucose in a similar manner. 

Among the various classes of substances obtained from aldose sugars, by 
loss of the elements of water, the glycals are essentially ‘ reduced ’ sugars, sine'e 
during the dehydration they are deprived also of one atom of oxygen. They 
are fontied when the aldose aceto-bromo compr)iind (224) is allowed to react with 

^ Pictet and Saraain, He/v. Chim. Acta, 1918, 1, 87 ; 1920, 8, 640. 
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zinc in acetic acid ; it appears that the elements of hydrogen bromide and acetyl 
peroxide arc lost and a triacotylglycal (225) formed; the free glycal (226) is 
formed wlien the acetyl groups are removed by hydrolysis. It will be noted 

Br 

OH- CH-1 
ii 

OH 
11 1 

H . (1!. OAc l)H JjH 

!•() . H ( 
1 

Hydrolysl. 1 ' 
) ne/ . V/ . vyxi 

H .(0 OAc H.C.OAc H . 0.OH 
1 

H , ('_ 
i 

H (!_ 

1 
H r J.i . Vx- 

1 

OHjOAf 

1 

OHjOAc 

1 

CJHaOH 
(224) (225) (226) 

that the essential feature*- of the glycal is the —CH=(-H— structure.^ Perben- 
zoic* acid oxidation regenerates an aldose, from a glycal, by the addition of the 
eleniejits of hydrogen p(Toxide ; the aldose formed is not always that from 
which the glycal \ms obtained ; the epimer may be formed. Thus, glucal 
gives mannose, galactal a mixtures of talose and galactose in which the former 
predominates. 

Some Individual Sugars 

The remarks made, so far, in this chapter have related almost entirely to 
structural problems in simple sugar chemistry, and little has been said concern¬ 
ing the peculiarities of individual sugars. Of the tetroses, two aldotetroses and 
one kidotetrose are of importance ; D-er}dhrose (229) is usually made by Ruff's 
reaction, commencing with D-arabinose (227), whieli is oxidised to D-arabonic 
acid (228), the (‘al(*ium salt of whi(‘h is converted by hydrogen peroxide and a 

CHO (^OOH 

HO . (^ H 
I 

H.(’, .OH 

H . 0 . OH 

OrUln. 

HO . (^ H 

I 
H . (^ OH 

1 
H . C . OH 

I 
OH 

(228) 

H.O, 

+ rc+++ 

OHO 

H . (^ OH 

H . i . OH 

CHO 

HO.0.H 

H . i.OH 

i: 
(229a) 

JH2OH CH,,OH CHgOH CH2OH 
(227) (228) (229) 

trace of fen ic iron to D-erythrose. D-Threose (229a) is obtained by the analogous 
reactions from D-xylose. D-Eryihrulose (231) is obtained by the action of sorbose 
bacteria on wc,<fo-erytliritol (230), 

CH2OH CHoOH 

H . C.OH 

H . 0 . OH 

il 

Sorbose 

bacteria 

00 
I 

H . C.OH 

iHjOH CHjOH 
(230) (231) 

t Bei^ann tt al., Ber., 1921. 54. 443 ; 1929, 62, 2783. 
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it-Arahinose appears to have been obtained first by Biot and Persoz about 
1870, by the hydrolysis of gum arabic by dilute sulphuric acid. It caused 
considerable dissension; Berthelot and Kiliani considered the sugar to be 
galactose, but Scheibler ^ maintained that it was a new sugar, which he called 
‘ arabinose *. Cherry and plum tree gums, and mosquite gum are richer sources 
of L-arabinose, and d-arabinose exists as the carbohydrate moiety of barbaloin, 
and in the urine of morphine addicts. Like all pentose sugars, they give furalde- 
hyde on digestion in hot aqueoua/acid solutions (see p. 345). L-Arabinose is 
strongly dextrorotatory—[a]^ = + 105*". 

ly-Xylose, often called ‘ wood-sugar is available in industrial quantities 
from the hydrolysis of the lignan of wood and from maize-cobs ^ remaining 
after the seeds are stripped, lliis contains a polypentoside, the imits of which 
are D-xylose. The sugar is of interest as the raw material from which Haworth 
and his co-workers first built up vitamin C (ascorbic acid). Industrially, 
L-sorbose is used for this s^mthesis, but a cheaper supply of d-xylose might make 
the original method an economic one. d-Xylose is one of the few pentose 
sugars with a strong sweet taste ; it crystallises in needles, m. 154®. 

x>-RihQsey which forms large prisms, m. 95®, is an almost constant constituent 
of nucleic acids, and occurs as the carbohydrate portion of the glycoside, 
crotonoside, which may be extracted from croton-beans. It is an important 
raw material for the manufacture of riboflavin (see Chap. Xll), for wliich purpose 
it is prepared from yeast nuclein. 

li-Rhamnose.—This sugar was originally called ‘ isodulcite and w^as first 
isolated by Hlasiwetz and Pfaimdler from quercitrin.^ Since then it has been 
obtained from a very large range of glycosides, including those from lichens 
(including Roc. tinctoria)^ cardiac glycosides (ouabain, strophanthin, hesperidin, 
haringin and solanin). L-llhamnose crystallises easily, and forms a mono¬ 
hydrate, rn. 93®; the anhydrous sugar has m.p. 124®. In aqueous solution 
L-rhamnose is dextrorotatoiy; in ethanol, laevorotator>% and thus constitutes 
an additional example of the advantages attending the system of classifying 
sugars as D- or L- according to the configuratioii of the lowest avS\miinetric carbon 
atom, rather than on optical activity in solution. 

Jj-Fucose (L-galactomethylose), is of interest as being the imit of the seaweed 
and gum tragacanth methylpentosans, and is obtained from them by acid 
hydrolysis. 

j>-Olucose.—Many early investigators noticed the crystalline sugar-like 
substance visible in dried raisins, in honey and in the dried unfermented must 
of grapes. The association of grapes and raisins with this sugar led to its name 
‘ grape-sugar by which name it was called for many years ; Proust in 1802 
showed that grape-sugar and the crystalline portion of honey contained the 
same material. Dumas suggested that, as the sugar was so widely distributed 
and its incidence was not confined to the grape, it should be called ‘ glucose 
Berthelot having called the tevorotatory analogue or ‘ fruit-sugar * ‘ Isevulose 
Kekul6 introduceil the term ‘ dextrose ’ for grape-sugar. The term ‘ dextrose ' 
is often met with, but a strict adlierence to * D-glucose ’ is the least confusing 
terminology. 

Apart from its occurrence in plant tissues, glucose is a small buUimportant 
constituent of animal fluids, being present in the blood, and in abnormal condi¬ 
tions, in the urine. Failure of that portion of the pancreas, known as the islets 
of Langherans, to secrete insulin leads, in an imperfectly understood manner, 
to failure to metabolise glucose—which accumulates in the blood, and after a 
time penetrates the renal membranes and paases into the urine which, in bad 
cases, may contain 10-12 per cent, of the sugar, 

* Scheibler, Her., 1873, 6, 614. « Monroe, J.A,C.8.. 1916, 41, 1002. 
* Hlasiwetz and Ffaundlw, Ann» 1863,187, 362. 
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The glucose of commerce is mainly obtained from maize or potato starch. 
This material when heated under pressure with water containing 1 per cent, of 
sulphuric acid is largely converted into glucose ; the reaction is never complete 
under normal conditions, some dextrins {q.v.) being formed which retard and, 
in some cases, entirely prevent crystallisation of the glucose. If the dilute 
liquid from the hydrolysis be clarified by bone-char and concentrated in vacuo 
a clear, water-white material is obtained, of extremely high viscosity, known as 
* confectioner’s ’ or * w/w * (water-white) glucose ; further removal of water 
leads to a thick liquid which on cooling increases its viscosity until it appears 
as a pseudo-solid or * glass '; readers will realise the identity of this material 
with the * Glacier ’ type of sweets. 

The crystallisation of D-glucose is difficult on a large scale, especially when 
retarded by the presence of dextrins ; as it normally crystallises, with one 
molecule of crystal water, the magma of crystals and mother-liquor are almost 
impossible to separate. On the other hand, if a concentrated solution of 
D-glucose is seeded at 35-40^ with anhydrous glucose crystals a magma is 
obtained from which the crystals can readily be obtained by use of the centrifuge. 
They yield a dry granular glucose the crystals of which flow readily, and do not 
clog together, any slight residual trace of moisture leading to the formation of 
a small proportion of hydrate. 

Ordinary D-glucose is mainly the a-form having an initial [aj^ = + 109*6® 
The )3-form is best prepared by recrystallising the a- form from boiling pyridine ; 
its [ajj) is f 20*5®, initially, after standing in solution for a short time both 
forms show an [a]p of + 62*5®, this representing the equilibrium position for 
the change, a ^ 

L-Glucose is only known as a synthetic material made by Kiliani’s method 
from L-arabinose. It is unfermented by yeast. 

i>-Mannose is the unit of the high-molecular weight mannans, such as 
* seminine ’, of the ivory nut (Phytelephas ma^^rocurpa),^ from which it may be 
obtained by prolonged hydrolysis of the finely groimd nut; it is present in 
yeast and certain types of seaweed. It melts at 132®, and is readily separated 
from solution through its comparatively insoluble but readily recrystallised 
phenylhydrazone ; it gives an osazone which, it has already been remarked, is 
identical with that of D-glucose. D-Mannose reacts with v. Braun's epirner 
reagent, thus differing from d-glucose. The epirner separation of v. Braun is 

,N . n/~V-CH, 

based on the fact that 6w-4, 4'-(a-N-methyl-hydrazino)diphenylmethane (232) 
will react only with aldoses in which an adjacent pair of the 2, 3 and 4 carbon 

+ — — + 
— — + + 

+ + — — 

-1- + + + 

D-Olucoae D-Mannose D-ldose n-Gulose 

atoms are of the same sign. Thus, D-glucose does not comply with this re¬ 
quirement ; D-mannose does, and can combine. The reaction is also capable of 
separating idose and giilose. 

D-Oala^se is one of the few hexose sugars readily available—as it can be 
obtained with considerable ease from the hydrolysis of lactose. It forms the 

» Horton, Ind. Eng. Chem., 1921,18, 1040. 
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unit of a group of polymers—the ‘ galactans *, which occur in seeds of many 
types; it is a frequent partner of other sugars in the simple polysaccharides, 

and occurs in many conjugated proteins. 
The remaining aldose sugars are mainly of academic interest, and need not 

be further described ; their structures are given in an earlier portion of tliis 

chapter. 

The OLioosAOOHARinEs 

The term ‘ oligosaccharide * w’as coined by JVeudenberg to distinguish those 
simple polysaccharides such as the di-, tri- and telrasaccharides Irom the 
starches, celluloses and related compounds. Tlie main oligosaccharides are 

listed in Table VI. 
It will be observed from Table VI that at least seven di-saccharides 

(framed in the table) are simple compounds of two molecules ol D-glucose ; 
since they are isomeric, the differences between them must lie in tlu^ position 
of the bond connecting the glucose molecules. I'he methods by which the 
position of these bonds is demonstrated, are mainly concerned with methylation 
and subsequent hydrolysis of the methylated sugars so obtained. 

Maltose.—In 1811 Kirchoff* first obtained maltose by cautious acid hydrolysis 
of starch ; and he also made the observation ^ that tlie conversion ol stareli to 
maltose could be effected more readily by malted grain. Saussure - made further 
investigations on maltose in 1819, but it remained for Dubrunfaut ^ to recognise 
it as a distinct sugar, different from grape-sugar, having a lo^ver solubility in 
alcohol, and a higher optical rotatory power. 

Kecognition of the fact that maltose was composed of two glucose molecules 
joined through the loss of the elements of a molecule of water, was due to 
MeissL^ The position of the link betweem the two moieties remained unsolv(xl, 
until the investigations of Haworth and his co-workers during the tliird decade 
of this century. In 1919 ^ it was found that the molecule of maltose could 
take up eight methyl gi'oups ; the substance so obtained is termed ‘ methyl- 
heptamethyimaltoside ’ (not ‘ octamethyl-maltose '), since one methyl group 
differs from the others in lability, and is clearly analogous to the methyl gr'oup 
of a- or jS-methylglucoside. Since only one such group is found it is deduced 
that one glucose residue is joined to the other through the ‘ 1 ’ carbon atom. 
On hydrolysing methylheptamethylmaltose, two crystalline methylated sugars 
can be obtained—2, 3, 4, 6-tetraniethylglucose and 2, 3, 6-trimethylglucose (234 
and 235). Assuming, for a moment, that we are justified in using the pyranose 
formula for D-glucose, it is clear that since 2, 3, 4,0-tetramethylgJucose has only 
one free hydroxyl group, attachment must have taken ])lace through the carbon 
atom ‘ 1 * (marked ♦ in 234) ; in 2, 3, 6-trimethylgIucose there are two free 
hydroxyl groups ; one, on the * 1 ’ carbon atom must remain for the labile eighth 
methyl group, hence the other ‘ 4 ’ carbon must be the point of attachment. The 
structure of methyl-heptamethylmaltoside will be nhovai by (236), the methyl 
group marked (♦) being the labile glycoside group. Maltose will, therefore, 
have the structure (237) of a 4-D-glucopyTaiiosyI-a-D-glucopyTanoside. The 
assumption has, of course, been made that both rings are pyranose in structure ; 
this appears inevitable in respect of that half of the molecule from which the 
tetramethylglucose is ultimately obtained, but an ambiguity arises in the 
moiety giving 2, 3, 6-trimethylglucose; if the ring structure of this half had 

" Kirchoff, C.R„ 1813, 14, 389. 
* Saussure, Ann. Chim. Phys,, 1819, 11, 379. 
* Dubrunfaut, ibid., 1847 (3], 21, 178. 
* Meissl, J. Pr. Chem., 1882 [2], 26, 123. 
^ Haworth and Leitch, 1919, 116, 809. 
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been furanos© in character, and attachment to the other half through the 5 
carbon atom, the same trimethylglucose would have been obtained by the 
steps previously outlined. This ambiguity was removed by the work of 

H OH H OH 
(237) 

Haworth and Peat/ who oxidised maltose to nialtobionic acid (238), which on 
methylation gives a raethyloctamethylmaltobionate (239), and this on hydrolysis 
gives methanol, 2, 3, 4, G-tetramethyl-glucose (240) and 2, 3, 5, 64etramethyl- 
gluconic acid (241), thus clinching the point of linkage of the second half, through 
the * 4 * carbon atom. 

Oentiobioae.—This sugar, which is also derived from two glucose molecules, 
has been shown to be the disaccharide of amygdalin, the glycoside of bitter 
almonds. This was first indicated by Hudson ^ and later synthesis * showed 
amygdalin to be L-mandelonitrile-)3-gentiobioside. Bergmann and Freudenberg * 
obtained a gontiobiose octa-acetate from amygdalin, thus confirming the 
previous evidence. 

Gentiobiose is also obtained from the tri-saccharide gentianose, isolated 
some sixty years ago from Oentiuna lutea roots. The stnicture of gentianose is 
not elucidated with certainty, but on hydrolysis with enzymes, or by very dilute 
acids, it yields the disaccharide gentiobiose and a molecule of D-fructose. 
Gentiobiose, on further splitting by emulsin, gave two molecules of D-glucose ; 
that this reaction is reversible, and may be used for the synthesis of gentiobiose 

* Haworth and Peat, J,C,S.. 1926, 3094. 
“ Hudson, J,A.G.S„ 1924, 46, 483. 
^ Campbell and Haworth, J,C,8., 1924, 1337. 
* Bergmann and Fieudenberg, Ber„ 1929, 66, 2783. 
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from D-glucose was an important contribution to biochemistry made by 
Bourquelot in 1913.^ 

When D-glucose is re-synthesised to a disaccharide by maltase, a new sugar, 
‘ revertose is formed, the structure of which is not yet fully established. 

H OMe H OMe 
(240) (241) 

Haworth’s classical method of structure determination gave, with gentio- 
biose a methylheptaraethylgentiobioside (242), a substance which gave on 
hydrolysis : 

i. Methanol, indicating a free * 1 ’ hydroxyl in the original sugar. 
ii. 2, 3, 4, 6-Tetramethylglucose (243), indicating a normal pyranose glucose 

moiety in gentiobiose, linked through the * 1 ’ carbon. 
ii?. 2, 3, 4-Trimethylglucose (244), indicating a second glucose moiety which 

must be linked through the ‘ 6 ’ carbon if the normal pyranose ring is 
present. 

This gives (245) as a wwking hypothesis for the structure of gentiobiose, 
although it implies the existence of a 1,5- and not a 1, 6-ring in the second 
moiety ; the semi-systematic name of gentiobiose on this hypothesis would be 
b-D-glucopyranosyl-^-D-glucopyranoside. The structure has been confirmed by 
the work of Helferich, who has summarised his work in a general review.^ 
Briefly, he was able to obtain an acetylated glucose in which the * 6 ’- position 
alone was free (246); this reacted with acetobromoglucose (247) to give gentio¬ 
biose octa-aoetate (248), thus clearing up any ambiguity concerning the ‘ 6 ’ 

^ Bourquelot, H^ruisey and Ooire, C.E., 1913, 167, 732. 
• Haworth and Wylam, J.CJ3., 1923.128, 3120. 
* Z. Angew. €hem, 1928, 41» 871. 
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Cellobiose.—Sixty-nine years ago Pranchiinont/ in experimenting on the 
formation of acetyl-cellulose, discovered that a crystalline body of comparatively 
low molecular size could be obtained by the persistent action of acetic anhydride 
and sulphuric acid on cellulose. This crystalline substance was proved, much 
later, to be cellobiose octa-acetate from which Skraup ^ and his co-workers 
isolated the sugar cellobiose itself. 

The crystalline sugar has properties similar to those of most disaccharides ; 
when subjected to the process of methylation and hydrolysis ^ it yields exactly 
the same 2, 3, 4, G-tetramethylglucose and 2, 3, b-trimethylglucose, as does 
maltose ; and when oxidised the octamcthylcellobionate behaves, on hydrolysis, 
in an exactly analogous way to that of octamethylmaltobionate, giving 2, 3, 4, 6- 
tetramethylglucose and 2, 3, 5, 6-tetramethylgluconic acid. Thus, we have two 
sugars, maltose and cellobiose, giving the same methylation and hydrolj^ic 
prcxlucts ; this means that maltose and cellobiose are formed from identical 
D-glucopyranose units joined through the same carbon atoms ; their only 
point of structural difference must reside in the stereochemical relation of the 
linkage—they are a- and glycosides. The assignment of a- and structures 
to maltose and cellobiose respectively is made on the basis of Fischer’s observa¬ 
tions on the specificity of enzyme action, a-glycosidcs exclusively being 
hydrol5^8ed by maltase and /^-glycosides by emulsin. Since maltose and 
cellobiose are hydrolysed by maltase and emulsin respectively, it follows that 
their structures must have the configurations conventionally indicated in (251). 
Cellobiose has been sunthesised.'* 

H 

PI? HIT 

H OH 

CKLLOBIO.SE 
OH 

The Trehaloae Group.—The three sugars of this group are built up by fungi, 
mainly as reserve food ; although known for over a century, trehalose itself has 
attracted little attention. Trehalose was first isolated in 1833 by Wiggers from 
ergot of rye (CUiviceps purpurm) \ the name ‘ trehalose ’ is derived from 
‘ trehala rnamia '; certain insects (Lavinus nidijicans) feed on a species of 
Echinopa indigenous to Syria and regurgitate the partly digested food as a nest- 
building material; it is, in efiFect, crude trehalose,^ and is an article of commerce 
in the East as ‘ trehala maima ' or ‘ nest-sugar Simple extraction with hot 
alcohol and recrystallisation yields large rhombic crystals of trehalose, which 
hold two molecides of water of crystallisation. It has a sw'eet taste, but no 
reducing function and has no free, active glycosidal function. Its two glucose 
fragments must, therefore, be joined through the ‘ 1 ' carbon atoms. 

' Franchimont, Ber., 1879, 12, 1941, 
* Skraup and K6nig, ibid., 1901, 24, 1115. 
» Haworth U ol., J.CB., 1921, 119, 193 ; 1927, 2809. 
* lonesou and Kiayk, Bui. Soc. chim. Bomdnia, 1935,17, 283. 
^ Freudenberg and Nagai, Bar,, 1933, 66B, 27. 
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the crystalline methylaniide of L-arabotrimethoxyglutaric acid (263), thus 
showing that the ring must be pyranose (262). 

Tetramelhyhjy-fructopyranose.—^This sugar is particularly important in con¬ 
nexion with the structure of normal D-fruotose. When tetrainetliylfructose is 
oxidised it is possible to isolate the methyl amide of D-arabotriniethoxyglutarie 
acid (264); since the structure of D-fnictose is knowm and contains the same 

McO 

'O^ CHoOMe n 

iMcO 

4 

OAfe 11 
C2iU) 

McO 

COOH 

M(‘0 H 

(2g:,) 

-h + configuration on the 3, 4 and 5 carbon atoms, it follows that the ring 
must be betw^een carbons ‘2’ and ‘6’. Hence the substance is 1, 3, 4, 
5-tetramethyl-8-gluco-pyranose. This is in contrast to the tetramethyl- 
fructofuranose from methylated sucrose. 

The Structure of Lactose.—There are several sugars present in milk ^ of which 
lactose (266) represents over 90 per cent. It reduces Fehling's solution and yields 
one molecule each of d-glucose and D-galactose on h3^droly8i8. The method 

of Haworth ^ was applied with conspicuous success to the study of the structure 
of lactose. On methylation lactose gives a methylheptamethyllactoside (267) 
which on hydrolysis yields 2, 3,4,6-tetramethylgalactose (268) and 2,3,6-tri^ 
methyl-glucose (269). 

1 Polonovski and Lespagnol, C.R. soc, bid., 1930,104. 553. 
• Haworth and Long, 1918,11^ 188. 
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This leaves the position of the connecting link ambiguous ; oxidation of 
lactose to lactobionio acid and methylation, followed by hydrolysis gives the 
same tetramethylgalactose, together with the lactone of 2, 3, 5, b-tetramethyl- 
gluconio acid, thus confirming the presence of a pyranose ring and the linkage 
of the two hexose moieties through the ‘ 4 * carbon of glucose. 

Melibiose has been shown by methods entirely analogous to those already 
discussed above, to be fi-a-galactosido-a-glucop^Tanose (270). It is rarely met 
with, being a breakdown product of raffinose, a trisaccharide. 

H OH 

Sucrose.—Reference has been made, in the introduction to this chapter, 
to the antiquity of the use of sucrose. It is present in a wide range of plants 
in addition to the sugar-ciane and sugar-beet and is widely distributed in seeds ; 
it is present in certain kinds of honey—and the honey receptacles of the Rhodo- 
deudron ponticum are often filled wdth crystalline sucrose. The manufacture 
of sugar has become a considerable indusir}^ and its utilisation constitutes an 
extensive technology. 

The structure of sucrose proved more difficult to elucidate than those of the 
purely aldose sugars, partly because of the initial lack of know^ledge concerning 
the methyl fructoses. When sucrose is methylated by the procedure of Haworth, 
it yields a heptamethjdsucrose, and only with difficulty is the eighth methyl 
group introduced, giving an octamethyl-sucrose, in which no glycosidic methyl 
group is apparent; this fact taken together w ith the non-reducing nature of 
sucrose, proves that the points of attachment of the glucose and fructose 
moieties are the * 1 ' and ' 2 * carbon atoms respectively. When the octa- 
methylsucrose is hydrolysed 2,3,4,6-tetramethylgliicose is formed (273), 
together with a tetramethylfructoso (274) which differs markcidly from the 
1,3,4,6-tetrainethylfructose (p. 820) encoimtered in determining the ring 
structure of fructose itself. It follows, therefore, that the ring present in the 
fructose moiety of sucrose is different from the pyranose (2, 6) ring of free 
fructose. The identification of the ring as a furanose structure depends ^ on 
oxidation of the new tetramethylfructose. Oxidation with dilute nitric acid 
led to a carboxylic acid (275) in^cating (since one methyl group is lost in the 
process) a terminal ‘ 1 * methyl group. Oxidation of this acid with barium 
permanganate and dilute sulphuric acid gave the crystalline and already known 
trimethyl-D-arabino-y-lactone (276), and this in turn could be oxidised to the 
Icew-rotatory dimethoxysucoinioacid (277), thus confirmingthe furanose structure 

»Avery, Haworth and Hirst, J.CJ3., 1927, 230S. 





CARBOHYDRATES AND RELATED COMPOUNDS 823 

Helferich and Rauch ^ to have the structure of 6-xylosidoglucose (280); vicianose 
is a simiJar combination of D-glucose and L-arabinose. 

H OH OH OH H OH 
(279) (2H0) 

'Pri- and Tetrasaccharides 

Haffinose, or inclitriose, was discovered in molasses, and is especially plenti¬ 
ful in those from beet; it also occurs in cottonseed meal, from which one twelfth 
of its wc3ight can he recovered as pure raffinose. Although ciystalline, raffiiiose 
is tasteless. The breakdown of raffinose by enz^ines, as shown below, indicates 

Raffinose, 
acid or raffinase j emulsin 

_ . 

MELiBiosE and d-fructose sucrose and galactose 

I I 
4 '14' y 

D-galactose D-glucose D-fructose 

that the three units, D-glucose, D-fructose and D-galactose are united as in sucrose 
and melibiose. The fact that there is no reducing power or free glycosidio 

H H 
(281) (282) 

function in raffinose indicates that the three hexose moieties are all bound 
through the glycosidic carbon atoms, * 1 Mn the case of D-glucose and D-galactose, 

^ Helferich and Rauch, Ann., 1927, 46$» 168. 
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and ' 2 * in the case of n-fructose. Haworth et al} completed the investigation 
of the structure of raffinose by converting it to undecamethyl-raffinose, which 
broke dora on hydroh’'si8 to 2, 3, 4, 6-tetramethylgalactopyranose, 1, 3, 4, 6- 
tetramethylfructofuranose and 2,3,4-trimethylglucopyranose. These facts, 
taken together with the known structure of sucrose and meliobiose, are a clear 
indication of the structure (281) for rafiinose, glucose constituting the inner 
moiety. 

Gentianose, which gives rise to gentiobiose and n-fnictose, is also without an 
active glycosidic fimction, and is probably a L-fructosido-b-glucosidoglucose 
(282) . Melezitose is a trisaccharide from larch manna,^ hydrolysed to D-glucose 
and turanose ; and mannotriose gives two molecules of galactose and one of 
glucose. It reduces Fehling’s solution and gives methylated hydrolytic products 
which indicate that it has the structure of a 6-galactosido-l-glucosidogalactose 
(283) . 

Only one tetrasaccharide of importance has been examined, namely, stachyose, 
C24H42O01, originally isolated from the root of the plant Stachys tubiferay and 
which on cautious hydrolysis yields mannotriose and D-fructose. A study of 
the fully methylated stachyose by Omiki indicated that its methylated hydro¬ 
lytic products are consistent with the structure (284) in wiiich the double galacto- 
sido-glucoside is coupled with D-fructose. Stacliyose lias no reducing properties. 

(2S4) 

Much has been said in the previous paragraphs about the breakdown 
products of polysaccharides, but so far little has been said about their synthesis. 
It is a matter of some diflSiculty to induce combination between the two hexose 
moieties of a disaceharide, although the process is readily carried out by enzyme 
action. Thus, H<^rissey ® has shown that gentiobiose, cellobiose and lactobioses 
can be obtained by the action of emulsin on concentrated solutions of the 
appropriate hexose sugars. 

^ Haworth, Hirst and Buell, J,C,S,, 1923, 3125. 
* Bcmastre, J. de Fharm,, 1^3, Tom. 11, 19, 443. 
* MSrmey, * Les gluoosides Fuff. 80c, CAim., 1923 [4], 349. 
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Chemical methods of synthesis have been applied to a few disaccharides 
only, mainly by the route devised by Fischer in which acetobromo-glucose is 
allowed to react with hexose sugars in faintly alkaline solution. The dis¬ 
advantage of this procedure lies in the tendency of the acetylbromoglu(;ose to 
couple with the free glucose molecule at several different points giving a mixture 
of sugars. Helfericli uses, as the second component in this s^mthesis, a partty 

benzoylated inethylgluooside with only one free hydroxyl group, thus elimin¬ 
ating any ambiguity. Thus, if accto-bromoglucose (285) and methyl (2, 3, 4- 
trib(mzoyl) glucoside (286) are (‘ondensed in alkaline solution, a metliylglycoside 
of tribenzoyltotra(‘etyigentiobiose (287) is obtained from which gentiobiose (288) 
is obtainable by hydrol^'sis. Biosyntheses calculated to obtain sucrose have 
recently proved suoc(‘ssful; Doudoroff, Barker and Hassid, of the University of 
California, having obtained sucrose, identical with the natural material, by the 
action of an enzyme from Pseudornonas saccharophila on a mixture of fructose 
and glucose phosphate. 

The High Molecular Polyoses 

The field of amorphous polyoses of high molecular w^eight is best divided 
into the following sections :— 

(1) The starches. 
(2) The hemicelluloses. 
(3) Cellulose. 
(4) Lignin. 
(6) Pectins, plant-gums and mucilages. 
(6) Animal carbohydrates, including chitin, bacterial carbohydrates, 

glycogen, galactogen. 

The Starches 

Starch has been known as a valuable material of industry for a long time, 
the Greeks called it * a/xvAov ’ from which we derive the name “ amylose 
given to certain portions of the starch grain. (The Greek word means literally 
* without millstone \ and is a reference to the fact that this fine flour-like 
material could be obtained without recourse to grinding.) Starch is widely 
distributed through the vegetable and animal kingdom, where it forms a reserve 
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of carbohydrate material. The deposition of starch granules in vegetable tissue 
is closely associated with the function of chlorophyll, and in cryptogams which 
do not contain chlorophyll, starch is not present in any considerable amount. 

The main type of starch met with is that occurring in vegetable matter and 
giving glucose on hydrolj’^is ; this is the material commonly referred to as 
‘ starch *; inulin is a starch which is also fairly widely distributed in vegetation, 
and which gives D-fructose on hydrolysis ; a different starch of the D-fructose 
group is phlein in which the D-fructose units are differently linked. A mannose 
polymer, maiinan, is found in the tubers of EonophalltLS Konjaku. Among the 
animal starches, glycogen is the most important, although snails are able to 
build up reserve carbohydrate into a galactose-starch, kno\ni as ‘ galactogen *. 
The main features of the common starches are shown in Table VII. 

TABLE VII 

Name Source Sugar unJU Properties 

Aniylose General in plants D-glucose Blue starch reoc^tion 

Amylopectin . General in plants D-glucose Red-violet starch reaction 
(may contain some 
plH>8phate ester) 

Inulin . Dahlia tubers ; Composiiae 
generally 

D-fructose [aJu — • re - 
diicing 

Phlein . Tubers of PhUum pratense 
grass 

D-fructose 

Asparagoflin "j 
Sinifltrin > 
Graminin J 

Asparagus D-fructose Branched-chain starches 
similar to inulin 

L«evan 1 
Roain > 
Kecalin J 

Yucca 
Jerusalem antichoke 

D-fructose Non-arborescent starches 
similar to phlein 

Mannan Japanese konjak-Sour D-moimose and 
D-glucose 

Wd - -h 42 8° 

Glycogen Animal tissues D-glucose [ajp CO. 197° 

Galactogen Snails {Helix pomatia) D'galactose [a]» - -- 20° 

Starch grains are not homogeneous ; they consist of a central nucleus 
surrounded by concentric layers which are quite easily visible in starch which 
has been heated ; Meyer ^ suggested that the differences in density and optical 
properties between the portions of the starch granule are due to the day and 
night cycle in the plant growth. The size, shape and behaviour of the starch 
granules under polarised light are valuable aids to identification. The com¬ 
position of starch grains is, again, heterogeneous ; there is no simple substance 
' starch *—^and the two major constituents of the granules—amylose and 
amylopectin are not entirely uniform substances. It is best to consider them 
as ** macro-molecules ”—^in the sense of molecules having a generally constant 
composition-pattern repeated a considerable number of times; the number 
being constant only within a certain order. 

I^e major constituents of starch, amylose and amylopectin, differ ^ysiooUy 
and structurally. Amylose is the simpler constituent occurring to ^ extent 

^ 3ee Appendix X, 
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of about 20 per cent, in the granules ; it has a molecular weight of the order 
10^6 X 10^, and is purely carbohydrate in nature ; amylopectin, the more 
abundant constituent, has a molecular w^eight of 6 X 10® to 10® and contains, 
in the case of tuber starches, combined phosphorus, in ester form. Amylose 
dissolves in water and gives elastic acetylamylose films ; amylopectin swells 
up in hot water but does not dissolve—it confers the pasty quality on ‘ starch- 
paste ’ and its acetyl derivative is brittle. The action of jS-amylaae on amylose 
is to convert it completely to maltose ; with amylopectin, the breakdown is 
partial, a mixture known as ‘ grenz-dextrin ' being obtained in which about 
40 per cent, of the amylopectin remains unchanged. 

There are several other constituents of starch—water forms part of the 
crystal lattice of amylose, since the crystalline structure revealed by X-ray 
analysis disappears on complete dehydration ; in addition, there are small 
quantities of lecithins, and phosphoric acid compounds. Nearly all starches 
contain a small amoimt of amylose-phosphoric esters, and Posternak^ has shown 
that whilst some of the phosphorus is extractable from starch in the form 
of glycerol-phosphoric acid, other portions are more firmly bound being released 
as D-glucose-fi-phosphoric acid only on hydrolysis. Fatty acids are present in 
starch—in maize starch up to 0*6 per cent., in which palmitic, oleic and linoleic 
acids have been recognised.^ 

The Constitution of Amylose and Amylopectin 

The empirical formula of starch, as determined by ultimate analysis, corre¬ 
sponds closely to (CgHjf^Os. from which it would appear that amylose is 
a glycosidic ether of a hexose sugar, of high molecular weight, with a molecule 
of water of crystallisation attached to each hexose unit. The decompositions 
of amylose shown in Table VIII indicate (a) that it is composed of maltose 
units, (b) that since the methylstarch gives a good yield of 2, 3, fi-trimethyl-d- 
glucose on hydrolysis, the orientation of glucose is pyranose, wnth links in the 
1,4-positions. 

TABLE VIll 

Amyiosk 

I 
Methyl Amylose 

I 
2, 3. 4, 6-Tktrxm:ethyl 

Glucose 

(3*5-4 per cent.) 

4 
2, 3, 6-Trimi5Thyl 

Glucose 

degradation 

enzymic oxalic 
4 acid 

Dextrins 

i 
Maltose <- 

1 
D-Glucose 

The question of the incidence of a- and/or /5- glycosidic linkages in amylose has 
been settled by a consideration of the optical rotatory power, and the implica¬ 
tions of Hudson’s rule.® Amylose being soluble to a clear solution in formamide, 
its optical activity ([alg* = -f 364“) can be measured. The rotation of a 
substance compost of a-glucoside units will be given by 

[«]§““““** - = -f 403-2“ - 36“ = 367“, 

* Postemak, H. Ckim. Acta, 1936,18, 1351. 
‘Taylor and Lehrmann, J.A.C.S., 192«, 48. 1739. Lehrmann, »6»d.. 1932, 84, 2627. 
* Mayar, Hopfi and Mark, Bar,, 1929, 68, 1103. 
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whereas the figure for a jS-glucoside structure would be much lower ; since the 
observed figure for amylose is so near the calculated figure there seems little 
doubt that very few linkages occur. The structure for amylose is therefore 
that of a succession of 1, 4- glucose moieties in chain formation as in (289). The 

question which immediatel}^ arises is “ what happens at the end of the chain ? ’* 
Haworth and his co-workers ^ obtained some 2, 4, G-tetramethylglucose in the 
hydrolysis of fully methylated starch. The amount obtained indicated that the 
proportion of tetra- to tri-methylgliicose was from 1 : 25 to 1 : 28. Haworth 
deduced from this that amylose starch consisted of a chain of 25-28 glucose 
imits. This, however, does not agree with the molecular weight, especially in 
the case of the more complex starch, amylopectin. It has been shown that the 
experiments discussed above are somewhat misleading, as the methylstarch 
used is a mixtiue of meth}"l-amylose and methylamylopectin, the latter of 
which obscured the reactions of the former. Using a separated amylose of 
m.w. 45,000 (300 imits) Meyer et air were able to show that the amount of 
tetramethylgiucose obtained by the hydrolysis of methylamylose did not 
exceed 0-3 per cent., a figure which is in excellent agreement witii the observed 
molecular weight. This leads to the conclusion that amylose is eompriscxl of 
single chains of about 300 glucose moieties. 

Since amylopectin has a larger molecular weight than amylose, and yields 
much more tetramethylgiucose on hydrolysis of its rnetliyl derivative it must 
have an arborescent structure. The Staudinger ^ structure (290) for amylopectin 
shows an arborescent molecule in which sub-units of 20-22 glucose moieties in 
the form of a straight chain are joined together in the manner indicated. Three 
hundred such moieties joined in 20-30 sub-units would constitute a ‘ molecule ’ 
of amylopectin ; this ‘ molecule ' is not visualised as constant either as to size 
or arrangement. The type of structure associated with amylopectin molecule 
is showm in Fig. IV. Certain implications of this structure are capable of 
experimental verification ; thu.s reference to the structure (290) will reveal 
several glucose ' end-components ’ (marked II) which will give rise to 2, 3, 4, 6- 
tetramethyl-D-glucose during hydrolysis of the methyl-amylopectin; the 
majority of the D-glucose moieties (marked I) will give 2, 3, 6-trimethyl-D- 
glucose ; on the other hand, a few glucose fragments (marked III) can only 
give, on the hydrolysis of the methyl compound, a 2, 3-dimethyl-D-glucose. 
The isolation by Freudenberg ^ of the correct pro|K)rtion of 2, 3-dimethyl- 
glucose from the hj^drolysis products of fully methylated amylopectin affords 
at least a confirmation of the proposed structure. 

Additional supporting evidence is forthcoming from consideration of the 
action of enzymes on amylose and amylopectin. Thus amylose is completely 
converted by ^-amylase to maltose, but amylopectin is only partly so con¬ 
verted, the action of the enzyme being blocked at the branch (or IV) moiety. 
This means that the amylopectin molecule will be broken down as far as the 
broken line ( ) in Fig, IV. This, it has been suggested, is on account of 

^ Haworth, et ah, 1928, 2681. 
* Meyer et ah, H. Ch. Acta., 1940,865. 
* Staudinger and Eilers, Ber., 1936, 69B, 819. 
* Freudenberg and Boppel, ibid., 1940, 78* 609. 
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the /3-6 glycosidic linkage at the junction, as shown in (291), which is unaffected 
by such enzjtnes as are capable of breaking down j5-4-g]yco8ide8. On the 

THE AMYLOPECTIN STRUCTURE 

other hand, such /S-6 links are susceptible to attack by a-glucosidase and the 
residue is then again capable of further hydrolysis V)y ^-amylase—up to the 

<291) 

line (--•-•-) of Fig. IV ; and it is an experimental fact that alternate action 
of a- and jS-glycoside enzymes will completely break down the molecule.^ 

Enzymatic Formation of Starch 

. The glucose ester of phosphoric acid, D-glucose-1 -phosphate (292) is converted 
to starch when incubat^ in the presence of the enz3nne phosphorylase • (e.g., 

* MyrbSck, Biochem. Z., 1038, 287. 170 ; Hanes, New Phytologitt, 1937, M, 180. 
» Hmim, Proc. Boy. Soc., 1040, USB, 421 ; USB, 174. 
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that from potato-juice). The starch formed has a close resemblance to that 
portion of amylose which is less soluble in water. Thus, it gives a very intense 
blue colour with iodine, but is completely split by jS-amylase. In these respects 

H OH 
(292) 

it differs markedly from amylopectin, and resembles amylose, but differs from 
the latter in being less soluble in water and of a higher rotatory power. It is 
proper to mention, at this point, the fact that natural ain;ylo8e appears to be a 
mixture of an extremely large number of amyloses of gradually increasing 
complexity and proportionate decrease in solubility in water. In view of the 
nature of starch and its relation to glucose and maltose, this is to be expected. 
The balanced equilibrium between glucose-phosphate and starch is of funda¬ 
mental importance to plant economy, enabling the more complex carbohydrate 
to act as a readily available store of reserve material. 

Some Reactions of Starch 

It has already been implied in the foregoing sections that starch can be 
methylated. This may be done by the use of dimethyl sulphate in alkaline 
solution, and the methyl compounds extracted by taking advantage of their 
solubility in chloroform ; the various fractionated amyloses give methyl 
compounds of increasing viscosity. 

One of the most interesting projierties of starch solutions in water is their 
ability to give blue colours or precipitates with iodine. This property is shown 
by other substances besides starch, including zinc chloride solutions of cellulose, 
colloidal lanthanum and praseodymium basic acetates,^ and a number of 
aromatic derivatives such as sodium carbethoxyhydrindene.* Thus, it appears 
that the property is one comparable with adsorption, and it is assumed that 
the iodine is held by the secondary valencies of the starch molecule. 

The action of heat and dilute acids on starch is to bring about a breakdown 
to ‘ dextrins ^—a term used to cover the hexosans less in molecular size than 
amylose. 

Lintner starch is one of the lesser altered amyloses obtained by allowing 
ordinary starch to stand in cold 7 per cent, hydrogen chloride solution for 
about 10 days. The breakdown of the starch has not proceeded so far that 
the product loses its power of giving a blue colour with iodine ; on the other 
hand, it has become soluble in water. Meyer obtained an amylodextrin in 
crystalline spherites by continued treatment of starch with cold hydrochloric 
acid, but the dextrins themselves are obtained by heating starch to 110'", 
either alone or with a trace of nitric acid. The residue constitutes ‘ British 
Gum \ and is a valuable stationery adhesive, and sizing agent for textiles. 

The action of hot glycerol on starch leads to the formation of a soluble 
starch (Zulkowski-starch), which is probably the glyceryl glycoside of a 

* KrUger and Tsohirch, JBer., 1930, 68» 826. 
«Barger and Eaton, 1924, 196» 2407. 
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polyhexosan. Schardinger ^ obtained crystalline substances from the degrada¬ 
tion of starch by Bacillus macerans, they were termed 

a-Tetramylose (C^H i qO 5) 4 

jS-Hexamylose (CeHio05)e 
a-Octamylose (('eHio05)y. 

They all appear to be polymeric maltose anhydi'ides, and represent the earliest 
stages in the building up of starcli from maltose ; the ‘ a * and * p ' signs added 
to the names by Schardinger do not represent the l3T[)e ot glycosidic linkage 
which appears to be uniformly ‘ a throughout. 

Some Other Starches 

Animal starch or glycogen was isolated from liver by ("laude Bernard “ in 
1857, and recognised by him as a substance capable of giving sugar by fer¬ 
mentation with an extract obtained from liver ; it w^as this phenomenon which 
led Bernard to choose the name ‘ glycogen ’ for this substance. Glycogen does 
not normally form the granules so characteristic of vegetable starch, although 
in certain pathological conditions (e.g., diabetes) granules are found in the 
liver and muscle cells, presumably as the result of an abnormal effort to dispose 
of glucose. The conversion of glycogen glm^ose is very ra})id, and is the 
basis of a mechanism by which the glucose content of the blood is maintained 
at a more or less constant level. Glycogen giv^es a brownish-violet colour with 
iodine, and appears to have a slight reducing a(‘tion upon Folding’s solution. 

As with vegetable amviose and amylopectin, the term ‘ glycogen ’ does not 
represent a homogeneous individual substance, but ratlicr a collection of 
substances, of gradually increasing complexity, but all built to the same 
pattern ; in general, the average molecular weight of the glycogen group is 
lower than that of the vegetable starches—about 40,000. Degradation witli 
j9-amylase only partially breaks down glycogen leaving a grenzdextrin similar 
to that from amylopectin ; methylated glycogen on hydrolysis gives the same 
2, 3, 6-trimethylglucose, as does amylopectin, together with 2, 3, 4, 6-tetra- 
methyl and 2, 3-dimethylgluco8e in equal proportions, amoimting in all to 5-6 
per cent, of the glucose units present. The most interesting work of Meyer and 
Fuld ^ has thrown much light on the structure of muscle-glycogen ; it has one 
end-group to each eleven glucose moieties (i.e,, 9 per cent, of 2, 3, 4, 6-tetra- 
methylglucose on hydrolysis of the methylglycogen) ; pure jS-amylase removes 
about 50 per cent, of the molecule as maltose leaving a grenzdextrin ; this has 
now 18 per cent, of end-groups (i.e., one to each 5 or 6 glucose moieties). 

From the evidence, it appears that glycogen and amylopectin have very 
similar stnictures, both are branched and built up of glucose moieties, part of 
which are joined by a-1, 4-glyco8ide hnks and part by a-1, 6 links. The dif¬ 
ference between them lies in the fact that in glycogen both the outer units 
before the branch, and the inner units are much shorter than in amylopectin, 
being about 5 and 3 units respectively, whereas the outer units of amylopectin 
are 18-20 glucose units in length, and the inner chains 8-9 units. 

A galactose polysaccharide has been isolated from the eggs of snails, and 
appears to be similar in nature to glycogen, but composed of galactose units; 
it has, therefore, been called ‘ galactogen Although both di- and tetra* 
methylgalactose have been isolate from the cleavage of its methyl derivative, 
its structure is not known with certainty.^ 

' Schardinger, ZtiU Nahr. Genwtsm., 1903,0, 866. 
* Bernard, Jahresberichie, 1857, 652. 
» Meyer and Fuld, Helv. Chim. Acta, 1941, 24> 376. 
^ Schlubach and Loop, Ann., 1937, $03^ 228, 
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POLYFBtrCTOSANS 

The commonest polyfriictosan is inulin, foimd in the tubers of the Compoaitce ; 
dahlia tubers are often used as a source of the crude 
starch, which may be extracted by grinding up the * 
tubers with water, adding a little lime and boiling. j| /-^0 Qff 
The filtered extract is frozen ; on thawing inulin is ]/\ 
filtered off. Inulin was discovered by Valentine OH 
Rose in 1804 in elecampane root, and was soon recog- qtt 
nised as distinct from ordinary^ starch in that it gives 2 

D-fructose on hydrolysis, it is insoluble in cold water, H 
but even after miudi purification still shows a reduc¬ 
ing tendency. Like D-fructose it is laevorotatory CHgOH O 
[a]f{^ “ 40°. Haworth and his colleagues ^ have j-O 
submitted methylinulin to hydrolysis, and have \ 
isolated 3, 4, fi-trimethylfructofuranoHe, together with qU 
3*7 per cent, of the corresponding 1,3, 4, fi-tetramethyl CH 
derivative. The simplest interpretation of this data 2 

is that inulin consists of a chain of thirty fructo- j.j 
furanose units ; the absence of dimethyl derivatives 
indicates an unbranched chain (293), and the con- CHgOH 0 
ception of a thirty unit chain accords with the molec- __ 
ular weight figme of 5000 obtained by Drew and ^/Jr \ 
Haworth ^ from considerations of lowering of the \ 
freiizing j>oint. Not all pol^dructosans are composed 
of units joined through the 1,2-links; plilein, a HO CHg 
polysaccharide from Phleum pratense, a kind of grass, 
has been shown to have 2, fi-glycoside links ; ^ further ^293) 
details of its structure are obscure, but it must be ^ 
composed of chains with configuration shown in (294). ‘ 

Cellulose 

Cellulose, and its related substances the hemicelluloses and pectins, are 
the main structural units of the vegetable system, and constitute the bulk of 
nearly all plant structures. The presence of cellulose in animal structures is 
rare, although the closely related tmiicin is found in the Tunicate fish ; bacteria 
are capable of building up specific polysaccharides some of which closely resemble 
the smaller cellulose structural aggregates ; they are discussed on page 837. 
Cotton fibres, flax, hemp and wood are all materials consisting largely of 
cellulose, and from wiiich it may be obtained. 

The degradation of cellulose into simpler bodies follows out much the same Elan as is observed with the starches, and the following stages are recognisable. 
a the first place, when cellulose is boiled with dilute acid a change takes place 

in the nature of the molecule and hydrocellulose is obtained. This has lost 

^ Haworth, Hirat and Porcival, J,CJS., 1932. 2384* 
• Drew and Haworth, ibid*, 1928. 2670, 
• Schlubaoh and Sinh, Afm*^ 1940, M4t 10. 
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the fibre-strength associated with cellulose itself, and may be rubbed to a tine 
powder. The precise nature of the change is not clear, but it is very probable 
that the process is one of opening some of the glycoside links with consequent 

CEIiLtlliOSE 

1 
-Hydrocellulosb 

Ckllltlose-A I 

Amyloid 

1 
Cellodextiuns 

1 
Cellohexaose 

1 
Cellotetraose 

1 
Cellobiose 

1 
Glucose 

shortening of the chain ; this would entail the addition of water, so that the 
term ‘ hydrooellulose ’ is correct. The gradual progression of cellulose to 
hydrocellulose can be followed by the decrease in viscosity of solutions of the 

product in Schweitzer’s reagent (a cuprammoniura solution). More drastic 
treatment, such as the solution of cellulose in concentrated acid, followed by 
precipitation on crushed ice leads to a white powder which has been more 
profoundly altered than has hydrocellulose. It is called ‘ amyloid ' because it 
resembles amylose in giving a blue colour with starch ; it has considerable 
reducing power toward Fehling’s solution,^ and X-ray examination reveals 
the same structure as that of mercerised cellulose. 

^ Ekonstam, 1936, 09, 649, 653. 
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If the solution in sulphuric acid referred to in the previous paragraph be 
allowed to stand for some time, further degradation of the material takes place 
and on precipitation a mixture of oligosaccharides is obtained to which the 
term ‘ cellodextrin ’ has been applied, Cellodextrins are not usually larger 
than thirty glucose units,^ and the smaller members of the group are frequently 
crystalline. Further degradation gives cellohexaose, cellotetraose, and eello- 
biose, the latter having been synthesised (see p. 817). This degradation, 

coon 

through slow stages, may be accomplished rapidly and in one stage by the 
controlled use of sulphuric acid. This was demonstrated by Monier*Williams,® 
who obtained a yield of over 90 per cent, of crystalline glucose from cellulose 
and sulphuric acid. 

It would appear, therefore, that cellulose is an aggregate of glucose moieties 
linked as cellobiose units ; the isolation of 2, 3,6-trimethylglucopyranose 
(together with a little 2, 3,4, 6-tetramethylglucose) from the hydrolysis of 
methylcellulose confirms this view and leads to the adoption of the chain 
structure for cellulose, partially depicted in (295). This representation is to be 
taken only as a formalised expression of the structure, and not as a precise 

^ Moyer and Mark, Ber., 1928, 61, 2432. 
* Monier-Williama, J.CJSu 1921,119, 803. 
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indication of arrangement. The more precise arrangement of the cellulose 
units in the fibre has been the subject of much investigation through the 
medium of X-ray analysis. The X-ray diagram shows that the fibres of 
natural cellulose consist of bundles of cellulose chains ; these may be linked 
chemically by transverse bonds due to the secondary" valencies ; the observed 
fact ^ that a certain percentage of the hydroxyl gioups of natural cellulose 
obstinately refuse methylation, indicate that such groups probably exercise a 
special function, the precise nature of which is not apparent. The X-ray 
diagram also reveals that the ‘ cross-bonds ’ are relatively few% and sparsely 
distributed throughout the fibres. The part played by the ‘ minority con¬ 
stituents ' of cellulose may have some relation to the transverse binding. So 
far, nothing has been said about the minority constituents of cellulose, but it 
must be pointed out that the term ‘ cellulose if taken to cover the aggregates 
of jS-glucose chains solely, cannot accurately be applied to natural fibres. These 
alw^ays—no matter how’ carefully purified—contain the poly-^-glucuronic acid 
(296) and the xylan (297). Whether or not the poly-/S-glucurouic acid is formed 
by the oxidation of the 6-gi’oup of cellulose is not c‘lear ; nor yet w’^hether xylan 
is formed by decarboxylation of the glucuronic acid. 

General consensus of opinion is that short glucuronic acid and xylan frag¬ 
ments occur at the edges of the micellar bundles. Thus, a formal picture of 
a cellulose fibre would involve chains of 200-300 glucose units bound together 
in bundles of 6-10 chains ; this unit is referred to as the ' micelle Near the 
ends of the micelle—w-hich is shown by X-ray measurements to be about 6(X) A. 
long and 50 A. in diameter ^—some xylan and gliuuironic units are to be foimd. 
The arrangement of the micelles in native (iellulose depends largc^ly on the iypei 
and function of the tissues examined, in the fibrils of bast fibre, for example, 
the micelles appear to be arranged parallel to one another lengtiiw’ise round a 
central cylindrical cavity ; in parenchyma cell-walls, wdiere no axis of orienta¬ 
tion is observable, they are in laminate form, but imorientated ; on the 
other hand, in cotton fibres the micelles are arranged at an angle of about 30*^’ 
to the central axis (* screw * formation) ; in palm (e.g., coir fibres) the angle is 
as high as 45°. Such fibres are elastic, decreasing in diameter and sharpening 
in pitch as the load is increased. 

Some Reactions of Ckli^ulose 

One of the most important properties of cellulose is its affinity for substantive 
dyes ; when cellulose fibres are placed in a solution of a dye—such as a Direct 
Cotton Red—the dye is concentrated and held by the hydroxyl groups at the 
internal intra-micellular interfaces.^ This property is discussed in greater 
detail in Chapter XV, Vol. II. 

Caustic soda has a profound effect on cellulose ; it is the basis of the process 
of mercerisation by which a glossy finish is imparted to cotton goods. It 
appears that the rough outer irregular micelles are partially liquefied by the 
action of the alkali, leading, on washing out, to the formation of a translucent, 
even and smooth outer coating. The alkali-cellulose combines with carbon 
disulphide to give a cellulose xanthate—the thick solution being used in the 
manufacture of regenerated cellulose threads—the so-called ‘ artificial' silk. 

Passing reference has already been made to the solubility of cellulose in 

^ Karrer and Esoher, Helv, Chim, Acta, 1936, 10, 1192. 
a N&geli, Ostwald^s Klaasiker 1928, 027, Leipeic. 
» Mark and Meyer, Z, Phy$ik. Chem., 1929, 115 (<?f. Bet,, 1931, 64. 408). 
* Hoeemann, Z, Fhy^ik., 1939,114, 133. 
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cuprammouium ; the viscosity of the cuprammonium solution under standard¬ 
ised conditions being a measure of the ‘ strength ’ of the cellulose used ; the 
cuprammonium solutions of cellulose can give regenerated cellulose fibres by 
forcing through dies into faintly acid baths—this giving the ‘ cuprammonium 
silk \ Cuprammonium solution may be prepared by exposing copper foil 
submerged in concentrated ammonia solution to the action of oxygen, and is 
essentially an ammoniacal copper oxide. The copper appears to form a complex 

with the intra-micellular liydroxyl groups, probably of the type indicated by 
the formula (298). The formation is carried to such an extent that transverse 
intraniicellular linkages break down and the cellulose goes into solution. The 
size of the micelle/copper j)articles in the viscous solution will depend on the 
size of the original micelles and their integrity ; thus the relation between the 
viscosity of the cupranunonium solution and the ' strength ’ of the cellulose is 
virtually an expression of the micelle integrity. 

The esters of cellulose have been discussed in Chapter VIII, and although 
full consideration of t he regenerated cellulose fibres is deferred to Chapter IX, 
Vol. II, it may be remarked here that there is evidence of a micellular structure 
in regenerated cellulose, and also of orientation parallel to the fibre-axis. 

Bacterial Polysaccharides 

When Acetobacter xylinum is grown on media containing glucose it forms a 
bacterial cellulose, the structure of which is unknown, but which has a high 
molecular weight, as evidenced by the viscosity of its cuprammonium solution.^ 
Such substances form the skeletal envelopes of the lower organisms, and it is 
surprising to find that the configuration of the polysaccharide has little or no 
direct relation to the structure of the hexose u{>on which it lives. Thus, B. 
mesentericus produces a fructosan (299) from glucose ; this has been subjected 
to methylation and degradation by Haworth and his colleagues,^ who isolated 

1, 3, 4-trimothylfructofurano8e with a little 1, 3, 4, 6-tetramethylfructofuranose. 
Other bacterial and fungal polysaccharides have been similarly investigated, 
some of the more important results being summarised in Table IX. 

^ Fikentsch«r, Cellidoaechemie, 1032, 13* 58. 
* Olialiinor, Haworth and Hirst, J,C.S,, 1934, 676. 
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These substances have been described as immuno-polysaccharides, since 
they are for the most part soluble substances capable of demonstrating some, at 
least, of the immunological specificity associated with the organisms themselvevS. 
Indeed, some of the polysaccharides can confer active immimity,^ but many of 
them do not possess complete antigenic power, but are able to agglutinate 
immune sera prepared from the whole antigen ; the term ‘ hapten ’ is used of 
such partially active polysaccharides. 

Hbmicblluloses 

Reference was made (p. 836) to the non-homogeneity of natural cellulose 
fibres, even aft^r considerable purification ; there is present with cellulose, 
before such purification, three main types of allied substances, hemicelluloses, 
polyuronic acids and lignins. The proportion of these substances in cotton 
fibres is small, but in the case of timber, especially soft woods, it may rise to 
about 30 per cent, of the total. Cons’derable difficulty is experienced in 
separating the constituents sufficiently to obtain data on their constitution ; 
the ordinary methods of methylation and hydrolysis being, of course, inapplic¬ 
able until comparatively pure starting materials arc available. 

Pentosans 

Some mention has already been made of the presence of pentosans in oat- 
hulls and similar materials, in connexion vith their breakdown to furfural. 
The commonest pentosan is xylan, although an araban, yielding L-arabinose on 
hydrolysis is also found in small quantities in wood.^ The preparation of xylan 
is carried out by digesting the powdered material (e.g., oat-hulls) with caustic 
soda solution of 5 ^)er cent, strength, filtering, and pouring the filtrate into 
alcohol. The precipitate so obtained is washed, digested vith very dilute acid 
in aqueous alcohol and washed. To all external appearance it is an amorphous 
white powder. Its structure has been examined by Haworth and his colleagues.^ 
On methylation xylan gives a dimethyl derivative which on hydrolysis yields 
2, 3-dimethyl-D-xylose ; this confirms the 1,4- structure of xylan set out in 
formula (297). 

Hexosans 

Cellulose itself is, of course, a glucosan in the sense that it is built up by 
dupli(?ation of D-glucose moieties, but there are, in addition, present in wood 
other and more soluble glucosans which can be extracted by dilute alkalies 
and which are split up by the sulphite used in the manufacture of sulphite 
pulp, thus accounting for the glucose in the waste liquor from this operation. 
The stnujture of these glucosans is, of course, analogous to that of cellulose, 
and differs only in the extent and pattern of the micellular arrangement. Whilst 
galactans have been detected—Mijama ^ found an insoluble galacto-araban in 
peanuts—they have not been extensively studied. On the other hand, the 
mannan from ivory nuts has been subjected to closer analysis, and appears to 

' Raiatrick and Toploy, B. J. ExfU. Path., 16, 113. 
* Hagglund, ** Hdlzchemi© ** (2na edn.), 1932, p. 122 (Leipeic). 
* Hampton, Haworth and Hirst, 1929, 1739. 
* Mijama, J* Dtp. Ag. Kymh. Univ., 1935, 4» 195. 
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consist of mannose residues joined by /S-1, 4 glycosidal links ; such a structure 
is shovn in (300). 

CHoOH 

H H (300) 

PoLYURONic Acids 

Reference was made (p. 836) to the presence of glucuronic acid chains in 
cellulose. This is quite a general phenomenon, and it is thought that these 
acids are a genetic link between cellulose and xylan, being produced by oxidation 
of the projecting —CH2OH groups of the former, and being decarbox^dated by 
the plant to the latter. The Irish and Icelandic mosses (lichens) contain a 
hemicellulose, lichenin, which yields a solution in hot whaler which gelatinises 
on cooling. On methylation ^ it yields a derivative which is hydrolysed to 
2, 3, 6-trimethylgluco8e and about 0-8 per cent, of 2, 3, 4, G-tetramethylglucose. 
In view of Carter and Record’s determination ^ of the molecular weight of 
lichenin as 20,000, this indicates an unbranched chain in 1, 4-glyco8idal linkage 
which, from the optical rotation of lichenin acetate, appears to be of the 
^-type. 

Ij:gnin 

The cellulose fibres of wood lie embedded in a mass of lignin which appears 
to act as a cement between the fibres as well. To obtain cellulose pulp for 
paper or rayon manufacture this lignin must be removed, an end which is 
achieved by heating the shredded wood with alkali or sulphite solutions under 
pressure. In this way the cellulose remains largely unattached but the lignin 
goes into solution. Unfortunately the lignin is decomposed by this process so 
that little light is shed on its structure. The extraction of lignin from wood 
by concentrated acids or by solvents such as dioxan at high temperatures also 
degrades the lignin which appears to be a typical three-dimensional maoro- 

' Hess and Lauridsen, Her,, 1940, 73, 115. 
* Carter and Record, Chemistry and Industry^ 1936, 218, 
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molecule of indeterminate size. Hagglund ^ regards the molecule of lignin as 
of indefinite size, a network of primary valence chains acting as a bed and 
cement for the cellulose. The concept of molecule really disappears with 
macromolecules of this type. 

Examination of the empirical formulae of lignins obtained in different ways 
shows them not to be * carbohydrates ’ in the strict sense of that term, the 
carbon content being greater and the oxygen less than the theoretical figure. 
In fact, there is little to relate the lignins to the polysaccharides except proximity 
of origin and macromolecular structure ; they are essentially aromatic in 
character. The presence of methoxyl- groups in lignin was early established 
and served to divide the lignins into two main groups—the spruce-type lignins 
with a methoxyl content of 10-16 per cent., and the beech-type lignins with 
19-21 per cent, methoxyl. 

The breakdown products of lignins indicate their true character ; cleavage 
with alkali yields eugenol, guaiacol, substituted guaiacols and protocatechuic 
acid ; in the same w^ay beech lignin yields similar products, together with gallic 
acid. When the sulphite liquor by which lignin is removed from cellulose is 
treated with hot alkali, vanillin (301) is produced in considerable yield—^up to 10 

CHO CHO CH=CH. CHgOH 

(301) (302) (303) 

per cent.; from beech lignin, sj’ringa-aldehyde is also produced (302). The 
formation of such compounds has led to the suggestion that lignins are built up 
from a coniferyl alcohol unit (303), or in the case of beech lignin from a mixture 
of coniferyl alcohol and its methoxy derivative. The suggestion of such a 
formation w^as made originally by Klason ^ in 1897, and was subsequently 
widened in scope to include mixed coniferyl alcohol and coniferyl aldehyde 
units; it was also observed that all young plant tissue contained coniferin which 
could serve as a source of coniferyl alcohol. 

The mechanism of the linkage of such units is not properly imderstood ; 
Freiidcnberg assumes that the unit (304) occm’s five out of eight times in a spruce 

A A 
1 

OH3OI i0CH3 

CO 0 

Yh 
1 

HOOCi^yOCH, 

OB. 

j 

c 0 

Yh 
1 

1 
(304) 

1 
(305) 

1 
(306) (307) 

lignin, together with other units of which (305) is a prominent example leading 
to the gallic acid breakdown products, and is incapable of forming the chroman 
ring of (304); the isolation of vanillin-6-carboxyhc acid (307) has led to the view 
that some, at any rate, of the units composing lignin are of the form (306); 

^ Hligglund, Holzchemie loc, cit, 
* Smnak, Kem, TicUfkr., 1897, 9» 135. 
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the isolation, too, of veratrie and Mo-hemipinie acids from the mcthylation of 
lignin (diazomethane) and hydrolysis of the methyl lignin, leads to the supposi¬ 
tion that the plain ‘ veratryl ’ link (308) must also be present in lignin. A 

COOH 

Veratrie acid 

COOH 

HOOc(^^OCH3 

OCH, 
t»o-Hemipinic acid 

portion of lignin molecule on this hypothesis would have a structure such as 
(309), although condensation to form two- and three-dimensional units is also 

OH 

contemplated. A sec'ond view of the stru(‘t\ire of lignin was put forward by 
Erdtman about 1933, in which he took exception to the ring-type (marked I, in 
309) of Freudenberg s proposed structure, remarking that such a formation 
was uncommon in natui*al products, and should be associated with a partially 
active —CHg group. His alternative suggestion is a unit (310) in which the 

offending ring is replaced by a smaller ring similar to that found in a variety of 
structures such as egonol.^ 

Hibbert has carried out a wide range of researches on lignin in Canada, the 
results of which are embodied in a series of over seventy papers. He does not, 
it appears, feel that the time is ripe for an authoritative statement on lignin 
structure, although his data confirms the Freudenberg suggestion that the 
basic unit of the lignin molecule is derived from phenylpropane ; thus, he has 
obtained from spruce by the action of hydrogen chloride in ethanol the series of 
compounds illustrated in (312 to 315). 

Hibbert also comments upon the similarity of the side-chain of these units 
to certain stages in the ascorbic acid ene-diol oxidase system of Szent-Gyorgy, 
and suggests that this may be of fundamental phytochemical significance. 

BusselP not only claims that lignin has the structure (316c) but that he 
has synthesised a product identical with gymosperm (larch) lignin from vaniUin 

^ Kawai and Sujiyama, Ber., 1039, 72, 369. 
’KuBsell, Chem. and Sng, 1947, 25, 2894. 
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monoacetate, which rearranges with anhydrous aluminium chloride to give 
2-hydroxy-3-methoxy-6-formyl acetophenone (316a) which polymerises to the 

CH3 
j 

CH3 
1 

CH3 CH, 

CHOH 
1 

CO 
1 

Ao 
1 

I 
CO 

1 

dio CHOH CO 

A A A A 
[ JoMe 1 lOMe 1 lOMe l loMe 

OH OH 
(312) (313) (314) (315) 

l-(3-methoxy- l-(3-mothoxy- I-(3-mothoxy- (3-methoxy- 
4-hydroxy phenyl) 4 -hydroxyphony 1) 4-hydroxyphoriyl) 4-hydroxyphenyl) 
propanol-2, ono-1 propanol-1, one-2 propandiono-l, 2 propanone-2 

structure (3166) by a Claison condensation. The details of cyclisation to (315c) 
are not cited in the reference available. 

OCH, 

OCO. CH3 /\ 

OHC 
\/ 

OHC 
\/ 

(315o) 

OCH, OCH, 

Aoh A 

OCH3 

OH 

COCH, 

OCH, 

etc., — Uco . CH=CH- \/ 
(3166) 

I—CO . CH==CH- 

<^\0H 

etc., 

Pectins and Related Substances 

There is no recognised logical syst/cm of nomenclature for this group of 
substances, most of which have a gelatinous nature and are physically ill- 
defined. The follomng divisions are based on the sources from which the 
substances are derived, rather than from any inherent properties which they 
possess :— 

(1) True pectins,—Obtained from the cells of fruits and usually consisting 
of esters of pectic acid. 

(2) Fucopectins.—Derived from seaweeds ; different varieties give different 
products, e.g., alginic acid from Laminaria digitaJta and Laminarin 
from L, cUmstroni ; agar-pectin from agar seaweeds. 
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(3) Gum-pectim,—This class includes the mucilages from plant sources, and 
may be subdivided :— 
(а) Plant mucilages, e,g. from psyllium or orchidacce (e.g. salep- 

mannan). 
(б) Yeast gum . 
(c) Gum arabic. 
(d) Cherry, plum and damson gums ; citrus gums ; tragacanth. 

All the members of this group are related by their physical properties and 
by the fact that on hydrolysis they give uronic acid or aldose units. They 
differ from starch and cellulose in two main respects (a) the presence of a pre¬ 
ponderating amount of uronic acid residues, and (h) the absence of crystallite 
or fibre formation. Most form unorientated gums or jellies, the structure of 
which appears to be based on a random three-dimensional formation. 

True pectins are obtained from apple, pear or citrus pomace after the expres¬ 
sion of juice and oil. Hot dilute sulphuric acid dissolves the j^ectin from the 
pomace and the pectin itself may be precipitated from the solution by alcohol. 

It is to be noted that pectin as a term is not a precise description, but covers a 
whole range of substances produced in this way ; by fractional precipitation or 
extraction, more, or less, soluble pectins may be obtained, whose solutions 
indicate by their viscosities a proportionately higher or lower molecular weight. 
The commercial fruit pectins (mainly citrus (lemon) or apple) are prepared 
from the more soluble or first extracts. There is little doubt that a change 
takes place during the extraction of pectin, and that the ‘ primitive * pectin 
existing in the plant cell tissues is broken down during the extraction ; Ehrlich ^ 

1 Ehrlich et aL, Bioeliem. Z., 192®, 168. 283; 1920,109, 13; 1928, 208. 343, Her., 1929, 
m. 1974. 



OABBOHYDRATBS AND RELATED COMPOUNDS 845 

and his co-workers have shown that by repeated extractions, an araban can be 
obtained from pectins of high molecular weight. 

The breakdown of pectins show^s D-galactose, D-galacturonic acid and 
L-arabinose, a series exactly analogous to the D-glucose, D-glucuronic acid and 
D-xyloso of the cellulose series. In addition, methyl alcohol is found as a 
product of hydrolysis of pectin ; the latter appears to be a methyl ester of 
pectic acid, the alcohol having esterified some of the carboxyl groups of the 
galacturonic acid units. It does not appear to be true, as thought by Ehrlich, 
that the arabinose, galactose and galacturonic acid units are built up into the same 
chain—it is far more probable that the three types of unit form three different 
chains, which themselves are interwoven in the primitive pectin. The poly¬ 
uronide chains predominate and on methylation of pectin and hydrolysis the 
methyl ester of 2, ll-dimeth3dgalactofuro-uronoside (316) is obtained. This is not 
formed directly, but by a rearrangement of the galacto pyranuronoside (317) first 
formed. The chain structure of pectic acid is therefore that shovm in (318), the 
units being airanged in a-1, 4 glycosidic formation. 

On the other hand alginic acid, the acid of the fucopectin algin, has been 
shovm to be constituted from mannose \mits in /3-1, 4 glycosidic union (319). 
Algin occurs in seaweed (})articularl3^ Laminiaria digitata together with fucosan, 
a polymeride of fucose moieties. Hirst and his colleagues ^ were successful in 
meth^dating alginic acid and hydrol^’^sing the methyl derivative to 2, 3-dimethyl 
methjd-D-mannuride method ester (320). The chain of alginic acid (319) is, 
therefore, entirely analogous to that of cellulose. On the other hand, it appears 
that laminarin, an apparently similar fucopectin, possesses a jS-1, 3 linkage. 
This fucoj)ectin obtained from Lamviaria clotcstoni, gives on methylation a 
methyl derivative which may be hydrolysed almost exclusivel}^ to 2, 4, 6-tri- 
meth^dglucose.* It is therefore not an uronide, but a glucoside and is linked 
at the —1, 1, 3 positions ; its structure is, therefore, represented by (321). In 

H OH (321) 

the same way agar appears to be derived from the corresponding galactose 
compound (322), again linked in a ^-1, 3 glycosidic chain. The problem, in the 
case of agar, is complicated by the fact that some of the galactose residues are 
esterified with sulphuric acid. Pirie ^ pointed out, also, that L-galactose was 
produced in about 6 per cent, yield by the hydrolysis of agar. This might have 
arisen from some adventitious racemisation of the D-galactose, but it became 
clear that this was not the case when methylated agar was shown to give a 

1 Hirst, jr. K. N. Jones and W. O. Jones. J.C.S., 1939. 1880. 
* Barry, Sci, Prec. Roy, Dublin Soc., 1939, 1223. 
* Pirie, Biochem*«/.. 1936, 30^ 369. 
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similar percentage of anhydrodimethyl-D-galactose on hydrolysis. The anhydro- 
ring is in the 3, 6-po8ition (322a); it was conjectured that such a ring was formed 
during the hydrolysis of the sulphuric ester group. Since only the 2- 
group of the L-galactose is methylated (the second methyl group being glyco- 
sidic) the substance must be methyl 2-methyl-3, 6-anhydro-L-galactoside. It is 
therefore an end component joined through the ‘ 4 ' position ; this is depicted 
by the end-group in formula (322). 

It cannot be said that the structure of the gum-pectins has yet been eluci¬ 
dated ; tentative structures can only be suggested in the cas<^ of gum arabic. 
Gum arabic (the secretion of a species of acacia) is the salt of arabic acid and 
hydrolysis yields ^ a mixture of saccharide imits :— 

Galacturonic acid 
Galactose . 
Arabinose . 
Rhamnose , 

Per rent. 

. 20 
, 30 
. 34 
. 14 

If the hydrolysis of arabic acid is carried out by boiling water, Ir-arabinose, 
L-rhamnose and a disaccharide (3-galactosido-L-arabino8e) are split off and a 
fraction remains which is resistant to hydrolysis. The latter, on methylation, 
followed by hydrolysis of the methylated product yields :— 

2, 3, 4-Triraethylgalactoae (5 mola.) A 
2, 4-Diinethylgalacto8e (2 moLs.) B 

2, 3, 4, 6-Tetramethylgalacto8e (1 mol.) O 
2, 3, 4-Trimethylglucuroiiic acid (3 raola.) D 

This would indicate a pro^essive chain of mixed 1,3- and 1,6-glyco8idicalIy- 
joined galactose moieties, with branch chains of comparatively short length 
joining the ‘ 6 ’ positions of the main chain, through a galactose unit to a 
galacturonic end-^up; the capital letters of the methylated fragments above 

> Smith et al„ J.O.8., 1939, 744, 1724; 1940, 74, 79 and 1036. 
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corrospond to those in the centre of the rings in formula (323). It must, 
however, be repeated that this is a proximate structure for the unit of degraded 
arabic acid ; the formula of the latter will, of necessity, include the arabinose, 
rhamnose, etc., residues split off in the preliminary hydrolysis. 

COOH 

H on 
(323) (glycosidic orientations arbitrary) 

The situation of these additional groups is almost certainly in the ‘ 3 * 
positions of the nuclei marked ‘ ^ ' in (323), and in the ‘ 4 * positions of the 
glucuronic acid units. These positions are indicated in structure (3i3) by bold 
type ‘ H The nature of the groups attached at these points is very uncertain ; 
inasmuch as the amount of arabinose obtained during hydiolysis of arabic acid 
is roughly equal to the galactose formed, it would seem that each of the points 
of attachment in (3 3) will carry one arabinose moiety; since both 2,5-dimethyl- 
and 2, 3, 5-trimethyl-L-arabofurano8e are obtained from the hydrolysis of fully 
methylated arabic acid, it appears (a) that the arabinose residues are present 
in furanose rini( form, and (6) that part of them are end-gi’oups and part links 
in a chain; since 2, 3, 4-trimethylrhamnose is found also, it is probable that 
rhamnose constitutes an end-group. 

Thus, it would apj>ear that the formula (323) must be enriched by a rhamnose- 
arabinose disaccharide moiety at three points, with a simple arabinose moiety 
at five jwints ; it is tempting to suggest that the former may be attached 
through the ‘ 4 ' positions of the ' D ' groups, and the latter through the ‘ 3 ' 
positions of the ‘ A * groups. 

Other gums have been subjected to an analysis of a similar character, in 
particular damson gum, which was investigated by Hirst and Jones.^ The de¬ 
composition of this gum and its methyl derivative gave novel results, including 
the isolation of a 2-glyco8ide—an almost unique instance of such a component 
in the polysaccharide field. The details cammt be given here, but the reader 
is referred to Dr. Peat’s excellent summary of the data on this and related 
problems (Appendix I to this chapter). 

1 Hirst and Jones. J.CJS.. 1938, 1174; 1939, 1482, 
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and characterised chitobiose, a disaccharide which bears the same relation to 
chitin as cellobiose to cellulose ; indeed, chitobiose may be regarded as cellobiose 
in which the 2, 2'-hydroxyl groups have been replaced by amino groups (325). 

The X-ray analysis of chitin fits well with the structure set out in (324), and 
indicates that it has a micellar structure of chains in parallel orientation, 
similar to that of cellulose. Here again, it is legitimate to extend the analogy 
which exists between cellobiose and chitobiose, and to regard chitin in a general 
way as a 2® -acetylamino cellulose. 

A closely related substance is the chondroitin sulphuric acid which may be 
extracted by N/2 caustic soda solution from shredded cartilage. This solution, 
clarified and precipitated by alcohol, yields a sodium salt of chondroitin sul¬ 
phuric acid, which is probably one constituent unit in the complex structure of 

cool I 

the proteins. If it is subject to bacterial hydrolysis (by B. jlnorescens non 
liqiiefaciens),^ it yields D-glucuronic acid, chondrosamine (D-galactosamine), 
D-glucosamine together with acetic and sulphuric acids. It must, therefore, be 
an assemblage of these units ; at the moment, little is known of the position 
and type of linkage binding them together. The main interest of this substance 
lies in its relation to heparin. Heparin was the name given by Howell and 
Holt in 1918 to a purified extract from liver which had the power in low con¬ 
centrations (1 in 100,000) of preventing the coagulation of blood. Purified 
heparin, subjected to the exhaustive researches of Jorpes (see Appendix I) 
was shown to be a mucoitin polysulphurio ester consisting of two molecules of 
acetylglucosamine, two of glycuronio acid and five of sulphuric acid. In a very 
large number of reactions and properties heparin resembles chondroitin sul¬ 
phuric acid, but differs in physiological properties. Bergstrom,* however, 
showed that a moderate anti-coagulant activity could be conferred on chon¬ 
droitin sulphuric acid by treatment with ohlorosulphonio acid which would 

^ Neuberg and Ccdiill, AUi, acad, Lincei^ 1035 (6), 92» 140. 
* BergstrCxn, NatwrwuB, 1035, 28» 106; Zeit, physiol, Chem,, 1036, 268, 163. 

54 
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make it appear that heparin is a more highly sulphated member of the same 
grouj). Elmer and his co-workers ^ obtained a polysaccharide sulphuric ester 
from agar of comparable activity to that of heparin. Heparin must therefore 
have a structure somewhat similar to that shown in (326) in which, however, 
the arrangement of /3-links and acid groups is arbitrary. 

Such esters constitute the prosthetic groups of the mucoproteins a further 
discussion of which will be found in Vol. II, Chapter IX. 
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APPENDIX II 

GLYCOSIDES 

In the main portion of tliis chapter considerable reference has been made to 
glycosides, (^specially in connexion with the sugar di- and tri-saccharides, and 
with the linking of units in the polysaccharides and polyuronides. The term 
‘ glucoside it should be mentioned, is restricted to those substances in which 
gliK^ose itself constitutes one moiety ; ‘ glycoside ' is a general term covering 
any substance in whi(di orie moiety is a sugar molecule. The nature of the 
second portion of a glycoside is used to divide the whole family into two groups ; 
glycosides in wliich both moieties are sugar molecules are called ‘ holosides * ; 
tJiose in which one portion is derived from a non-sugar structure are named 
‘ heterosides *. Thus, all the sugars and polysaccharides discussed in the 
earlier portions of this chapter are holosides ; this appendix deals with the 
heterosides. Attempts have been made to classify the heterosides into families, 
but with no great success, for whilst it is possible to make broad distinctions— 
such as the we 11-recognised groups of cyanogenetie glycosides, and the cardiac 
glycosides, many, such as indican, do not fall easily into such a classification. 
On the ot her hand, classifielation aca'ording to the nature of the sugar moiety 
brings the hetero-imits, known as ‘ aglycones \ into unsuitable groups. It is 
probably best to divide the heteroside family into broad groups thus :— 

Group I. Cyanogcaietio glycosides. 
Group II. Steroid glycosides, including the cardiac glycosides. 
Group III. Simple aiyl glycosides. 
Group IV, Chroman and flavone or plant-pigment glycosides. 
Group V. Tannins. 

It will be clear from the divisions indicated above, which by no means 
exhausts the scope of the heteroside family, that the subject-matter of this 
appendix will largely be confined to (a) the nature of the link between the sugar 
and aglycone, (6) the nature and configuration of the sugar moiety ; any detailed 
consideration of the aglycone will be referred to the appropriate section into 
which it falls by virtue of its chemical type. 

As a typical example of a simple aryl heteroside, salicin may be considered ; 
it has been extracted from willow and poplar barks on which it confers the 
therapeutic properties which have led to the use of such barks as febrifuges, 
from the earliest times. The extraction of salicin from the bark led to its 
introduction into medicine about seventy years ago. 

When hydrolysed by dilute acids, salicin yields o-hydroxybenzyl alcohol 
(saJigenin) and p-glucose; on methylation salicin giyes a pentamethylsalicin (328) 
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which on hydrolysis yields o-hydroxybenzylmethyl ether (329) and 2, 3, 4, 6- 
tetramethylglucose. This methylation and decomposition were carried out by 
Irvine and Rose ^ in 1906, but the precise structure of the methyl sugar was not 
determined until much later. The structure of salicin is therefore to be visual¬ 
ised as (327). It will be noted that the glycosidal link is P- in character, a fact 

which is established by its sensitivity to emulsin. Numerous glycosides are 
known which produce a hydroxy-aryl derivative on hydrolysis ; the chief of 
these are mentioned in Table X. 

One or two in Table X call for comment; phloridzin is a rather more complex 
structure than some of the others (330). It is used in biochemical laboratories 

to produce severe glycosuria in experimental animals (a species of artificial 
diabetes); alloxan is capable of inducing a similar effect. Oaultherin (331) is also 
an*unusual glycoside of this group, giving the rare disaooharide primeverose on 
hydrolysis. The breakdown and hydrolysis of coniferin (332) is of unusual 
interest, and links this glycoside with the lignins. On chromic oxidation it 
gives glucovanillin (333), and this on hydrolysis yields glucose and vanillin. 
This process was actually used for making vanillin 70 years ago ; the product 

' Irw® and Rose, 1906, 89» 814. 
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was of exceptionally good quality, but was of a high price. Helicin, the gluco- 
side of salicylaldehyde is one of the few optically active aldehydes which are 
easily obtained, (it is made by the oxidising action of dilute nitric acid on 
salicin). Its particular value lies in its ability to combine with racemic amines 
to give stereoisomeric aldimines which can be separated by fractional crystal¬ 
lisation. 

CVANOGENETIC GlYOOSIDES 

TABLi: XI 

Name Source Sugar Aglycones 

Amygdalin Almondfl and stone fruit 
kernels 

Oentiobiose HCN -f- l)enzaldohyde 

Prunasin Wild cherry-bark D-Glucose HCN *f benzaldehyde 
(D - mandolon i trilo) 

Sambimigrin Elder bark D-Glucose HCN + benzaldehyde 
(L-inandelonitrile) 

Prulauraein Cherry laurel D-Glucose HCN -f benzaldehyde 
(DL-mandelonitriJo) 

Vicianin Vetch seeds Vicianose HCN “h btMizaldehyd© 

Phaseolunatin Flax and seeds of 
Phaseolus liUetks and 
Heved braziliensis 

D-Glucose HCN h acetone 

Lotusin Lotus arabicus 2 X d-Glucoso HCN 4 lotoflavin 

Dhurrin Sorghun:! and millet D-Glucose HCN 4- ;?-hydroxybenzalde- 
liydo 

Amygdalin was one of the earliest substances recognised as a glycoside. It 
had been known for some considerable time that the aqueous distillate of bitter 
almonds contained hydrocyanic acid, and further observations had been made 
on the isolation of benzaldehyde from the same source. It was Robiquet and 
Boutron-Chalard ^ who, after pressing the fatty oil from almonds, observed the 
marc to be without smell of either benzaldehyde or hydrocyanic acid until it 
had been moistened with water. They concluded that these substances were 
not present as such in the almond, but assumed that benzaldehyde was formed 
by the combination of water with a ‘ peculiar principle ’ w’^hich they then 
endeavoured to isolate. Since water was obviously inaclmissible for its extrac¬ 
tion they used alcohol and extracted a crystalline nitrogenous substance to 
which they gave the name * amygdalin They were astonished, however, to 
find that neither amygdalin nor yet the marc from which it had been extracted, 
gave benzaldehyde or hydrocyanic acid on treatment with water ; as they put 
it ' the prussic acid and oil of bitter almonds had vanished from our hands 

^ Robiquet and Boutron-Chalard, Ann. Chim. Phya,, 1S03, 352, 
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It remained for Liebig and Wohler ^ to solve this problem. They observed 
that almonds contained a peculiar nitrogenous substance, ‘ emulsin which in 
the presence of water conveii^ed amygdalin into benzaldehyde, hydrocyanic 
acid and gliK'ose, a reaction which may he summarised :— 

-. C,H«0 f HCN + 2CeH, A- 
The presence of two molecular proportions of glucose in the products of hydro¬ 
lysis of amygdalin (334) led to speculation for some considerable time until it 
was realised that they are present as the disaccharide gentiobiose. This has been 

demonstrated by a variety of means ; methylation gives, on hydrolysis, a 
heptameth}'! derivative yielding benzaldehyde, hydrocyanic acid, 2, 3, 4, 6- 
tetramethylghicose and 2, 3, 4-trimethyi glucose in equimolecular proportions. 
In additioTL the sequential enz^’mic breakdown of amygdalin throws consider¬ 
able light on its structure :— 

Arnycdttliri (CaoHaTNOji) 

amygdalaso 
- 

prunasin 

j prunase 

I I 
inandelonitrile CgH^NO 

oxynitrilase 

i i I 
glucose glucose benzaldehyde hydrocyanic acid 

The prunasin, prulaurasin and sambunigrin group are less complicated, 
being the D-, L- and dl- derivatives respectively of glucosidomandelonitrile. 
Vicianin is of interest as it represents the replacement of one glucose unit of 
amygdalin by arabinose ; in addition, it is unusual in that its enzjmie vicianase, 
which occurs with it in vetch seeds, splits off the intact disaccharide. 

Lotusin, a glycoside linking two of the families, is cyanogenetic and at the 
same time its aglycone is a tetrahydroxyflavone, a yellow pigment. 

Mustard-oil Glycosides 

Many crucifers contain a glycoside which breaks down on hydrolysis to a 
thiocarbimide (or mustard oil) and glucose—^together, in some cases, with other 
substances. These substances are responsible for the flavours of the various 

1 Liebig and Wdhier, Ann., 1837, 2S, 1. 
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cresses and brassioas, including mustard, horseradish and others. Some of the 
more interesting of these glycosides are summarised in Table XII. 

TABLE XII 

Sugar Mato aglyoone 

Sinigrin 

Siiialbin 

Black mustard {Brassica 
nigra) 

Horseradish {Cochlearia 
armoracia) 

White mustard (Brassica 
alba) 

Glucotropicolin Cress {Lepidium sativum) 

Gluconasturtin Nasturtium {Tropcsolum 
majus) 

Watercress {Nasturtium 
officinale) 

Gluconapiii Rape {Brassica napm) 

GlucocheiroUn Siberian wallflower 
{Clieiranthus) 

Erysolin Erysimum perowskianum 

D-Glucose Allyl thiocarbimide KHSO4 

D-Glucose p-Hydroxybenzyl acid 
thiocarbimide sinapin 

sulphate 

n-Glucose Benzylthiocarbi- KHSO4 

mide 

D-Glucose 

d-G1uco8o Phenyl ethyl thio¬ 
carbimide 

D-Glucose Crotonyl thiocarbi- 
niide 

D-Glucose Choirolin 

D-Glucose Homocheirolin 

Most of the aglycones of this group are particularly pungent, and in the case 
of sinigrin, the allyl thiocarbimide has been separated in considerable quantity 
for medical purposes. The structure of sinigrin is shovvii in (335) from which it 
will be observed that the glucose and potassium hydrogen sulphate group are 
virtually adducts at the =C=S gi'oup of the thiocarbimide. The presence of the 

sulphur link between the glucose and the remainder of the molecule has been 
confirmed by Schneider and Wrede,^ who obtained thioglucose on reduction. 

Smalbin, from white mustard, is a more complex substance, and whilst it is 
fairly certain that the mustard oil and the glucose residue are united in the 
same way as those of sinigrin, the third moiety, sinapin acid sulphate, is a 
complex body which breaks down on treatment with baryta to sulphuric acid, 
choline and sinapinic acid, a dimethoxybydroxycinnamic acid. Another point 
of interest are the cheirolin glycosides ; cheirolin and homocheirolin, depicted 

CH3SO2CH2CH2CH2NCS CH3SO2CH2CH2CH2CH2NCS 
(336) (337) 

in (336) and (337) are unusual in containing the sulphone group. They have both 
been synthesised,* and are probably representatives of a larger family of sub¬ 
stances yet to be discovered. The occurrence of the sulphone group in plant 
substances is unusual. 

^ Schneider and Wrede, Ber., 1914, 47, 2226. «Schneider, ibid., 1913, 46, 2634. 
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Glycosides of the Plant Pigment Series 

These are divisible into a number of families. 

(1) The anthraquinone series. 
(2) Chromone or benzpyrene glycosides, subdivisible into 

(а) the flavine series ; 
(б) the wo-flavine series ; 
(c) xanthone series. 

(3) The anthocyanins. 
(4) Indican. 
(5) The polyene glycosides. 

The Anthraquinone series comprise a group of substances which have tinc¬ 
torial and purgative properties and have, therefore, been thoroughly examined. 
The best known of the series is probably ruberj’thric acid, which is found in 
madder-root. The extraction of a dyestuff, alizarin, from madder-root has 

H OH 

HO 
CO 

r 1 ! 1 

CO 

(338) 

been carried on since the earliest times, but it was Rochleder in 1851 ^ who first 
obtained the glycoside by extracting madder-root with boiling alcohol, obtaining 
an extract which, on cooling, gave ruberythric acid in glistening yellow^ needles. 
Hydrolysis gave alizarin and tvro molecules of hexose sugar which for many 

TABLE XIII 

Name Aglycone Derivative of anthraquinone Sugar 

Group I, from 
PolygonacoR, Uliacas, 

etc. 

Clirysophanin Chrysophiuiic acid 4, 6-Dihydroxy-2-methyl Glucose 
Rhubarb glycosides Rhein 4, 5-Dihydroxy-2-carboxylic 

acid 
4, 5, 7 Trihydroxy-2-methyl 

Glucose 

Frangulin F rangula-emodin Rhanmose 
Natalcein Natalce-emodin 3, 6-Dihydroxy-2*methyl ? 
Barbaloin Alce-omodin 4, 6-Diliydroxy-2-hydroxy- 

methyl 
D-Arabinose 

Rheochrysin Physicin 4, 6-DiIiydroxy-7*methoxy-2- 
raethyl 

Glucose 

Group II, from 
HubiacecB 

Ruberythric acid Alizarin I, 2-Dihydroxy- Primeverose 
From madder Hystazarin 2, 3-Dihydroxy- Glucose 
Rubiadiu — 1, 3-Dihydroxy-2-methyl- Glucose 
Purpurin — 1, 2, 4-Trihydroxy- Glucose 
Morindiu Morindone 1, 5. 6-Trihydroxy-2-methyl 2 X Glucose 
Xanthopurj^urin — 1, 3-Dihydroxy- Glucose 
Munjistm 

“ 

1, 3-Dihydroxy-2-carboxy- Glucose 

^ Koohleder, Ann., 1851, 80» 321; 1852, 82, 205. 
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years were thought to be two molecules of glucose. The work of Jones and 
Robertson ^ has shown that the sugars are D-xylose and D-glucose, and that the 
sugar in combination with the alizarin is primeverose ; the structure of rubery- 
thric acid is therefore depicted in (338) both sugar links being of the ‘ /3 type. 

Some of the better knovTi glycoside.s of this series are set out in Table XIII. 
It will be seen that they fall into two groups, those from the Ruhiac.oe, being 
mainly 4, 5-hydroxy derivatives ; those from other orders being chiefly of the 
I, 2- or 1, 3-type. The group has not been widely investigated, and difficulties 
have been met with in orientating the substituent groups in the substituted 
anthraquinone aglycones. 

Other Glycosides 

Mention has already been made in Appendix IV to Chapter V of the plant 
pigments derived from the oxygen rings. The vast majority of these exist as 
glycosides. The fact that thtvse substances have been fully described previously 
makes further comment here unnecessary. The same is also true of the digitalis 
and triterpene saponin glycosides. 

^ Jones and Robertson, 1^33, 1167, 
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Of the other glycosides, examination of some of the natural purgatives 
have led to the discovery of interesting types. Thus, the jalap resin glycosides 
are powerful purgatives, and are related to the long-chain aUphatic acids. The 
majority of these glycosides spring from the order Convolvulacce ; the jalap and 
scammony resins contain convolvulin, a complex glycoside from which the 
pure substance rhodoconvolvulic acid can be obtained ; on hydrolysis it yields 
one molecule of aglycone (2, J1-dihydroxypalmitic acid) and six sugar molecules 
—tw'o rhamnose and four glucose. It is 8Uj)po8ed that tlie sugar moieties are 
united through the two hydroxyl groups of the dihydroxypalmitic acid as 
trisaccharides as in (339). An ether-soluble glycoside is also obtained from 
crude convolvulin which contains the sugar epiriiamnose, and similar glycosides 
from dihydroxypalmitic acid are known to occur in crude turpentine. The 
acid was synthesised by Voto6ek and Prolog.^ Very similar in structure is the 
glycoside jalapin, which on hydrolysis yields D-glucose, rhamnose and D-fucose 
together with 11-hydroxyhexadecanoic acid ; ^ the pharbitinic acid of Pharbitis 
extract likewise gives D-glucose, L-rhamnose and 2, 11-dihydroxymyristic acid. 

The nucleic acids contain a glycoside unit in their structures, but their 
study is deferred to Volume II. Several simple glycosides of this family are 
foimd in nature—for example, convicin, from the vetch, is a glucoside of 
alloxantin, and divicin of the diamine (340); even more remarkable is the 

(340) 

NO2CH2CH2CO. O-glucose 

(ail) 

substance hiptagin, a glucoside of the 3-nitropropioriic acid (341). It will be 
noted that this substance is one of the few naturally occurring nitro-compounds. 

Indican, the glucoside of indoxyl, was obtained by Schenk in 1855, but it 
was only at tlie turn of tlie century that its correct formula was deduced by 
Marchlewski and Radchffe ^ as 3-j8-glucosidoindoxyl (342). It is widely distri¬ 
buted in certain types of plants, from which it may be obtained in pale yellow 
crystals by extraction with hot alcohol. The chief plants associated with 

indican are the Indigofera—c^specially those 8j>ecies formerly cultivated for the 
production of indigo ; Isaiis tinctoria, or the Wood plant. Polygonum tinctoriumy 
and several of the Orchidaca\ 

There are innumerable glycosides of natural occurrence which have not been 
mentioned in the foregoing paragraphs; many are, as yet, of indeterminate 
composition, whilst others have no particular point of interest to justify theii* 
inclusion, the vast majority are jS-glycosides, and no fully authenticated 

^ Votocek and Prelog, Coll. Trav, Chim. ToMcoslomkie, 1929, 1, 55. 
"Davies mid Adams, J.A.C.S., 1928, $0, 1749. 
* Marchlewski and Radcliffe, J.8.CJ,, 1898, 17, 434, 
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a-glycosides are yet to be included in the heteroside family, although there is 
some a priori evidence that such a link may occur in seaweed glycosides, in 
steviosin, and in phillyrin, the characteristic glucoside of the Forsythia, From 
the point of view of carbohydrate chemistry, interest attaches to the common 
occurrence of rhamnose and of the hitherto very rare primeverose (G-glucosido- 
j8-d-xylose) which proves to be quite widely distributed. 

Another miusual glycoside is crocin, a pigment obtained from saffron, and 
the dried reproductive organs of many crocus species. It is a digentiobioside of 
crocetin (g.r.). It is of considerable biological interest (a) being one of the 
few polyene substances found naturally as glycosides, (6) in that its ingestion 
by animals enormously increases the motility of the sperm, dilutions of 1 in 10® 
in vitro still being effective in this respect. It is not inappropriate to recall the 
instinctive consumption of crocus by birds in the mating season, and the part 
played by saffron cakes and confections in the ancient fertility rites now merged 
in the festival of Easter. 

Picrocrocine, a glucoside of l-aldeh3'do-2, 6, 6-trimethyl-4-hydroxy cyclo- 
hexene (343) occurs with a-crocin in saffron, and is responsible for its unusual 
taste. 

CHO 

Glycoside Synthesis 

The synthesis of glycosides has been carried out rnainl}" by two methods 
(a) enzyme action, and (b) the use of acetobromoglucose. This subject was 
developed by Bourquelot ^ and is largely concerned vith the action of emulsin 
on a sugar and an aglycone ; in other words, advantage is taken of the fact that 
the reaction 

Gl^TDside + water .: aglycone + sugar 
emaiftln 

is reversible. 
The chemical synthesis of )3-glycosides is effected by the condensation of 

acetobromoglucose with an aglycone in the presence of silver oxide. Thus 
indican may be obtained from indoxyl (344) and acetobromoglucose (345) by 

the interaction of their solutions in the presence of silver oxide. A tetra-acetyl 
indican is first formed (346) which is hydrolysed to indican, identical with that 
of natural occurrence. 

^ Bourquelot (series 1912-1915). 
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In this way a large variety of glycosides has been synthesised, including the 
cyanogenetic group pninasin, prulaurasin and sambunigrin,^ and also amyg- 
dalin itself,^ which was obtained by Campbell and Haworth by allowing aceto- 
bromogentiobiose to react with ethyl-DL-mandelate in the presence of silver 
oxide. An acetylatod ethyl amygdalin is obtained which can be hydrolysed to 
amygdalin itself. 

APPENDIX m 

SWEETENING COMPOUNDS 

The earliest compound of unusual sweetness to be discovered was saccharin. 
The scene of the liiscovery of saccharin was the Johns Hopkins University, 
Baltimore, and it was of especial interest to the University as the first discovery 
of major scientific importance made since the foundation of the laboratories three 
years previously, in 1876. Thus, in 1879, Remsen and Fahlberg discovered 
saccharin ; less fortunately, the discovery of its exceptional sweetness led to an 
undignified quarrel between the two scientists. It appears that after a hard 
day’s work in the laboratory on some new sulphimides of the aromatic series 
Fahlberg went home and, after washing his hands carefully, sat down to supper. 
He noticed that the bread he w'as eating had a peculiar but unmistakable 
sweet taste ; since no-one else could taste this peculiar flavour, he was con¬ 
strained to see whether it was due to traces of material carried from the labora¬ 
tory on his hands W'hich, indeed, he found to be the case ; and on placing the 
tip of the tongue on the hand or arm an intense sweet taste could be perceived. 
H(^ tlu reupon returned to the laboratory and tested each of the various pieces 
of apparatus he had used during the day until he tracked dowm the sweetness 
to the substance w^hich wo now^ known as saccharin. The story of his difference 
of opinion with Remsen, who claimed to be a co-discoverer, is not worth re¬ 
telling here. 

As soon as saccharin became a commercial commodity—it was manufactured 
by Fahlberg and List soon after its discovery—all sorts of fantastic claims were 
made for it and, as usual, its reputation suffered considerably. It was soon 
found that, although minute traces ^f saccharin could swoeten a considerable 
amount of material, no nutritive contribution w^as made as in the case of sugar 
itself, and the possibility that saccharin itself could have a harmful action was 
mooted. Soon the new material came to be regarded as an adulterant, and its 
use was in some countries and states prohibited, in so far as foodstuffs generally 
were concerned ; import duties were imposed, and a stiff’ legal hedge began to 
grow up around its use. Surprisingly enough, the method of preparation 
introduced by its original discoverers is still used in its essentials, although the 
means by which the various transformations are achieved have altered. Thus, 
toluene is still the raw material, and is converted to its or/Ao-sulphonchloride ; 
thence to the sulphonamide and by oxidation to benzene-o-carboxy sulphon- 
amide, a substance which readily loses water to form saccharin :— 

/\C00H 

. !so,ci sJsO^H, 

Toluene — Saccharin 

Manufacture,—^The original patented process of Fahlberg and List included 
directions for the sulphonation of toluene, using sulphuric acid at 100° C, and 

^ Fischer and Bergmann, Ber., 1017, 60, 1047. 
* Campbell and Haworth, J.CJS,, 1024, 1337. 
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separating the organic sulphonic acids at the end of the process, by neutralising 
with lime, filtering the clear solution of the calcium salts of toluene sulphonic 
acid from the calcium sulphate sludge, and concentrating the filtrate to obtain 
the strong solution which could be converted into the sodium salts by double 
decomposition with sodium carbonate. The solubilities of the ortho- and para- 
toluene sulphonates of sodium had already been investigated in detail by 
Engelhard! and Latschinoff in 1865, so that it was easy for the original patentees 
to make use of the greater solubility of the para-compound in order to crystallise 
out a fairly pure ori/m-compoimd. Fahlberg recommended oleum mixed with 
the ordinary acid, and claimed for the mixture a smoother sulphonation. A 
very detailed study of the sulphonation of toluene made by Holleman and 
Caland in 1911, proved that the yield of the ori/jo-acid diminishes as the tem¬ 
perature of sulphonation rises ; consequently the use of elevated temperature 
or very strong okniin is precluded. Sulphonation is best accomplished at 0^ C. 
with two equivalents of 100 per cent. acid. It is stated that the addition of 
kieselguhr, or bone charcoal or their equivalent, facilitates the progress of 
sulphonation by largely increasing the surface of toluene in contact with the 
acid. 

Faldberg subsequently protected the separation of the two isomers formed 
by means of the barium, aluminium, lead or magnesium salts, the latter base 
proving most successful. The sulphonation liquor is neutralised with sufficient 
lime to remove the free mineral acid, and the filtered liquor saturated with 
magnesium oxide or carbonate. On evaporation the para-compound crystal¬ 
lises, leaving the more soluble orMo-sulphonic acid in solution. The zinc salt 
has also been recommended for the same purpose. An alternative method is 
to use an excess of sulphuric acid (six parts of acud to one of toluene), and at 
the end of the sulphonation to run the mix into sufficient water to make the 
concentration of the residual acid 66 per (;ent. w/w ; on cooling, the para- 
derivative alone crystallises. An improved process based on tlie same idea is 
to stir the mixed sodium salts thoroughly with four times their weight of 66 
per cent, sulphuric acid ; only the para-salt is decomposed, and goes into 
solution, leaving the compound insoluble and obtainable by centrifuging. 
Many other modifications of less imjx)rtance have been devised. 

For conversion of the acid to its acid chloride Fahlberg used phosphorus 
trichloride and chlorine, or phosphorus pentachloride, distilling out the phos¬ 
phorus oxychloride formed as a secondary substance during the reaction. 
Separation of the mixed chlorides could be effected hy vacuum distillation and 
cooling, methods which were studied in detail by Ullmann and Lehner. Thann, 
Mulhouse et Cie obtained the chloride by the action of chlorosulphonic acid on 
the magnesium salt of the acid, and it is probably this fact which led to the 
discovery of Gilliard, Monnet and Cartier that toluene could be converted 
directly to the sulphonchloride by chlorosulphonic acid and allied materials 
without the intermediate isolation of the sulphonic acids themselves. Various 
reagents have been proposed for effecting this conversion, including pyrosul- 
phuryl chloride in carbon disulphide solution, or carbonyl chloride, thionyl 
chloride or phosphorus oxychloride in the presence of sulphuric acid. The 
direct attack with chlorosulphonic acid is the easiest way of obtaining the 
toluene sulphonchloride, and is the method always used in practice. 

Pure toluene is charged into the sulphonating pan, which can be both 
heated and cooled, and the chlorosulphonic acid is entered in a slow stream, 
being thoroughly mixed with the toluene and cooled with brine circulation to 
avoid any rise in temperature; hydrochloric acid gas escapes, and is passed 
up a small absorption tower ; in this way the acid for the precipitation of the 
amide further on in the process can be obtained. It will be seen that since 
both ortho- and jpam-sulphonchlorides are produced by the process, some means 
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of separation is necessary. Here again, much ingenuity has been expended in 
devising various methods for the separation of the two isomers, but the actual 
method used remains simple enough ; the whole charge from the sulphonating 
pans is allowed to drop into a vat full of ice ; the heat of hydration of the acid 
melts most of the ice ; the oW/i^o-siilphon*chIoride remains liquid and the para- 
sulphonchloride (a solid, m. 69"") becomes solid. On passing the mix through 
a centrifuge the oily or/Ao-compound passes through with the water and the 
para-compound is retained. Actually the oil contains 80 per cent, of the 
ortho- and 20 per (tent, of the para. In some works it is common to purify 
this oil by fractional distillation, but this is not really necessary, as the para- 
compound (tan be eliminated later in the process. 

Fahlberg, in the original method, recommended ammonium carbonate for 
the amidation, and this is still usetd in most plants, since altliough dearer in 
price than ammonia in the anhydrous gas form, it is more (tonvenient to use. 
Water is placed in the amidation kettle and sufficient ammonium carbonate 
added to give a solution of density 1*2 ; the sulphonchloride is added, 
and the whole niixture stirred with vigour ; a little steam is occasionally re¬ 
quired to start the reaction which sets in rapidly at 40'', the temperatime soon 
rising to 80'^\ The temperature is allowed to drop a little and the clear liquid 
drained off from the separated solid amide through a suitable gauze-protected 
cock. Warm wat(*r and sufficient alkali are introduced to dissolve the amide, 
and aft(T agitation to ensure complete solution the liquid is pumped off for 
oxidation. It must be remembered that the reaction mixture still contains 
some of the corresponding ^>ara-(*ompound which will have to be removed at a 
subsequent point. Processes have been devised in which the para-compound 
is removed at. the amide stage, this involving the separation of the two amides. 
In one process purification is effected by fractional precipitation of the alkaline 
solution with acid; the mixed amides (170 kg.) are dissolved, as already 
described, with the aid of water (300-500 litres), and sodium hydroxide (40 
kg.) and the orMo-amide precipitated by the addition of hydrochloric acid 
(153 kg. ; 20 ijer cent. HCl), The para-compound remains in solution, the 
met hod depending on the fact tliat the para-isomer has a much greater affinity 
for alkali than the or///n-compound. The o-amide melts at 155-156° and the 
p-amide at 137° ; the melting point of a test sample is used as the criterion of 
the efficacy of the separation. Other methods of purifying the amide depend 
on the salting out of the (?riA(?-amide from its solution in alkali by ammonium 
chloride ; the para-compound remains dissolved imder such circumstances. 
The whole of the amide of the ortho-isomer is not separated by this method, so 
that unless some method of recovery is practised, the process may be a wasteful 
one. Meister, Lucius and Brvining used a recovery process which involved the 
precipitation of the residual amides from the mother liquors v^uth hydrochloric 
acid, and the reconversion of their ammonium salts to the sulphonchlorides 
with chlorosulphonic acid; the sulphonchlorides can then be reworked. All 
such processes are imnecessary if the separation is postponed to the oxidation 
stage. The amides fornr a eutectic with 60 per cent, of the para-isomer. 

Throe groups of methods are available for carr3ing out the oxidation : 1, 
with permanganate ; 2, with chromate or chromic acid ; 3, by electrolytic 
oxidation at the anode, Fahlberg and Remsen used potassium permanganate, 
and the same material is used in the majority of modern plants. In their 
original commmiication, Fahlberg and Remsen give no particular details of 
the preparation, but a later paper by Fahlberg and List, states that it is 
necessary to neutralise the alkali that is formed during the pix)gress of 
oxidation ; they also state that in acid solutions o-sulphobenzoio acid is 
formed. The method used in actual practice is to pump the caustic solution 
of the amides referred to above into a large kettle fitted with agitating gear 
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and to stir vigorously while the finely powdered permanganate is added, main¬ 
taining the rate of addition of permanganate at such a rate that the tempera¬ 
ture stays at 60®. The liquid is filtered from the manganese oxide in stoneware 
vacuum filters and the clear liquid is then blow'ii into the precipitating vats. 
Sufficient hydrochloric acid is rmi in to precipitate the para-sulphobenzoic acid, 
which, unlike the corresponding amide, has a smaller affinity for alkalis. The 
saccharin is then precipitated from the residual solution. The saccharin so 
prepared is at least of 97 per cent, purity, and may be purified by recrystallisa¬ 
tion up to 99*8 per cent. 

It is only to be expected that patents have been taken out for the some- 
w'hat nebulous advantages attached to the use of other perniangaiiates, am¬ 
monium, calcium and magnesium, whilst certain combinations of the eIectrol3’tic 
method and of permanganate oxidation have also been covered. Separation, 
too, of the pam-compound by the use of alkaline earth salts has also been re¬ 
commended. The oxidation is not so simple as it appears from the simple 
equation ; strict adherence to the directions both as to temperature and con¬ 
centration must be insisted upon. One of the difficulties lies in the fact that if 
the solution is allow'ed to become acid during oxidation, or if other conditions 
particularly favourable supervene, a double compound of the formula 

gNHa 
2 

makes its appearance, and by its bitter flavour leads to an^Jj^ after-taste which 
is highly undesirable. Alternative methods of removal of tne pam-sulphamino 
benzoic acid include acetone extraction in which the artho- is readily dissolved 
and the pam-compound remains behind. 

Bebie recommends the use of sodium dichromate in sulphuric acid as a 
suitable oxidising agent, and various other patented methods are based on a 
variant of such a process, ceric, ferric and chromic salts being recommended by 
the Usines de Rhone ; Altwegg and Collardeau and Orelup have devised similar 
methods, varying only in details. The great value of chromic oxidation is the 
great saving in cost when compared with permanganate ; it is doubtful if at 
the present moment chromic oxidation is used on an industrial scale. An 
extensive examination of the chromic method was made by Zaikov and Sokolov ; 
they pointed out that the chief difficulty lay in the fact that acids have a hydro¬ 
lysing action on saccharin which results in the formation of the open chain 
compounds o-sulphobenzamide and o-sulphobenzoic acid, thus decreasing the 
yield ; they showed that if chromic oxidation is to be used commercially, then 
the temperature of oxidation must be kept below 60®, since at that temperature 
the rate of hydrolysis becomes appreciable. The best yields of saccharin were 
obtained by operating at 45® with sulphuric acid of 70 per cent, strength satur¬ 
ated with potassium dichromate at that temperature, Consistent yields of 90 
per cent, are claimed. Zil’berg, using substantially the same process, achieved 
similar results ; it being observed that considerable loss of yield was encoun¬ 
tered when sodium dichromate was substituted for the potassium salt. Later, 
ZiFberg and Magidson carried out an extensive investigation of the process of 
oxidation, using chromic acid in acetic acid solution, with traces of sulphuric 
acid present for the sake of its catalytic effect. Their general conclusion was 
that the temperature should be kept as low as possible to avoid the formation 
of by-products. 

The work of Lowe attracted attention to the possibility of oxidising toluene- 
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o-sulphonamide to saccharin electrolyticaily. The oxidation was carried out 
in w'eak alkali carbonate solution, using small traces of lead, cerium or man¬ 
ganese salts as activators. Halla investigated the nature of anode materials in 
relation to the yields, and came to the conclusion that platinum was most 
suitable, gold being a good second ; erratic results were obtained with lead, 
and both tin and mercury were proved unsatisfactory. He could not obtain 
any confirmation of the activating effect of manganese or chromium ions ; 
similar conclusions were readied by Fitcher. Matsui, Sawamura and Adachi 
made a careful study of the electroljd/ic reduction of saccharin itself, and 
showed that a variety of products could be obtained. There is a most interesting 
Dutch patent covering the anodic oxidation of toluene-o-sulphonamide to 
saccharin in borate solutions, of wdiich the pn is maintained at 9*5-14-1 ; the 
saccharin is removed from the cell by continuous electrosniosis ; it is not 
known that this process has been wwked on a large scale. 

In addition to the metiiods described above, there are innumerable so-called 
‘‘ alternative ’’ methods for the production of saccharin ; many of these are 
simply academic exercisiis designed either to confirm the structure of the 
material or to illustrate some ])oint of 83mthetic importance ; such methods 
are not described in detail here. Of the methods wliich have some possible 
industrial interest that of L^mde may be mentioned, since he advocates oxida¬ 
tion of the methyl group to carboxyl before conversion to the sulphonamide, 
although it is difficult to see any specific advantage in so doing. 

Chemical and Physical Properties.—8accharin forms large rhomboidal holo- 
liedral crystals, the cr}^stallog^aphic constants of which were determined by 
l^ope ; subsecjuently crystallographic analyses have been imule of the curious 
double compound of copper sulphate and saccharin, and of the triple complex 
between p}U*idine, copper and saccharin. There is a formal analogy between 
tlie crystal structure of saccharin and phthalimide, which was investigated by 
Jaeger. The cr3\stals of saccharin show the phenomena of triboluminescence 
(generation of light on fracture). The melting point of saccharin has been given 
variously at figures ranging from 220-229°, but the usuall}^ accepted figure 
is 228*5°. The lack of sharpness is in all probability due to divergences in 
the rate of heating, since at the melting point a slight decomposition takes 
place which may form products which, on slow heating, depress the melting 
point. Saccharin may be sublimed in a vacuum ; liquid crystals are formed 
when saccharin is melted with cholesterol. 

Saccharin is but slightly soluble in water, and a recent determination by 
Bebie shows that at 10° one part of saccharin dissolves in 325 parts of water; at 
100°, the solubility is one part in 30 parts of water. 

It has been suggested that when foodstuffs preparations are compounded 
\^uth small quantities of saccharin, there is some considerable risk of the saccharin 
being destroyed during the cooking or processing. Thus, a direct statement was 
made by Carlinfanta and Scelba to this effect, but was refuted by Condelli. 
The subject was closely investigated by Taufel and various collaborators, who 
came to the conclusion that the danger of such decomposition was negligible. 
Thus, he heated solutions of strengths from N/lOO to N/1000 for 2 hours at 
various temperatures and found the following decompositions :— 

Temperature ®C. Amount (%) Decomposed 

100 Nil 
126 12 
160 66 
200 75 
250 88 

65 
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The amount of decomposition was measured speetropliotomeirically as well as 
by chemical means, so that by cooking at UX)*" there is little danger of decom¬ 
posing aqueous solutions of saccharin ; on the other hand, food preparations 
contain a number of highly reactive chemical substances which at the tempera¬ 
ture concerned may not decompose the saccharin, but may react with it; this 
point should be experimentally investigated in the case of formulaB involving 
the use of saccharin in the presence of other chemical substances at tempera¬ 
tures above 90'" C. It was shown by Preiss and Taufel that the decomposition 
of saccharin proceeds more rapidly in slightly alkaline solutions. 

Chemically, saccharin does not present many problems of interest; it is 
tautomeric, a property which has been investigated by Heller and others ; it 
forms salts, the ammonium salt being a trade preparation under the name of 
“ Sucramin ”, and the sodium salt is widely used, being much more soluble 
than the base itself. It is usually referred to as “ soluble saccharin ”, or 
‘‘ ciystallose ” ; actually, the base can form salts with several molecules of an 
alkali metal, but the monosodium salt is used exclusively in commerce. It is 
not proposed to deal with the many experimental investigations w'hich have 
been made on the derivatives of saccharin, although it may be permissible to 
draw attention to the imusual activity of the carbonyl (—CO) group in the 
ring. This is unusually active, and will react with amines such as aniline ; it 
has sufficient ketonie properties to form an oxime which has been the subject 
of a very detailed series of investigations by Mannessi(‘r-Manelli. 

Saccharin oxime 

Physiological Properties.—Consideration of the physiological properties of 
saccharin may be divided into three sections, (a) the efi’ect of large doses of 
saccharin on the animal system, (h) the effect of small doses similar to the quan¬ 
tities likely to be consumed wffien saccharin is used as a sweetening agent, and 
(c) the sweetening action of saccharin. 

In the first instance, some early w'ork of Roger and Gamier showed that 
saccharin can act, although to a somewhat less extent, in the same way as 
hydrochloric acid, as a co-enzyme to pepsin in the digestive juices ; this is, 
however, only to be exjKJcted from the fact that saccharin is an acid, and gives 
hydrogen ion in solution. Stein made the statement that saccharin actually 
inhibited the action of the digestive juices and started a controversy that lasted 
for many years. The implication that saccharin interfered in any w^ay with the 
activity of the digestive tract was vigorously denied by the manufacturers of 
the material and those wffio examined the material from a physiological stand¬ 
point, and one investigator showed that, in addition, saccharin was less toxic 
to vegetable organisms than sodium benzoate. Thus, while Meilli^re (jondemns 
its use (on hypothetical grounds), Best declared it to be harmless, and Blodgett, 
who in 1920 canied out a series of feeding tests with saccharin, came to the 
same conclusion. The question- was reoi>ened in the same year by Becht, 
who experimented on the effect of saccharin on the catalase of the blood, aid 
showed that on intravenous injection of the saccharin a slight decrease of blood 
catalase effect w^as to be observed. His experiments, few in number, and only 
very small in the extent of the recorded change, proved, in reality, very Uttle, 
since the concentration of saccharin in the blood under the conditions of the 
experiments was so great as to be impossible of attainment from the normal 
consumption of traces of saccharin in foods. Be that as it may, however, his 
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work served to stir up the old problem, and various investigators applied them¬ 
selves anew to the solution of the question as to whether saccharin is toxic. 

Some pointed out that much of the inconsistency of previous experimental 
work was due to failure to take into account the acidity of saccharin ; Miyadera 
gave dogs 04 gm. per kilo, on 7 successive days, and failed to note any change 
in the nitrogen balance ; Eweyk showed that there was no cardiac effect even 
in large doses ; Haramski showed that the only effect was a slight increase in 
the gastric secretion when a])plied in large doses ; Schwarz and Steinmetzer 
confirmed this, and showed that saccharin hfid no effect on diastatic, trypticj 
or peptic digestion ; much other confirmation followed. There was still, 
however, a “ minority re})ort ” against the use of saccharin ; Carlson could 
not recommend its continued use ; and Heitler put forward the extraordinary 
(and hitherto unconfirmed) theory'' that saccharin is a heart depressant, even in 
small doses. 

An unfortunate poisoning case with saccharin served to focus more attention 
on the matter. A boy of nine ate, in the course of an afternoon, 200 saccharin 
tablets containing, in all, 3*5 gm. of saccharin itself and 10*5 gm. of sodium 
bicarbonate. Delirium and hallucinations w^ere observed, together with a large 
urticaria which (‘ontained (H^agulated serum. The condition rapidly responded to 
local treatment and a rapid recovery follow^ed. Whilst the dose is large (in parti¬ 
cular \vhen considering the age of the cliild), this finall}^ disposes of the argument 
that saccharin cannot under any circumstances cause physiological symptoms. 

The question still remained open, however, as to the probability of the 
small quant ities of saccharin taken as a sw'cetening agent causing any physio¬ 
logical disturbance ; and this appears to have been disposed of by the long 
series of experiments carried out by Nito and by Fant iis and Hektoen. The 
former investigator experimented on dogs. The animals were given five 
tablets daily at the commencement of the experiment, and ten tablets later on, 
so that in 100 days each dog had received 600 tablets, each containing 0-035 
gm. of sac^charin, or 21 gm. The only abnormal condition when in post-mortem 
examitiation was a diffuse hyperemia in the kidneys ; this, although slight in 
extent, w’as more apparent in the glomeruli than elsewhere, and w-as ascribed 
by this investigator to difficulties of excretion, since it has been shown that 
saccharin is not easily broken down in the animal organism, but is to a large 
extent excreted unclianged. In view% however, of the large doses used, the 
work of Fantus and Hektoen is of interest. Their test subjects were rats, of 
which three large groups were taken. One group fed on a normal diet with 
no saccharin were kept as a control ; the second group received the same diet 
to which was added 1 per cent, by weight of saccharin, wffiilst a third group 
received 10 per cent, by weight. No difference could be detected in any way 
between the first and second groups, after 252 days medication in which the 
second group had consumed an average of 31 grams of saccharin. In the third 
group a slight reluctance to feed w^as noticed, but after the same period and the 
consumption of over 300 gm. of saccharin no post-mortem lesions could be 
detected. Ix^hmann carried out the same type of experiment with mice, 
carrying the observations over three generations, no abnormalities at all being 
shown. Other data has also been obtained on the same lines. From a veter¬ 
inary standpoint, Jagoda reports definite advantages in growth by the addition 
of 2 gm. daily of saccharin to the feed of beast. 

The whole evidence, when critically sifted, goes to show that in the quan¬ 
tities likely to be consumed, assuming an otherwise normal diet, pure saccharin 
is harmless. 

Saccharin is not the only substance of high sweetening power ; there is a 
natural glycoside—obtained from the leaves of Stevia rebaudiana ^—which is 

^ Anonymous, Bull* Imp» Insist 1920, 18» 123. 
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150-200 times as sweet as sugar. This substance, which is contained in the 
leaves to an extent of 20 per cent, of their dry weight is called ‘ stevioside 
has a formula C3gHeoOjg, and is rapidly hydrolysed to three molecules of D-glu(*08e 
and one of steviol, C20H30O3, — 94*6° ; practically nothing is known of 
the structure of steviol.^ Again the anti-aldoxime of perilla aldehyde (see 
p. 792) is 2000 times as sweet as sucrose ; no synthesis of this aldehyde has 
been reported, and its preparation from natural sources is difficult. The small 
quantity of the oxime which has reached commercial channels is called 
* peryllartine 

CONH, 

. Cl 

N 

"n-CsH, 

Hjs: 

N 
(348) 

(347) 

CONH, 

NHCONH. 

(349) 

0 . C3H, 

V 
N02 

(:i49a) 

Of the purely synthetic substances, three are of interest, namely, w-hexyl- 
chloromalonamide (347), which is about 300 times as sweet as sucrose ; amino- 
diphenyldihydrophenotriazine (348) which, as ‘glucin made a brief excursion 
into industrial circulation, and which is about JOG times as sweet as sucrose ; 
and dulcin, p-phenetylurea, which is about 225 times as 8W(*ct as sucrose. 

Of these substances, onl}" dulcin (349) is of industrial importance ; although 
only half as sweet as saccharin, its ‘ sweetness ' much more (closely resembles 
that of sugar than does the somewhat aromatic flavour of saccharin, wliich latter 
has a quite appreciable bitter ‘ after-taste The discovery of dulcin and of 
its sweet taste was made in 1883, 4 years after the discoveiy of saccharin, by 
Beriinerblau.2 It was introduced into Continental manufacturing practice 
by Riedel, A.-G., as ‘ dulcin and by von Heyden as ‘ sucrol Introduction 
into British manufacturing practice w'as made by Genatosan Ltd. 

Mention must also be made of the recent discovery b}'' Verkade of the 
sweet taste of 7i-alkoxy-2-amino-4-nitrobenzenes, the 7i-prof)yl compound 
(349a) being 4000-5000 times as sweet as sugar; it has, at the same time, 
powerful local anaesthetic properties. 

The manufacture of dulcin is carried out either by heating p-phenetidine 
with urea, or by condensing a solution of its hydrochloride with sodium cyanato. 
The latter is slightly more expensive to operate, but yields a better quality 
product:— 

HCl NHiCONHi 

NaCNO 

Considerable ingenuity has been applied to the investigation of substances 
related in structure to the various classes of sweet compounds, in order to 

^ Bridel and Lavieille, CM,, 1931, 192, 1123, 
* Berlinerblau, J, Pr, Chem,, 18S4, 2, 97. 
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asc^ertain what relation there may be between the sweet taste and the chemical 
structure. In spite of the extensive researches of Cohn and Holleman the 
answer is that no obvious relation can be detected. 

de Roode' suc(;essiv6j}y replaced the gi’oup R (!^50), i.e., the ‘ 4 ’ position by 
fluorine, (chlorine, bromine and iodine, and found that whilst 4-fluoro saccharin 
resembled saccharin very mueli, the other halogen compounds became progres¬ 
sively less sweet. 

(350) 

It remained for Holleman to determine the inlluence of position of entering 
groups on sweetness. Altliougli he was unable to obtain 3-chlorosaccharin, 
he prepared the other isomers, and observed the following properties :— 

4- Chlorosa(;charin Fairly sweet. 
5- C/hlorosaecharin Only feebly sweet. 
O-Chlorosaecharin More than half as sweet as saccharin, but with 

an astringent after-taste. 

In mhlition. he found that introduction of various other groups into the bcnzenoid 
ring of 8a(‘-(?harin, resulted in large modifications of the taste of the products. 
Nitrosaccharin (351) is intensely bitter, but its reduction to ami nosaccharin (352) 

(351) (352) (353) (354) SO^—NH 

furnishes a compound vliich is even sweeter than saccharin. The introduction 
of alkyl groups seems to have little or no effect on the sweetness of the product; 
so that methyl- and ethylsaccharin (353) are comparable in sweetness with the 
parent body. The alkyl groups modify the after-taste of the compound, 
rendering it, in the case of rnethylsacchariii, slightly less aromatic. On the 
other hand, the naphthalene analogue of saccharin (354) has a bitter taste. 

A second line of research, pursued by Holleman, is multiplication of 
sweetening ” groups in the compound. It may be argued, since phthalimide 

(355) (356) (357) 

(365) is tasteless, and saccharin (356) sweet, that the sweetness of the latter is 
due in some way to the presence of the SO2 group—but on introducing two 
SO2 groups, a substance is obtained—benzene-o-disulphimide (357), which is 
only half as sweet as saccharin. Its sweet taste could just be perceived at a 
dilution of 1 : 1000, so that its sweetness was of the same order as that of 
dulcin. Further experiments elicited the fact that multiplication of the 
saccharin groups is scarcely ever associated with increase of sweet taste. For 

^ de Koode, Am, J,, 1891, IS, 218. 
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example, of the compounds indicated below (358) had a definitely bitter taste, 
while (359) had a sweetish astringent taste, in no way comparable with that of 
saccharin. 

NH-CO NH-CO 

SO2—NH CO—NH 
(358) (359) 

With sweet compounds of this type it has been noticed that the replacement 
of an oxygen by a sulphur atom, or of a sulphur by a selenium or tellurium 
atom, modifies the taste of the eompound; pura-anisyl urea (3fi0) and para- 

OCH, 

0' 

NH.CO.NH, 
(360) 

OC,H, 

NH . CO.NH, 
(361) 

OC2H3 

0CH3 

0 
NH . CS . NH2 

(362) 

-CO 

NH . CS . NHg 
(363) (364) 

NH 

phenetyl urea (361) are sweet, but the corresponding thioureas (362) and (363) 
are bitter ; moreover, selenosaccharin tastes bitter (364). 

No account of this subject is complete without some reference to th(‘ work 
of Sternberg on the sweet taste of aliphatic conipoimds. Sternberg j>oints out 
the interesting generalisation that for an aliphatic compound to be? HW(‘.et, the 
carbon atoms mmst not outnumber the hydroxyl groups by more than one, or 
the combination will be bitter. He adduces numerous examples in sup|>ort of 
this, among them the fact that while rhamnose is sweet, methylrhanmoside is 
bitter:— 

CH,. CHOH. CHOH. CHOH. CHOH. CHO CH,. CHOH . CHOH. CHOH. CH. CH. OCH, 

Rhamnose Methylrhamnoeide V 
Again, he has pointed out that the sweetness of a compound increases with the 
number of hycLroxyl groups present. Thus, glycol is sweet, but not so sweet as 
glycerol, which, in turn, is less sweet than glucose. 

The conclusion obtrudes itself that a small difference in structure has a large 
influence on the sweetness of a compound, a fact observed among other pheno¬ 
mena relating to physiological action. Thus, saccharin is 500 times sweeter 
than sugar, the corresponding para- compound is tasteless. The conclusion 
follows, therefore, that the perception of sweet taste is related more to the 
intramolecular movements than to the more obvious strucjtural details of the 
molecule. 

Oertley and Myers postulate that sweet taste depends on two chemically 
distinct groups, the presenoye of which in conjimction is necessary for the de¬ 
velopment of sweet taste. They term these two groups ** glucophore and 

auxogluc ”... a terminology borrowed from the colour-constitution analogy. 
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They define a “ glucophore ” as a group of atoms, which has the power to 
form sweet compounds with a number of otherwise “ tasteless ” groups of 
atoms—these latter being the “ auxoglucs The following groups are found 
to be glucophores, in their sense 

(1) —CO—(IHOH (*H) 
(2) —COOH-CHNHg 

(3) -C 

^(Halogen)x 

(4) CH2OH—CHOH— 
(5) CH,-O.NO., 

7'he (*H) ill the gliK-ophore (1) in meant to signify that the groups must be 
attached to one hydrogen at least, before its gluc‘ophoric function can be 
realised. The following groups are d(»emed to be auxoglucs :— 

(1) Hydrogen. 
(2) Aikyl carbon chains, such as CH2CH2CH2. 
(2) Monohydric alcohol residues, e.g., CHgOHCHgCHo. 
(4) Polyhydric alcohol residues, e.g., CH^OHCHOH. 

They adduce mu(‘h evidence to show that combination of a glucophore with an 
auxogluc produces sweetness ; but their theory has many disadvantages, 
among them tlie faid that it takes no account of tlie many aromatic substances, 
among them sai'charin, wliose sweetness cannot be so easily explained. In 
the se(‘ond place the definitions of auxogluc and glucophore are so loose and 
vague, that it is difticult to find a compoimd that cannot be made up from 
them, in fact, nearly all the aliphatic compounds would be predicted, on this 
theory, to be sweet, although in reality but a few of them are. 

Many interesting cases of sweet taste in the aliphatic series have been 
recorded, although no pract i(*al application has been made of them. Thus Skrabal 
and Flach ^ investigated the r/cx/.ro-adiydroxyksohexoic acid (365) compounds 
and found the sodium salt to be ten times as s\veet as sucrose ; the L- form is 

CH,, 

CH3 
>CHCH2CH(0H)C00H 

(365) 

0 N . R 

. Co/ 
(366) 

much less sweet. Sido ^ has prepared a series of esters of diketo paroxazine 
(diketomorpholine) (366) which are considerably sweeter than sugar; the propyl 
derivative is the sweetest, more or fewer carbon atoms in the alkyl group 
decreasing the sweet tastfC. 

^ Skrabal and Flach, Monatsh., 1919, 40, 431. 
* Sido, Ber. detU. Pfiami, Oes., 1921. 81, 118. 



CHAPTER XI 

STEROIDS AND OTHER SUBSTANCES OF BIOCHEMK^AL INTEREST 

In this chapter are grouped together a variety of substances which, although 
not of necessity related chemically, have a special interest for their biochemical 
significance. ; Since the discovery of adrenalin, it has been shown that chemical 
substances may be s;yTithesised by living matter for specific purposes, and the 
name “ hormone ” was given to adrenalin as the first of these “ chemical 
messengers Other hormones were soon discovered, and although the 
chemical structure of many yet remains undiscovered, sutficient have been 
synthesised to show that they are not necessarily of direct chemical interrelation. 
At the same time, it was ascertained that traces of certain complex organic, 
substances are essential to the gro\\i:h and health of organisms, and that whilst 
in most cases sufficient of these substances are taken in with the food, in 
abnormal conditions their absence may give rise to what are known as “ de¬ 
ficiency diseases ”, the existence of which is specifically due to the absema* of 
the essential chemical factors, termed vitamins, I'here seems little functional 
difference between hormones and vitamins, and tlie groups may be Regarded 
as belonging to a large class of bodies, traces of which must be jwesent for 
the normal existence of the organism. The fundamental difference between 
the two groups is that the hormones are produced within the organism, and 
that the vitamins are not so produ(*ed, but are taken in with food. It has 
been proposed to divide this large class of compounds into three sections :— 

1. Endogenous Hormones.—Previously known simply as ” lionnoncs ”, and 
constituting those vital factors which are commonly produ(‘cd by 
animals through their ductless glands. 

2. Exogenous Hormones.—Including the vitamins or food accessory factors ; 
produced to a large extent externally, 

3. Phiftohormones.—Substances which control and stimulate the growth of 
vegetable cells. 

It is pro]x>sed to arrange the matter of this chapter in the above mammr, 
and to consider in addition the large family of steroids and related compounds, 
which for convenience are again subdivide thus :— 

1. True sterols. 5. Saponins. 
2. Bile acids. 6. Cardiac poisons. 
3. The vitamins D, 7. Toad poisons. 
4. The sex hormones. 8. The carcinogenic hydrocarbons. 

It will be seen, since certain vitamins and honnones are steroid in nature, 
that the groups overlap a little ; to avoid duplication, steroid hormones and 
vitamins are dealt with in the steroid section. 

The Vitamins 

So far back as 1881 Lunin, wwking under v. Bunge in Basle, observed the 
necessity for some nutritional factors other than the conventionally acceptcfl 
proteins, fats, carbohj/drates and inorganic salts, in the maintenance of life. 
He used pure substances in building up a rat diet and, although he had made 
adequate provision of the four major factors mentioned above, his animals 
went into a rapid decline which could be dramatically arrested by the inclusion 
in the diet of a small amoxmt of fresh milk. His interpretation of the results 
was that certain essential nutrients existed, which were present in minute 
quantity, and whose nature and essentiality had hitherto been unsuspected. 

872 
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All this was set out in v. Bunge’s textbook of physiological chemistry, and the 
work was repeated by Pekelharing in 1905, whose interpretation was similar. 
It remained, however, for Gowland Hopkins to designate these esscmtials, 
“ accessory food factors ”, and to develop and popularise the earlier work. 
Subsequently the name “ vitamines ” was proposed by Funk under the impres¬ 
sion, afterwards found untrue of many of them, that they were nitrogenous 
substanc(i.s. I’he shorter name has, however, come into general use and has 
been altered to ‘‘ vitamin ” in order to avoid confusion with the amines. It 
was soon recognised that these substances could be divided into two main 
gro\ips :— 

(a) Those soluble in water (water-soluble vitamins). 
(b) Those soluble in oils and some other organic solvents, but sparingly^ or 

practically insoluble in water (fat-soluble vitamins). 

'I’he former grouj) was early recognised as containing two chief members, 
called water-soluble B and water-soluble C, the former occurring in the pericarp 
of ceremls such as rice, etc., in yeast and in many other nitrogenous food-stuffs, 
and tlu‘. latter (wat('r-soIuble (^) occurring in many green vegetables and in 
many fruits such as lime, lemon and orange. Subsequent work showed that 
the so-call(*d vitamin B was in reality a mixture of at least nine vitamins having 
different fuiu tions in the maintenance of health and of widely different chemical 
natur(\ Of these, the structure is known and has been confirmed by sjmthesis 
in the case of B^, B2, biotin, pyridoxine, nicotinic acid, pantothenic acid, inositol 
and p-aminobenzoic acid, and it is interesting to notice that the water- 
solubility’' of these vitamins is due to quite different causes. Bj ow’cs its solu¬ 
bility in water to the fac t tliat it is the dihy’'drochIoride of a diamine, and is 
therefore of the nature of an ammonium salt, whereas Bg, though a nitrogenous 
(‘onipound, apparently owes its solubility to the presence in the molecule of an 
aliphatic chain containing four liydroxyl groups ; the others owe their solu¬ 
bility to carboxyl, or hydroxyl groups. 

The solubility of vitamin (’ in water is also due to an aliphatic polyhydroxy 
chain, this substance being eloselj'' related to the hexose group of sugars and 
having a much simpler chemical constitution than many other vitamins of 
known structure. 

With regard to the oil-soluble vitamins A and D, these were not first recog¬ 
nised as different entities, but since the recognition of their separate chemical 
and physiological nature, it has now been demonstrated that vitamin D activity 
appears to be confined not to a single individual, but to a number of very' 
closely chemically related compounds having similar or identical physiological 
activity. Botli vitamins A and I) are of the nature of very complex hydro¬ 
carbon ^2^oups containing a single alcoholic hy^droxyl group, and from this tlieir 
insolubility in water and solubility in fats will be readily miderstood. 

From the foregoing it will be seen that great structural diversity^ exists 
between vitamins of various classes, and only the adventitious circumstances of 
their mode of occurrence in nature in minute quantities in various foodstuffs 
and their function as necessary accessory factors for the maintenance of health 
brings them together under the same heading. No further excuse, therefore, 
need be offered for dealing with them in the following sections, alphabetically. 
Vitamin A has already been discussed (p. 733) in connexion with those terpenoid 
compounds with w-hich it is intimately related. 

Vitamin B| (Aneuein)^ 

When, in 1897, Eijkmann in Java first correlated polyneuritis in fowis 
with a dietary deficiency, little attention was then paid to his results ; these 

^ Nomenclature of aneurin, see Jansen, Nature, 1935, 136» 259, 
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results were, nevertheless, tantamount to the first observation of the existence 
of a deficiency disease (beriberi) caused by the absence of a vitamin. The 
pure crystalline substance vas isolatexi from rice husks by Jansen and Donath ^ 
in 1926. and by Windaus and his co-workers ^ from yeast several years later. 
However, the work carried out by Williams and his many (‘olleagues between 
1932 and 1937 on the chemical nature of vitamin has finally led to the 
elucidation of its structure and to its synthesis. 

It has been established between 1910 and 1912 that infant mortality in 
Manila (which was at that time 50-55 per cent.) was almost entirely due to the 
disease beril>eri. The condition could be relieved and ultimately cured by 
addition to the diet of a small quantity of extract of rice polishings (the powdered 
pericarp of the grain, removed during polishing). Hence it is not surprising 
that the first problem confronting the investigators was the extraction of the 
anti-beriberi factoi' (vitamin B^) from the crude extract of rice polishings, whore 
it occurs to the extent of 1 part of vitamin in 50,000. The preparation of eom- 
piiratively large quantities of vitamin Bj by Williams and others in 1933 led to 
the establishment of its empirical formula as C,,H„ON,C4S. 

The first light shed on the stnicture was an interesting cleavage vith sodium 
sulphite solution at pH ~ 5 when tw'o simpler substanc es are produced quanti¬ 
tatively : —^ 

C.aHjgON.ClsS f Na2S03 = CeHoNgSOa f C^H^NSO + 2NaCl 
(a) (b) 

Product (a) has the following reactions :— 

(1) Heated under pressure ^^ith water, sulphuric acid is produced. 
(2) Fused vith alkali, a sulphite is obtained. 
(3) With aqueous hydrochloric acid, ammonia is formed thus :— 

C.Hj^'gSOa f HCl + HgO = CeH^N^SO^ + NH^Cl 
(C) 

Product (c) also gave reactions (1) and (2) above, from which it is clear that 
both (a) and (c) contain the sulphonic acid group. 

(4) The ultra-violet absorption spectrum of (a) points to a pjTimidine 
structure, and reduction with sodium in liquid ammonia yields a base 
2,5-dimethyl-4-aminopyrimidine (1), identical with the synthetic 
material. 

CH3 
j 

HSOaCfl/^ HSOaCHj 1 
H,N ST' Hol HaN 

(1) 

IN 
(2) 

JLl 

(3) 

Further, 2-methyl-6-oxy.5-pyrimidine methyl sulphonic acid (2) was syn¬ 
thesised and shown to be identical with the compound (c) referred to above, 
thus establishing the formula of (a) as the corresponding 6-amino derivative (3). 

The portion (6) proved to be a thiazole and a primary alcohol, and on 
oxidation gave 4-methyl thiazole-S-carboxylic acid (4) prepared many years 
ago by Wonman, pointing to the structure (6) for the product itself. 

* Jansen and Donath, Verslagen. Kmin, Akad, WHmmhappm (Amsterdam), 1C26, W, 
923. » Windaus et ol., Z. physioU Okmk., 1932. Mi 123* 

• Williams. 1935, W, 229. 
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CH, 
1 

CH, 
j 

j 
COOH 

j 
(liHaCHaOH 

(4) (5) 
5d by synthesis and the structure (6) :— 

NH3HCI 
1 * 

CH, Cl A^ 

11 II 
—CH3C'^ ^ 

)l 1 

A Ah 
II 1 
CH C . CH, 

1^^ \/ 
N 

CH2. CH^OH (6) 

has been adopted for vitaniin itself. This also has been confirmed by 
synthesis :— 

Ethyl formate and ethyl-^-ethox^’propionate are condensed in the presence 
of sodium ethoxide to give ethyl-formyl-jS-ethoxypropionate (7) :— 

OEt ‘ OEt 0H(C1)(NH2) 

io CO c 

/ / /\ 
EtO .CHsj.CHa EtO.CHj.CH NH EtO. CHj. C N 

■+■ -> I +1 -> I I 
OEt CHO C.CHj CH C. CH3 

ino 
(7) (8) I 

NHg.HBr 

Ao 

AnBr 
O-OH H,N . C—J 

:>“JU 
CH3.CH3.OH CH3.CH3OH 

(9) 

^3 . CH3OH 

Br.CH3.CH 

(11) \ 
H C.CH, 

NH,HBr 

CH, Br 

Ah, . CH,OH 

-CH,CH 

Ah a . CH, 

Vitamin B| Bromide bydrobromide 
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This reacts readily with acetamidine to give 2-methyl-5-ethoxy>methyl-6- 
oxypyrimidine (8). The —OH group of this compound may be converted 
successively to “—Cl” and “—NHg ” by treatment with phosphorus oxy¬ 
chloride followed by ammonia, after whi(‘h concentrated hydrobromic acid will 
remove the ethoxy group, replacing it by bromine. In this way, 2-methyl-5- 
bromomethyl-6-aminopyrimidine hydrobromide, (11) is obtained and is warmed 
with 4-methyl-5(^-hydroxy)ethyI thiazole (10) itself obtained from thioform- 
amide and bromo-acetopropylalcohol (9), The union of (10) and (11) yields 
the vitamin bromide hydro bromide (111) converted by agitation with a suspension 
of silver chloride to the vitamin chloride hydrochloride, isolated as colourless 
needles. 

The physiological action of vitamin B, is not fully understood, nor is it 
within the scope of this book to review the work already done. Nearly all 
living material, both vegetable and animal, uses vitamin for its lilb processes, 
and it has been shown that in its absence, pyruvic acid accumulates in the 
tissues and blood. Luhmann and Schuster go so far as to consider tlu^ p>To- 
phosphoric ester (15) of vitamin B^ as the prosthetic group of the enzyme 
responsible for decarbox3iating pyruvic acid (cocarboxylase). Be tliat as it 
may^ the synthetic product has found rapid applicuition for the tlierapeutic 
control of beriberi in Japan and the Phillipines, the current incidence of which 
in the latter is placed at 150,000 cases. 

The structure of thiochrome, a yellow pigment very closely associated with 
vitamin Bo^ has been shown to be (14) and its formation is indicated thus :— 

CHoOH, 

CH2. 
-N^ 

CH.OH.CH 

N 

S N N 

(14) 

!CH, 

t CH* 

0 0 CHi 

t t 
HO. P—0—POOHoCH 

i, i: 

2C ixg— V r 
\ / / \ y ICH, 

H 
S H^N N 

(15) 

The oxidation of vitamin Bj to thiochrome can be carried out readily by alkaline 
ferricyanide.^ 

Vitamin Bg and the Flavins 

Many animal and vegetable substances owe their pale yellow colour to the 
presence of a ^oup of pigments of the flavin type. These have been isolated 
from yeast, milk, egg-yolk, liver, malt and urine, and the main groups of such 
pigments are as follows :— 

1. Free flavins (lactoflavin D from milk and ovoflavin). 
2. Flavins combined with purines (lactoflavins A, B and C). 
3. Flavins combined with proteins (from milk, Warburg’s pigment, yeast 

and animal cells). 
4. Lumiflavin, 

^ Kuhn et ah, Z, Phymol, Chem., 1936, 284, 196. 
® Barger, Bergel and Todd, Ber,, 1936, 88, 2267. 
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It was suggested that the free flavin of milk was identical with the vitamin 
Bg component responsible for growth promotion,^ as distinct from that com¬ 
ponent of the so-called Bg, termed the pellagra-preventative (PP-) factor.^ 

The structure of lactoflavin (vitamin Bg) is shown below' as 6, 7-dimeth3d-9- 
(d^-1 '-ribity])u‘oalloxazinc (16). 

CHg. CHOH . CHOH . CHOH . CH,OH 

CH3i 

CH 

/VV'v 
? 
0 

^ N CO 

NH 

(16) 

Although several syntheses have been worked out, that of Karrer and 
Meerwein ® is, perhaps, of greatest interest. o-4-Xylidine is mixed with d-ribose 
and treated with hydrogen in the presence of palladium, when the eompound 
(17) is obtained, by reduetion of the Schifif’s base first formed. 

CH 

CH 

CH2(CH0H)3 . CH3OH 

=*\/ (17) 

CH2(CH0H),CH30H 

CH-/\/ 
NH 

CH -N=N<: \N03 

(18) 

Diazotised ^-nitraniline is coupled with this substance in the “ 5 ’’ position 
to give the azo-compound (18), wiiich is reduced to the amine of the structure 
(19), by hydrogen under pressure in the presence of nickel. The amine readily 
condenses with alloxan (20) to give lactoflavin (21), a yellow crystalline 
substance.^ It has recently been shown that the yield is greater w'hen alloxantin 
replaces alloxan in the latter condensation. 

CH2(CH0H)3CH20H 

fin 

NH3 

CHjtCHOHlaCH^OH 

(IS) 

NH 
/ \ 

CO CO 
I I 

CO NH 

^ct) 
(20) 

2H,0 

CH 

CH 

... N N 
/\/ \/ 

»\/\ /\ / 
^ N CO 

(21) 

CO 

NH 

Several analogues of lactoflavin have been prepared with different sugar 
residues, using mannityl, dulcityl, sorbityl, rhamnityl or xylityl groups, but no 
physiological activity was observed. The d-araboflavin has some activity, but 
the Z-ribityl derivative has none. It is of importance from the standpoint of 
structure and activity to note that although the change of d- to i-ribityl destroys 
the vitamin Bg activity, the loss of a methyl group as in 7-methyl-9-d-r-ribityl- 
isoalloxazine (22) does not. The fact that the compound (22) has a strong 
vitamin Bg activity proves that the o-xylene structure is not essential for the 

’ Elvehjem and Koehm, J, Biol. Oiem., 1935, 108, 709. 
* Kixrrer et al., Helv. Ohim. Acta,, 1935, 18, 908. 

® Karrer and Meerwein, ibid,, 1935,18» 1130. 
^ Karrt^r and others, ibid,, J935,18, 69, 622. 
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development of this activity. In addition, in the industrial synthesis of sub¬ 
stances of vitamin Bgactivity, a synthesis commencing with m-toluidine instead of 

CH2(CHOH)3CHjOH 

CH. 
N 
\ 

CO 

(22) 

NH 

o-4-xylidine is to be preferred. Whether the 7-methyl derivative is the complete 
physiological equivalent of vitamin B2 has yet to be determined. 

Vitamin is extremely sensitive to light and exposure of the solution 
rapidly removes the ribityl residue leaving 6, 7-dimethyl alloxazine (or lumi- 
chrome) (28). In alkaline solution the ribityl group is removed only in part 
and the residual material is 6, 7, 9-trimethyi alloxazine (lumiflavin) (24). 

CH 

CH 

N NH 
V 

^ N CO 
(23) 

NH 

CH3, 

CH 

CH3 
I 

N N 

CO 

(24) 

NH 

The yellow respiratory ferment of Warburg ^ is an association of the lacto- 
flavin phosphate with protein. Theorell ^ was able to break down the pigment 
into protein and flavin phosphate ; the parts w'ere without enzyme activity, 
but on recombining them the activity was restored. 

Othek Members of the Vitamin B (Implex 

There have been identified the following additional members of the B 
complex :— 

Pyridoxin Inositol 
Pantothenic acid p-Aminobonzoic acid 
Nicotinic acid Biotin 

of these, three are simple organic substances which have been known for some 
time : nicotinic acid, inositol and j?-aminobenzoic acid ; their chemistry is 
discussed in the appropriate place. Information concerning the other three is 
given below. 

Pyridoxin 

We owe much of our knowledge of pyridoxin (vitamin B^) to Szent-Gyorgy 
who in 1934 noted the existence of a water-soluble factor, distinct from those 
already known, absence of which in the diet of rats induced dermatoses. It 
was four years later that the actual vitamin Bg was isolated ^ in the form of 

1 Warburg and Christian, Biochem, iJ., 1932, 254» 438 ; 1933, 266, 377. 
‘Theorell, Biochem. Z., 1934, 272. 155 ; 1935, 278. 263. 
• Keresfl^y and Stevena, 1938, 60. 1267 ; Proc. 80c. Ewp. BM. Med»» 1988, 

88. 64; I^kovsky, J. Bid Ohm., 1988, 12*. 126; Kuhn and Wendt. Bar., 1988. 71. 
780, 118 and 1584. 
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colourless crystals, m. 200-202 . It is soluble in water and alcohol, unaffected 
by moderate heat, but is decomposed by ultra-violet irradiation. 

Kuhn and his co-workers ^ worked out its structure in 1938-1939. They 
observed the following points :— 

(1) Empirical formula CgHi^OaN. 
(2) The Ibllowing functional groups were characterised :— 

(a) Weakly basic tertiary nitrogen. 
(b) Two primary alcohol groups. 
(c) One phenolic hydroxyl group. 
(d) One (^methyl group. 

(3) Degradation gave indications of a pyridine ring. 

The structure of pyridoxin from these observations may therefore be ex¬ 
pressed as (25) and the orientation of the groups has next to be ascertained. 

CHjjOH 

CH^OH 

OH 

CH, 

(25) 

HOCH, 

/\ —OH HOC^Hj /\ 

\/ 
N V 

,OH 

CH, 

(26) (27) 

Examination of the absorption spectrum points definitely to a 3-hydi-oxy 
compound, and the fact that it condenses readily with 2, 6-dibromoquinone 
chlorimide to give a coloured indophenol indicates that the position para- to 
the hydroxyl group is unsubstituted [marked * in (26).]^ 

Alkaline permanganate, acting on the methyl ether of pyridoxin, yields a 
tricarboxylic acid (28a) which loses carbon dioxide on heating, a reaction indi¬ 
cative of a pyridine-a-carboxylic acid. This leads to the formation of the di- 
carboxylic acid (29a); on the other hand, barium permanganate acting on the 

HOCH, 

HOCH, lOH 

HOCHg 

HOCH,/\)Me 

N 

JCH 

(29) 

\ 
N 

HOOC 

H00c/\0Me 
Barium 

JCH.- permanganate 

Alkaline 
permanganate 

\/ 
N 

CaO 

HOOC 

H00c/\0Me Heat. 

\ / 
N 

(28a) 

boOH 

HOOC 

H00c/\0Me 

\ / 
N 

(29a) 

(28) 

methyl ether of pyridoxin, oxidises the two primary alcohol groups to carboxyl 
groups, which (as do those of 29a) give a fluorescein reaction and are therefore 
in adjacent positions ; thus the two original primary alcohol groups must have 
been in the.“4** and “5” positions (27), leaving only the “ 1 position 
available for the methyl group. This was confirmed by decarboxylating the 
dicarboxylic acid over hme when 3-methoxy-a-picoline (28) is obtained. Thus, 

» Kuhn, Wendt, et a?., Ber., 1938, 71. 1534 ; 1939, 72, 305 and 310. 
* Gibbs, J. Biol. Chem., 1927, 72, 649. 
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pyridoxin is 2-methyl-3-hydroxy-4, 5-di-(hydroxymethyl)pyridine (29). The 
formula has been confirmed by synthesis by two independent routes. In that 
of Kuhn and his co-workers ^ the methoxy methyl isoquinoline (30) is nitrated, 
bringing the nitro group into an unspecified position in ring A (31); on rediuttion 
to the amine (32) and oxidation the benzeiioid ring is destroyed, leaving 1- 

OMe OMe ^ OMe IK 

I i lA BJ. A BI 

HOOC ON 

N( 
I B 

A A ‘CA N c A A' A /Me c /Me 

(30) (31) (32) (33) 
rcJiicJum 

IKK^iL 
.y\ 

Oil 

CIL 

OIf,Br 

A 
N 

H^NCHg 

Me <- 
HNO, 

/ Hllr 

CIKNIK 

fi^OMe 

^ /Me 
N 

methyl-2-methoxy-pvridine-3, 4-dicarboxylic acid (33). The next tavsk is to 
convert tlie carboxyl groups to CH2OH, for wliich j)urpose a difficult series of 
operations was carried out involving cliange of the groiip to —CONHg, —(^N, 
—CH2NH2, —CHgBr, —CHoOH. These, althougli conventional changes, are 
difficult to carry through with good yield. The treatment witli concentrated 
hydrobromic acid required to dcmethylate the methoxy group, unfortunately 
converts the —CHgOH groups to —CHgBr, and an additional step had to be 
added to convert these groups back again to —silver acetate. 

An alternative method commences - with the condensation of 1-ethoxy- 
pentandione-2, 4 with eyanaeetamide (34), wdiereby a pyridine is obtained with 

CH2. OEt 

CO 

NC.OHa \’Ha 
I + I 

CO CO. CH, 

\ H, 
(34) 

CH.,OEt 

NC 

HO. 

CHjOKt CHaOEt 

HNO, 

A 
(35) 

IMe 

NC^ 

HO. 

NC^Vo, 

ixMo 

(36) 

Cll I ' 

V 
Me 

P^Tidoxin 
HOCH. 

CH.OEt 

OH 

(37) 

CH*OEt 

HoN . CH 

V 
Me 

(39) (38) 

a hydroxyl group in the ‘ 6 * position (35); by nitration and use of phosphorus 
pentachloride 3-nitro-2-methyl-5-cyano-6-chloro-4-cthoxyinethylp5rridine (37) 
is obtained. Reduction of this compound not only removes the chlorine and 
reduces the nitro- group to amino, but at the same lime conveirfis the —CN 
group to —CH2NH2 (38); treatment with nitrous acid yields the monoethyl 
ether of pyridoxin (39). 

^ Kuhn ei al„ Nahmvias,, 1939, 27# 469. 
■ Harris, Stiller and Folkes, J,A.VJ3., 1939, 61, 1237# 
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Pantothejsic Acid 

881 

Williams and his co-workers ^ observed a growth-stimulating factor which 
appeared to be essential for the growth of yeast and many other micro-organisms, 
and was later shown to be necessary for rats and other animals. 

Although the structure of pantothenic acid did not prove difficult to eluci¬ 
date, the amount available amounted only to a fraction of a gram, so that the 
successful outcome of the experimental work must be regarded as a brilliant 
application of microchemical technique. Thus, 3 mg. of pantothenic acid, 
hydrolysed with dilute hydrochloric acid gave 0*2 mg. of ^-alanine which was 
characterised by a naphthalene siilphonic acid derivative.*'’ Since the empirical 
formula of pantothenic acid was known to be CgHi705N the splitting oft‘ of 
/3-alanine may be represented by the equation :— 

+ H^O 
-> H^N . CH2. CH2. COOH + [CeHio04]-> CgHioOg + HgO 

/3-alanine Fraction B 

The identity of fraction B proved more difficult to elucidate ; in the first place 
the substance isolated proved to be a lactone of the formula CgHjoOg, the 
elements of water having been lost from the formula given in the equation 
above. I'hus, pantothenic acid must have the structure of an acid amide. 
Fraction B gave carbon monoxide with concentrated sulphuric acid indicating 
a a-hydroxy acid (a-hydroxy acids decompose thus : 

R . CH(OH)COOH-y ECHO + CO + HgO 

in the presence of strong sulphuric acid). The struc^ture of the original panto¬ 
thenic acid is, therefore, elucidated so far as :— 

H0[C4H8]—CH(OH) . NH . CH3. CHg. COOH 

The nature of the C4Hg group was worked out by Williams and Major,^ who 
identified it as —CH2C(CH3)2—. The lactone is, therefore, 3, 3-dimethyl-2- 
hydroxy-1, 4-epoxybutanone (40), sometimes called a-hydroxy-j3|S-dimethyl-y- 
but^Tolactone). 

NaHSO, 
KiCO* -fKCN 

CH,0 -f CH,(OH)C{CH,),CHO~-CHa(OH)C(CHs),CH(OH)CN 

(41) (42) I (43) 
boiling 

HCi 

resolution and 1 
heating with # 

CH,(OH)C(CH,),CHOH . CO . NH . CH, . CH,COOH -JL-— CHaC{OHa),CH(OH)CO 

(44) 
Xa salt of 
/^-alanine L -O- 

(40) 

The synthesis of pantothenic acid has been effected by condensing aqueous 
formaldehyde with isobutyraldehyde (41) to give 3-hydroxy-2,2-dimethyl- 
propanal (42) which, in turn, adds on the elements of hydrogen cyanide to give 
the nitrile (43). This, boiled with hydrochloric acid furnishes the lactone 
referred to above as * fraction B It will be noted that this lactone contains 
an asymmetric carbon atom (*) (40) ; the natural lactone is the Z-isomer, and 
by fractional crystallisation of the quinine salt of the corresponding acid, the 
Z-lactone was obtained. 

1 Williams et ol., 1939, 61, 464. 
* Subbarow and Hitchings, ibid,, 1939, 61, 1616. 
• Weinstock, Mitchell, Pratt and Williams, ibid,, 1930, 61, 1421. 
^ Williams and Major, Science, 1940, 61, 246. 

56 
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The final synthesis was best carried out by heating together the dry lactone 
and the sodium salt of ^-alanine, when pantothenic acid, identical with the 
natural product, (44) was obtained. 

Biotin 

The term * bios ’ was used to describe a complex of many factors, which 
appeared to be essential for yeast growth. Of the original ‘ bios ’ group many 
components—inositol, vitamins Bj and Bg, pantothenic and p-aminobeiizoie 
acids have already been discussed. Of the remaining factors one of the most 
important is biotin, a growth factor which appcjars to be not only essential tor 
plant and animal growth but to play a fundamentally important pail in cell 
physiology. It resembles the auxins (q.v.) in the minuteness of the quantities 
required for its effect. Kogl in 1932, commenced a s(u'ies of researches on 
the nature of the ‘ bios ’ associated with yeast gr-owtli. By adsorption onto 
charcoal and stripping with acetone-ammonia, biotin was finally isolated. 
Kogl isolated it in crystalline form and Gyorgy - demonstrated its identity 
with the so-called vitamin H, m. 230-231° ; [ajjj*" — 92°, the curative factor 
for egg-white injury. 

Biotin appears to be the most biologically active substance yet discovered, 
since it still shows its characteristic behaviour at a dilution of 1 in 4 x lO^h 
It is widely, albeit very sparingly, distributed ; to obtain 1 gram, 350 tons of 
ordinary yeast w’ould have to be treated—and Kogl and his co-workers spent 
five years in obtaining 70 mg. of crystalline methyl ester, the empirical formula 
of which is CnHigOaNgS. 

The following essential features were observed concerning the structure of 
biotin :— 

(1) It gave carbon dioxide and a diamine on hydrolysis. The diamine 
regenerated the original biotin on treatment with phosgene (indicating 
the presence of a urea group in biotin) and gave quinoxaline derivatives 
with o-quinones implying an o-diamine structure. It must, therefore, 
contain the group 

(2) The diamine referred to above gave adipic acid on oxidation, indicating 
the possibility of a —(CH2)4COOH side-chain. 

(3) By a modified Hofman reaction a S (a-thienyl) valeric acid was obtained 
the structure of which was confirmed by synthesis. 

(4) The nature of the sulphur in biotin was largely revealed by the action 
of cold permanganate, which oxidised biotin to a sulphone ; the same, 
very stable, product is obtained by oxidation of biotin with hydrogen 
peroxide iii acetic acid. 

(5) Raney nickel has been successfully used to eliminate the sulphur of 
biotin (cf. Bouganet in the cleavage of disulphides), yielding a des- 
thiobiotin (45a), which was hydrolysed by concentrated baryta to 
7, 8-diamino pelargonic acid (46i), the quinoxaline from which (4fc) was 
shown to be identical with that from the synthetic acid* 

^ Kdgl and Tdnnis, physiol. Ohem,, 1930, 042» 43« 
* GyOrgy tt ai.. Science, 1940, 01, 243. 
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CO 
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The structure which these above data suggests, and which has been proved 
by synthesis to be correct,^ is (45), 2'-keto-3, 4-imidazolidothiophane-2-vaIeric 
acid. The stereochemical implications of the three asymmetric carbon atoms 

(’() 
\ 

Nil Nil 

\>c> 

M 

0H2/HCH2CH2CH2CH2r00H 

{4«) 
are somewhat modified by the strong tendency which all fused ring compounds 
with two five-membered rings possess to form cis- forms (46) in preference to 
tram-, the latter being almost unknown. 

synthesis of biotin takes the following course :— 

(1) Cysteine is allowed to react with an alkaline solution of sf)dium mono- 
chloroacetate :— 

CH(NH2)C00H 

CHg + ClCHaCOONa 

Yh 

CH(NHi,)COOH 

CH, CH,COOH 

V ■ 
(46.1) 

Benzoyl 
chloride and 
methylation 

C,HjCO . NHCH—COOMe 

Hj CHjCOOMe 

V 
(46.2) 

CgHjCO . NH . CH—CO 

CHj CHj 

V 
(46.3) 

> Harris et al.. Soietux, 1943, 97. 443; J.A.C.S., 1044, 66, 1756. 
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(2) The thioether (46,1) obtained in Stage I is benzoylated at the amino 
group, and both carboxyl groups are methylated (46.2). 

(3) Heating with sodium methoxide causes (46.2) to suffer ring closure, 
giving the thiophenone derivative (46.3). 

(4) The side chain is next attached by condensing (46.3) with the methyl 
ester of the half-aldehyde of glutaric acid, resulting in the compound 
(46.4), the oxime of which on reduction with zinc dust, and a mixture of 
acetic acid and acetic anhydride yields (46.5). 

OeH,. CO . NH . CH~CO v 

! I ■+■ 
CHo CHo OCH(CH.)3COOMe 

\/ 
S - 

C«H,OO.NH.CH-~CO 

Cti, C=CH(CH.)3C00M« 
\/ 

s 
(46.4) 

(46.6) 

CHs CH(CH2)C00H 

\/ 
8 

(46.6) 

(5) The double bond of (46.5) can be reduced with hydrogen and palhuiium, 
and the two acyl gi’oups removed by successive treatment with baryta 
and sulphuric acid which also restores the free carboxyl group. The 
product of this stage is (46.6). 

(6) The diamine (46,6) is converted to ^-biotin by phosgene. 

Vitamin C 

Szent-Gyorgyi ^ in 1928 isolated a compound C^HgOg from oranges, from 
cabbage, and from the cortex of the adrenal gland. This substance, crystalline, 
and having a high antiscorbutic effect, was called “ hexuronio acid but since 
later work showed it not to be a member of the uronic acid series, it was renamed 

J-ascorbic acid Later /-ascorbic acid was shown to be identical with 
vitamin C, the well-recognised antiscorbutic factor. 

Chemically, the structure of /-ascorbic acid is comparatively simple, and was 
elucidated by Haworth, Hirst and others ^; the fact that it gives furaldehyde 

C-C 

C (Uc 

V 
(47) 

-C 

C 0-C-C 

Y 
(48) 

HO—(>=====€—OH 

(io Ah CHOH. CH.OH 

Y 
(49) 

^ Szent-Gydrgyi, Biodiem, J., 1&28, 22, 1387 ; 1982, 26, 865. 
»Haworth, Chemistry and Industry, 1933, 52, 482; ibid*, 1933, 52, 221; 

Hirst et al,, J.G.8., 1933, 1270; H. v. Euler and C. Martius, Svmshe, Vst. Akad*J* Kmi, 
etc*, 1033, BIX, No. U. 



8TKR0IDS AND OTHER SUBSTANCES 885 

quantitatively on boiling with hydrochloric acid indicates a skeleton (47) and 
the absence of other substituents further indicate that the remaining carbon 
atom is in the side-chain (48). 

The reducing power of 2-ascorbic acid, its ability to undergo reversible 
oxidation, to react w'ith iodine and to show acidic properties, led to th(i sugges¬ 
tion that the seat of its activity and acidity resided, not in a carboxyl group, 
but in a dissociating hydroxyl group, probably of the type —C(OH)—C(OH)— 
already familiar from studies of dihydroxymaleic acid. The existence of a 
double bond can be demonstrated by reaction with diazomethane. 

When oxidised with iodine, a substance is obtained having the properties 
of a lactone ; if Z-ascorbic acid is both a lactone and contains the 

-~C(OH)==(:(OH)— 

group, its formula must be (49), since there is only one place for the lactonic 
carbonyl group in the structure (48), and w'hen this is taken, only one possible 
situation for the —C(OH)=(J(OH)— group. This relation is more clearly 
elucidated from the more conventional representation of Z-ascorbic acid (50). 
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Further oxidation of the product (51) or (52) (obtained by the action of 
iodine on (-ascorbic acid) with sodium hypoiodite gives quantitatively oxalic 
and (-threonic acids (53), the latter’s identity being confirmed by conversion to 
the crystalline trimethyl-(-threonamide and by oxidation to d-tartaric acid (54). 

Much additional evidence has been accumulated to confirm the conclusions 
described above. The main evidence is obtained from the breakdown of tetra- 
methyl-i-ascorbic acid (55). 
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Ozone attacks the double-bond of tetramethyl-l-ascorbic acid, giving the 
neutral substance (66) which is hydrolysed by ammonia in methanol to oxamide 
and 3,4-dimethylthreonamide (57), and by baryta to oxalic and 3,4-dimethyI- 
threonio acids (58). 
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Final confinnation was given by synthesis, by Keichstein and co-workers,^ 
and by Tvorkers in this country. An important step in the development w^as 
the synthesis of Haw’orth,^ Hirst and others in which /-xylosone (59) was prepared 
and 

CN hn==c- CO—1 
1 

CHO 

1 

CH.OH HO—C:! HO—0 

1 1 II ^ > 1 C 
CO HCN CO HO—(’ HC. HO-4^ 

1 

H—<:—OH 
J 

CaCl, ‘ 
1 _ 

-C—OH H C 
1 

H—C 

HO—tL-H HO- 
1 

-C—H HO—(LH 

I 1 I I 
CHgOH CHjOH ('HjOH CHjsOH 

(59) (60) (61) (62) 

characterised ; converted by a mixture of CaCl2 and K('N to the nitrile (60) 
which changes immediately to the imino-compound (61). This substance has 
some antiscorbutic properties, but it is by no means as active as the lactone 
(62) (vitamin C) into which it may be converted by hydrochloric acid. /-Ascor¬ 
bic acid crystallises in w^hite needles. It may be added that this work of 
Hawort/h and his co-workers constitutes the first synthesis of a vitamin ; 
Reichstoin et al. obtained only the acetone derivative of inactive ri-ascorbic 
acid. 

The industrial synthesis commences with sorbitol, whi(*h is bacbTially 
oxidised to Z-sorbose (63) by Acetobacter zylinvm. d'his is converted to its di¬ 
acetone compound (64) and oxidised to the carboxylic acid (65). the acetone 

CH^OH CH2OH (;()OH 

COOH CO- 
1 

CO 
t i 

CO-1 
1 1 

CO 
1 

CO 
1 

1 
c. 

n 
OH 

1 
CO 

1 

HO 
1 

.C.H HO in 
1 

ii 
c. 

1 
OH Oxkln. 

1 
CO 

1 
H C.OH 

1 
H .C—O-J 

1 
H 

1 
• C- -0— 

► 
H 0

 
L

_
 

HO • CH 
j 

HO i.H HO 
! 

• C. 
1 

H HO 
1 

.CH 
I 

CHgOH 
j 

OT,OH CHjOH CH,OH 
m) (67) (68) m) 

Grtissner and Oppenauer, Hdv, Chim, Acta., 1933, 16. 6dL 1019. 
* Haworth and Hirst, Chem. and Ind„ 1933, 62, 646 ; u al., 1106. 
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residues being stripped by acid hydrolysis. This gives 2-koto-L-gulonic acid (66) 
the lactone of which is tautomeric with ascorbic acid, and is converted to it (68) 
by boiling with dilute acid in an inert atmosphere. The presence of air leads 
to oxidation to the less active dehydroascorbic acid (69). 

The biochemical nature of its function is not kno\^Ti with certainty—it is 
certain, however, that small differences in structure destroy the activity, 
d-Ascorbic acid has no antiscorbutic activity in doses forty times as great as 
those used with Z-ascorbic acid, and the so-called i^ovitamin G ’’ (70) has only 
l/20-l/50th of the activity of Z-ascorbic acid. 

CO— 

HO—i 

II O 
HO— 

I 
H—0- 

I 
H—C—OH 

I 
CHjOH 
(70) 

ho.c-===c.oh 

I I 
CH, 00 

w 
CHj 

(70<i) 

HO . CH==C ,/ 

OH 

\CH0 

(706) 

There an* two related substances of great biochemical interest, namely, 
r(xiuctive acid, (‘to., and reductone (706). Both contain the ‘enediol ’ system 
of ascorbic acid, but their biochemical function is, as yet, im})erfectly known. 

CiTRiN OR Vitamin P 

In 1936, 8zent-Gyorgyi ^ arrivtxi at the conclusion that the full antiscorbutic 
activity of paprika and lemon-juice was not entirely realise^d by the administra¬ 
tion of ascorbic acid, and that the syndrome of scurvy ^vas produced by the 
joint deficiency of two vitamins—vitamin C and a new^ vitamin, vitamin P, to 
which the name “ citrin ’’ has also been given. This has been confirmed by the 
wwk of Bacharach and his co-wnrkers.^ 

The complete identity of vitamin P is obscure ; Szcnt-Gy6rg;yd isolated 
citrin, a mixed crj^stal of the glycosides of hesperitin and eriodictyol, but 
according to Bacharach and his co-w'orkersthe activity of pure hesperidin 
(hesperitin glycoside) is less than one-hundredth part of that of a w^ater- 
soluble concentrate from blackcurrants. The chemistry of the glycosides of 
this family has already been dealt with in Appendix III to Chapter V. 

Vitamin E 

That there existcKl an anti-sterility vitamin E® has been known since 1922, 
when it w'as demonstrated that on synthetic diets (containing all the vitamins 
of which the investigators were aware at that date) female rats had failed, after 
normal mating, to bring their pregnancy to a satisfactory termination.^ The 
first rich source of this material was to be found in the unsaponifiable matter of 
wheat germ oil.*'^ Since then the vitamin has been found in the imsaponifiable 
matter of many vegetable oils, in nearly all seed genns and in lettuce. 

^ Saant*Gy6rgyi aZ., DetU, tned. TFocZj.., 1936, 62« 1325 Nature, 1936, 138, 27, 138, 
1057 ; 1930, 138, 798 ; Z. Physiol, Chem,, 1938, 885. 126. 

* Bacharach, Coates and Middleton, Chem, and Ind,, 1942, 61. 96. 
* Evans and Bishop, Science, 1922, 56» 650 ; MattiB, J, Biol, Chem,, 1922, 50. 44. 
«Maitm and Stone, ibid., 1923, 55. 443 ; B. Sure, ibid,, 1924, 58. 693. 
* Evans and Burr, Mem^ Univ, Cal^,, 1927, No. 8. 
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By the use of allophanic esters Evans and the Emersons ^ were enabled to 
isolate two alcohols, a- and ^-tocopherol, both of which had that activity which 
had previously been associated with vitamin E concentrates. Later ^ a third 
substance, y-tocopherol, was isolated from cottonseed-oil. The alcohols them¬ 
selves are rather difficult to handle and purify, and their separation has been 
carried out mainly by their esters with the acids 3, 5-dinitrobenzoic and allo¬ 
phanic (NH2. ('0 . NH . COOH) and by the conversion of the alcohols to 
4-nitrophenyl urethanes. The empirical foriuulie of the tocopherols has been 
established as follows :— 

a-tocopherol . C29H50O2 

/9-tocopherol. 
y-tocopherol . C2gH4g02 

Thus the /9 and y forms a])peared to be isomeric and to be lower homologues 
of the a-tocopherol. 

Work on the constitution of these two substances was initiated by Fernholz ^ 
and by McArthur and Watson/ who showed that o?i p^TolyBis or degradation 
with selenium, a-tocopherol gave duroquinol (71); similarly, the /9-analogue was 
found to be capable of conversion to 0-cumoquinol (72) by a similar sequence 
of reactions. Thus the position of the extra methylene group in a-tocopherol 
was settled and the structural problem remaining to be settled was the nature 
of the group removed during degradation. 

OH OH 

CHj^^NcHa CHg/NcH 

CH3^yCH3 

^5h OH 

(71) (72) 

3 

Whilst it was tempting to regard the structure of the tocopherols as ethers 
of the quinols formed by their degradation, Todd and his co-workers pointed 
out that this h}q)othesis was untenable and that synthetic long chain alkyl 
ethers of duroquinol had no relation to the tocoplierols either chemically, 
physically or biologically. They suggested a coumaran or chroman structure, 
as also did Karrer and his co-workers ® and Fernholz and, since it was becoming 
evident that the long chain was the phjdyl group, the following tentative 
structure was put forward :— 

CH3 

/CH3 
CH, 

H3O 

CH, 3 CH3 CH3 

CHgCH^CHjCHCHjCHaCHjCHCHgCHjsCHjCHCHg 

(73) 

The brilliant synthetic work of Karrer and others * confirmed the authenticity of 
this suggested structure. They condensed phytylbromide and ^-cumoquinol (74) 

» Evans, O. H. Emerson and G. H. Emerson, J. Biol. Ohem., 1936, n», 319, 
• Idem., Science, 1930, 88, 421. » Fernholz, J.A.C.S., 1937, 69, 1064. 
• McArthur and Watson, Science, 1937, 88, 35. 
• Bergol, Todd and work, J,C,8., 1938, 253. 
• Karrer et al„ Helv, Chim. Acta, 1938, 21, 309. 
^ Fernholz, J.A.CJS., 1938, 00, 700. 
• Karrer et al,, Heh. Chime Acta, 1938, 21, 520 and 820. 
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in petroleum ether using anhydrous zinc chloride as a condensing agent and 
obtained a racemic a-tocopherol (73). 

CH3 CH3 CH3 

1 i 1 3CH[CH3]3CH[CH3]3CHCH3 

(74) 

Z«C1» 

HtO 

racemic 
a-tocopherol 

This material was resolved through the bromoeamphorsulphonate to a product 
identical witli natural tocopherol. The possibility of the formation of a cou- 
maran, not a chrornan, structure is not excluded by this method of synthesis, 
but all the evidence of properties, absorption spectra and analogy lead to the 
confirmation of the chrornan ring. 

With t he and y-toc^oplierols the ambiguities are greater ; the o-, m- and^- 
xyloquinols can all be made to give compounds similar to that from i/r-cumo- 
quinol. The three isomers are :— 

CH3 

It is not known with certainty which of these is j9- and y-tocopherol, but (76) 
is thought to be the ^-compound and (77) to be the y-form. 

The way in which vitamin E works is obscure, and its consideration from 
this angle is outside the scope of this book. It is clear, however, that its 
presence is essential to both male and female for efficient reproduct ion, and that 
it plays a part in maintaining the general muscular tone of the growing child. 

Vitamin K 

The biochemistry of this vitamin differs somewhat from that of others in 
that a number of simple substances, some of which bear no chemical relation to 
the vitamin itself, are capable of exerting a very similar activity. The origin 
of work on vitamin K (‘ K ' from ‘ Koagulations-vitamin ’) lies in the observa¬ 
tions of Dam and Schonheyder ^ that certain deficiency conditions of chicks 
resembling scurvy and showing a'so a marked diminution of blood-clotting, 
could not be cured by ascorbic acid, but needed a new and hitherto unrecog¬ 
nised nutritional factor to which the term vitamin K was applied. This vitamin 
has been found in liver, cereals, vegetables, e.g., spinach and chestnut leaves, 
certain bacteria,^ e.g., B. subtilis and Staph. auretLS, alfalfa meal and putrified 
fish-meal. 

It soon became obvious that several closely related natural substances 
showed K activity, one of which was the yeUow substance, phthiocol, isolated 
from tubercle baci!li.* Phthiocol is 2-methyl-3-hydroxy-l, 4-naphthoquinone 
(78) and its biological similarity to the K vitamins has played a considerable 

' Dam, Biochem. ZeUschr,, 1930, 220, 158; Nature, 1934, 188, 909; 1935, 185, 652. 
• Butt and Snell. J. Nutrition (SuppL), 1938, 15, 11* 
* Almquist and iOose, J.A.OS*, 1939, 61» 1611* 
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part in the development of this subject. Two K vitamins were first isolated, 
vitamin K^, from alfalfa, and vitamin K2 from putrified fish-meal. The former 
is a yellow oil, and the latter a yellow crystalline solid, m, 54° ; both are 3-8ub- 
stituted derivatives ofmethyl-naphthoquinone, Kj the phytyl derivative (79), 
and Kg the derivative of a highly unsaturated chain. In the formulee below 
the structure of these compounds is written to illuslrate the relation of the 
phytyl chain to the terpene and vitamin A family (it is not contended that the 
carbons are spatialh" arranged as in these illustrations). 

O O 

The synthesis of vitamin was effected by the condensation of phytyl- 
bromide and 2-methyl-l, 4-naphthoquinone.^ 

It has been established that the physiological activity of these naphtho¬ 
quinone derivatives is not impaired if the long side-chain in the ‘ 3 ' position is 
removed. Thus, simple compounds such as 2-methyl-l, 4-naf)hthoquinone (81) 
have a strong K activity, and are widely used in medicine for this purpose. 

Thus, the methylnaphthoquinone just mentioned is distributed under the 
official name ‘ Menaphthone *. Its inwsoluble nature makes it unsuitable for 
oral administration, for which purpose acetomenaphthone (2-methylnaphtho- 
hydroquinone diacetate) (82) is used, or the so-called vitamin Kg, 4-amino-2- 
methyl-1-naphthol (83). The comparative values of the various substances 
discussed above is shown in the table below :— 

Dsm units 

Vitamin K# 
Vitamin K# 
Vitamin Kj 
Acetomenaphthone 

Vitamin K# (Menaphthone) 
Vitamin Kg 

Phthiocol 
— [See (SO) ] 
2-Methyl-3-phytyM, 4.naphthoquiiiono 
2-Methyl-1, 4-naphthoquinoI diaoetate 
2-Methyl-l, 4-naphthoqiiinol di«ucciriato 
2-Methyl-1,4-naphthoquinol diphosphoric ester 

(Na salt) 
2-MethyM, 4-naphthoquinone 
4-Amino-2-methyl-1 -naphthol 

Kh-eo 
8.000 

12,000 
14,000 
16,000 

26,000 
26,000 
30,000 

' Atefiquist and Klose, J,A.CJ3., 1939. ei, 2637 ; Fieser. J.A,CJ3u 1»39, 61# 3MH59. 
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The Hormones 

It has already been mentioned that minute traces of chemical substances are 
synthesised in the ductless glands of the animal system for biochemical purposes, 
mainly for regulating the various metabolic and reproductory processes. Their 
biochemical significance (jannot be over-estimated, but chemically only a small 
portion have, as yet, yielded the secrets of their structure. Of these, adrenaline, 
from the adrenal gland, is discussed in Chapter XI of Vol. II, in connexion 
with the ephedra alkaloids, with which it shows chemical similarity ; thyroxin 
is discussed below ; and the sex hormones and those from the adrenal cortex 
in their appropriate place among the steroids (p. 905). 

There is little to be obtained by discussing in detail those hormones whose 
structure is not yet elucidated ; the hormones of the anterior and posterior 
pituitary ; the active haunopoeitic principles of liver and stomach-wall ; 
hormones of the hypophysis, the parathyroids ; insulin, if it is permissible to 
include this substance as a liormone ; all these are essential to life and health 
nnd the elucidation of their structure offers a field of enquiry for the modern 
organic chemist. 

Thyroxin 

In 1833, Kocher ^ showed that a relation existed between goitre and the 
th^nroid gland, and two years later, Roos ^ prepared a concentrated extract of 
the gland. Similar substances prepared by Oswald ^ in 1900 received the name 
of thyreoglobulin. Nurenberg ^ (1909) demonstrated the iodo-protein nature 
of part of the conc^entrate, and obtained positive reactions for t^Tosine and 
tryptophane among the products of hydrolysis. 

Kendal] ^ in 1915 first isolated the active principle, thyroxin, and w’hen, in 
1919, about 33 gm. of llnToxin had been isolated, Kendall proposed for it a 
structure —4 : 5 : 6-trihydro-4 : 5 : 6-triodo-2-oxj^-j3-indolepropionic acid. 

Harington ® (1926) improved the method of extraction, and showed that 
Kendall’s proposals were incorrect, and by a careful study of the breakdown 
products arrived at the formula (84) for thyroxin, and subsequently confirmed 
this by synthesis. 

I I 

CH(NH2)C00H 

(84) 

Harington established the empirical formula of thyroxin as C,*H„0*Nl4, 
and was successful in obtaining, by the action of palladium and hydrogen, a 
desiodothyroxin C15H15O4N, in which the structure of thyroxin itself is pre¬ 
served intact. Desiodothyroxin had all the properties of an a-amino acid, and 
on caustic fusion at 250"^ gave ^-hydroxybenzoic acid, hydroquinone and a 
compound C13HJ2O2; by fusions conducted in an atmosphere of hydrogen, 
ammonia, oxalic acid, hydroquinone and p-hydroxybenzoic acid were isolated, 
from which the formula 

HO . CeH4[CeH40]CH2 . CH(NH2)COOH 

may be deduced. 

^ Kocher, Arctic Klin, Chit., 1883, 29» 254. • Roos, Z. Physiol, Chem,^ 1895, 21, 19. 
» Oswald, im,, 1901, 82, 121. * NOrenberg, Biochem, Z,, 1909,16, 87. 
• KendaU, /. Am, Med, Amoc„ 1915, 64, 2042 ; Bid. Chern,, 1919, 89, 125. 
* B^armeton, Bioohem, J,» 1929, 20, 293, 300; Harington and Barger, Biochem, J,, 

1927, 21t 109, 
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When desiodothjToxin is methylated, a betaine is obtained which gives the 
following series of reactions :— 

HO . CeHi[C«H40]CH2. CHINH.ICOOH iExhaiu»tive 
methylatiou 

CH3O . CgH4[C,H40]CH2. CH—CO 

{CH3)3N—i 
boiling 
alkali 

CHaOCeH^LCeH^OjCOOH 
(B5) 

Each step of this degradation was followed by ultimate analysis and character¬ 
isation of the functional group, and the acid (85) was synthesised as follows. 
p-Bromoanisole and the potassium salt of p-cresol (Sb) condense in the presence 
of copper bronze to give 4-methyl-4'-methoxy diphenyl ether (87), which, by 
Zeisehs method gives the corresponding hydroxy derivative (88). This proved 
to be the compound CigHjgOg obtained during the caustic lusion of desiodo- 
th3Toxin. By permanganate oxidation of the 4-methyl-4'-methoxydiphenyl 
ether (87), the acid (89) was obtained identical with that (85), resulting from the 
degradation of methylated desiodothyroxin. 

(88) (89) 

HO^^—. CH. COOH 

(90) NH, 

The structure of desiodothyroxin is, therefore, given by (90); the position 
of the four iodine atoms of thj^oxin itself was suggested (from the many possible 
isomers) by analogy with iodogorgonic acid (3, b-diiodotyrosine) and was 
confirmed by synthesis. Iodogorgonic acid has itself been isolated from thyreo¬ 
globulin, but was obtained independently from corals {Oorgonia cavolini), and 
from sponges. It is present in iodinated casein hydrolysates, and may be 
obtained synthetically by the iodination of tyrosine. 

Harington’s synthesis is carried out by allowing the sodium salt of hydro- 
quinone monomethyl ether (91) to react with 3,4, 6-triiodonitrobenzene in the 
presence of copper bronze, when 4-metho^-2', 6'-diiodo-4'-nitrodiphenyl ether 
(92) is obtains. The nitro group of this compound is reduced to an amino 
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group, replaced by —CN, using Sandmeyer’s method and converted to the 
—CHO group by rexluction with stannous chloride in moist ether. 

Cu 1” 

(91) 

-h I 
NH 
\ 

(93) 
CO 

0 

HO o- 
1 

(96) 

CH,CH(NHj)COOH 

1 1,-f NH4OH 

CH,. CH(]SriI,)COOH 

(96) 

An azlactone (94) is produced when the aldehyde (93) is condensed \^ith 
hippuric acid; reduction of the azlactone with phosphonis and iodine yields 
the diiodo compoimd (95) which, with iodine in animoniacal solution, yie^lds 
dlAhyroxin (9()). It may be added that the product so obtained is identical 
witli that obtained from natural sources, since racemisation takes place during 
extraction of the natural material. The racemic form can be resolved, but 
active d- and /-th^^U'Oxine are more easily obtained by carrying out the resolution 
on compound (95), followed by iodination. The ^-form is considerably more 
active biologically than the d-form. At the present moment it is doubtful 
whether the synthetic material is more cheaply obtainable than that from 
natural sources. 

The Phytohormones 

In the early days of vitamin and hormone knowledge, the two groups were 
considered separately, but time has shown them to be members of a large 
group of substances drawn from many forms of biological material, and necessary 
for the continuance of vital processes. Amongst these, phyt-ohormones stand 
revealed as an important group of gi'owth accessory substances essential to 
vegetable life. 

Until 1901, the conception of plant nutrition as laid down by Pasteur was 
universally accepted; namely that plants (yeast in particular) require for 
nutrition only water, inorganic salts and fermentable sugars. In 1901, Wildiers 
inoculated washed yeast cells into such a medium and failed to obtain growth 
or fermentation; only when wort or similar substances had been added did 
growth and fermentation commence. Wildiers traced the eflfect to the presence 
in the wort of a thermo-stable substance which appeared to be an accessory 
growth factor for yeast; he gave it the name of ‘ bios \ 

Subsequent work showed that different forms or micro-organisms required 
different substances, and that * bios * was not a universal phytohormone, but 
could he regarded as a generic name for a large group of substances, the members 
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of which are not necessarily related chemically. Thus, Lash Miller and Eastcott 
showed that for certain types of growth wiewo-inositol acted as a ‘ bios ’ factor ; 
Williams and others in U.S.A. showed that for certain strains of yeast a ‘ bios * 
factor is vitamin Bj, and it has since been shown that this factor is responsible 
for groM^h stimulation in germinating rice, for which purpose it is stored in 
the aleurone cell layer of the rice grain. I’lie structure of vitamin Bj has 
already been discussed. 

The inositols are the cyclic hexahydric alcohols of general formula CgHg(OH)n 
(cyclohexan-hexa-ol). The stereoisomers of inositol are shown in the foIloMdng 

table, in w^hich reference is made to (97) where the ring is assumed to be in a 
horizontal plane with the hydroxyl groups eitlier above or below. 

TABLE I 

Number of OH 
groups bt'low ring 

Position of “upper*’ hydroxyl 
groups 

(Vcurrt’uce 

0 

1 Any The vu:.so- or /-inositol ; 
* bios ‘ (Lash Miller) ; 
conutionly occurring in 
inusclc and plant tissues 

[ 

(а) 1:2 (ortho) 
(б) 1:3 (meta) 
(c) 1:4 (para) 

3 i (a) 1:2:3 (vicinal) 
{b) 1:2:4 (nnsynimotrical) 
(c) 1:3:5 (symmetrical) 

* (Sew btdow) 

The unsyiiimetrical inositol (1 : 2 : 4 inositol) marked above with an asterisk 
is capable of existing in dextro and laevo forms, since its molecule has no element 
of symmetry. This was one of the earliest examples of compoimds whose 
optical activity is due to asymmetry of the molecule rather than to the simple 
asymmetry of a carbon atom. 

The ordinary or meso-inositol is prepared from the phytin of unripe peas ; 
phytin is the calcium or magnesium salt of inositol hexaphosphoric ester, and 
may be hydrolysed to the free hydroxyl compound by heating with dilute 
sulphuric acid at 140°. Inositol compounds are widely distributed in nature, 
both as the free base and as the phosphoric esters. The methyl derivatives are 
well-known ; pinitol is monomethyl-d-inositol and quebrachitol is the corre¬ 
sponding methyl-i-inositol; scyllitol is an inositol of undetermined structure 
from the organs of elasmobranch fish. It may also be mentioned that d-quer- 
citol (a pentahydroxy cyclohexane) is also well distributed in nature, but its 
biological significance is not clear. 

The configurations of quercitol and w^eso-inositol have been worked out by 
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oxidation. Quercitol yields mucic acid (HOOC H-h COOH), malonic acid, 
and &-trihydroxyp;lutaric! acid (HOOC H-COOH), and is optically active, 
from which it is deduced that the structure of quercitol is (98):— 

OH H 

m) 
Similarly, me.s'o-in()sitol gives allomucic acid (HOOC + f -f + COOH) (99), 

on oxidation from vvhicii it can be seen that me^o-inositol itself must be of the 

OH 

m) 

+ + + + 

(100) (101) (102) 

form (100), (101) or (102). Since the monophosphoric ester caimot be resolved 
optically, formula (102) is excluded ; and the general properties of the substance 
point to the structure (101) wliich is the accepted configuration. Apparently 
biotin, vitamin Bj and me^o-inositol work together since growth proceeds in the 
presence of all three to a considerable extent, but is minimal in the presence of 
any one singly. Other substances which have been found to exert a specific 
influence on plant growth are nicotinic acid, jS-alanine, Meucine and pantothenic 
acid, together with the so-called auxins. 

The Auxins 

The auxins are concerned with cell elongation in plant growth, and are 
formed in the tips of growing shoots from which they move by diffusion to the 
lower parts. Hence, if the tip of a growing shoot is sliced off, growth stops 
temporarily, but may be restarted by placing on the stump a tiny block of agar 
jelly, containing a minute amount of auxin. Thus, if, in Fig. V, A represents 
the normal growth of a shoot, B indicates the cessation of growth on slicing off 
the top ; C shows the renewed growth proceeding with the artificial supply of 
auxin maintained by the agar block. In D the result of placing the agar block 
unsymmetrically on the stump is shown ; one side grows but the other does not, 
thus leading to curvature. Using oat shoots [Aveirm scUtm), the quantity of 
phytohormone which, under standard conditions, will produce a curvature 
equivalent to fl = 10® is termed the * avena imitAuxin-a has about 5 x 10^® 
arena units per gram. 

During the years 1931-1936 Kogl and others isolated crystalline auxins 
from a great variety of natural materials, urine, excreta of herbivorous animals. 
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maize, oil, malt and yeast. Three auxins were found ^—auxin-a (CigHggOg) 
and auxin-b (Ca8H3o04), obviously closely related, and hetero-auxin, a substar^ce 
containing nitrogen and identical vith jS-indolyl acetic acid previously quite 

well known. Since the discovery of the phytohormone activity of indolyl 
acetic acid, attention has been focussed on a variety of substituted acetic acids 
derived from benzene, naphthalene, anthracene, etc., many of which exert a 

profound stimulant action on root fornaation, a property of which advantage 
has been taken industrially. Kogl was able to demonstrate a considerable 
difference between the stimulant activities of d- and U forms of a-(j3'indolyl)- 
propionic acid which is indicated below :— 

Actirity. 
Racemic acid . . . 23 x 10* A.U./gm. 
Dextro.16 X A.U./gm. 
haevo.48 X 10» A.U./gm. 

Chemical Sthtjcthbe of the Auxins 

The elucidation of the structures of auxin-a and auxin-b is a triumph of 
the application of micro-analysis and micro-manipulation ; most experiments 
were carried out on quantities of a few milligrams, from which in many 
two or more compounds were isolated, purified, analysed and identified. Kdgl 
and his co-workers used only 700 mg. in all in establishing the structure of 
auxin-a. There is little doubt that many major advances into the study of 

* Kdgl et <A., Z. Phytiol, Chem., 1934, S26, 228. 
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naturally occurring biochemical products will, in future, depend largely on 
micro-teehniquo, for the development of which organic chemists owe a debt of 
gratitude to Pregl, who became interested in the subject of micro-analysis 
through a study of the bile-acids ; in one series of reactions dealing with a 
degriidatiori of a bile-acid he obtained so minute a yield, that he decided to 
develop a tecdinique of microanalysis rather than repeat the preparative work 
on a larger scale. 

The method of extraction of auxin-a from human urine w'as as follows : 
150 litre.^8 of urine gave 87 gm. of an ether extract from which acids 'were removed 
by washing with sodium bicarbonate solution, and fats by sjxjcial extractions 
with jx^troieum ether arid ligroin. The residual 20 gm. of material gave, by 
a series of extractions, 2-25 gm. of solid crude auxin, and vacuum distillation 
separated 0*04 gm. of a comparatively pure product which, by crystallisation, 
gave the auxin-a readily convertible to the auxin-a lactone. 

Auxin-a has the following properties :— 
1. It is a white crystalline substance having the empirical formula 

and a molecular w eight of 328. 
2. It readily forms a lactone, and must therefore have a hydroxyl group 

attached to a carbon chain terminating in —COOH. There are three 
liydroxyl groups in all. 

3. Auxin-a has a single double-bond. 
4. Computation of the hydrogen :— 

Actually present . .32 
Allow^ance for —COOH . 2 

,, ,, double-bond 2 

36 

show’s tw’o short of the 38 required for an open chain compound, indicating 
one carbocyclic ring. 

5. Auxin-b gives similar results, save that wdiereas auxin-a has three 
hydroxyl groups, auxin-b has two hydroxyl and one keto-group. 

When auxin-a or auxin-b is oxidised with permanganate or ozone, an auxin- 
glutaric acid (C13H24O4) is obtained which, by further oxidation, is converted 
to a diketone CjiHgoOg- This compound has the characteristic properties of a 
j9-diketone, and by fission witli potassium hydroxide fields a-inethylbutyric 
acid and 3-methylpentan-2-one (103) from which the reconstruction of the 
/9-diketone (104) can be formulated thus :— 

CH3 , CH2. (^HlCHg) 

OH 

C 

II + 
o 

CH3 

i . CH(GH3)CH,, . OH3 

(103) 

OH3. . CH(OH3)00 00.0H(0H3)CH, . CH3 

t (104) 

0H3.0H3.0H(0H3)0H oh . CH{CH,)CH2 . OH3 

(!;ooh i OOH (lor.) 
and since the two ketonic groups must mark the original poiiil of athuiiment 
of the carboxyl groups, auxin glutaric acid luust have the strurinre (105). 
This has been confirmed by synthesis.^ 

' K5gl, Chem, and Jnd., 1038, pp. 49-64. 
67 
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Synthesis of Auxin-olutario Acid 

, ^'Woamyl ketone (3, 7-dimethylnoiian-ono-5) (IOC) was obtained by 
dismling d-sec-butylacetic acid over manganous oxide ; this ketone condensed 
with ethyl oxalate in the presence of soiliuni ethoxido to give a di-tso-butyl- 
oyclopentantrione (107), which was reduced by nascent hydrogen to the corre¬ 
sponding tri-ol (108). The opening of the ring at the glycol structure and conse¬ 
quent oxidation to dicarboxylic acid (109) was achieved by lead tetra-a(!etate 

CH,^ /CH3 

CH . CHjCOOH -f HOOC . CHgCH 

IH, . OH3/ I VH3CH3 

MuO 1 

CH3. /CO /'ii. 
CH . CH, OH,. CH 

CH3CH3/ -4- 

OEt OEt 

\:h,('H, (106) 

1 1 

CO CO 
NuOKt 

CH3^ /CO 0H3 

CH . CH OH . CH 

00-00 H'H.CH. 

CH.CH, 

CH(OH) { 

\ ^ \ 
CH . OH OH . CH 
/ ! I \ 1 ■ 

CH(OH)~OH(OH) ^’^^2 • 

PbAC|-j- KAfiiUi 

CH . CH 

CHjCH/ 
CH tH . C'H 

ilOOH OOOh'^^*^^» 

CHs. OH \ \ /CH3 

CH.CH CH.C^ 
CH.CH/ 

and pota^ium ^rmanganate. The compound so obtained differed from 
presence of a hydroxyl ^up Si wS 

By Btarting with an active ^ec-butylacetic acid EnriAKAn mr; i. r 
were able to eliminate many of the possL active 
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but, even so, more than 300 crystallisations of the cinchonidine salt were 
necessary before separation of the correct optical isomer was attained. The 
auxin-glutaric acid so obtained was identical with that obtained from natural 
sources. 

Since auxin-glutaric acid is produced by the oxidation of auxin-a, it is 
reasonable to suppose tluit the oxidative attack took place at the site of the 
double bond, and that auxin-a and auxin-b are derived from the fragment (111) 
the remainder of the molecule being joined through the carbon atom (*). 

(TTo 
.OH, 

CH . CH CH . CH 

CH;,Ch/ ch=.c.c 

(111) 

Since no branched cliain fragments have been identified in the breakdown 
of the side-chain, it is reasonable to suppose that the side-chain is a straight 
one terminating in the —(X)OH group. The tentative carbon skeleton of this 
side-chain is shown in (112). It must be to this side-chain that the three 
hydroxyl grt)nps are attached ; hence, of the Ibiir groups between the —COOH 
and the ring, three are —CH(OH) and one is —CHg ; it is highly improbable 
that the —CH^ group is adjacent to the ring, since oxidation would then lead 
to a ketonic monobasic acid. 

CH,. CH, /CH3 

CH . CH CH . CH 

i—C—C—C—COOH 
12 3 4 

(112) 

CH,. 

CH 

CH,CH,/ 

CH=C . GHOH. CH.CHOH . CHOH . COOH 
(113) 

When dihydroauxin is oxidised, glyoxylic acid and a hydroxy aldehyde are 
obtained; they could only arise from a side-chain containing a glycol group 

--CHOH . CH^CHOH . CHOH . COOH 

-CHOH . CH3CHO + CHO . COOH 

CH, 

/\ 
CH CH CH 

\CH,CH, 

which, therefore, indicates the nature of the side-chain of auxin-a (113). Auxin-b 
probably has the structure (114) 

CH, 
CM., 

CH da \h . c1h 

CH, 

CH,CH,/ 

CH= C . CH(OH)CH,CO . CH,. COOH 

(114) 
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Attempts at the complete synthesis of the auxins are fraught with tw'o 
major difficulties. In the first place, auxin-a has seven asymmetric carbon 
atoms, and can exist, therefore, as 128 stereoisomers (64 pairs); the use of 
the correct enantiomorph of auxin glutaric acid would, of course, eliminate 
some of these, but the task of obtaining the optically correct side-chain is still 
a formidable one. The second difficulty lies in the fact that both auxin-a and 
auxin-b change slowly to pseudo-auxins of the structure (115) 

CH3^ /’H. 
CH . Ch oh . CH 

CH.,CH / I j 

C’H(OH)C==CH . CH,, CH{OH). OH(OH)COOH 
(115) 

where the isorucrisation through the reversal of tine allyl group is comparable 
with that obtained with sim}>ler compounds. 

'Fhe 'riiUE vStehols 

A few years ago, the sterols and related compounds presented a picture 
w'hich could only be likened to the unorientated fragments of a jig-saw' puzzle ; 
since then, with the elucidation of the structurcvs of the sterols, bile-acids and 
sex honnoiies, many pieces of the puzzle have been fitted together, and although 
the picture is not yet complete, enough has been done to show' the relations and 
harmonies of its main port ions. 

The presence of the complex alcohol cholesterol in animal tissues has been 
knowm for some time, and for many years it has been usual to estimate the 
amount of this material in blood for purposes of clinical diagnosis. It is only 
recently, however, that the structure of cholesterol and the sterols has been 
known with any degree of certainty. Sterols are universally distributed 
throughout living matter, and in chemical separations tend to ac'cumulate in 
the unsajxjnifiable matter of fats, from w'liieh they are isolattMi industrially. 
Although the sterols crystallise very readily, they form mixed crystals with 
great ease, and the complete separation of a mixture of tw'o or more sterols by 
crystallisation is often a matter of extreme difficulty. Sterols form insoluble 
digitonides, and dibromides which may be used for separation where simple 
physical methods fail. 

The three most widely studied members of the sterol series are cholesterol, 
€27114^0, found in animal cells, especially those of the brain and spinal cord ; 
ergosterol, C28H44O from yeast (derivating its name, however, from ergot, from 
which it was originally separated) and stigmasterol, C20H4gO from the soya¬ 
bean. It should be added that the term ‘ phytosterol ' is correctly applied as 
a general term for a sterol of vegetable origin, and does not represent a homo¬ 
geneous individual sterol ; zoosterol is a generic term applied to sterols of 
animal origin, and mycosterol for those found in yeasts and fungi. 

Structure oe Sterols 

Chemically the sterols exhibit the properties of secondary alcohols, being 
oxidised to ketones without loss of carbon. The empirical formulfie of the 
commoner members are given on the opposite pageu 

It is not within the sc.op© of this book to treat chronologically the data 
obtained during attempts to elucidate the structure of the sterols. The following 
points, however, are selected for their fundamental significance. 
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Chrysene (116) has long been known as a degradation product of cholane 
derivatives and in 1932 Rosenheim and King suggested that the sterols might 

JSame Formula M.P. 
1 

Occurrence 

Cholesterol 
Ergosterol 
Spinasterol (a-) 
Coprosterol 
Ostreasterol 
Fucosterol 
Stigmasterol 
Sitosterol (y-) 
Lanostert)! 

(.27H^gO 

1 t)2»H4g(> 

CggHgoO 

150-151° 
163° 
172° 

loo-ior 
142-143° 

124° 
169-170° 

146° 
141° 

All animal structures 
Yeast, ergot 
Spinach 
Feces 
Shell-fish 
Seaweed 
Soya beans 
Ptots 
Wool fat (Lanolin) 

be normal derivatives of chrysene, and not, as previously supposed, derivatives 
of a 6i^f>eytiopentanodecahydi‘ouaphthalene. It was shown, however, by both 

Rosenheim and King, and Wieland and Dane, that the cydopentenophenan- 
threne (117) nucleus is in full accord with the proj)erties of the steroids, and 

OH 

(122) 
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that in all probability, (rhrysene is produced during their decomposition by a 
series of intramolecular changes. 

The Diels Hydrocarbon.—Dehydrogenation of *sterols or allied substances 
almost always lead to the formation of a certain quantity of hydrocarbon 
(CigHje). The regularity with which this hydrocarbon appears, and its distinct¬ 
ive properties have led to considerable investigation concerning it, and its 
formula has been established as 3'-methyl-l, 2-cvclopcntenophenantlirene (122) 
both by degradation and sjmthesis ; in addition, other members of the series 
have been obtained. 

Bergmann and Hillemann's synthesis of tlie Diels Indrocarbon commenced 
with 2-acetylphenanthrene (118), which undergoes the Reforiuatsky reaction 
with bromacetic ester and zinc in the usual manner to give (119), and, after 

dehydration, the unsaturated ester (120). This is rediufed with sodium amalgam 
and convert^ through the acid chloride to the cyc^lic ketone (121); reduction 
of the latter by Clemmensen's method gave 3'methylcyc1opentenophenanthreiie 
(122). Difficulty was experienced in identifying this compound with the hydro¬ 
carbon from the sterols, and an alternative synthesis giving a purer compound 
was devised by Harper, Kon and F. C. J. Ruzicka ; ^-(1-naphthyl)ethyI mag¬ 
nesium bromide (123) was condensed with 2, 5-dimethylcyclopentanone (124) 
to give the csarbinol (125). 

Dehydration of this carbinol led to ring-closure, a dimethylcyclopentano- 
hydrophenanthrene being obtained (126). This gave Diels hydrocarton (127) 
on dehydrogenation with selenium. 

The use of selenium for the dehydrogenation of cyclic compounds represents 
one of the more recent advances in the technique of organic chemistry. It is 
governed by the following general rules; the dehydrogenation of a aix-membered 
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ring is usually complete, as also is that of an assemblage of such groups. On 
the other hand, five-membered rings are usually only dehydrogenated insofar 
as they are fused to six-membered rings ; angular methyl groups are stripped 
from the nucleus, and appear as volatile alkyl sekmium compoxmds ; non- 
angular methyl groups are unaflFected by selenium dehydrogenation. Thus, 
jS-methyldecahydxonaphthalene would yield methylnaphthalene; angular- 
methyldecahydroiiaphthalene would yield naphthalene, and ^-methylhydrindene 
would be obtained from the corresponding hexahydro derivative— 

All knov'ii sterols are derived from the cyclopentenophenanthrene nucleus. 
IV/e N(it\ire of the Side-chain.—Windaus showed in 1913 that when choles- 

toryl acetate (128) is oxidised, 2-inethylheptanone-6 (129) is obtained; since 
cholesterol is not itself a ketone, the ==CO group of this ketone represents 

(129) 

the point of attachment to the main nucleus, and thus establishes the nature 
of the side-chain. The reaction is a general one, and serves to characterise the 
side-chain of many sterols ; thus, ergostenol yields an optically active thuiake- 
tone, CH3CO . CH2. CH2. CH(CH3)CH . ; cholostanol gives isohexyl- 
methyl ketone. If imsaturation is present in the side-chain, fracture of the 
side-chain into two portioUvS is usual; ergosterol gives methyh>opropylacetalde- 
hyde, and stigmasterol the corresponding ethyl derivative. 

Elucidation of the position of double bond and angular methyl groups was 
only possible after considerable work had been carri^ out on the bile acids, 
some of which is described below. 

In studying the steroids, considerable experimental difficulties were met. 
18 
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Firstly, stereochemical problems have proved complex, since the two lower 
rings 1 and II of the structure (130) which occur in the majority of the com¬ 
pounds show the cis4ram isomerism met with in decalin, and the other rings 
should be capable of similar geometrical forms ; further, since in the majority 
of cases, a hydroxyl group is present at “ 3 ”, this enhances the complexity of 
the stereo-chemical problem, whilst an asymmetric carbon atom in the aliphatic 
side-chain attached at 17 ” usually complicates matters still further. 

The whole position may be defined by considering the substances obtained 
by complete reduction of cholesterol ; accc)rding to the means used for carrying 
out this reduction two substances may be obtained, cholestane and coprostaiie 
which are tratis- and ris- isomers (referred to rings 1 and II) of the following 
type (131) and (1^2). 

*■ I II I 

H (1^1) 
Cholcst i.it* ( T 

H 
C(ipr<^st.inc (( f 4 

In these formulae, the rings are assumed to lie in the plane of the paper ; 
groups joined by thick lines are above the pline, and those by broken lines 
below the plane. This isomerism is comparable exaciiy to that of cis- and 
irans- decalin as shown in the figure below * 

mm- 

The scheme outlined in Table II below indicates the interrelations between 
the various reduction products in so far as rings I and II are concerned ; direct 
reduction of cholesterol by vigorous means gives cholestane ; less vigorous 
measures give dihydrocholesterol from which the cholestanone and cholestanols 
may be obtained ; on the other hand, copper oxide converts cholesterol to a 
cholestenone which is, by virtue of its fre^om from potential isomerism the 
common link between the two series; suitable reducjtion of the cholestenone 
gives coprostanone and coprostane. 

So far, no consideration has been given to other centres of geometrical 
asymmetry in the sterol structure. It is clear the rings III and IV should be 
capable of giving rise to stereoisomeric forms (133) at each of the thick bonds 
lefitding to an 8-fold multiplication of the isomerism already discussed. There 
is no complete information regarding the stereochemical arrangements in these 
rings, but the general conclusion is drawn that it does not differ among the 
commoner sterols and their derivatives, and that in the case of II/IU and 
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TABLE II 
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III/IV ring junctions it is trans-. Thus, if we take a full view of the steric 
possibilities of the sterols, we find that it is related to dihydrocholesterol and 
coprosterol, and that the configurations of tlie four main root-substances are 

expressed in the Table III. As far as we are aware, no change of the II/IIl 
and III/IV configuration occurs in natural products and in the compounds 

TABLE III 

CONFIOITBATIONS 

Name HO/H at 3 I/nrJng II/III ring JII/IV ring 

Dihydrocholosterol . traiiB trails trails trans 

Coprosterol cifl cia trans trans 

ejDi-DihydrochoIcsterol . ' cis trans trans ; trans 

«pi-Coprostf>roI - • ! trans cis 
1 

trans ! trans 

subsequently discussed these fact-ors are ignored. Cholesterol has eight 
asymmetric carbon atoms, so that numerous optical isomers are possible—many 
of which are known. 

The four most videly distributed sterols are usually formulated ;— 

Stiqvastsbol Ck>rEOtrBBOL 

The Bilb-aoids 

Bile, a product of the liver, is stored in the gall bladder, and serves as an 
agent for promoting the absorption of fats and sterols by the intestinal tract. 
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It contains (in addil^ion to inorganic salts and the bile-pigments) certain pseudo¬ 
peptides which consists of the bile acids linked with amino-acid units, thus :— 

CsaHaeCOHlgCO . NH . CH2COOH 
Glycocholic acid 

('H2,H3g(OH)3. CO . NH . CHa. CH3SO3H -t- 
Taurocholic acid 

—> C33H3e(OH)3COOH 
Cholic acid 

+ NH3CH2C00H 
Glycine 

NH2CH2CH08O3H 
Taurine 

The hydrolysis of glycocholic and taurocliolic acids yields ctholic acid and 
the corre8j>onding amino-acids. These bile acids are usually accompanied by 
the pseudo-peptides of other related acids, so that the hydrolysis of bile produces 
cholic acid accompanied by a number of related acids. The main examples 
are given in Table IV below, the structure of eholanic acid f (135) being taken 

as fixed ; it will be noted that the natural bile acids are hydroxy derivatives of 
eholanic acid or one of its stereo-isomers. 

TABLE IV' 

Name of add Source Position of 
—OH groups Formula Parent acids 

Lithocholic 
Ursodesoxycholic 
Hyodesoxycholic (a) 
Chenodesoxycholic 
Desoxycholic 

Nutriachoiic 
Phoo»cholic (/3) 
Cholic 
Tetrahydroxy eholanic 

Man, ox 
Bear 
Pig and hippo 
Man, ox, goose, duck 
Man, ox, goat, sheep, 

deer 
Beaver 
WainiB, seal 
Mon, ox, goat, sheep 

1 Rabbit 

3t.* 
3t.,* 7c. 
3t., 6 

3t., 7t. 
3t., 12 

Unknown 
3, 7, 23 
3, 7, 12 

3, 7, 8, 12 

C24H4QO4 

tsi4^4ot^4 

^^84^4005 
C^H4oO, 
C*4H4o04 

C34H40O4 

eholanic 
Ursocholanic 
fdZo-Cholanic 
Cholanic 
eholanic 

? 
> 

Cholanic 
Cholanic 

1 

♦ t. = tra/ns- ; c. ~ cis-. 

It is neither useful nor expedient to attempt a summary of the enormous 
mass of data leading to the formulation of the bile acids, and attention is drawn 
to the following points :— 

1. RelaUm between the Sterols and Bile-acids 

Dehydration and hydrogenation of many of the bile-acids, cholic, desoxy- 
oholic, chenodesoxycholic and lithocholic acids leads to a saturated acid— 
eholanic acid, in each case, Cholanio acid (135) can also be obtained by the 

f Cholanio acid is the cm- form, as shown in (135); the corresponding trans- form is 
oliocholanjo acid. 
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cautious oxidation of coprostane (136) with chromic acid, acetone being the 
other substance obtained in the reaction— 

(137) 

Clearly, therefore, coprostane and cholanic acid are related simply through a 
variation in side-chain, and have a common ring structure. 

T'hcrni.il 
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2. The Central Nucleus 

Some indication of the methods by which the structure of the central 
iiucleiiB of this 8eri<\s was established may be obtained from the following 
degradation of Diel’s acid, obtained by the action of potassium hypobromite on 
cholesterol. Progressive oxidation giveS the series of acids shown in the 
scheme below ; eac‘h stage has, of course, been carefully examined analytically 
and the conclusion may b(^ drawn that since three carbon atoms are lost in the 
transformation to the acjid (H), and since this acid can still yield a keto-acid on 
thermal decomposition, the original structure must have comprised two six- 
membered rings in the positions of 1 and II. 

This is only a single example of many such degradations upon which rest 
the ijonclusions drawn concerning the main nucleus of the sterols. The modi¬ 
fications brought about by the presence of hydroxyl groups in the bile-acids 
in those degradations enable the positions of the hydroxyl groups to be fixed 
with a fair degree of certainty. 

3. The Hydroxyl Groups of the Bile-acids 

The position of the hydioxyl groups in the cholic acids w'as arrived at after 
careful consideration of the mass of evidence relating to the opening of the 
rings and the identification of the various degradation products ; the three 
principal members of the series are shown below :— 

Lithc>c'holi(' acid 

(.‘MTydroxycholaiiir arid) 

ChenodoBOxyeliolic acid 

(3 : 7-Dihydroxycholenie acid) 

C'holic acid 

(3, 7, 12-Trihydroxycholattic acid) 

Substances of the bile acid group are by no means confined to the simple 
derivatives of the cholanic acids ; shark bile, for instance, contains the sulphuric 
acid ester of scymnol which is a neutral tetrahydric alcohol, probably having 
the structure (141), in wdiich the position of the hydroxyl group in ring I is in 
doubt. 

D Vitamins 

Since the structure and chemistry of the D vitamins is so closely related to 
that of the st^erols, it is appropriate that they should be considered here rather 
than with the other vitamins to which they ^ihqw fittl^ or no chemical relation. 
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It was recognised early in the history of vitamin study that various fish- 
liver oils and to a limited extent many other natural oils and fats contained, in 
their unsaponifiable fraction, an important accessory substance which exerts 
a profoimd effect on the proper formation of bone tissue ; in the absence of 
this factor, which was called vitamin D, bone fails to calcify properly and 
remains, especially at the terminals, soft and ill-adapted to carry the weight of 
a growing animal. This leads to a condition of deformity and malnutrition 
known as “ rickets and from this term it became common to refer to the 
active principle of the curative vitamin D as the '' antirachitic vitamin. The 
fimction of vitamin D is, therefore, as a regulator of phosphorus-calcium 
metabolism. 

Before the structure of ergostorol was known with certainty, Steenbock 
and Hess observed that irradiation of solutions of ergosterol with ultra-violet 
light led to the formation of a substance of high antirachitic value which was 
thought to be identical with vitamin D. Although this substance has been 
shown to be a valuable antirachitic agent in therapy, and despite the fact 
that its active principle (calciferol) has been isolated in pure form, it is becoming 
increasingly evident that calciferol is not always identical chemically with the 
‘ vitamin D ’ from various natural sources, and that it is only one of a group 
of substances capable of exerting antirachitic action ; these are referred to as 
‘ the D vitamins Calciferol is not, for example, idejitical with the D vitamin 
of fish-liver oils. 

Wlxen ergosterol is subjected to ultra-violet irradiation a series of products 
is produced :— 

Ergosterol 

Lumisterol 
I 

Tachysterol 

Calciferol (Vitamin D|) I 

i I ^ 
Suprasterol I | Suprasterol II 

Toxi^rol 

The process is complete with the formation of the suprasterols which do 
not suffer further photochemical change, but there is evidence (both 8i)ectro- 
graphic and physiological) to show that another intermediate ‘ toxisterol ’ is 
formed, mainly by over-irradiation ; however, the exact place of toxisterol in 
the above scheme is not certain. 

Calciferol may also be de-activated by heat, pyrocalciferol and iso-pyro- 
calciferol being formed. Clearly all these changes must be considered relative 
to the structure of ergosterol (142)— 

(143) (142) 
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There is much evidence to show that calciferol is obtained by opening of 
ring II, giving a structure (143) which comprises an exocyclic methylene group ; 
Heilbron has shown that, by ozone oxidation and breakdown, calciferol may be 
converted progressively into the aldehyde (144), the ketone (145), and the 
ketonic acid (146), The formation of formaldehyde by ozone oxidation indicates 
an exocyclic methylene group, 

Windaus and Thiele obtained from calciferol and maleic anhydride a Diels* 
Alder addition product (147) which they subjected to the action of selenium, 
when 2 : 3 dimethylnaphthalene (148) was obtained ; whilst on ozonic oxidation 

and hydrolysis, Heilbron’s ketone (149) was obtained, indicating that maleic 
anhydride had added on across the conjugated system comprising the exocyclic 
methylene group and the 6 : 6 double bond, leaving the 7, 8 double bond intact: 

The struotme of calciferol (vitamin I),) is, therefore, fixed with a fair 
degree of certainty. With regard to the other vitamins D, there appears to be 
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at least five precursors (and more will almost certainly be discovered) which 
will give antirachitic substances on ultra-violet irradiation. 

Between 1934 and 1938 it was sho\^Ti that a number of other sterol deriva¬ 
tives gave antirachitic substances when subjected to ultra-violet irradiation. 
Thus Windaus and I.»anger^ showed tliat 22-dihydro-ergosterol (H)uld be con¬ 
verted to an antirachitic vitamin (now known as vitamin 1)4); Windaus, Lettre 

and Schenck ^ obtained a vitamin D3 from the irradiation of 7-dehydro(diolesterol 
(150), and various observations lead to the presumption that vitamin D3 is 
identical with the natural D vitamin of fish-liver oils. A comparison of the 
properties of the three most prominent D vitamins is given in the Table V. 

TADLK V 

1 
1 ?iump M.l\ (a|i> rotrnry in hit«‘r- 

luitiuuul I’uilw 

Vitamin Dj (CaK-iferol) 
Vitamin Dj 
Vitamin D4 

115-117'^ 
82-84^-' 

107-108'^ 

i (<^thuiio]) 
-J-- 83*.‘r' (acotom^) 
-h 89*3'' (othfiiMtl) 

40,000/mg, 
4 (i,000/mg. 

20-30,OOO/mg. 

The Sex Hormones 

Development and continuance of sexual funcitions in higher animals is 
dependent on the continued supply of sex hormones, many ol which are cyclo- 
pentenophenanthrene compounds of obviously steroid origin. In the male, 
these hormones are synthesised in the testes ; in the female, their origin is the 
ovary and corpus luteum. The process of their inception is complic/ated, and is 
controlled by the non-steroid hormones of the anterior lobe of the pituitary 
body. s/In the male, the hormones control the growth and function of the 
genital tract and organs and the longevity and motility f)f the sperm ; in the 
female they are concerned with the more complex processes of the oestrus and 
pregnancy cycles. 

The CEstrds Hormones 

In 1929 Doisy ® and Butenandt * independently isolated a pure crystalline 
oestrogenic hormone from pregnancy urine. Since ilien, it lias been obtained 
from a variety of sources, and is called ‘ oestrone Its empirical formula 
CjgHggOj, and general properties show it to be a derivative of a complex hydro¬ 
carbon, carrying one hydroxyl and one ketonic group. Together with oestrone 

^ Windaus and Danger, Arm., 1933, 608^ 105. 
* Windaus, Lettr6 and Schenck, ibid,, 1935, 520, 98. 
* Doisy, Veler and Thayer, Am* J. Phyitud*, 1929, 90, 329 ; J. Bud. Chem., 1930, 80« 

499 ; 87,367. 
^ Buteiiandt, NaturwiMensohaften, 1929, 17, 879 ; B. and Zilgner, Z. Phj/nol* Chem*, 

1930,188,1. 
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(151), there is frequently found a hydrate CjgH2202. H2O, cBstroI (152), which is 
related to oestrone thus :— 

Iii.p. 255'’ 
[otji) “■ t I06 -f- 158" 

whit^ crystals 

(151) 

white plates, 
m.p. 280° 

[®]d 4' 80° 

(152) (153) 

Although rostrone and its related eonqxninds have been isolated from female 
sources, a far richer source is stallion urine. In addition to the substances 
already mentioned, mare’s urine contains cquilin, CjgH^oO^, hippulin, CjgHgoOa, 
and equilenin, CigHjg02, tlie structure of which is (153). 

'File structure of oestrone and its related compounds was not known with 
certainty imtil after Butenandt had elucidated the structure of pregnanediol, 
the follicular hormone isolated by Marrian in 1929. Pregnanediol (162) 
(CoiHggOg) has the proi>erties of a di-secondary al(‘ohol and on reduction with 
Clemmensen’s reagent yields a hydrocarbon pregnane (161), the partial synthesis 
of w'hich from ftwiiorcholaiiic acid showed the nuclear structure of pregnanediol. 
When cholanic methyl ester (154) is treated with magnesium methyl bromide a 
dimethyl earbinol of the structure (155) can be obtained, and from it, by 
oxidation, the norcholanic acid (156) ; a similar process with phenyl magnesium 
bromide yields 6it<f-norcholanic acid (157) by loss of a further methylene group 
from the 17-side-chain. The formation of the diphenyl earbinol (158) is carried 
out by two successive treatments of 5i6*-norcholanic ester with phenylmagnesium 
bromide. On dehydration, it yields the unsaturated hydrocarbon (159) which, 
on ozonisation and hydrolysis, gives benzophenone and a ketone (160) known 
as cetiocholyl methyl ketone, and this, on reduction with Clemmensen’s reagent 
is converted to pregnane (161), identical with that obtained from pregnanediol 
(162). In this way, the linkage between pregnanediol and the steroid group is 
made clear, but the location of the two hydroxyl groups is ru)t elucidated by the 
chain of reactions just described. 

The location of the two secondary alcoholic groups depends on the formation 
by oxidation of pregnanedione (164) w'hich can be demonstrated to be a 17- 
aceto compound, and which, on further oxidation by opening ring I in the 3-4 
position gives a keto-dicarboxyhe acid (165). Since this behaviour is showm 
by so many other compounds of the steroid group carrying a hydroxyl group 
at “ 3 ”, it is assumed that pregnanediol is a 3, 20 diol (163). 

Although the structure of pregnanediol was thus made clear, no light w^as 
thrown on that of cestrone which w'^as, at that time, thought (on X-ray argu¬ 
ments, since proved unsound) to be entirely dissimilar. 

In 1932 and 1933, how^ever, evidence for a steroid structure had begun to 
accumulate and osstriol (167) was oxidised bj" caustic fusion to a dicarboxylic 
acid (168) which, on selenium dehydrogenation, gave a 1, 2 dimethylphenanthrol 
(169). The structure of this phenanthrol was elucidated by distillation with 
zinc-dust when 1,2 dimethylphenanthrene was obtained. Both the latter 
hydrocarbon and the methyl ether of its 7-hydroxy derivative (170) have been 
synthesised and shown to be identical with the compounds from natural oastrioL. 

58 
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The synthesis of 1, 2-dimethylphenanthrene has already been discussed, 
(Chap. Ill, p. 172); that of 7*methoxy-l, 2-diniethylphenanthrene is outlined 

below: )9-Naphthyl.methyl ether (175) is condensed with propionyl chloride in 
nitrobenzene (Friedel-Crafts reaction; aluminium chloride catalyst), giving 
2-propionyl-7-methoxy naphthalene (176); side-chain bromination (174), 
followed by a malonio ester condensation, yields the acid (173) which now carries 
a nuclear bromine atom; this, however, is incidental, and is removed at a 
later stage. The second methyl group is introduced by a Grifpuud reaction 
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followed by dehydration of the tertiary alcohol yielding the unsaturated acid 
(171), which, under the influence of palladium and hydrogen not only loses its 
double bond by reduction to a saturate chain, but also loses the nuclear bromine 
atom (172). Cydisation with stannic chloride, and selenium dehydrogenation 
then yields 7-methoxy-l, 2-dimeth5dphcnanthrene (170). 

COCH3 

Further evidence clinching the structure of oestrone was obtained by reducing 
OBstrone methyl ether (177) to the compound (178), dehydrogenating with 
selenium to 7-methoxycyclopentenophenanthrene (179), a substance which was 
synthesised by Cook and his co-workers by the method outlined on page 917. 

There seems little doubt, therefore, that this structural conception of 
cBstrone and oestriol is essentially accurate. Equilin and equilenin are for¬ 
mulated :— 

Pkogestekonb 

The corpus hiteuin, or yellow body, is a tissue of the ovarj’- concerned with 
the preparation for and maintenance of pregnancy. The methods by which 
this control is attained and carried out are beyond the scope of this work except 
insofar as the hormone progesterone is concerned. Progesterone was obtained 
as a pure crystalline active principle (m.p. 128® : [ol]^ = + 192®) in 1933-1934 
by Butenandt ^ and others,* together with another closely related diketone and 
an inactive hydroxyketone. The relation of the compounds to pregnanediol 
(181) was shown by the conversion of both the inactive hydroxyketone and 

^ Butenandt, Wien, KUn, Woch,, 1934. 80, 934. 
‘Slotta, Busehig and Fels, Ber., 1934, 87, 1270; Allen and Wintereteiner, Sciencet 

1934. 80, 190. 
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HO 
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COOH 
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pregnanediol into the same saturated diketone ii|K)n oxidation. This led to the 
suggested formula for progesterone (180)— 

Progesterone Pregnanediol 

(180) (181) 

which is confirmed by the partial spithesis from stigmasterol ^ (182). This 
sterol was converted by methods similar to those already described (oxidation) 
to 3-hydroxybisnoroholanic acid (183), the ester of wliich yielded diphenyl 

derivative (184) by two successive treatments with magnesium phenyl bromide 
followed by dehydration of the carbinol so obtained. The remainder of the 
steps leading to progesterone are shown in the formulae (185) to (187), and are 
similar to those previously described (p. 915). 

Synthetic CEsteus and Carcinogenic Compounds 

Demonstration that the sex hormones and steroids were related led to a 
detailed consideration of their physiological relation to S3iiithetic hydrocarbons 
and to the known carcinogenic compounds. In the first place, the csstrus effect 

1 Butanmidt, Ber,, 1934, 07, 1901 and 2085; Famhok, Btr,, 1934, 07, 1855 and 2027* 
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is produced by a large number of apparently unrelated compounds. Thus Cook 
and Dodds ^ obtained a series of 1, 2, 5,0-dibenzanthraquinone derivatives 
(188) by the action of the Grignard reagent on the parent body. 

(188) (189) 

Many of the compounds are oestrogenic, but a curious variation exists 
between the activities of the members of the series as shown in Table VI below :— 

TABLE VI 

Group R of 
formuU (188) 

CBitrogenio dose 
(for mice) 

Methyl 
Ethyl 

n-Propyl 
n*AiTiyl 

! 

Inactive in ICO mg. dose 
1*0 mg. 
0*025 mg. 
Inactive 

Similarly, l-ketotetrahydrophenanthrene (189) is cestrogenically active. 
Exceptional oestrogenic activity has been discovered in certain derivatives of 
stilbene by Dodds and his co-workers. This intense activity is associated with 
the 4, 4'-dihydroxyl-a, ^-dialkvl stilbenes (190)— 

Table VII below shows the variation in activity with nature of the group 
K, and Rg i it will be observed that the activity of the methylethyl, and d iethy 
derivatives exceeds that of oestrone itself (700,000 units). 

TABLE VII 
Showing Oestrogenic AcrivmES of 4, 4’-DiflYDRoxY-a, p-Diajlkyij Stelbknb 

Derivatives 

Groups 
Activity In 

oestrogenic units 
per gm. 

Bi »i 

H H 140 
H Et 5,000 
Me Me 40,000 

Me Et 1,000,000 

Et Et 3,000,000 
300,000 

i-Pr i-Pr 50,000 

Bu Bu 6,000 

^ Cook and Dodds ei ol., Froc, Boy. Soc., 1934. 114B, 272. 
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It is, perhaps, instructive to rewrite the formula of the most active compound 
as in (191) by wiiich its remarkable resemblance to the sterols is made apparent. 
The apparently laige number of compounds w'liich show oestrogenic activity 
prompted Kogl to remark, even as early as 1933 at the British Association 
meetings at Leic(vster, that “ in the case of the follicular hormone (cestrone) it 
has been found tluit tlic ‘ lock ’ can be opened not only by the classical ' key 
but also more or less easily by rough copies, or even skeleton keys 

There is some evidem’e to show that certain types of cancer are due to over¬ 
production or inadequate utilisation of opstrogens. Although they are not 
primarily of steroid structure, this appears to be an appropriate point for some 
mention of the carcinogenic hydrocarbons. In cancer, cells that WDuld normally 
multiply in a simple orderly fashion under control of a limiting factor, appear 
to multiply continually without control and to form large masses of undesired 
cell tissue, or tumours. 'I3ie recognition that this condition can develop as an 
occupational disease (as in tar-cancer) has led to examination of many hydro¬ 
carbons, and to the discovery that many of them are specific carcinogenic 
agents. Thus, 1,2, 5, 6-dibenzanthracene (102) has been sliown to be capable 

of initiating cancfT wdiilst Cook^ and his co-workers have also been able to show' 
that the activity carcinogenic 1 : 2-benzpyreno (103) is an actual constituent of 
coal-tar pitch. From two tons of pitch, a small quantity of 1 : 2-benzp;y’Tene 
w'as isolated indicating that the material itself contained about 0 003 per cent. 

It is at this stage that a definite link was established betw'een the causation 
of cancer and the chemistry of the steroids. Whilst the isolation 
of carcinogenic hydrocarbons and their laboratory synthesis gave an adequate 
rationale for occupational cancer, it apptiared to have little to do with the 
ordinary forms of cancer produced in a non-occupational manner. When, 
however, Wieland ® was able to degrade desoxycholic acid by four simple steps 
to methyl-cholanthrene— 

Methylcholanthrone 

and when it was demonstrated by Cook that methylcholanthrene is powerfully 
carcinogenic, a different complexion was put upon the matter. Although 
definite proof is lacking that cholic acid or steroid substances are converted in 
the body by some abenation into carcinogenic hydrocarbons, it is a probability 
which must be included in all future investigations on this subject. 

The synthesis of methyl cholanthrene (200) has been achiev^ in a variety 

JCook ei aL, J.C.S., W^O, 10S7 ; 1931, 487, 489, 499. 2012, 2524, 2529, 3273; 1932, 
466 1472 • 1933 396 1408 1592. 

•Wietond and SchlichtinR, Z. Phyaial. Chem., 1926, 160, 267. Wieland and Dane, 
Z. Phytici. Chem., 1933, 219, 240. 
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of ways ; Fieser and Seligman ^ used a method which starts from nuclear 
substituted hydrindenes. Thus, when formaldehyde, hydrogen chloride and 
zinc chloride are allowed to react- on jp-bromotoluene (194) a mixture of chlor- 
nK^thybp-bromotohienes is obtained, whicth when reacted with rnalonic ester 
^uelds the (orresponding su})stitutcd acetir^ a<‘id (195); (yclisation gives the 
corresponding hydrindone (19b), and reduction of the latter gives the hydrindene 
(197)~ 4-methyJ-7-broinohydrindene. I'he tv o original chlormethyl derivatives 
give th(‘ same hydrindeiu', so that separation is unnecessary. When the 
hydrindeju' is convcTted to its Clrignard coinpound, this reads with a-naphthoyl 
chloride (198) to give tlie ketones (199). This, on hevating, gives an intramolec¬ 
ular loss of wa1(‘r (Klbs reaction) vv'ith formation of a 45 per cent, yield of 
methyicholant hrene (200). 

Male 8ex Hormones 

In 19*11 Butenandt and ^'schemingfirst isolated the male sex hormone 
androsterone, in crystalline form. His raw' material was 15,000 litres of urine 
from w’hieh only 15 mg. of hormone w'as obtained ; subsequent improvements 
in the methods of assay and extraction show'ed that male urine contains about 
100 mg. of hormone pt^r 100 litres, of wiiich about one-quarter is capable of 
extraction in the pure form (m.p. 182“18,*r). The formula of androsterone 
(CJ9H30O2) points to a steroid structure and Butenandt suggested (201)— 

(201) 

as the structure. Riizicka ^ pointed out that such a structure should be 
obtained by oxidation of sterols containing a saturated ring system ; by oxida¬ 
tion of the acetate of dihydrocholesterol he obtained a small quantity of 

1 Fiosor md Soligniaii, J.A,C\S„ 1935, 57, 228, 942. 
*Butonaiult and Tschernmg, Nature, 1932, 1^, 238; see also Z. angew. Chem,, 1931, 

44, 905, • Kuzicka, (>oldberg and Brugger, Belv, Chim, Acta, 1934, 17, 1389. 
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ketonic material, which, when hydrolysed, gave a substance similar to andro- 
sterone in physiological action, but was clearly, from physical data, not identical 

From coprosrcrol l-tom r/»/ioprovtcj(fl 

"v^ith androsterone. Ruzicka concluded that it was a geometrical isomer, and 
continued his researches by preparing the foiir geometrically isomeric substances, 
the second of which was identical with natural androsterone. 'J'he latter may 
also be obtained by Marker’s ^ process from cholesterol, thus— 

^ Marker. 1935, 67, 1766, 2368. 
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At one stage in this process, a Walden inversion must take place, but the 
proeJsc point of 8ue,h a change is not clear. 

In 1935 Laqueur and David ^ isolated a hormone testosterone from testes ; 
another male hormone of the same class is androstenedioj-3, 17 ; testosterone 
(andro8tene-4-oI-17-one-3) can be obtained by the following sequence of 
reactions— 

CHOLI' STRROR ACRTATE 

AcO 

Conversion «o d»a<.c(ite 

and iivjruiyvu 

HO 

/ 

lOAc 

/ Conversion to dihromidc, 

^/oxidation, li)droly»is 

/ at.il rtmosal of bromine 

Ant!ro5lenr-4-ol-17-onr-.'i 

(TI'.STOSTKHONK) ' 

Hormones of the Adrenal Cortex 

The nature and activity of the hormones of tlie adrenal cortex lias proved 
one of the most intricate and difficult problems, both from the chemical and 
biochemical viewpoints that has yet been brought under review. It is clear 
that the specialist fimction of the adrenal cortex (as distinct from the adrenalin- 
secreting portion of the gland) is the elaboration and secretion of a group of 

^ Laqueur and David, Z. Phyaiol. Cl^em,, 1935, 283, 281. 
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hormones which are life-maintaining in the sense that life cannot be maintained 
for more than a few hours after their eomx)lete deprivation. In tlie ewirenalec- 
tomised animal, life can be prolonged by the in3(‘(‘tion of an adrenocortical 
extract, Chemical examination of adrenocortical extracts showed them to 
contain crystalline and amorphous substances, the form(‘r of which showed 
considerable activity, which is, however, surpassed by tlie action of the amor¬ 
phous substances.^ 

Nothing is yet known of the chemical nature of the amorphous fraction, 
but the crystalline portion was found to be surj)risingly complex, containing 
aj>proximateIy thirty steroids most of wliich arc derivi^d from androstane (202), 
and its 17-ethyl compound, aZZopregnane (203). 

!1 
I 

The chief modifications met with in the development of those derivatives 
are :— 

(1) The 4, 5- double bond, making many of the compounds derivatives of 
androstene-4, or of pregnene-4. 

(2) The presence of a hydroxy group at ‘ 21 \ 
(3) The presence of a hvdroxvl- or keto- group at any or all of the positions 

—3,11,17,20. 

For convenience a hydroxyl marked ' a ’ will be considered to be 
below the i)Iane of the ring ; one marked ‘ ft ' above that plane ; 
in formula?, as previously, this is indicated by dotted (a) and heavy 
(jS) links. 

The commonest examj)les shown in Table VIII indicate that the pregnane 
derivatives always carry an oxygen-holding group at positions 3 and 20. In 
addition to the substances set out in the table, a few steroids of unkno\vn 
composition have been isolated forming an intermediate class tetween the 
crystalline and amorphous fractions. Then? are, of course, other non-steroid 
components of the adrenocortical extract, proteins and simple peptides having 
been isolated, e.g., leucylproline, together with sulphoxides and sulphones, e.g., 
)9)8-dihydroxydiethyl sulphoxide and dimethyl sulphone. It may be addtxi 
that not all the steroid substances are equally active f)hy8iologicaIly. The 
most active (after the amorphous fraction) is desoxycorticosferone acetate 
(pregnene-4, oI-21, dione-3, 20, lacetate). It is of interest to note in passing that 
Linnell and Ronshdi ^ have prei)ared a number of synthetic? substances which 
exhibit the activity of desoxvcorticosterone acetate, but without the same 
intensity. The most successnil which has one-hundredth of the action of 

^Pfiffner, Wintersteiner and Vars, J. Biol, Chem., 1935, IIL 585. Wintcrutainer and 
Pfiilner, ibid., 1936,116, 291. 

* Linnell and lionsh^, Naltire, 1941, 148, 595. 
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desoxyoorticosterone acetate is reminisoent of stilboestrol, and is 3, 4-diphenyl- 
hexene - 3 (204), with a ^arahydroxyl group in one phenyl and a para 
—CO . CHjjOH group in the other. 

The determination of the structure of all the substances mentioned in the 
table above is outside the scope of this book, but reference should be made to 
the excellent summary of work done up to 1941, by Reichstein and Shoppeo.^ 
Briefly, the main methods of establishing the nuclear structures are as follows. 
Substances 16, 21, 22 and 26 (Table VIII) all yield the same triketone (205) on 
chromic oxidation, and substances 5, 12, 13 and 15 all yield the closely related 
unsaturated triketone (208) which may be convert(?d into the saturated alio- 
pregnane triketone (205) by reduction with hydrogen and platinum. 
Clemmensen’s reagent reduces the saturated triketone to androstane (207) 
through the alcohol androstanol-176 (20r)). 

This is an indication of the nuclear carbon skeleton of the eight substances, 
but does not give clues as to the position of the oxygenated groups; for the 
elucidation of the latter in various combinations of the 3, 11, 17, 20 and 21 
positions, the reader is refeiTed to Reichstein and Shoppee (loc, cU.), 

Not all the substances isolated from the ?ulrenocortical extract are strongly 
active physiologically; apart from the amorphous portion, the most strongly 
active substance of the group is desoxyoorticosterone (the activity of which is 
enhanced in its acetate—^referred to for convenience as ‘ Dooa '). Several 
methods have been successfully applied for the partial synthesis of desoxyoorti¬ 
costerone. 

(1) Ehrhart el al. ^ showed that desoxyoorticosterone acetate (213) was 
obtained by the direct oxidation of progesterone (216) in acetic acid 
solution with lead tetra-acetate. The yield is extremely poor. 

* Beiohstein and Shoppe©, “ Vitamins and Hormones p. 345, 1943, N, York, 
> Ehrhart, el o/., MUnm. Med. Woch*, 1939, 86, 444. 
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(2) The keto-triol diauetate (214) has beci) converted to the iso-desoxy- 
(jortioosterone acetate (17-t>oDocA) (215) by the action of zinc. The 
isomerism between this compound and Doga is at carbon * 17 and is 
geometrical in nature. 

(3) Perhaps the best partial synthesis of desoxycorticosterone is from 
3 )3-acetoxy<Btiocholen-5-acid-17 (209) the acid chloride of which (209a) 
is converted by diazomethane to the acetoxydiazoketone (2096); this, 
in turn, is converted to the free hydroxyl compound by caustic potash 
(210) and to the acetate (212) by boiling with acetic acid. After protec¬ 
tion of the unsaturated group oxidation with chromic acid gives Doca. 

.COCHN, 
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The Cardiac GLYCosn)ES 

For many years the active principles of the digitalis gioup were classed with 
the alkaloids, mainly on acooimt of their profound physiological action which, 
in many ways, resembles that of the alkaloids. When, however, a pure nitrogen- 
free crj^staliine principle was obtained from digitalis, it became necessary to 
segregate these substances from the alkaloid group, and the fact that they are 
capaWe of hydiDl3;T3is to sugar molecules and an active principle, the ‘ aglyc^one 
places them naturally among the glycosides ; since their main physiological 
action is on the heart they have been termed ‘ cardiac glycosides \ 

There are three main groups—from digitalis, from squill and from strophan- 
thus ; it is proposed to deal with each in turn. 

Digitalis Glycosides 

Experimental work on this group has been coiupli<*ated by three factors— 
the large number of similar substanc^es found togetlier in the plant ; their 
lability, and the tendency which they have to form mixed crystals of definite 
composition amongst themselves. Ihus, in the extrac'tion of the leaves of 
Digitalis lanata, an active material (digilanid) was obtained winch, on repeated 
ciystallisation from aqueous methanol, showed no change in cheiai(*al and 
physical properties, but which proved nevertheless to be a mixture of tiirec^ 
substances, separable by virtue of their difl'ering distribution coeflicituits 
between aqueous methanol and chloroform. 

The three closely related digilanids (A, B, and (J) may be hydrolysed by a 
variety of methods, giving parallel results in each case ; thus, in fa.intly alkaline 
solution, acetic acid and a deacetyldigilanid is obtaine'd ; enzyme action, 
however, splits off one molecule of glucose. Ihe action of thes(i two reagents 
is independent since, by submitting the product of either proc(\ss to the other 
process the same product, an ‘'oxin’\ is obtained. Each oxin ” will, on 
acid hydrolysis, yield three molecules of digitoxose, a siinpl(.‘ sugar having the 
structure (217)— 

CHO 

CH. 
\ 

OXIGEN rN-~-(bglt OXOSC " 
1 

H—C—OH 
1 > 

<ligitoxosc 
! 

H—0—OH 
i 

digitoxose'j 
1 1 

H—0—OH 
1 

glucose 

(218) 

(217) 

and an “ oxigenin This degradation is shown in Table IX, together with 
the similar compounds from the more common Digitalis purpureu. Since any 
degree of deacetylation and/or removal of sugar may obtain in the products 
extracted from the leaves industrially, the variations of the natural product 
extend over a wide range. The general structure of a digilanid is represented 
by (218), the phyisiological properties being mainly associated with the oxigenin 
group. 

In a similar way, squill has been made to yield a product which could be 
separated into a crystalhne and highly physiologically active scillaren A and 
an, as yet» amorphous scillaren B which surpasses scillaren A in physiological 
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activity. The hydrolysis of scillaren A (see Table X), yields glucose, rhanmose 
and an aglycone soiUaridin A, which has an empirical formula C24H30O3. 
Further, the strophanthus series of compounds yields a series of glycosides of 
which cymarin is the type, which yield the sugars glucose, cymarose and/or 
rhanmose, and an aglycone on hydrolysis. 

CHO CHO CHO 

R—Cr—OR 

HO—H 

I 
H—C—OH 

H—i—OH 

AhjOH 
Glucose 

H—O—OH 

I 
H—C—OH 

HO—i)—H 

HO—i—H 

in, 
Khaxniiose 

TABLE X 

SquilJ 

iScillaien 

CHj 

H—C—OCH3 

H—(LoH 

H—(l-OH 

in, 
Cymarose 

4- 
ScrLLAIllIN A 

i 

4 
ScnxAfiKN B 

acid enzyme 4 i 
hydrolysis Proecillaridin A Gluodse-*- 

acid hydrolysis 

11A iTZ A 
i 

D ViOTVnrtrwiA 

-»>Scillabio0e- 

OUlJACulCUu A XVlAcUUllUIW 

t 

The main aglycones are shown in Table XI below 

TABLE XI 

Digilanid A\ 
Di^toxin / 
DigilanidBl 
Gitoxin / 

Bigilanui C 1 
Digoxiii / 

SoiUaren A 

i OymariB \ 
jb-Strophanthizi B / 

Ouabain 

Periplooyniarin 

Samientoeymarin 

Uzarin I 

Thetetin 

Digitoxigenin 

Gitoxigenin 

Digoxigenm 

SoiUaridin A 

Strophanthidin 

Ouabagenin 

Periplogenin 

Sarmentoganin 

XJzarigenin 

Thefaiigeiiin 

Formuls of sglfcoQO 

c^o. 

ChHmO, 

C|,H(40« 
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The parallel physiological activities of these substances and the palpably 
similar empirical formula of their aglycones led to the supposition that they 
were deriv^ from a common structure. The nature of this common structure 
vms elucidated by converting scillaridin-A by the following series of changes to 
aKo-choIanic acid— 

1. Scillaridin-A (C24H30O3) was dehydrated in vacuum to 
2. Anhydroscillaridin-A (C24H28O2) which, on exhaustive hydrogenation, 

yielded the saturated carboxylic acid C24H40O2, from which aZZo-cholanic 
acid (219) was separated by purification. 

Since these reactions proceed without loss of carbon, and since there is no 
reason to suppose that any alteration in basic ring structure has taken place, it 
follows that scillaridin-A and aZZo-cholanic acid differ only in the following 
points :— 

(a) the presence of unsaturation in scillaridin-A, 
(b) the nature of the side-chain in scillaridin-A, 
(c) the position and function of the third oxygen atom of scillaridin-A. 

General examination shows scillaridin-A to be a lactone, and }X)int8 to the 
existence of a free hydroxyl group in position ‘ 14 The probable formulae for 
scillaridin-A and its anhydro derivative are (220) and (221)— 

(221) 

Further, Jacobs and Tschesche by dehydrogenation of strophantliidin with 
selenium, obtained methylcyclopentenophenanthrene, and Jacobs converted 
digitoxigenin to setiocholanic acid. This, and other evidence, has led to the 
structures below and at top of next page for the principal cardiac aglycones :— 

Digitoxigenin Gitoxigenin 
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Toad Poisons 

The toad has several physiologically active products in the secretion of its 
skin glands, including adrenalin and a cardiotonic poison which resembles 
digitalis in its action. This substance has been made use of in medicine from 
the earliest times, and is still used in China (ch’an sii); in Western medicine, 
it has been supplanted by digitalis and squill preparations. 

Bufotoxin, C40HJ2O11N4, from the common toad readily decomposes into 
bufotalin and suberylarginine, and has the formula :— * 

COOH NH 

. 00C(CH2),C0 . NH . CH(CHj)3NH . J. NH, 
The deposition is not, however, a simple hydrolysis, but involves more 

deep-seated changes, which may possibly be represented thus :— 

BUFOTAMFN 
* Wieland, Hesse and Hiittel, Ann., 1936, (MM, 203* Tschesche and Ofle, Ber., I986t m, 2367. 
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It will be noted that the three stages in the degradation of bufotoxin to 
bufotalien involve the removal of a compoxind of the type R . OH from three 
groups comprising a tertiary carbon atom which arises by the fusion of two 
rings— 

\/ 

OH 

\/\/ 
f R . OH 

It is commonly found that such tertiary carbon atoms are associated with 
very labile groups.^ The principal point of doubt is the position of attachment 
of the —0 . COCH3 group. 

The Saponins 

The vegetable kingdom abounds with plants which contain complex glyco¬ 
sides capable of giving solutions which foam on shaking. These foam-producing 
substances, the saponins, are exceedingly difficult subjects for investigation on 
account of the obvious physical difficulties of handling their solutions, and also 
on accoimt of the absence of sliarp criteria of purity, and of the ease of their 
decomposition. 

The saponins are of two main classes; those with steroid sapogenins and 
those witli triterpenoid sapogenins. Examples of the former are digitonin, 
gitonin and tigonin, which accompany the cardiac glycosides of the digitalis 
group. When digitonin is subjected to hydrolysis, it yields four molecules of 
galactose, one of xylose, and a. steroid sapogenin termed “ digitogenin 
{C17H44O5) ; gitonin and tigonin behave similarly, and steroids are also obtained 
from sarsasaponin (from sarsaparilla or smilax) and other members of the series. 
Table XII indicates the component factors of some of the more important 
steroid saponins :— 

TABLE XIT 

Saponiu Formula Source Oeiiln Formula Carbohydrate 
compouents 

Digitonin Digitalis jmrj)ura Digitogenin 
in. 283° 

^^7^44^) ft 4 Galactose 
Xylose 

Gitonin CjiHgjOju Digitalis purpura Gitogenin 
m. 272° 

3 Galactose 
Pentoso 

Tigonin Digitalis pur{)ura 
Digitalis lanata 

Tigogenin 
m. 204° 

2 Glucose 
2 Galactose 
1 Khainnose 

Sarsaaapon in Sarsaparilla root Sarsasapogenin 
in. 199° 

C.27H44OJ 2 Glucose 
1 Khainnose 

All the compounds appear to be C27*8ubstance8 and, like cholesterol, yield a 
methylheptanone on oxidation ; further, Jacobs and Simpson ^ showed that 
dehydrogenation of a gitogenin and sarsasapogenin yields the Diels hydrocarbon, 

^ See also Wieland, Ann,, 1936, 524, 203 for alternative suggestions. 
* Jacobs and Simpson, J,A,C,S., 1934, 56. 1424. 
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This evidence, in spite of the possibility that the methylheptanone is not 
identical with that from cholesterol (p. 903), led to the vie^v that the funda¬ 
mental carbon structure of the steroid sapogenins is probably (222). 

/N 

/\ 

!/\/- 

(222) (223) 

The position of the oxygen atoms is in doubt, although there is much 
evidence leading up to the formula (223) of Tschesche,^ as modified by Askew, 
Fanner and Kon,‘^ for sarsasapogenin.^ 

Triterpenoid Sapogenins 

The following list of triterpenoid saponins indicates the wide botanical field 
over which they are distributed and, even so, contains only a few typical 
examples— 

TABLE Xlll 

Stiponin Sapogcnin Source 

Hederiji Hederagenin (C30) 
(4- rhamnoso and orabinose) 

Ivy, Boap-nuts 

Aescin Aoecigenin (C„) 
(-f- glucose and glucuronic etc id) 

Tiglic acid 4- Aescigen (C,©) 

Horse chestnut 

Oleanolin Oloanolic acid (C^o) 
(and glucuronic ckcid) i 

Mistletoe, sugar-beet, marigold 

Oleanolic acid (C,©) Found free in clove and olive 
Quiliaia Quiliaia sapogenin Quiliaia bark (used for putting 

the “ head *’ on beer and 
ginger-beer) 

The sapogenins have a structure and certain fundamental chemical 
properties in common. The first of these, observed by liuzicka,* is the forma¬ 
tion of 1,2, 7-trimethylnaphthalene (sapotalene) on selenium dehydrogenation. 

* Tscheech© and Hagedora, Ber., 1936, 68, 1412, 2127 ; 1936, 69, 797. 
® Farmer and Kon, 1937, 414 ; Askew, Former and Kon, ibid,, 1936, 1399. 
* See also Marker ei al„ 1940, 62, 900 for alternative structures. 
« Euzicka et of., Helv, Chvm, Acta, 1932, 16, 431, 1496 ; 1934,17, 442 ; a bibliography 

will be found in Ruzicka et al„ Ref. No. 1 above. 
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In addition, the following compounds have been isolated :— 

1, 2, 3, 4-Tetramethylbenasene 
2, 7-Dimethylnaphthalene 

1, 2, 6, 6-Tetramethyfnaphthaltmo 
1, 8-Dimethylpicene (224) 

Me 

(224) 

The bulk of the evidence leads to a general formula of the type (225) for 
the sapogenins, and the interpretation of Rj and R2 or various sapogenins is 
given in Table XIV below. 

TABLE XIV 

Ri 

HcHlorogonin ---CHjOH -COOH 
Oloanolic acid —CHj —COOH 
Gypsogeniii -CHO —COOH 
Erythrodiol —CH,OH 
Amyrin —CH, —CH, 

The formula) given are only provisional conjectures, but the general contour of 
the triterpenoid sapogenins emphasises the genetic relations between the poly- 
terpenoids and the steroids. 

It is worthy of mention that solanine, the glycoside from potato sprouts 
(solanine-0> appears to be a nitrogen containing members of the sterol group 
combined with one molecule each of rhamnose, glucose and galactose. The 
provisional formula accorded to solanidine is (226). 

CH, 

H,C| 
/\i 

/\ 

HOI 

/\ 

(226) 
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Shimizu. “ Uber die Chemie und Physiologie der Gallenskun^ ”, Okayama, 1936. 
Bobotka. Chem. Rev., 1934, 16, 311. 
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Abelmoschie^ moschatiis, 443 
Abietic acid, 739, 747 

structure of, 740 ff. 
Acacia farnesianay 714 
Acacuin, 359 
AcenaphtiKuio, 108. 213, 218, 222 

3-methylkotone, 218 
Acoiiaphthcnequinone, 108, 559 
Aeenaphthyleiie, 108 
Acetal, llT, 331, 390, 393 
Acotaldt'hvde, J4H, 240, 277, 378, 

3S2. 390 ff., 488 
from acetyjeiu'. I 11 
roeujtion with phenol, 310 

Acetal rings, 425 
Acetates, formation from keten, 

465 
Acetic aeid, 

eheniK'ul properties, 478, 482, 
488 

production of, 487 
sjuithesis of, 488 

Acetic anhydride, 405, 037, 040 
Acetoacetatc's, from diketene, 467 
AceUiacetie acid, 025 
Acetoacetic ester, 063 ff. 
Aeetoac(»tio (^8t(>rs, decomposition 

of, 004 
Acetobdctcr xylinum, 837, 880 
Acetobromogent iobioso, 861 
Aeetobromoglucose, 826, 860 

j3-Acetoethyl alcohol. 433 
Acetofonnic^ anliydride, 637, 638, 

640 
Acetoiu, 432, 433, 437 
Acetol, 409, 432, 433 
Aoeto-iAfolaurolene, 94 
A c(' tom n aph th or. 8 90 

a-AceU)na])hthone, 430 
j5-Acetonaphthono, 430 

Acetone, 270, 377, 379, 418 ff. 
1, 2-Acetoue-3, O-benzylidene-D-gluco* 

furanoflo, 800 
Acetone oyanhydrin, 424, 497 
Acetone diacetic acid 

dilactone, 039 
Acetone dicarboxylic acid, 544, 

606, 029 
Acetone dicarboxylic ester, 120, 

325, 006 
Acetone glucose, 788 
Acotonyl acetone, 287, 289, 439 
Acotonylideiie cyclohexane, 392 
Acetophenone, 430 

3-^-Acetoxy(»tiocholen-6-acid, 927 
xlcetpropionaldol, 411 
Acety lace tone, 423, 437, 439, 441 

2-Aoetylaminoglucose, 848 

1'Acetylanthraceno, 429, 431 
2'Acetylanthracone, 429, 431 
9'Acetylanthracene, 429, 431 
j) - Acot y 1 -m • ben zo y 1 

protocatechuic acid, 651 
Acetyl bromide, 634 
Acetylbromoglucoso, 825, 800 
Acetyl carbinol, 433 
Acetyl chloride, 279, 379, 032, 034 
Acotyl-p-cresol, 313 
Ac(?tyl cyanide, 624 

2-Acetvl'9, lO'dihydrophonanthrene, 
432 

Acetylene, 108 ff., 154, 240, 419 
bfuizone from, 133 
reactions of, 110 
sodio derivatives, 109 

Acetylene chloride, 235, 243 
Acetylene dialdohyde, 405 
Acetylene dicarboxylic acid, 563 
Acotyleneina, 563 
Acetylenes, 106 ff. 
Acetylenic acids, 505 
Acetylenic alcohols, 283 
Ac('tyl(‘uic secondary alcohols, 113 
Acetyl ethyl carbinol, 433 

2- Acelylfinorene, 431 
Acetyl fluoride, 636 
Acotylidene chloride, 235 
Acetyl iodide, 636 
Acetyl keten, 464 
Acetyllaovulic acid, 626 
Acetylmalvin, 357 
Acetylmesitylene, 430 

a-Acetylnaphthalone, 431 
Acotylcenanthylidene, 421 

2'Acetylphenanthrone, 432, 902 
3- Acotylphenanthrene, 432 

Acetyl phenols, 304 
Acetyl propionyl, 437, 772 
Acetylsyringojd chloride, 357 

p-Acetyltoluone, 430 
Acetyl-p'Xylene, 430 
AcMlleu millefolia, 570 
Acid anhydrides, 636 ff. 
Acid fluoridoB, 633 
Acids, formation of, 474 ff. 
Aconitic acids, 643, 565, 667, 570, 

620, 745 
Aconitic anhydrides, 570 
Acrolein, 395, 410, 774 
Acrolein acetal, 774 
Acrolein-ammonia, 396 

a-Acrose, 396 
Acrylic acid, 478, 494, 496 
Acrylic anhydride, 640 
Acrylyl chloride, 216, 634 
Active methylene group, 653 

937 
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Acyloins, 432 
Adamantario, 129, 387 
Adenylic acid, 375 
Adipic acid, 428, 464, 479, 533. 

637, 661 
Adipic anhydride, 637, 641 
Adipic dialdehyde, 404, 405 
Adipic half-aldehyde, 603, 624 
Adipyl chloride, 217, 635 
Adonis vemalis, 570, 794, 795 
Adonitol, 794, 795 
Adrenal cortex hormones, 928 ff. 
Adurol, 369 
-^Escigon, 934 
^Escigenin, 934 
-Escin, 934 
A3scuIotin, 608, 863 
jEsculotin nionomethvl other, 853 
Esculin, 608, 853 
JSsctdus hippocastanum, 853 
Agaracinic acid, 606 
Agar pectins, 843 
Alanine, 394, 595 

jS-Alanine, 881 
Alcohol, 376 
Alcoholic hydroxyl, properties of, 

264 
Alcohols, synthetic methods for, 

260 ff. 
Aldehyde acids, 622 
Aldehyde C14, 398 
Aldehyde 398 
AIdehydo-D-galactose, 791 

<>‘Aldehydophenoxyacetic acid, 347 
1 -AIdt‘hydo-2, 6, 6-trimethyl-4- 

hydroxy-ct/cZohexene, 860 
Aldohcxoses, 779 
Aldol, 391 
Aldol formations, 392 
Aldols, 410 
Aldose sugars, 782 
Aldotetrosea, 776 
Alecturonic acid. 617 
Aleuritic cicid, 446 
Algin, 846 
Alginio acid, 846 
Alicylic oorapounds, 114 ff. 
Alicyclio hydrocarbons, pK^para- 

tion of, 116 
Alicyclic hydroxy acids, 619 
Alicvelic monocarboxylic acids, 

506 
Aliphatic iodo-acids, 587 
Alizarin, 857 
Alizarin Yellow A, 435 
Alkanation, 80 

cycZoAlkane diace tic acid, 662 
Alkane tetra(5arboxylic eaters, 657 
Alkathene, 452, 453 

cydoAlkeim carboxylic acids, 510 
Alkenes, j^lymerisation of, 91 
Alkyd reains, 468 
Alkyl allenes, 94 

6^Alkylbenzanthracena, 180 
7-AlkylbeinBanthraoene, 180 

Alkyl chlorides, 232 
Alkyl phenols, 305 
Alkylpyxadnea, 772 
Alkyne xnercturio cyanides, 113 

AUene, 94, 95, 112 
Allium sativum, 282 
Allomucic acid, 802 
Allophanio esters, in vitamin £ 

separation, 888 
D-Alloso, 780 ff. 
L-Allose, 780 H. 

AUoxan, 027, 852, 877 
Alloxantin, 869 
Allylaoetic acid, 494 
Allylacetone, 421 
Allyl alcohol, 241, 271, 282 
AUylamine, 241 
Allylbenzene, 166, 157 
Allyl bromide, 94, 244 
Allyl caproate, 241, 644, 771, 772 
Allyl oarbinol, 271 
Allyl chloride, 103, 234, 241 
Allylene chloride, 243 
Allylothylketone, 421 
Allyl formate, 282 
Allyl iodide, !W1, 246 
Allyl malonio ester, 639 
Allylmethylketone, 421 
Allylp)ropylketone, 421 
Allyl rearrangement, 242 
Allyl thiocarbimido, 866 
Allyl ififothiocyanata, 241 
Alce-emodin, 857 
Alpinia officinamm, 362 
Altrose, 781 IT. 
Aluminium wopropoxide, 283 
Amarin, 399 
Ambrette, 444 
Arabrottolic acid, 599 
Ambrettolide, 444, 598 
* Amidol ’, 369 

2-Aminoanthraquinone. 224 
m-Aminobenzoic acid, 656 
p-Aminobenzoic acid, 882 
o-Aminobenzophonone, 159 
8-Aminocapryuc acid, 600 

Aminodiphenyldihydropheno- 
triazine, 868 

2-Ammogluconio acid, 808 
Aminoguaiacol, pungent acyl 

amides, 764 
2-Aminoc|/c/ohexanol, 337 
2- Aininohexo8es, 808 
3- Amino-6-hydroxybenzyl alcohol, 

hydrochloride, 369 
2-Aminomannonic acid, 808 
4- Amino-2 -me thyl-1 -naphthol, 890 
1- Amino-2-naphthol-3, O-disulphonic 

acid, sodium salt, 369 
1 - Amino-2-naphthoI-6*sulphonic 

acid, sodium salt, 369 
2- Ammocyckipentaiiol, 337 

tn-Aminophenol, 369 
p-Aminophenol, 369 

pungent acyl amides from, 764 
2(4^Amiiipph<»iyl)«anthraqiiinoau», 221 

Aminosaooharin, 869 
5- Aminosalicylic acid, hydrochloride, 

369 
Aminoth|mol, 816 
AminovaJerolactone, 626 
Ammonia-suno ohloridb, 307 
Ammoresinol, 610 
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Ainpelopsidin, 353 
Ampelopsin, 363 
AmpelopaiB hederaccc, 319 
Ampelopaia quinqttefolia, 353 
Amygdal6kso» 371, 855 
Amygdalin, 371, 814, 864, 861 
Amyl acetate, 644 

waAmyl acetate, 771, 772 
a-Amylacroloin, 396 

woAmyl alcohol, 83, 271, 273 
aec-iaoAmyl alcohol, 271, 278 

ter-Ainyl alcohol, 83, 271, 278, 28(1 
tfCc-Amyl alcohols, 278 

Amyliwe, 371 
Amyl benzoate, 644 

4*<«r-Amylbenz;oic acid, 626 
Amyl bromides, 228, 244 
Amyl butyrate, 644 

wo Amyl butyrate, 772 
icr-Amyl carbinol, 276 

w-Amyl chloride, 234 
woAmyl chloride, 98 
ier-Amyl chloride, 234 

Amyleimiamic alcohol, 400 
Amylcinnamic aldehyde, 400 
Amyl-w-cresol, 304 

8-woArayIenoxy-6, 7-furo-couinarin, 
609 

Amyl heptoate, 644 
woAmylideueaeotone, 421 

Amyl magnesium bromide, 1U9 
Amyloid, 834 
Amylopoctin, 826, 827 IT. 

structure of, 829, 830 
Amylose, 826, 827 £f. 
Amylphenol, 219, 304 

p -ter-Amylphenol, 314 
Amyl phenyl ketone, 430 

ieoAmyl phenyl ketone, 430 
2-Amyl-2-propen£d, 396 

Amylpropiolaldehyde, 395 
6-Amylre8orcinol, 616 

2-woAmylr0sorcinol, 611 
ieoAmyi salicylate, 644 
ieoAmyl ieovalerate, 772 

Amyriii, 935 
/S-Amyrin, 742 

Andrenosterono, 925 
Andropoqon ap., 696 
Androstane, 924 
Androstene^ol-S, 17, 923 
Andro8tene-4, ol-17, one-3, 923 
Androsterone, 921 
Androsterone syntheses, 922 
Aneurin, 873 
Angelica ep., 609 
Angelic acid, 82, 478, 494, 499 
Angelioin, 609 
Angustione, 724 
Anhydrodimethyl-i«-galaoto8e, 846 
Anhydrogluoooes, 808 if- 
Anhydroscillaridin-A, 931 
Aniline, reaction with carbonyl 

group, 442 
Amline blue, 523 
Anils, 381, 442 
Anisaldehyde, 413 
Anisole, 305 

p-Aniaylurea, 870 

Annatto, 730 
Anthemin, 369 
Anthemia nobilia, 359, 484 
Anthocyanins, 352 

colour of, 364 
Anthracene, 147, 168 ff., 192, 218 
Anthracene Brown, 523 
Authranilic acid, 659 
Anthranols, 317 
Anthraquinone, 170, 220, 221 
Anthraquinono glycosides, 867 
An throne, 317, 430 
Aritirrhinin, 353 
Antirrhinum, 353 
Apigenidin, 353 
Apigenin, 359 
Apiin, 359 
Apionol, 329 
Apiose, 782 
Apia doraaia, 673 
Apis mellificaf 673 
Apocamphoric acid, 552 
Apocynum cannabinum, 434 
Apple wax, 673 
Araban, 839 
Arabic acid, 847 

D-Arabinose, 777, 779, 808, 809. 857 
n-Arabinose, 777, 779, 810, 
D-Arabitol, 779 

Arabitols, 794 
d-Araboflavin, 877 

D-Arabornethylose, 798 
Arabotrimethoxyglutaric acid, 

methyl amide, 820 
-iVrachidic acid, 483 
Arachidonic acid, 495, 502, 605, 

624, 669 
Arbutin, 853 
Arginase, 371 
Aromatic carboxylic acids, 620 ff. 
Aromatic compounds, from ali¬ 

phatic, 132 
Aromatic halogen compounds, 251 
Aromatic hydrocarbons, 180 ff. 
Aromatic poly basic acids, 574 
Aromatisation of olefiiies, 92 
Artemisia ketone, 428, 687 
Artemisia aarUcmica, 721 
Artocarpua integrifolia, 362 
Aryl and alkyl thiocarbirnides, 

odour of, 769 
Z-Ascorbic acid, 884 

Asparaginase, 371 
Asparagosin, 826 

d-Aspartic acid, 602 
Aspergillus ftavus, 807 
Aspergillus fumaricus, 612 
AapergiUua terreus, 376 
Asperula odoraUif 608 
Asphalts, 196 
Astacene, 737 
Astocin, 739 
Astaeua grammarus, 739 
Asterin, 353 
Atrolactio acid, 531 
Atropic acid, 613 
Aurin, 310 
Austr^ene, 703 
Auxin-a, lactone, 897 
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Auxin glularic uc itJ. S97 
AuxiuB, 895 900 
Avefui satmi (oat), 895 
A vena unit, 895 
Avens (coniinon), 853 
Axemphtliol, 733 
Ayapin, 009 
Azafrin, 737, 738 
Azelaic acid, 448, 479, 533, 639, 

600 
Azelaic acid, diethvl ester, 289, 

448 
Azolaic half-aldeliyde, 503, 624 
Azelayl chloride, 635 
Azibenzil, 469 
Azinos, 442 
Azobr'iizene, 211, 223 
Azulene, 125 
Azulenes, 712 

Bacdhis af^idtictis jnohili/f, 296 
Bacilltts (/eihruckii, 595 
Bacillus gluconicum, 801 
Bacillus lactis aculi, 595 
Bacillus lepra, 813 
Bacillus rrhaccrans, 832 
Bacilbxs meseniericiui, 837 
Baclchousia angusiifoiia, 724 
Bacterial polvs-aceharides, 837 
Baicaloin, 359 
Baicalin, 359 
Balbiano's acid, 629 

i/r-Baptigeuin, 364 
Baptisia tinvtoria, 364 

i/»-Baptisin, 364 
Barbaloin, 810, 857 
Barbituric acid, 661 
Barosnui, 706 
Basseol, 743 
Batyl alcohol, 505, 672 
Beeswax, 673 
‘ Beetle ’ resins, 457 
Behenic acid, 483 
B<mzalacotono, 530 
Benzal chloride, 256, 379, 398 
Benzaldehyde, 192, 193, 256, 37t>, 

381, 398 
9'Benzal fluorone, 159 

Benzarnide, 217 
1, 2-Benzanthracene, 175, 176, 179 
3, 4-Benzanthracene, 175, 176 

Benzaathrerie, 175, 176, 177 
9-Benzanthrone, 222 

Benzanthrones, 318 
Benzein series, 523 
Benzene, 139, 141 ff. 
Benzene, chemical reactions of, 144 
Benzene-o-disulphimide, 809 
Benzene fa-disulphonic acid, 146, 

320 
Benzene o-di«ulphonic acid, 146 
Benzene hexacarboxylic eusid, 675 
Benzene pentacarboxyiic acid, 676 
Benztmo gulphonic acid, 146, 303, 

331 
Benzene-1, 2, 3, 4-tetracarboxylic 

acid, 575 
Benzefne«l, 2, 3, 5-tetracarboxyIic 

acid, 575 

Benzene-1, 2, 4, 5-teiracarboxylic 
acid, 575 

Benzene-1, 2, 3-tricarboxylic acid, 
575 

Benzene-1, 2, 4-tricarboxylic acid, 
575 

Benzene-1, 3, 5-tricarboxylic acid, 
575 

Benzeno-1, 3, 6-tricarboxylic ester, 
623 

Benzenc-1, 3, r)-trisuljjhonie acid, 
146 

Benzfuran, 346 
Bt'nzhvdrol, 272 
lirnzii 172. 178. 222, 432, 437 
Benzil hycimzo/ie, 469 
Benzilie acid, 618 

1, 2-B<‘nznaphthaeeiie, 176 
Bc^nzoic acid, 147, 256, 478, 521 ff. 
Bc'iizoic anhydride, 640 
Benzoin, 193, 3‘6), 432 
Benzonitrih^, 306 
Bc'iizophenone, 190, 193, 430 
B(*n zopla 'none -3 -carl>oxylic acid, 

638 
Beozoejuinone, 144 

ceBeiizo([uiiione, 320 
Heiizotrichloride, 256 
Hc^'izotritluoride, 231 
Bc'nzoylaeetic ester, 663 
Bc'nzoylaeetono, 219, 439 

p ■ Ben zo vl - m-acu t vlpro tot^atechii ie 
acid, 651 

r>-l.ienzoylhenzoic acid, 220 
Benzoyl bromide, 635 
Bc'iizoyl chloride, 632, 635 
Benzoyl fluoride, 636 
Benzoyl iodide, 636 

x-Benzoylnaphtlialeno, 222 
Benzoylperiraidone, 223 

j9-Benzoylpropionic acid, 221 
m-Benzoylprotocatechuie acid, 651 
3 - Benzoy Ip yridino ,218 

Benzoyl pyruvic acid, 438 
3, 4-Benzphenanthrene, 180 

Benzpinacol, 343, 431 
1, 2-Benzpyn^ne, 175, 176, 184, 920 
4, 5-Benzpyrene', 186 

Benzpyryliuin chloride, 354 
3, 4-Benzquinazoline-9, 10-phenan- 

throiine, 223 
I3enzthiophan throne-9, 223 

7-Benzylacenaphthone, 217 
Bonzvl mietait', 644 
Benzyl alcohol, 148, 256, 272 
Bcnzylarnides, pungent, 763 
Benzyl benzoate, 476, 643, 644 
Benzyl butyrate, 644 
Benzyloellulos©, 450 
Benzyl chloride, 148, 169, 256, 626 
Btmzyl cinnamate, 644 
lienzyl cyanide, 526 
Benzyl fonmiU^ 644 
li^inzylidene ai?etophenone, 359 
Benzylicienc bcnzylamino, 468 
Benzyiidene muscone, 447 
Benzylmalonic acid, 662 
Benzyl propionate, 644 
Benzyl sulphide, 193 
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Benzyl thiocarbiraide, 856 
Benzyl tfiovalerate, 644 
Bergapteri, 609 
Bergenin, 609 
Beriberi, 874 
Betiilin, 743 
‘ Bexoiio 453 
Bile acids, 006 ff. 

central nucleus of, 900 
hydroxy groups of, OOl* 

Bioa, 893 
Biotin, SS2 

struciuro of, HBIi 
Bisabolene, 716 

a-Bisaboloi, 687, 716 
Bis - (2-amijioel by 1 )amiiie, 24 () 
Hi8-(2-amiTiootliyl)ethylene di 

amine, 240 
I, 2-Bi8-(bufenyl)c.yc/obutnne, 117 

1: 5, 3 : 7-Bi8-<‘ndomothylonee2/c/odctene, 
130 

I, I-Fbs-inoiithone, 701 
lhS'4, 4'-(a*N-methylhydraziiio) 

di])benylnietharic, Hll 
Bis-rt/rfopentanodoeuhj'dronHpli 

tludeiH', 901 
hixa OrcUatui, 730 
Hixin, 730 
Bixin (li^ildehy(ie, 729 

nerBixin, 730, 731 
lUunbca biilaifcra^ 435, 70(i 
‘ BoU^tic ' aci<l, 540 
Bonieo camphor, 705 
BonieoJ, 710 

i.s'oBorneol, 710 
Boni,yl acol-ato, 645 

nvoBornyl acotaU% 710 
Boniyl chloride, 7o9 

a-Boswellie acid, 743 
Bouveault and Blanc reaction, 203, 

286 
Brassica alha, 856 
Brfjuimca ruipus, 856 
Braasica nigra, 856 
Brassidic acid, 495, 502 
J^rassylic a(‘id, 533 

half-aldoh ycie. 509 
V.Braun’s epimer n^agcid , 811 

Brazan, 176, 348 
Brazilein, 364 
Brazilic acid, 366 
Brazilin, 364 
Brazilinic acid, 366 
Brazil wood, 364 
British gum, 831 
Bromal, 407 
Bromoacetaldohyde, 407 
Bromoacetic acid, 478, 583 
Bromoacetic anhydride, 640 
Bromoaoetoacetic ester, 323 

x-Bromoocetoaoetyl bromide, 585 
wBromoaoetophenone, 431 

Bromoaoetyl bromide, 463, 465, 
686, 634 

Bromoaoetyl chloride, 634 
Bromoacotylone, 134, 244 

a^Bromoacrylio acid, 683 
jS-Bromoacryiio acid, 683 
p»Bromoani»ole, 366 

9-Bromoanthracene, 258 
o-Bromobenzaldehyde, 408 

m-Bromobenzaldehyde, 408 
p-Bromobenzaldehyde, 408 

Bromobenzene, 145, 212, 216, 252 
o-Bromobenzoic acid, 479, 592 

m-Bromobenzoic acid, 479, 592 
p-Bromobenzoic acid, 592 
o-Bromobenzoyl chloride, 635 
m*Bromobeiizoyl chloriflo, 635 
p-Brornobenzoyl chloride, 635 
o-Bromobonzyl bromide, 169 
1 -Bromo-2-bromoiiiethyliiaphtha- 

lone, 398 
1 * Bromobutane, 244 
2- 15romobutane, 244 
1'Bromocyc^obutane carboxviK' acid, 

507, 590 
3- Bromobutanone-2, 437 
a-Bromobutyric acid, 478, 583 

Bromobutyric acid, 478, 583 
y-Bromobutyric acid, 583 
a-Bromowobutyric ester, 658 
y-Bromobutyronitrile, 507 
a Bromof^obutyryl bromide, 468 
e-liromociimainic acid, 591 
a-Bromocinnamic acid, 593 
/?-Bromocinnamic acid, 593 

Bromo -^c urnene ,152 
lO-Bromodecylrnalonic ester, 447 
5-Bromo-4, 6-di-iodo-l, 3-dinitro- 

benzene, 655 
Bromodimethyl other, 333 

l-Bromo*2, 2-diinethylpent4Uie, 244 
a-Bromodocosanoic acid, 587 

Hromoethane, 244 
a - Hroinoethylori/ioacetate, 471 
W'Bromoethvlbonzeiie, 164, 155, 

172 
Bromoethylene, 244 
Bromoethjme, 244 
Bromofoxm, 244, 245 

I'Bromohontriacontane, 244 
l-Bromoheptane, 244 
1 'Brornocycfoheptane carboxylic 

acid, 690 
2 - Bromocycfoheptane carboxylic 

acid, 590 
l-Bromohoxadecane, 244 
1 - Bromohexa n e, 244 
1- Bromoci/cfc»hexai\e carboxylic acid 

590 
2- Bromocydohexano carboxylic acid, 

590 
3- Bromoct/cZoliexano carboxylic acid, 

590 
4- Bromocvc/ohexano carboxylic acid, 

590 
Bromomalonic acid, 689 
Bromomethone, 244 

1- Bromo-2-methylbiitan©, 228, 244 
2- Bromo-2-methylbutano, 229 
1 -BromO'2-m©thylbuten*2-ol'4, 100 
4-Bromo-2-meihylbuten-2-ol-l, 100 
1- Bromo‘2-mothylbuten-3-ol-2, 100 
1 -Bromo-2-methylpropane, 244 
2- Bromo-2-methylpropane, 244 
3- Brorao-2-'m©thylprop©ne-l, 106 
l-Bromo-2-naphthaldehyd©, 398 
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a-Bromonaphthalene, 167, 257 
j8-Bromonaphthalene, 257 
8-Brorao-a-naphthoic acid, 560 
o-Bromonitrobenzene, 188 
1-Bromodotone, 244 
1- Bromopontane, 244 
o-Bromophenol, 319 
4-Bromophenylacetic acid, 693 
p-BromophenylhydraKine, roactioii 

with carbonyl group, 442 
p-Bromophenylliydrazone, 442 
2- Bromophenylpropiolic acid, 693 
3- Bromophonylpropiohc acid, 593 
4- Broinophthalic acid, 556 
1- Bromopropane, 244 
2- Bromopropane, 244 
1- Bromoci/cZo]>ropane carboxylic 

acid, 690 
2- Bromopropeno-2, oM, 284 
l-Bromopropeno-2, 244 
1 -Bromoci/dopeTitaiie carboxylic 

acid, 588, 590 
jS-Bromopropiolic acid, 583 
a-Bromopropionic acid, 478, 586 
/il-Broraopropionic acid, 478, 586 
4-Bromo-a-re8orcylic acid, 618 
4- Brornosacchariii, 869 
oj-Bromostyrene, 167, 256 

Bromosuccinic acid, 589 
Bromosuccinic anhydride, 640 

3- Bromo toluene, 188 
Bromotolueneeulphonic acid, 325 

oi-Bromoundecylenic acid, 519 
«0“Bromo-o-xyleno, 398 

Bucherer’s reaction, 306 
Buchu Camphor^ 706 
Bufotalien, 932 
Bufotalin, 932 
Bufotoxin, 932 
‘ Buna 204, 208 
' Butacite 463 
Butadiene, 96, 100, 102 
Butadiene, dimerisation, 104 
Butadiene polymers, 

with acrylic nitrile, 204 
with wobuUmo, 204 
with styrene, 204 

Butadiene sulphone, 101 
Butadiyne, 268 
Butaned, 382, 394 
Butanalone^3, 134 
Butane-1, 4-dial, 403, 405 
Butane, 68, 97 

cydoButane, 117, 118 
evdoButane carboxylic acid, 507 
oydoButane, 1, 1-dicarboxylio acid, 650 
cydoButane, 1, 2-dicarboxylic acid, 660 
c;i/doButan6,1, S-dicarboxylio acid, 650 
cyc^Butane, 1, 4-dioarboxylic acid, 660 
cydoButane, 1,3-djcarboxylic ester, 582 

ButanedioM, 2, 296 
ButanedioM, 4, 296, 343 
Butanediol-2, 3, 295, 296 
Butane, 1, 4*dioxime, 403 

o^doButane, 1, 1, 2, 2, 3, 4-hexacarbo- 
xylic acid, 674 

Butaine, 1, 2, 3, 4-tetracarboxylic 
acid, 672 

ci^doButane, 1, 1, 2, 2-tetracarboxylic 
acid, 674 

cydoButane, 1, 1, 2, 4-tetraoarboxylio 
acid, 574 

cydoButane, 1, 1, 3, 3-totracarboxylic 
acid, 574 

cyduButane, 1, 2, 3, 4-totracarboxylic 
acid, 674 

cydoButane tricarboxylic acid, 573 
n-Butanol, 261, 269, 270, 377 

woButanol, 269, 271, 273 
^cc-Butanol, 271, 277, 426 
^cr-Butanol, 88, 271, 278, 642 

cydoButanol, 271, 301 
1, 4-Butanolide, 698, 660 

Butanol-1, one-2, 433 
Butanol-1, one-3, 427, 433 
Butanol-2, one-3, 432, 433, 437 
Butanone, 134, 420, 426, 437 
BtUea frondom, 360, 436 
Buteiii, 360, 436 
ButenaI-2, 111, 269, 391, 395, 386. 

503, 535 
Butene-1, 81, 82 
Butene-2(citf and trana), 81, 82 

woButene, 91, 204, 241 
cydoButene, 118 

cis-Butene-2, acid, 478, 494, 498 
/rarw-Butene-2, acid, 478, 494, 498 

Butene-3, acid, 494 
eM-Butene-2, diacid, 137, 309, 346, 

640, 688 
trans-Butene-2, diacid, 540 

Butene-2, dial, 405 
cydoButene-1, dioarboxylic acid-1, 2, 

554 
Butene-1, ol-3, 261, 271, 283 
Butene-2, ol-l, 261, 271, 283 
Butenone, 421, 427, 440 
Butenyne-1, 3, 112 
Butin, 360 
Butin glucoside, 360 
Butlerow*8 acids, 493 

d-^ec-But y lace tic acid. 898 
cydoButylacetic acid, 512 

i«oButylaoetoaoetio ester, 274 
<«r-Butylaeetyl chloride, 634 

a-isoButylacroIein, 395 
Butyl alcohol, 261, 269, 270, 377 

isoButyl alcohol, 269, 271 
sec-Butyl alcohol, 261, 271, 273, 277, 

426 
4er-Butyl alcohol, 88, 261, 271, 278, 

642 
n-Butylallene, 95 

MoButylallene, 96 
Butyl allyl malonic ester, 539 

ft-Butylamine, 261 
cydoButylamine, 118, 301 

p-/sr-Butylaniline, 93 
p.^.Butylbenzoio acid, 525 

»-Butyl bromide, 228, 244 
isoButyl bromide, 228» 244 

sec-Butyl bromide, 228, 244 
<ar^Butyi bromide, 228, 244 
ssc-Butyl oarbinol, 271, 274 

cydoBotyl carboxylic acid, 301, 512 
n-Butyl chloride, 234 

iscButyl chloride, 234 
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chloride, 234 
tcr-Butyl chloride, 234, 273, 380, 642 
t^oButylene, 88, 279 

2, 3‘Butylene glycol, 432 
1, 4-Butylene oxide, 343 
ter-Butylethyleno, 281 
itfoButylfumario acid, 645 
a-Butylglycerol, 299 

Butylidenemalonic ester, 539 
n-Butyl iodide, 240 

tf«c-Butyl iodide, 246 
MoButyl iodide, 246 
ter-Butyl iodide, 246 
MoButyl ketone, 427 
MoButyhnaleic acid, 545 
ler*Butyl methyl carbinol, 291 
ter-Butyl methyl ketone, 291 

3-#er-Butyl, 5-methylphthalic acid, 558 
^er-Butyl phenol, 219, 304 

p-<er-Butyl phenol, 314 
Butyl phenyl ketone, 430 

iwButyl phenyl ketone, 430 
^cr-Butyl phenyl ketone, 430 

5- t«oButylt«ophthalic acid, 658 
2-woButyl-2-propenal, 395 

Butyl rubber, 204 
Butyl sulphide, 198 

♦tfoButylthiol, 198 
fn-^ec-Butyltoluene, 210 
p-«ec-Butyltoluene, 210 
m-ter-Butyltoluene, 154, 210 
p-ler-Butyltoluene, 210 
6- ter-Butyl-m-xylene, 154, 210 

Btttyne-1, 108, 113 
Butyne-2. 107, 108, 133 
Butyne-2, acid, 113, 495 
Butyne-2, al, 113, 395 
Butyne-2, dial, 405 
Butyiie-2, diol-1, 4, 296 
Butyne-1, ol-4, 271 
Butyraldehydo, 269, 274, 281, 382, 

394 
MoButyraldehyde, 274, 290, 382, 395 
MoButyraldol, 411 
n-Butyric acid, 377, 478, 491 

MoButyric acid, 279, 478, 484, 491 
Butyric anhydride, 640 

i«oButyric anhydride, 640 
MoButyric methyl ester, 275 

Butyioin, 433 
f«oBut3rroin, 433 

Butyrolactone, 698, 660 
Butyrone, 420 
Butyrophenone, 430 

♦eoButyr-t^ovaleraldol, 411 
n-Butyrylaoetone, 439 
n-Butyryl bromide, 634 

taoButyryl bromide, 634 
Butyryl chloride, 136, 381, 634 

MoButyryl chloride, 634 
But3rryl fluoride, 636 

itaButyryl fluoride, 636 
Butyryl iodide, 636 

^Butyryl iodide, 636 

Cadaleno, 167, 687, 716 
Cftdineue, 716. 717 
Ommilpina 364, 650 
Oaltoio aoid, 616 

Calciferol, 910 
Calciferol, Diels-Alder, oddition 

product with maleic anhydride, 
911 

Calcium carbide, 109 
Calcium gluconate, 801 
Callistephin, 353 
Caliistephus sinensis^ 353 
Camazulene, 713 
Camphcne, 710 
Coinpheno did, 288 
Camphenilol, 720 
Camphocenic acid, 518 
Campholenic acid, 518 
Campholic acid, 513 
Campholide, 708 

a-Campholytic acid, 510, 517 
)3-Cainpholytic acid, 511, 517, 639 

Camphonenic eu^id, 517 
Camphor, 706 ff. 

Korappa^s synthosis of, 708 
Perkin’s synthesis of, 709 

^CBVoCamphor, 705 
Camphor, synthetic, 705, 709 
Camphorene, 721 
Camphorenic acid, 516 
Camphoric €u;id, 662, 707, 709 

/ioraoCamphoric acid, 660 
/iorn-oCamphorio acid nitrile, 708 

homonor Camphoric acid, 552 
Camphoric anhydride, 511, 639. 

708 
Camphoronic acid, 666, 707 

4>eCamphoronio acid, 566 
Camphors, 706 ff. 
Candelilla wax, 673 
Cannizzaro reaction, 263, 399, 402 
Cantharidin, 104 
Caperatio acid, 606 

fM>rCaperatic acid, 606 
tiorCaperatio ester, 606 

Capparis Spinosa, 362 
Capric acid, 482 
Capric imhydride, 640 
Capric piperidide, 756 
Caprineddohyde, 382 
Caprinono, 420 
Caproic acid, 478, 482 
Caproic anhydride, 637, 640 
Caproin, 433 
Capronaldohyde, 382 
Caprone, 420 
Capronophenone, 430 

n-Capronyl bromide, 634 
u-Capronyl chloride, 634 

Capryl alcohol, 271 
n-Capryl chloride, 634 
n-Caprylic acid, 478, 482 

Caprylio cddehyde, 382, 771 
Caprylic anhy^ide, 640 
Caprylio lactam, 128 
Caprylio piperidide, 756 
Caprylone, 420 
Caprylyl chloride, 634 
Capsaioin, 760 
Capsanthin, 737 
Capsicum frutescens, 761 

norOaradienio acid, 520 
Carane, 695 



944 ADVANCED ORGANIC CHEMISTRY 

C’arbainie acid, 217 
Carbamic chloride, 275 
Carbamic esters, 308 
Carbazide, reaction with carbonyl 

group, 442 
Carbazolo, 171 
Carbazoues, 442 
Carbon fluorides (higher), 231 
Carbon suboxide, 471 
Carbon tetrabromide, 244, 245 
Carbon tetracliloride, 191, 234, 230, 

238 
Carbon tetrafluorido, 231 
‘ Carbowax 339 

2-Carboxyadipic acid, 569 
2-Carboxyglutaric acid, 568 
O'Carboxyhydrocinnaniic acid, 164 

Carboxylase, 371 
Carboxyl group, 473 
Carboxymc'thanetriacetic acid, 5(‘>9 

2-Carboxy-5-inethoxyphenoxya(eii(* 
acid, 366 

o-Carboxyphenylacetic acid, 561 
o-Carboxyphenylpropionic acid, 561 
2*Carboxypimelic acid, 669 
2-Carboxysuccinic acid, 568 
2'CarboxytricarbaJlylio acid, 569 

Carbyl sulphate, 88 
Carcinogenic cornpoundK, 920 fl. 
Cardiac glycosides, 928 II. 
Carduus niUans, 443 
Carene, 697 
Carone, 696 
Carone series, 695 
Caronic acid, 648, 690 

a-Carotene, 781II. 
/^-Carotene. 731 fl. 
y-Carotene, 781 ff. 

Camauba wax, 673 
Carthamin, 360, 436 
Carthamus tinctorius, 360, 436 
Carvacrol, 314, 316 ff., 702, 706 
Carvestreno, 696, 697 
Carvone, 692, 693, 698, 716 
Carvotanacetone, 702 
Carylamine, 696 
Caryophyllene, 554 
Caryophyllenes, 721 
Casein plastics, 449 
CoMia sp., 362 
CiMtanea vesca, 650 
Casrtor-oil, 281 
Catalase, 371 
Catechol, 138, 221, 319, 332, 614, 

628 
Catechol, complex with ammonium 

molyb^te, 319 
CeUobio8e> 813. 817, 836 
Cellobiuronio acid (polymeric), 838 
Cellodextrin, 835 
Cellohexaoee, 835 
‘ Cellophane *, 460 
‘ Cellosolve 294 
Cellotetraose, 835 
Ceilulase, 371 
Cellulose, 883 ff. 
Cellulose, reactions of, 836 
Cellulose acetate, 450 
Cellulose acetate/butyrate, 450 

Colluloso fc^slors, 450 
Cellulose ethers, 450 
Cellulose nitrate, 450, 453 
Centaurea, 353 
Coro tone, 81 
Coryl alcohol, 673 
C'etene, 81, 84 
C^toleic acid, 502, 669 
Cetraric acid, 617 
Cetyl alcohol, 270, 673 
Cetyl bromide, 244 
Cetyl bromoinethy] ether, 389 
Cetyl citric acid, 606 
Cetyl iodide, 246 
Cetyloxyrnethyl bromidti. 389 
Ce t y lo X ymeih y 1 - trime th y I - ai u - 

moniiiin bromide, 389 
Chalkone, 359, 431 
Chalkones, 437 
('haulinoogric acid, 509, 611, 518, 

668 
//omoChaulmoogric acid, 518 

Chaulmoogryl acetic aidd, 518 
Chavicinic acid, 756 

isoChavicinic acid, 756 
Cheiranthus, 856 
Cheirantfius species, 362 
Cheirolin, 856 

/iomoCheirolin, 856 
Chelidonic acid, 621 
Chelidonium species, 535 
Chdidonus nuijus, 621 
‘ Cheinigum 204 
Chenodesoxycholic acid, 907, 909 
Chenopodiolo, 336 
Chiinyl alcohol, 672 
Chinese insect wax, 673 
Chio7ie ylabra, 434 
Chitin, 848 
Chitobiose, 849 
Chloral, 212, 237, 405 ff. 
Chloral hydrate, 406 ff. 
Chloralide, 407 
Chloretono, 238 
Chloroact^tal, 407, 623 
Chloroacetaldehyde, 407 
Chloroacotic acid, 478, 579 ff. 
(diloroacetic acid, a and p, 583 
Chloroacetic anhydride, 640 

2-Cliloro-l-acetocyciohexane, 212 
Chloroacetone, 213, 425. 432, 439 

Oi-Chlorofiwjetophcnone, 431 
Chloroacetyl bromide, 634 
Chloroacetyl chloride, 466, 634 
Chloroacetylone, 236, 243 

1 -Chloro>2-acetylq/clohexan.e, 123 
)3-Chioroaorylic acid, a and 683 
o-ChloroV>enzal chloride, 408 
o-Chlorol:>enzaldehyde, 407, 408 

m>Chlorobenzaidehyde, 407, 408 
p-Chlorobenzaldehyde, 408 

Chlorobenzene, 145, 216, 251, 303 
o-Chlorobenzoic acid, 479, 692 

m-Chlorobenzoic acid, 479, 692 
P'Chlorobenzoic acid, 479, 590, 592 
o-Chloxobenzoyl chloride, 635 

m-Chlorobenzoyl chloride, 636 
p-Chlorobenzoyl chloride, 635 
O'Chlotobenzyl chloride, 408 
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It 2-Chlorobromoethane, 87 
2'Chlorobutadiene» 112, 208, 235, 

242 
Chlorobutadiene polymers, 204 

1- Chlorobutane, 234 
2- Chlorobutane, 234 
1-ChlorocycZobutane carboxylic acid, 

588 
l-Chlorobutcne-2, 97, 234 
a-Chlorobutyric acid, 478, 583 
j5*Chlorobutyric acid, 478, 683 
y-Chlorobutyric acid, 478, 683 
y-Chlorowocaproic ester, 659 
o-Chlorociim€wnaldehyde, 381 
a-Chlorociimamic acid, 593 
/S-Chlorooinnamio acid, 593 
O'Chlorociimamic acid, 593 
o-Chlorocinnamoyl chloride, 381 
a-Chlorocrotonic acid, 478, 683 
^•("hlorocrotonio acid, 583 
a-Chloroi»ocrotonio acid, 478 
a*-Chloro-«/i•cumene, 256 

Chlorodecalin, 164 
Chlorodiraothyl ether, 213, 233, 

333, 389 
1- Chloro-2, 2-dimethylpropane, 232, 

234 
an^hlorodiraethyltetrahydrophen- 

anthrenequinone, 103 
Chlorodiphenylacetyl chloride, 

463 
Chloroethane, 234 
Chloroethylene, 234 

2- Chloroethyl8ulphonyl chloride, 239 
Chloroothyne, 235 
Chloroform, 234, 236, 237 
Chlorogenic acid, 616 

)5-Chloroglutaconic acid, 564 
I-Chloroheutriacontane, 234 
1-Chloroheptane, 234 
1-Chlorocyiohoptane carboxylic 

acid, 590 
1-Chlorohexane, 234 

Chlorocyclohexane, 121, 123, 260, 
261 

1- Chlorocycfohexane carboxylic acid, 
588, 590 

2>Chlorohoxanol-l, 341 
2- ChIoroc^clohexanol, 339 
2-Chlorocyclohexanone, 607 

Chlorohydroquinone, 369 
2-Chloro-4-hydroxybeiizaldehyde, 

216 
Chloro(iododichloro)etbylene, 249 
Chloroidoethoylene, 249 
Chloro(iodo8o)ethylone, 249 
Chloro(iodoxy)ethylene, 249 
ChloTomalonic acid, 687, 689 
Chloromalonio ester, 587, 655 
Chloromethane, 234 

l>Chloro-2-methylbutane, 275 
2-Ohloro-2-methylbutaiie, 232, 234 

Chloromethyl ether, 213, 233, 333, 
389 

1, l-Chloromethyloydohexaixes, 122 
1, 2-Chloromethyl<^^olohexaiie8, 122 
1, 3*0hloromethylq^clohexaiiee, 122 
l,,4-GhloKmaiethyl<jrdtohexanLe8, 122 
1,7-C9iloioin0tliykffdk>hea^ 122 

Chloromethyl methyl ether, 213, 
233, 333, 389 

2-ChloromethylnaphLhalerie, 401 
1 -Chloro-1 -methyIcyc^opentane, 260, 

251 
2-Chloro -1 -mothylcycZopentano, 260, 

251 
1- Chloro-2-methylpropane, 234 
2- Chloro-2-methylpropano, 234 
1 - Chloro - 2 -me thy Ipropen e -1, 235 
3- Cliloro-2-methylpropeT3e-l, 234 
a-Chloronaphthalene, 166, 257 
i3-Chloronaphthalene, 166, 257 
3-Chloro-l, 2-naphthoquinone, 102 
l-Chloro6ciane, 234 
1- Chloropeiitane, 234, 269 
2- Chloropentane, 229, 278 
3- Chloro]:3entane, 229, 278 
2-Chlorowropentane, 280 
4- Chlorophenylacet ic acid, 593 
4-Chlorophenyk;ycZohoxane, 212 
2- Chlorophonylpropiolic acid, 593 
3- Chloropheriylpropiolic acid, 593 
4- Chlorophenylpropiolic acid, 593 

Chlorophora iinctorid^ 362 
4-Chlorophthalic acid, 556 

Chloroph yllase ,371 
Cliloropicriii, 138 
Chloroprene, 208, 235, 242 

3-Chloropropanal, 396, 584 
1- Chloropropane, 234 
2- Cliloropropane, 234 

ChlorocycZopropane, 251 
1 -ChlorocycZopropane carboxylic 

acid. 588 
l-Chloropropanol-2, 82 
1- Chloropropone-l, 234 
2- Chloropropene-l, 234, 426 
3- Chloropropeno-l, 234 
^-Chloropropiolic acid, 583 
/?-Chloropropionaldehydo, 396, 584 
a-Chloropropionic acid, 478, 582, 583 
/3-Chloropropionic acid, 478, 583 
/?-Chloropropionic ester, 565 
a-Chloropropylone, 234 
/S-Chloropropylene, 234 
1 -Chloropropyno -1, 243 
3-Chloroprop>Tae-l, 235, 243 

Chloroquinone, 138 
3- Chloro3accharin, 869 
4- ChloroBaccharin, 869 
6-ChloroBaccharin, 869 
6-Chlorosaccharin, 869 

Chlorosuocinio acid, 687, 589, 602 
Chlorosuccinio anhydride, 640 

o-Chlorotoluene, 148, 408 
p-Chlorotoluene, 148 

Chlorovaleroloetone, 626 
Cholanic acid, 907 

oltoCholanio acid, 907, 931 
norCholanic acid, 913 

&M-norCholanic acid, 913 
Cholanic methyl ester, 913 
Cholestane, 904, 905 
Cholestanol, 903 
Cholcstanone, 905 
Cholestenone, 905 
Cholesterol, ^1 
Cholesteryl acetate, 90S 
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Cholic acid, 907, 909 
Choline, 338 
Chondroitin sulphuric acid, 849 
Ghondrosamino, 849 
Chryaanthemin, 363 
Chrysanthemum dicarboxylic acid, 

654 
Chrysanthemum indicum, 353 
Chr^wie, 147, 177, 901 

5, 6“Chryseiiequii)one, 179 
Chrysin, 368, 369 
Chrysofluorene, 169 
Chrysophanio acid, 857 
Chrysophanin, 867 
Cineole, 336. 692, 694 
Ciiieolic acid, 695 
Cinnamic acid, 154, 156, 401, 479, 

627, 629, 580, 562 
oiloCinnainic acid, 531 

Cimianiio alcohol, 272, 400 
Cinnamic cddehyde, 154, 400, 432 
Cinnamic ester, 178 
Cinnamomum camphora, 705, 706 
Cinnamoyl chloride, 635 
Cinnamylpyruvic acid, 161 
Citraconic acid, 540, 543 ff., 605 

/kOtnoCitraconic acid, 545 
Citraconic anhydride, 606 
Citraconimide, 544 
Citral, 136, 678, 685 
Citral, cyclisatiou of, 682 

cycloCitral, 678, 683 
Citral diossonide, 679 
Citraadnic acid, 621 
Citric acid, 376, 570, 604 ff., 745 

a-woCitric acid, 605 
Citric diaJdehyde, 620 
Citric oxidase, 371 
Citrin, 887 
Citronellal, 681« 685, 698 
C'itronoUal dimethyl acetal, 682 
Citronellic acid, 494 
Citronellol, 271 
Citronollyl acetate, 645 
Citronellyl formate, 645 
CitroneDyi propionate, 646 
Citrus bergaminaf 609 
Citrus pectin, 800 
Citrus sp^t 3^ 
Citrylidone acetone, 678, 683 

a>c^cioCitrylideneanilme, 683 
Civetone, 446 
Claisen fraction, 663 
Claviceps purpurea^ 817 
Clemmeneen reaction, 73 
Clupanodonic acid, 496, 602, 506 
Cocarboxylase, 372 
Coccus cacti, 673 
Coccus omferus, 673 
Coccus lacca, 673 
Cochineal wax, 673 
Coddcaria armorada, 856 
Oockafoot grass wax, 673 
Comanic acid, 622 
Comeoic acid, 622 

^•Cracihydrine, 337 
Ccmimn, 841, 852, 853 
Ckxiiferyl alcohol, 413, 841, 853 
Coniferyl aldehyde, 841 

Convioin, 869 
Convolvulin, 859 
Copemica cerifera, 673 
Co-polymerisation, 208, 451 ff- 
Copper acetylide, 109 
Copper reducing power, 793, 805 
Coprostane, 904, 906, 908 
Coprostanone, 904, 905 
CoproBterol, 901, 906 

spiCoprosterol, 906 
Coronene, 187 
Corticosterone, 925 
Cotoin, 435 
Cotton grass wax, 673 
Coumaran, 346 

o-Coumaric acid, 853 
Coumarilic acid, 346 
Coumarin, 608 
CoumariiiB, 531 
Coumaron, 346 
Coumarone resins, 347 
(k>zymase, 372, 878 
Cracking, 198 
‘ Cresantol ’,314 

o-Cresol, 310, 311 
m-Cresol, 311 
p-Cresol, 313 

Cresols, 811 ff- 
Oosol sulphonic acids, 311 
Cresotinic acids, 138, 307, 607 
Crocetin, 547, 780 H., 733. 860 
Crocin, 731, 860 
C^roconic acid, 629, 632 
Crocus sativua, 731 
Crotonaldehyde, 111, 269, 391, 395, 

896 £f., 503, 635 
Crotonic acid, 478, 494, 498 

woCVotonic acid, 478, 494, 498 
Croton tigLium, 499 
Croton tinctorium, 318 
Crotonyl chloride, 634 
Crotonyl thiocarbimide, 856 
Crotyl acetate, 283 
Crotyl ^cohol, 261, 271, 283 
Crotyl bromide, 242, 283 
Crotyl chloride, 234 

woCrotyl chloride, 82, 235 
CrystaUose, 806 
Cube, 611 

^-Cumene, 136, 139, 150 
i^-Cumenol, 314 

C\iminal. 718 
^-Oumoquinol, 888 

‘ Ouprene *,112 
Curcuma longa, 367 
Curcuma Unctoria, 436 
Curcumin, 867, 436 
Curoumis melo, 443 
Cyanacetamide, 662, 880 
Cyanacetic ester, 661 
C^anidin, 353, 358 

reactions of, 357 
Cyanidin, IB-methyl etlier, 353 
Oyanin, 852, 353 

3-Oyanoaoe]ui|)>hthene, 213 
f9t*C^aaobemotc add, 556 

Cyanogen bromide, 213 
Cyanog^»etio glyooeidaef 854 
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3-Cyanopentaiie-l, 3, 6-trioarboxylio 
ester, 690 

o-Cyanophenj^lacetonitrile, 661 
jS-Cyanopropionacetal, 753 
a-Cyaiiothiophen, 213 
5-Cyano-l, 2, 3-trimethoxybenzene, 

213 
11'Cyanoundc'cane acid, 519 

Cyaphonino, 213 
Cyclic others, 349 
Cymarixi, 930 
Cymarose, 783, 798 
Cj^naroso (from squill glycosides), 

930 
p-Cymene, 136, 139, 315, 688, 704, 

706 
Cytnhopogon species, 678 
Cymylacotic acid, 716 

(2-Cynriyl)Gthyl bromide, 716 
y•(2'Oymyl)-a-methylbutyric acid, 716 

Cyndus indictui, 510 
Cysteine, in biotin synthesis, 883 
Cytase, 371 

Dahlia variabiliSt 353 
Daidzeiii, 364 
Daidzin, 364 
Daphne mezereon^ 367, 608, 609 
Daphne sp., 853 
Daphnetin, 867, 609, 853 
Daphniu, 367, 608, 853 
Datisca mnnahimi^ 362 
Datiscotm, 362 
Datiscin, 362 
Datura Siramoniunif 483 
D.D.T., 254 
Deacetyldigilan id, 928 
Dt4amina8e, 371 
Docahy droiiaphthalone, 116 

cifl-Decahydronaphtlialeno, 166 
^ran«-Decahydronaphthalene, 164 

Decaiin, 164, 166 
Decanal, 382 
Docane, 68 

cydoDecane, 117 
^rioydo[3, 3, 1, l**’]Decaue. 130 

Dec,ane dioi-1, 10, 296 
cycloDec&ne dione-1, 6, 713 

Decanol-1, 270 
D<^canol-6, one-6, 433 
Doc€wion©-2, 415, 420, 426, 771 

cydoDccanone, 445 
IDecarboxyriaic acid, 610, 611 
I>ecatetra©nal-2, 4, 6, 8, 736 
Decatetraone-2,4,6, 8, diacid-1,10, 

540, 547 
D©oat©trayTi©-2, 4, 6, 8, diaoid-1, 

10, 664 
D©o©n©-l, 81 
I>©cene-1, aoid-10, 494, 500, 501, 

668 
Deoezi6-4, acid, 500 

n-De©oylao©tono, 439 
n-D6ooyli«obutylamide, 765 

Decylenio acid, 494, 501, 761 
n-Deoylio aldehyde, 382 

Deoylthiophan, 198 
Deoyne*!^ 108, 113 
Degiaelin, 611 

Dehy draco tic acid, 464, 471 ff. 
woDohydroacetic acid, 663 

Dehydroascorbic acid, 887 
Dehydroi^oandrosterone, 923 
Dehydronorcaryophyllonic acid, 

564 
7-Dehydrocholesterol, 912 

11 -Dehydrocortioosterone, 925 
Dehydro -a-diphenanthrenothi o - 

phene, 223 
Dehydrogenation, by selenium, 902 
Dehydrogoranic acid, 495 
Dohydrolinalool, 680 
Dehydrorotenonc, 610 
Dehydrostearic acid, 505 
Dehydroundecylcnic acid, 495 
Dolphinidin, 352 ft. 

reactions of, 357 
Delphinidin, 14-niethylcthcr, 353 
Delphinidin, 13, 15-dimethylether, 

353 
Delpliinidin, 7, 13, 15-trimethyl- 

ether, 353 
Delphinin, 353 
Delphinium consol Ida , 353, 570 
DelphinuH phocena^ 484 
Delphinus globiceps, 484 
Denticetio acid, 494, 502 
Dopsidones, 617 
Dorric acid, 610 
Derris, 610 
Dorrisio acid, 610 
Desiodothyroxin, 891 
Desmotropoaantonin, 722, 723 

2-Desoxy-D-arabinose, 798 
Desoxybenzoin, 194, 437 
Desoxycholic acid, ^7, 920 

conversion to methylcholan- 
threne, 920 

11 -Desoxycorticosterone, 925 
peurtial synthesis of, 926 

Desoxycorticosterone acetate, 924 
woDesoxycorticosterone acetate. 

(17-woDOCA), 927 
2-De80xyglucose, 797 

Desoxy-D-ribose, 783 
2-Desoxy-D-ribose, 798 

Desoxy sugars, 797 
Developers, photographic, 368 ff. 
Dextraii, 838 
Dextrins, 827 
Dhurrin, 854 
Diacetoaoetyl chloride, 438 
Diacetone alcohol, 422, 433 
Diaoetoneamine, 425 

1, 2, 4, 5-Diacetone fructose, 792 
2, 3, 4, 6-Diaoeton© fructose, 792 
J, 2, 3, 4-Diaoeton© galactopyronoso, 800 

Diaoetone glucose, 788 
Diaoetyl, 136, 137, 432, 437, 772 
Diaoetylbuten-2, diol-1, 4, 796 
Diaoetyldioxime, 426 
Diacetylkojic acid, 807 
Diaoetyknonoxime, 426 
Diacetylsuocinic acid, 439 
‘ Diakon \ 460, 463 
Dialdan, 411 

411 
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Dialkybnercuric aoetylonee, 110 
Diallyl, 106, 113 
Diallylenylacotic acid, 495 
.Diallyl acetone, 421 
Diallyl diozonide, 403 
Diallyl disulphide, 241 
Diallyl ether, 334 
Diallyl formal, 389 
Diallyl keten, 464 

1, 4-Diaminobutaiie, 97 
Diaminodianthraquinoyl, 224 
Diaminohydroxydiphenyl, 369 

1, 4-Diainino-2-methylbutane, 98 
7, 8-Diaininopelargoiiic acid, 882 
2, 4-Diamiiiophenol dihydrochloride, 

369 
2, 4-Diaminore8orcin dihydrochloride, 

370 
Di'O-arninostilbeno dicarboxylic 

acid, 581 
Dinmylacetylene, 113 
Diamyl ether, 334 
Ditsoiiinyl formal, 389 
Di-n-amyl ketone, 420 
Dii>oamyl ketone, 898 
Dianthua caryophyllua, 353 
Diastase, 371 
Diazoketones, 469 
Dibasic acetykuac acids, 663 
Dibasic acids, 532 
Diberizalacetone, 423 

1, 2, 5, C-Dibcuzanthracene, 175, 176, 181, 
920 

I, 2, 6, 7-Dihenzanthracene, 175, 176, 181 
1, 2, 7, 8-Dil enzanthracene, 181 
2, 3, 6, 7'Dib<Mizauthracene, 182 
1, 2, 5, 6-Dibenzanthraquiiione derivatives 

{oestrogenic), 919 
Dibenzalcyriohoxanone, 429 

1, 6-Dibenzoyimaiinitol, 797 
Dil^enzoylpyrcme, 223 

2,3,10, ll'Dibenzperyleno, 212 
3, 4, 6, 6-Dibenzphtmanthreno, 182 
1, 2, 3, 4-Dibt!iizpyreiie, 224 

Dibfmzyl, 148, 192, 219, 398 
Dibenzyl ether, 335 
Dibenzyl-fonnal, 389 
Dibenzyi keten, 464 
Dibrornoacetaldohyde, 407 
Dibromoacetic acid, 583 
Dibromoacetyl bromide, 634 
Dibromoaeetylone, 244, 336 
Dibromoacetylene, magnesium 

derivatives, 296 
2, 3'Dibromoacrolein acetal, 397 

ajS-Dibromoacryitc acid, 683 
^l^'Dibromoacrylic acid, 583 

9, lO-Dibromoanthracene, 268 
1, 2-Dibromobeiizenc, 251 
1, 3-Dibromobenz6ne, 261 
1, i-Dibromobonzene, 145, 251 
2, 3-Dibromobenzoic acid, 692 
2, 4-Dibromobenzoic acid. 592 
2, S-Dibromobenzoic acid, 692 
2, 6-Dibromobenzoic acid, 592 
3, 4-Dibromobenzoic acid, 592 
3, 6-Dibfomobenzoic acid, 592 
I, 4-Dibromobutaiie, 116, 244 
1, 4-l>ibroinobutene*2» 794 

a/?-Dibromoomziamio acid, 631, 501, 
593 

1, lO-Dibromodecane, 447 
s-Dibromodimethyl ether, 333 

Dibromoethane, 88, 244 
Dibromoethyne, 244 

2, 6-Dibromofuran, 345 
a)3-Dibromoghitario acid, 663 

1, 7-Dibromohoptane, 289 
1, 6-Dibromohexane, 610 

Dibromomalonio acid, 689 
Dibromomalonyl diohloride, 472 
Dibromomethane, 244 

1, 9‘Dibromononane, 448 
1, 6-Dibroraopentane, 119, 244 
2, 3-Dibromopropanal, 396 
1, 2*Dibromopropane, 244 
1, 3-Dibromopropane, 116, 117, 244, 

731 
2, 3*Dibromopropeno-l, 95, 284 

aa-Dibromopropionic acid, 583 
aj8-Dibromopropionic acid, 583 
a)9*Dibromopropionic ester, 649 

2, 6-Dibromoquinone chlorimido, 879 
Dibroraosuccinic acid, 589, 604 

s-Dibromotolueno, 304, 326 
Dibrorno-o-xylene, 168 
Diisobutene, 219 
Dibiityl ether, 334 
Di-<er-butylethylene, 291 
Ditaobutyl formal, 389 
Di-fer-butyl formal, 389 
Di-n-butyl ketone, 420 

3, 5*Di#cobutvIeycloj>entanetriol-l, 2, 4, 
898 

3, 5-Di#«6butvlcyck)pentanetrion©-l, 2, 
4. 898 

Di4er-butylqiiinone, 324 
Di-n-butyryl methai^e, 439 

3, d-Dicarbethoxygallic acid, 651 
1, 3-Dicarboxyglutaconic acid, 671 
2, 3-Dicarboxytricarballylio acid, 669 

Dioetyl ether, 334 
Dichloroacetic acid, 240, 478, 680, 

683 
Dichloroaoetio anhydride, 640 
Dichloroaoetone, 426, 606 
Dichloroacetyl chloride, 681, 634 
Dichloroaoetylene, 236, 243 
Dichloroacetyl Ruoride, 636 

ajS-Dichloroacrylic acid, 583, 585 
/Jj5-Dichloroacrylio acid, 686 

2, 4>Dichlorobenzaldehyde, 408 
2, 6-Diohlorob©nzald«»>hyde, 407 
3, i^Diohlorobenzaldehyde, 407 
1, 2-Dichlorobenzene, 261, 319 
1. 3-Dichlorobenzexve, 261 
1, 4'Dichlorobenzene, 261 
2, 3-Dichlorobenzoio acid, 692 
2, 4-Dichlorobenzoio add, 692 
2, 6-Dichlorobenzoio acid, 592 
2, d-Dichlorobenzoic acid, 692 
3, 4-Dichlorobeiizoio acid, 692 
3, 5-Dichlorobenzoio acid, 692 
2, 3-Diohlorobenzoyl chloride, 636 
2, 4^Dichlorobenzoyl chloride, 636 
2, 6-Dichlorobenzoyl chloride, 636 
2, 6-Diohlorobeiizoyi chloride, 636 
3, 6-Diehlorobensoyl chloride, 636 
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1, 4>DichloFobutaiie, 234 
Dichlorobutanes, 97 

1, 2-Dichlorobutone-3, 99 
1, 4-Dichlorobuteiie-2, 99 
2, 3-Dichlorobutene-2, diacid-1, 4, 139 

a^-Dichlorobutyric acid, 683 
a)5-Dichlorociimamic acid, 693 

«-Dichlorodimothyl ether, 333 
Dichlorodinitromethane, 242 

2, 3-Dichlorodioxan, 295, 401 
4, 4'-Dichlorodiphenyl, 189 

Dichlorodiphenylmethane, 211 
Dichlorodiphenyltrichloroethario, 

254 
1, 1-Dichloroethane, 110,234 
1, 2>Dichioroethane, 110, 192,234, 239, 

285 
1, 1-Dichloroethylene, 235 
1, 2-Dichloroethylene(cw and trarut), 

235, 243 
Dichloroethyl ether, 204 

2, 2'-Dichloroothyl tbioother, 92 
Dicliloroothyne, 235, 243 
Dichloroci/dohoxanes, 121,250,261 
Dichloromaleic acid, 138, 139 
Dichloromalonic ewiid, 587, 689 
Dichioromethane, 234, 236 

2, 4-Dichloro-2-methylbutane, 98 
Dichloronaphthalenea, 257 

2, 3-DichIoro-a-naphthoquinone, 348 
9. 10-Dichloro6ctadecane acid, 584 

1, 5-Dicliloropentane, 234 
9, lO-Dichlorophenanthrene, 267 

Dichlorophthalic anhydride, 322 
1, 1-Dichloropropane, 234 
1, 2-Dichloropropane, 234 
1, 3*Dichloropropane, 234, 241, 250 
2, 2-Dichloropropane, 234, 426 
1, 1-Dichlorocyciopropane, 117, 251 
aa-Diohloropropionic acid, 684, 585, 

626 
a)5-Dichloropropionic acid, 687 

Dichlorosuccinic acid, 688, 589 
2, 4-Diclilorotoluene, 148 
2, 6-Dichlorotolueno, 408 
1, 9-Dicyanononane, 448 

Dioyclic torpones, 702 
Didiphenyl, 144, 188 
Didiphenylbenzene, 188 
Didiphenyldiphenyl, 189 
Dieckmann’s reaction, 664 
Diels* acid, 908 
Diels-Alder reaction, 102 
Diels’ hydrocarbon, 902 

1,2:3, 4-Diepoxy butane, 796 
Diesel fuel, 197 

1, 1-Diethoxy-3-cliloropropane, 774 
/3^-Diethoxypropionio acid, 404 

Diethyl^tophenone, 430 
o-Diethylbenzene, 139 

m-Diethylbenzene, 139 
5>-Diethylben2ene, 139 

Diethyl oarbinol, 99,271, 278 
Diethyleneglyool, 338 
Diethyl ether, 333, 334 
Diethyl formal, 389 
Diethylfonnamide, 380 

oa'^Diethylfuran, 346 
Diethyl glutarate, 643 

Diethyl keten, 464 
Diethylinaleic acid, 545 

2, 6-Dieihyl-4-methylbcnzoic acid, 625 
Diethyl sulphate, 88, 306 

3, 5-Diethyltoluono, 220 
Difluoroaoxjtic acid, 478, 579, 583 
Difluoroacetyl chloride, 634 

p-Difluorobenzene, 232 
Difluorochloromethane, 231 
Difluorodichloromethane, 230 

4, 4'-Difliiorodiphonyl, 232 
Ditrallic acid, 618, 651 
J)i^^ilanids (A, B, and ('), 02S 
Digitalis glycosides, 928 
Digitalis lanata, 928, 933 
Digitalis purpurea, 928, 933 
Digitogenin, 933 
Digitonin, 933 
Digitoxigenin, 929 fl. 

structure of, 931 
Digitoxin, 929 ff. 
Digitoxose, 783, 798, 928 
Diglycollic acid, 594 
Diglycollic anhydride, 594 
Digoxigenin, 929 fl., 931 
Digoxin, 929 fl* 
Diheptyl other, 334 
Dicyelohexyl, 123 
Dict/eZohexyl other, 335 
Di-n-hexyl ketone, 420 
Dicyclehexyl oxide, 310 

1, 2-Dihydrobenzoiio, 124 
1, 4-Dihydrobenzene, 124 
2, 3-Dihydrobonzoic acid, 521 

DihydrocamphoIonic acid, 613 
Dihydrocapsaicin, 702 
Dihydrocarveol, 692 
Dihydrochauhnoogric acid, 609, 

614 
Dihydrocholesterol, 905 

epi-Dihydrocholesterol, 906 
Dihydrocivetone, 445 
Dihydrocoumarin, 759 

22-Dihydroerg08torol ,912 
Dihydrofencholenic acid, 613 

2, 3-Dihyclroflavoiie, 359 
Dihydrofuran, 345 
Dihydroheptocene, 183 
Dihy d roho xac^uie ,183 
Dihydrohydnocarpic acid, 609, 514 
Dihydro-jt-ionone, 716 
Dihydromuconic acids, 540, 546 

1, 4-Dihydronaphthalone, 164, 166 
Dihydronaphthoic ester, 173 

9, 10-Dihydrophenan throne, 173 
Dihydrophthalic acids, 555 
Diliydrowophthalic acid, 555 
Dihydroterephthalic acids, 555 
Dihydrophytol, 724 
Dihydrophytyi bromide, 728 
Dihydropulogenio acid, 613 
Dihydropyran, 363 

6, 6-Dihydropyrindene, 198 
Dihydroshogaol benzoate, 760 
Dihydroteresantalic acid, 720 
Dihydrotubaic acid, 611 
Dihydroxyacetone, 297, 298, 774, 

783 
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1 )iliydroxyacetono, phosphoric 
t'ster, 375 

2, 4-Dihydroxyacetophonono, 434 
2, 5-Dihydroxyaoetophenono, 434 
2, 4-I)ihydroxy-3-aldo>6>hydroxy- 

methylbenzoic acid, 616 
2, 4*Dihydroxy-3-aldo-6-mothyll)en- 

zoic acid, 616 
2, 4-Dihvdroxv-6-n-aniyllK'nzoic acid, 

616 
3, 5-Dihydroxyanilme, 306 
1, 2-DiliydroxyanthTaqiiinone, 857 
1, 3 I>ihydroxyanthraquinone, 857 
2, 3-Bihydroxyanthraqmnono, 857 
1,3*Dihy droxyan thraqiiin one -2 * 

carboxylic acid. 857 
4, 5*Dihydroxyanthraqiunone-2* 

carboxylic acid, 857 
2, 3-r>ihydroxybf?n2oi<‘ acid, 614 
2, 4-Dihydroxyb6naoic acid, 614 
2, S-Dihydrtjxybenzoic acid, 367, 614 
2, 6*Dihy(iroxybenzoic acid, 614 
3, 4-Dihydroxy>x?n2oic acid, 614 
3, 5-Dihydroxyl>en2oic acid, 614 

2, 2'-Dihydroxybenzophcnoiic, 366 
3, 5-Dihydroxy benzyl ainy I ketone, 616 
3, 5 Dihydroxy-2*carboxybonzyI 

n-arnyl ketone, 616 
Dihydroxy-a-carotene, 737 

3, 3'-Dihydroxy-^-carotene, 736, 738 
3, 7-Dihydroxycholanic acid, 009 

6, 12-Dihydroxy chrysene, 177 
Dihydroxycoumarins, 308 

6, 7-Dihydroxycoumapin, 608, 853 
O'glucosido, 608 

7, 8-Dihydroxycoumarin, 367, 608, 853 
7'glucoside, 367, 608 

Dihydroxydialkylstilbenes, 919 
4, 4'-Dihydroxydiben2yl, 313 
4, 4''Dihydrox>’-a^-dibutyl8tilbene, 019 
4, 4'-Dihydroxy-aj3-diethyl8tilbene, 919 
2, 4-Dihydroxy*3, 6-diinethylb^nzoic 

acid, 616 
Dihydroxy - 4, 5-dimeUi yId i{»heno- 

quinone, 319 
4,4'- D ihydroxy - a j3-di methy Ist i I b(»ne, 

919 
jS|8-Dihydroxy-aa-dii>aphthyl, 187 

2, 5-Dihydroxydioxaiie, 409 
o, p'-Dihydroxydiphenyi, 309 
p, p'-Dihydroxydiphenyl, 309 
py p'<l>ihydroxy-1, 1 -diphenylethane, 

310 
p, p'-Dihydroxy-2, 2-diphenylpiopane, 

310 
Dihydroxy diphony lone oxide, 320 

4, 4'-Dihydroxy-a/J-dijiropytetilbone, 
919 

4, 4'-Bihydroxy•a/S-diwropropylstilbenc, 
919 

6, 7-Diliydroxyflavone, 368 
J, S-Dihydroxyglutaric acid, 798 
2, 4-Dibydroxy-6-w-heptylb^zoic 

acid, 616 
4, 6-I>ihyd3roxy-2-hydraxymethyIan- 

tiuraquinone, 867 
Dihydro-fn-xylene, 678, 682 
£>iiiydn>xymaleic acid, 409, 886 
Dibydroxymegitylene, 369 | 

4, 6 - Dihydroxy - 7 -methoxy-2 -methyl - 
anthraquinone, 857 

1, 6-Di-(4-hydrox5’'-3-methoxyphenyl)- 
pent^ien-l, 4, oae-3, 758 

1, 3-Dihydroxy - 2-inothyIonthraquin- 
one, 867 

3, 6-Dihydroxy-2-metliylanthraquin- 
one, 857 

4, 6-Dihydroxy•2-methylanthraqum- 
one, 857 

2, 4-Dihydroxy-6-methvIbenzoic acid, 
616 

4, 4'-Dihydroxymethylethylstilbene, 
919 

2, ll-Dihydroxymyristic acid. 859 
1, 6-Dihydroxynaphthalone, 183 

Dihydroxynaphthalenes, 221 
2, 11-Diliydroxypalmitic acid, 859 
3, 12-Dihydroxypalinitic acid, 599 

3, 4-Dihydroxjq>henanthreno, 349 
Dibydroxy phenyl (liinetliyl car- 

binol, 322 
Diliydrox5q;>henyl methyl wo- 

butenyl carbinol, 322 
Dihy dro xy^ercphthalic acid, 567 
Dihydroxy/rrephthttlic ester, 130 

2, 4-Dihydroxy-G-n-propylbenzoic 
acid, 616 

2, 6-Dihydroxypyridine-3, 5-dicar- 
boxylic acid, 571 

9, lO-Dihydroxystearic acid, 599 
Dihydroxytartaric acid, 628 
Dihydroxy tartaric acid, owazone, 

628 
Diliydroxytotraketohexaccne, 183 

I, 7-Dihydroxyxanthone. 367 
Diiodoocotic acid, 583 

I, 2-Duodobenzene, 261 
J, S-Diiodobenzene, 251 
1, 4-Diiodobonzene, 145, 251 
2, 4-Diiodobenzoic acid, 592 
2, 5-Diiodobenzoic ac;id, 592 
3, 4-Duodobenzoic acid, 592 
3, 5-Diiodobonzoic acid, 592 

a/8-Diiodocinnaniic acid, 593 
s-Diiododimethyl ether. 333 

1, 2-Diiodoethane, 246 
ci>-Diiodoethylene, 110 

^rans-Diiodoethylene, 110 
Diiodomethano, 246 
Diiodotariric acid, 587 

3, O-Diiodotyrosine, 892 
Diketeu, 219, 464, 466 ff., 664 
Diketocamphorio acid, 708 
Diketocamphoric ester, 708 
Diketeapooamphoric acid, 708 
Diketoap<>camphoric eater, 708 
Diketohexahydroohry^iie, 178 
Biketoopolohexene tricarboxylic 

ester, 325 
Diketomorpboline esters, 871 
Diketones, 486 f!* 
Diketone sj^theses, 666 
Diket<>6otabydropbenanthrene 

carboxylic ester, 174 
DiketojMisoxasMxie esters, 871 
Diketosuccinic acid, diby^drate, 441 
Dimedon, 442 
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Dimerisation of olefineg, 79, 80 
Pt a>'Dimethoxyacetophenone, 365 
3, 4-Dimethoxybenzaldehyde, 215 
3, 4-Diinethoxybenzoic acid, 616 
2, 3-Diinethoxybiitadione, 103 

Dimethoxychrysene carboxylic 
acid, 178 

6, 7-Diinethoxycoumarin, 609 
7, 8-Dimethoxycoumarin, 609 

Dimethoxydicirmamoyl methane, 
367 

4, 4-Dimethoxydiphonyl, 146 
6, 6-Dimethoxy-8, 7-furocoiimarin, 609 
3, 6*Dirnethoxy-4-hydroxybenzoic 

acid, 618 
5, 7-Diinethoxy-6-hydToxycoumarin, 

609 
i-DimethoxyBUccinic acid, 821 

Dimeihoxy t et rah y droan thra - 
quinone, 103 

/3^-Dimethyla,crrylic acid, 494, 499 
j3;3-I>imethyladipi(! acid, 659 

Dimethylallene, 96 
6, 7-Dimethylalloxazme, 878 

Dime thy lam inophenol, 310 
2, 5-Dimethyl-4-aminopyrimidine, 874 
1, 6-Dimethylanthracene, 211 
2, 7-Dimethylanthraeone, 211 
2, 6-Dimethyl-L'arubofiiranoso, 847 
2, 4-Dimethylbenzaldohyde, 215, 400 
2, S-Dimethylbenzaldehydc, 400 
3, 4-Dimethylbenzaldehyde, 400 
3, 5-Dimethylbenzaldehyde, 400 

Dimethylbenzoic acidg, 524, 526 
2, 3-Dimotliylbutadiene-l, 3, 96, 98, 

100, 102, 103 
1, 2-Dimet.hylc2/cZobutane, 119 
2, 2*Dimothylbutane acid, 484 
2, 3-Diraethylbutane acid, 484 
3, 3-Dimethylbutane acid, 484 
1, 1-Dimothylcf/c/obutane-2, 4-dicar- 

boxyhc acid, 660 
1, 2-Dimethylcyclobutane-3, 4-dicar- 

boxylic acid, 660 
Dimothyl-2, 3-butanediol-2, 3, 296 

1, 1-Dimethylbutane-1, 2, 4-tricar- 
boxylic acid, 709 

2, 2-DimethylbutanoM, 276 
2, 2-Diraethylbutanol-3, 80, 276 
2, 3-Dimethylbutanol-l, 275 
2, 3-Dimothylbutanol-2, 276 
3, 3-Dimethylbutanol-l, 276, 280 
3, 3-Dimothylbutanol-2, 276 
2, 2-Dimethylbutanone-3, 421 
2, 3-Dimethylbutene*2, 83, 89 
3, 3-Dimethylbutene-l, 83 
2, 2-Dim6thylbutene-3, acid, 494 
3, 4-DimethylcycJobutene-l, dicar- 

boxylic aoid-1, 2, 654 
2, 2-Dunethyl-3-but6nyloyclopropane 

carboxylic acid, 612 
Dimethylbutylene glycol, 287 

a, jS-Dimethylbutyryl chloride, 634 
1, DDiinethyl-3-carboxy-2-cy<3io- 

butylaoetio acid, 660 
Diine&yl-2-carboxygliitaric acids, 

668 
2, 3-Dimethyb2-carboxy8uccinic acid, 

668 

961 

3, 3-Dimethyl-2-carboxysuccinic acid, 
568 

4, 7-Dimethyldecane diol-4, 7, 289 
2, 6-Dimethyl-1, 7-dibromohoptane, 

731 
2, 6-Dimethyl-3, 4-dihydrobonzoi<]; 

acid, 621 
2, 6-Dimethyl-3, 4-dihydrobenzoic acid, 

621 
2, 2-Dimethyl-6, 5-diphomc acid, 559 
3, 3-Dimethyl-2, 4-opoxypentaiie, 293 

Dimethyl ether, 332 if., 334 
Dimethylethylacetic acid, 478 

2, 6-Dimethyl-4-ethylbenzoic acid, 525 
1, 1-Dimothylethylene oxide, 341 
1, 3-Dimothyl-6-ethyIc?/cZohexano, 123 

Dimethyl formal, 389 
Dimethylfumaric acid, 545 

2, 5-Dimethylfuran, 344 
2, 3-Dimethylgalactofuro-uronoside 

(methylester), 845 
2, 4-Dimethylgalactose, 846 

aa-Dimethylglutaric acid, 658 
jS^-Dimethylglutaric acid, 696 

Dime thy Iglutaric ester, 708 
Dirnethylglyoxfiline, 437 
Diinethylglyoxime, 426 

3, 5-DimethyIct/c/oheptadieno-l, 5, 
carboxylic acid, 521 

3, 6-DimethylcycZoheptadiene-l, 5, 
carboxylic acid, 621 

3, 6-Dimethylcyc^oheptadiene-2, 5, 
carboxylic acid, 521 

2, 6-Dimethyi-2, 5-heptadienone-4, 421 
2, 6-Dimethylheptane, diacid-1, 7, 731 
2, 6-Dimethylheptane, diol-1, 7, 731 
1, 2-Dimethylcy«^oheptane, 2, 

289 
2, 4-Dimethylheptanol-I', 268 
2, 3-Dimethylheptanone-6, 903 
2, 6-Dimethylheptene-5, acid, 494, 500 
2, 6-Dimethylhexswiien©-2, 4, 106 
2, 6-Dimethylhexadiene-l, 6, 106 
2, 4-Dimethylhexahydrob0nzoic acid, 

614 
2, 6-Dimothylhexahvdrobenzoic acid, 

614 
3, 4-DimethyUiexahydrobenzoic acid, 

614 
3, 5-DimethylIioxahydrobenzoic acid, 

614 
6, 6-Dimethylcyclohexandione-l, 2, re¬ 

action with carbonyl group, 442 
Dimothylcyc/ohexane, 120 

I, 1-DimethyloycZohexane, 122 
1, 2-Dimethylcyriohexane, 116, 122 
1, 3-DiraethylcycIohexane, 115, 122, 

123 
3, 4-Dimethylryc/ohexan©, 115, 122, 

123 
2, 6-Dimethylhexane, diol-2, 5, 289 
2, 6-Dim©thylhexanol-3, one-4, 433 
2, 6-Dimethylhexatriene-l, 3, 5, 103 

Dimethylcyoiohexen©, 687 
3* 5-Dimethylh©xen©-3, acid, 600 

Dimethylhexenol, 687 
3, 4-Dim©thyl-3-hoxenone-2, 426 

Dimethylhydrooinnamic acid, 499 
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2> 6-Dimethyl*4-hydro3:ybeiizald©hyde, 
2i5 

3, 3-Dimethyl-2*b3’'droxy-l, 4-epoxy- 
hiitane, 881 

Diinetbyl koten, 464> 468 
J3iu 101 hy 1 kt't olacotojle, 433 

aa-Dimotli} llapvulic acid, 027 
Dirnotbylmaloic acid, 545 
Dinu'tliyltiialric aidiydridc, 571 

2, 3-Dimoihylmethyl-D-maniiiiride, 
methyl ('Stor, 845 

2, S-Dimethyl-l, 4-(mdomethy\enecych>- 
hexoii(‘-2, 720 

Dimethyhnorpholoiio, 337 
1, O-Diraethyliiaphthaleno, 734 
2, 7-I>imcthylnaphthalcne, 936 
3, 7-Dim0thyliionane, dione*4, 6, 897 
3, 7-I)imethYlrionarione-5, 898 

DiTnothylcycZoociadiene, 202 
3, 7-Diinothyloctadieiie-2, 6 acid, 495 
3, O-Diiiiethyloctane, acid, 484 
3, O-Diniethyloctaiie, diono-2, 7, 287 
3, 7-Dimethyloctatriene-2, 4, 6 acid, 

495 
3, 7-Dimethylocteiie-6 acid, 494 
3, 7-Dim0thyloetynO'l, cue-6, ol-3, 284 

Dimothylol jieroxide, 387 
2, 5-Dimethyloltetrahydrofuran, 106 

Dimothylol urea, 457 
3, 6-Dimethyh’^ooxazole, 666 
2, 3-Dimethyl}X'ntadienp-l, 3, 96 

Dimcthylpentanes, 70 
Dimethylc^c/opontauo, 120, 148 

1, 1 -Dirnot hylcyc/opontano, 115 
2, 5-Diii)ethylciyrZojKmtane carboxylic 

acid, 508, 513 
2, 4-Dirnethylpentane, diol-2, 4, 293 
3, 3-DimothyIpentano, diol-2, 4, 293 
2, 5-Din#th} Icyc/opontanohydro- 

pheriauthrone, 902 
2, 4-DimethyIpentariol-l, 281 
2, 4-Dimethylpontaiiol-3, 271, 281 
3, 3-DimothyJpentanono-2, 421 
2, 4-Diraothylpentanoue-3, 421 
2, 5-Dimethylci/cZopi>ntanon©, 902 
2, 2-DimethyleycZo]:)entaiione-3 carbo¬ 

xylic acid, 709 
2, 3-Dimothyipentcno-2, 84 
3, 4-DimethyIpontentv3, acid, 494 
2, 4-DjmothyIpont©ne-2, ol-4, 293 
1, 2-Dimethylphonanthrol-7, 913 
2, 4-Dimethylphonylacetio acid, 528 
3, 5-Dimethylphonylac©tic acid, 628 
2, 2-Dimethyl-l-phenylpropone, diol-1, 

3, 290 
3, 6-Dimethylphthalic acid, 668 
3, 6-Diraethylphthalic acid, 668 
4, 5-Dimethylphthalic acid, 658 
4, 6-Diinothyh><>phthalic acid, 668 
2, 5-Diraethylterephtlialic acid, 668 
2, 6-Dimethykerfiphthalic acid, 668 
1, 8-Dimethylpicene, 935 
2, 2-Dimet hylpropaiial, 382, 396 
2, 2-Dimethylpropemal, o)-3, 290 
1, l-Dimethylcyctepropane, 118 
2, 2>Dimethylpropane, aoid» 484 

Dimethylc^elopropane carboxylic 
acid, 612 

1, l-Dimethylcyclopropane-2, 3-di- 
oorboxylio acid, 648 

^em-Dim©thylcycZopropane-2, 3-di- 
carboxylio acid, 696 

2, 2-Diraethylpropaue, diol-1, 3, 200 
2, 2-Dime thy lpropanol-1, 271, 273 
1, 4-Dimethyl-7-iwpropylazulene, 713 
4, 8-Dimethyl-2-ij?opropylazuJene, 713 
1, 6-Dimethy 1-4-itfopropyInaphthalone, 

167 
Dimethyl itfopropy Inaphthalenes, 

713 
2, 4-DimethyIpyiTole, oxidation to 

citracouimide, 644 
2, 3-DimethyIqiunoxaline, 437 
1, 7-Dime thy Ire tone, 742 
6, 7-Dimethyl-9-{d-D-ribityl)-itfO- 

alloxazine, 877 
Dime thy Isaceharic acid, 818 
Dimothylfltilbone, 313 
Dimethyl sulphate, 306, 331 

dar^ro-Dimtdhyltartario acid, 787 
3, 4-Dim0thyIthreonamide, 886 
3, 4-Dimethylthreonic acid, 886 
2, 2-Diinethyltricarbttllylic acid, 669 
2, 3-Dimethyltricarballylic acid, 669 
2, 4-DimethyltricarbHJlylic acid, 669 
4, 8-Dimethylundecane, diacid-1, 11, 

731 
2, 6-Dimothylimdocanone-lO, 725 
2, 6-Dimethylundeeatriene-2, 6, 8, 

one-l, 428, 726 
Dimethylviiiylacetic acid, 494 

2, 3-Dimethyl-D-xylo80, 839 
Dinaphthocorouene, 187 

a-Dinaphthostilbcue, 184 
aa'-Dinaphthyl, 186, 222 

1, r-Dinaphthyl-S, 8'-dicarboxylic 
acid, 660 

Di-(a-naphthyl)ethano, 184 
1, 2-Dmitrobenzen©, 146, 303 
1, 3-Dinitrobenzene, 146 
1, 4-Dinitrobenzene, 146 
2, 6-Dinitrobenzoic acid, 479 
3, 5-Dinitrobenzoic a<iid, 479 
3, 5-Din itro benzoyl chloride, 643 

Dinitro-p-crosol, 303 
DinitrodicycZohexyl, 122 

3, 3'-Dinitro-4, 4'-dimethoxydiph©nyl, 
146 

2, 2'-Dinitrodiphenyl, 188 
4, 4'-Dmitrodiphenyl, 188 
6, 6'-Dmitrodiphenyl-2, 2'-dicarboxylic 

acid, 188 
Dinitrohexane, 76 
Dinitromeeityleno, 162 

I, 5-Dimtronaphthalene, 166 
1, 8-Dinitronaphthalene, 166 
2, 4-Dinitrophenylhydrazine, reaction 

with carbonyl CTOup, 442 
2, 4-Dinitrophenylhydrazone8, 442 
2, 4-Diniirotoluen6, 149 

Dioctyl ether, 334 
‘ Diogenal ’, 369 
Dioimeau reaction, 335 
Dioemeiin, 369 
Diosznin, 369 
Diosphenol, 706 
Dioxan, 292, 294, 295, 340, 350 
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Dioxolan, 388 
Dioxyniothylone glycol, 384 
Dic^dojx^tiladiono, 105 
l)ipenlono» 97, 692 
riiponteno nitrosochloride, 692 
‘ Diphcnal 369 
Diphcinc acid, J74, 558 
Diplieiiic acids, 188 
Diphcnic anhydride, 321 
Diphenyl, 171, 187, 213, 215 
Diphenylacct ic acid, 529 
Di})hcnylaceiyl chloride, 635 
Ihphcnylacc't ylono, 192, 193, 194 
Diphonyladipie acid, 178 
Diphcny 1-4-aldehyde, 215 
Diphenyl earbinol, 272 
Diphenyl-2-carbox5dic acid, 525 
Diphenyl-3-earboxydic acid, 525 
Diphenyl-4-carb<jxylic acid, 525 
Diphenyleholine, 342 
Diphenyl cinnainaio, 193 

1, l-Diphenyl-2-chlor<:Kd-hano, 193 
Diphenyldecadicne, 293 
Diphenyldecane, diol, 293 
Diphcnyldiacetylene, 1 94 
Dii-)henyldibrorncK^thane, 193 
Diphenvl-2, 2-dicarboxylic acid, 

559 
Di])hcnyl-2, 3'-dicarboxylic acid, 

559 
Diphenyl-3, 5-dicarboxylic acid, 

559 
DiphcnyI-4, 4'-dicarbox5dic acid, 

559 
p, p'-DiphenyIdiphenyl, 144 

DiphenyleneglycolJic acid, 619 
Diphenylene keteii, 464 
Diphenyl(?nc oxide, 346, 347 
Diphenylene 8nlphi<ic, 171 

.v-Diphenyiethano, 147, 192,193, 219, 
398 

1, 1-Diphonylothane, 190 
tf-Dipbenylethylone, 147, 172, 192 

un^ymm-Diphonylethylene, 193 
^?-Diphenylethy'Ieno oxide, 342 

Diphenyl fuinarate, 530 
Diphenyl keten, 463, 464, 469 
Diphenyl ketone, 430 
Diphenyl oxide, 310, 335 
Diphenylmethane, 159, 189 
Dipbenyhnethano*2-carlK:)xyHc 

acid, 525 
Diphenylmethane-3-carboxylic 

acid, 525 
Dipheny Iraothane - 4 -carboxylic 

acid, 525 
1, 3-Diphenyl-2-methylpropene, 165 

0, 10-Diphenylphonanthrene, 194 
Diphenyltolylinethanos, 191 

2:3, 6:7-Diphthalylphenothiazine, 221 
Dipropargyl, 664 
Dipropargjd alcohol, 284 
Dipropionylmethane, 439 
Di-n-propylacetic acid, 666 
Diwopropy lace tic acid, 484 
Diwopropyl alcohol, 276 

1, S-Dipropyibenzene, 220 
Diwopropyl oarbinol, 271, 281 
Dipropyl ether, 334 

Diwopropyl ether, 276 
Dipropyl formal, 389 
Di isopropyl formal, 389 
Dipropyl keten, 464 
Di-n-propyl ketone, 420 
Dit>opropyl ketone, 427 

2, 4-DiMopropylphonol, 93 
2, 4-Diwopropyltoluone, 134 

Dirosorcin, 320, 327 
Disacryl, 396 
Disodiumacetylene, 113 
‘ Diatreno ’, 453 

o, o'-Ditoyl, 172 
m, m'-Ditoyl, 187, 559 
p, p'-Diioyl, 147, 188, 659 

Divarinol, 616 
Divinylacotylene, 112 
Divinylbenzene, 205 
Divinylcarbinol, 271 
Divinyl ether, 334 
Dixanthylenes, 366 
Di-p-xenyl-keten, 470 
DOCA, 926 
Docosane, 68 

oycloDocosane, 117 
Docosanol-1, 270 
Doco8apentaene-4, 8, 12, 15, 19, 

acid, 495 
ci«-Doco8ene-9, acid, 495 

tran6f-Doco8ene-9, acid, 495 
Docosene-ll, acid, 669 
Doco8ene-13, acid, 669 
Doco8ene-9, oio anhydride, 640 
Docosonylmaloriic ester, 539 
Docosyne-13, acid, 495, 606 
Dodecahydrotriphenvlene, 179 
Dodecanal, 382, 603,' 771 
Dodeceine, 68 120 

cycloDodecane, 117 
Dodecane, diacid-1, 12, 446 
Dodecane, dioM, 12, 296 
Dodecane, triacid, 533 
Dodecanol-1, 209, 270 
Dodecanol-6, one-7, 433 
Dodecarione-2, 420 

rycfoDodecanone, 446 
Dodecaoxyinethylene glycol, 384 
Dodecapentaene-2, 4, 6, 8, 10, 

diacid-1, 12, 647 
Dodecatrione-2, 6, 10, 440 

2.Dodec0nal, 397, 674 
Dodecene-1, 81 
Dodecene-4, acid, 494 
Dodeoene-6, acid, 494 
Dodecone-9, acid, 668 

n-Dodecoylacetone, 439 
Dodecyne-6, 113 
Dohexaoontane, 69 
Dotriacontane, 68 
‘ Dreft', 269 
Dryhanalopa aromatica, 705 
Duloin, 868 

* t>oDuloite *,810 
Dulcitol, 794 
Durene, 139, 162, 324, 936 

i^oDurene, 139, 152 
Durol, 314 
Duroquinol, 888 
Dnroquinone, 135 
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Dyelin© printing* 328 
I)3?pnon©, 431 
Dyson notation for organic com¬ 

pounds* 61 

Echinocystic acid, 743 
‘ Edinol 369 
Eioosane, 68 
Eicosane, diol-1, 20, 296 
Eico8€mol-l, 270 
Eicosatetren©-4, 8,12,16, acid, 495, 

602 
Eiooeatctrene-S, 8, 11, 14, acid, 

495 
Eico8ene-9, acid, 669 
Eioosyne-1, 108 
‘ Eikonogen *, 369 
Elajostearic acid, 496, 502, 669 
Elaidic acid, 494, 602 
Elastomers, 202 
Ellagotannins, 660 
Emulsin, 371, 852, 855 
Endomethylene groups, 105 
Enfluorago, 770 
Enzyme action, 870 ff. 
Eonophallus Konjako, 826 
Eosin, 322 
Ephedrine, 337 
Epichlorhydrin, 339 
Epinierisation, 777, 802 
Epoxides, 293, 336 

1, 2-Epoxybutane, 341 
2, 3-Epoxybutane, 341 
1, 2-Epoxyheptane, 341 
2, 6-Epoxyheptane, 294 
1, 2-Epoxyhexadecano, 341 
1, 2-Epoxycyclohexane, 339 
1, 2-Epoxyoctane, 336, 337, 341 

Epoxycyclo6ctane, 342 
1, 2-Epoxypentano, 341 
2, 3-Epoxypentane, 341 

Epoxycyclopenteine, 337 
1, 3-Epoxypropane, 341 

Equilenin, 664, 913, 915 
Equilin, 913, 916 
Equxeetacm sp,, 643, 670 
Equisetic acid, 543 
Bretnophila MUcheUi, 719 
Erepsin, 371 
Ergoetenol, 903 
Ergosterol, 901, 903 

calciferol from, 910 
Ericaccp., 863 
Eriodicytol, 360, 617, 887 

liomoEriodictyol, 617 
Eriodictyol glycoside, 360 
Eriodictyon ccUifornicum, 360 
Erucic acid, 495, 669 
Eryymm fcetidum, 397, 674 
Erysimum perotc^kianum, 866 
Erysolin^ 866 
Erythrin, 616 
Ery^hrite, 277 
Erythritok, 346, 643, 777, 794 £f., 

809 
Eryihritol tetra-acetate, 043 
Exythritol tetralecanoric eater, 016 
Erythrodiol, 743, 936 

D-Erythronic aoid, 805 

n-Erythrose, 776, 782, 809 
L-Erythrose, 776, 779, 782 

Erythrulose, 796 
D-Erythnilose, 783, 809 

Esterification, 830 fi. 
Esters, 642 
Ethanal, 148, 240, 277, 378, 382, 

890 ff .* 488 
Ethandial, 405 
Ethane, 68 
Elhane-1, 1-diol, 2, 2-di8ulphonio 

acid. 111 
Ethane hexacarboxylio acid, 569 
Ethane sulphonic acid, 88 
Ethane tetracarlx)xylic acid, 667, 

569 
Ethane totracarboxylio acid, 

d ianhy dride ,567 
Ethane tot racar boxy lie ester, 161, 

655, 657 
Ethane triaeetic acid, 569 
Ethanol, 266 fi., 270 

reactions of, 267 
Ether, 378 
Ether, reaction with phenol, 310 
lathers, 829 
Etliinyl methyl ethyl carbinol, 284 
Ethionh; acirl, 88 

o-Ethoxylx'iizoic acid, ethyl ester, 
358 

o-Ethoxydilx^nzoylraethane, 358 
/-Ethoxypentandione-2, 4, 880 

Ethyl acc'tate, 772 
Ethvl acetate, from acetaldehyde, 

393 
Ethylacetoacetic ester, 274 
Ethylac^etonyl dioxalat^', 621 
Ethylacetylone, 107 

a-Ethylacrylic etcid, 494 
jS-Ethylacrylic acid, 494 

Ethyl adipate, 664 
EthylaUene, 95 
Ethyl allyl ether, 334 
Ethyl allyl malonic ester, 539 
Ethyl amyl f*ther, 334 

17-Ethylandro8tfine, 924 
Ethylbenzene, 139, 147, 150, 164, 

166, 209 
Ethylbenzene, from vinylaorylio 

acid, 601 
Ethyl benzoate, 646 

o-Ethylbenzoic acid, 624 
w-Ethylbenzoic acid, 624 
p-Ethylbenzoic acid, 624 
o-Kthylbenzoyl chloride, 636 

Ethyl bromide, 244 
Ethyl-3-bromochelidonate, 621 

2-Ethylbutan© acid, 484 
2-Ethylbutaiiol-l, 274 

Ethyl butyrate, 274, 646, 772 
Ethyl cellulose, 450 
Ethyl cetyl ether, 834 
Ethyl chloride, 232, 234, 236 
Ethyl chloroacetate, 380 
Ethyl cinnamate, 645 

y-Ethyl citraoonio acid, 646 
Ethylene, 81, 102, 260 

complexes with metal salts, 90 
Bthyl^e ohlorobromide, 87 
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Ethylene chlorohydrin, 87, 285 
Ethylene diamine, 240 
Ethylene dibroinide, 116, 244, 245 
Ethylemo dichloride, 110, 192, 234, 

239, 286 
Ethylene diiodide, 285 
Ethylenedinialonic acid, 569 
Ethylene glycol, 239, 294 ff. 

mono- and di- esters of, 296 
mono- and di- eth<3rs of, 296 

Ethylene glycol carbonate, 682 
Ethylene iodide, 246 
Ethylene nitrosate, 91 
Ethylene nitrosite, 91 
Ethylene nitrosochloride, 91 
Ethylene oxide, 121, 220, 261, 274, 

338, 341 
reactions of, 340 

Ethylene tetracarboxylic acid, 571 
Ethyl-^-othoxypropionate, 875 
Ethylethylene glycol, 288 
Ethylethylene oxide, 288 
Ethvl Oiiorido, 231 
Ethyl formate, 277, 645, 772 
Ethv'lforinyl-^-ethoxypropionatc', 

875 
Ethylfurnaric acid, 545 

a-Ethylglycerol, 299 
3-Ethylheptanol-3, 261 

Ethyl heptoate, 772 
Ethyl heptyl ether, 334 

2 EthylliexanoM, 271, 281 
Ethyl hexyl ether, 334 

2- Ethyl-3-hydroxybutanol, 392 
Ethylidoneacetone, 421 
Ethylideno chloride, 234, 240 
Ethylidene diaeotate. 111 
Ethyb'dene dibroinide, 244, 379 
Ethylidene dichloride, 110, 234 
Ethylidenemalonic ester, 639 
Ethylidenepropionic acid, 494 
Ethyl iodide, 246 
Ethylketen, 464 
Ethylketol, 433 
Ethyl levulinate, 711 
Ethyhnaleic acid, 646 

y-Ethylmesaconic acid, 645 
Ethyl octyl ether, 334 
Ethyl orthocarbonat-e, 648 
Ethyl orthoformate, 237, 380, 647 
Ethyl pelargonate, 772 

3- Ethylpontane, 70 
o-Ethylphonol, 304, 305, 314 

m-Ethylphenol, 306, 314 
p-Ethylphonol, 304, 306, 309, 310, 

314 
Ethyl phenylaoetate, 626, 628, 646 

o*Ethylphenylacetic acid, 628 
m-Ethylphenylacetio acid, 628 
a-Ethyiphenylacetio acid, 628 

Ethyl phenyl ketone, 430 
4- Ethyli#ophthalic acid, 668 
6*Ethyli«aphthaUo acid, 132, 568 
a-Ethylpimelic acid, 668 

Ethyl propargyl ether, 334 
2-Ethylpropene-2, acid, 494 

EthylwjopropylaoetaJdehyde, 903 
m-Ethylwopropylbenzeue, 209 
p-Ethylttopropylbenzene, 209 

Ethyl propyl ether, 334 
Ethyl Mopropyl ether, 334 
Ethyl propyl ketone, 274, 420 
Ethylsaccharin, 869 
Ethyl salicylate, 645 
Ethyl sobacatc, 645 
Ethyl sorbato, 663 
Ethyl sulphide, 198 

j3-Ethyltetralin, 211 
Ethyl thiol, 198 

m-Ethyltoluone, 220 
Ethyl wovalerate, 772 
Ethyl vinyl ether, 334 
Ethyne, 108 ff., 133, 154, 210, 419 
Kthynyl magnesium bromide, 109 
JCtuxUyptiM dives, 700 
Eucalyptus occidcntalis, 650 
Eudaleno, 530, 718 

a-Eudesmol, 719 
/3-Eudesmol, 719 

Eugenia caryophyllata, 414 
Eugenol, 414, 853 

woEugenol, 414 
Eupatoria ayapana, 609 
‘ Eurekin ’,370 
Euxantliic acid, 367 
Evemia sp., 616 
Evemic acid, 616 
Exaltone, 446 
Extrusion reaction, 119 

Fagara xanthoxyloidcs, 609 
Famesal, 715 
Famesal oxime, 714 
Farnesone, 687 
Fameeic acid, 714, 715 
Famesinal, 736 
Fameeol, 714, 726 
Farnesyl acetate, 716 
Famesyl bromide, 726 
Fats, 649, 667 
Fencholeriic acid, 518 
Fenchone, 711 
Fermentation, 370 ff. 
Ferula sumbul, 443 
Ferulic acid, 414, 617 
Fichtelite, 187 
Fischer-Tropsch synthesis, 265 
Fisetin, 362 
Fittig reaction, 72 
‘ Flamenol ’, 204 
Flavanono, 367 
Flavanthrone, 224 
Flavins, 876 
Flavone, 357, 858 

isoFlavone, 363 
Flavones, 367 ff. 
Flavonol, 367, 861 
Flavoxanthin, 737 
Fluoranthrene, 159 
Fluorene, 169, 211, 469 
Fluorene-9-carboxylic acid, 159 
Fluoronone, 430, 431 
Fluoresceins, 321, 322 
Fluoroacetic acid, 478, 679, 583 
Fluorobenflsene, 232 

o-FluorobenjEoic acid, 478, 579, 692 
m-Fluorobeusoic acid, 478, 679, 692 
jp-Fluoroben»oic acid, 479, 679^ 692 
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o-Fluorobenzoyl chloride, 636 
m-Fluoroboixzoyl chloride, 635 
p-Fluorobenzoyl chloride, 636 
a*Fluorocirmainic acid, 693 

Fluoro compounds, 230 
Fluoroform, 231 

a*Fluoronaphthalene, 267 
j3*Fluoronaphthalene, 257 
4*FIuorosaccharin, 869 

Formaldehyde, 350, 382 
reactions of, 385 
sjmthesis of, from carbon di¬ 

oxide and water, 460 ff. 
Formalin, 383 
Formals, 388 
Formitfobutyraldol, 411 
Formic acid, 478, 481 fl. 
Formol, 297 
Formonetin, 364 
Formylacetic ester, 623, 663 
Formylcrotonic ester, 663 
Formyl fluoride, 578, 636 
Forsythia sp., 860 
Fragaria, 363 
Fragarin, 353 
Frangula-einodin, 857 
Frangulin, 857 
Fraxeiin, 609 
Fraxin. 608, 853 
Fraxinol, 609 
Fraxinus omus, 796 
Frascimi^ roiundifolia, 796 
Fraxintts sp,, 609, 853 
‘ Freon ’, 230 
Friedel and Craft’s reaction, 209 

mechanism of, 226 fl. 
Fritillaria imperialui, 484 
Fructofuranose-1, 6-dipho«phoric 

ester, 373 
B-Fruotose, 784 

benzoylat-ed derivatives, 792 
B-Fnictose, 784 
li-Fruc toside - 6-glucosido-gluco8e, 

824 
Fucopectins, 843 
Fucosan, 845 
Fucose, 782 

B-Fucose, 859 
li'Fucose, 810 

Fucosterol, 901 
Fucoxanthin, 737 
Fulminates, 268 
Fumarcetraric acid, 617 
Fumaric acid, 539 ff. 
Fumaric dialdehyde, 406 
Fumaric ester, 666 
Fumaryl chloride, 313, 636 

a-Furalacetic acid, 346 
Furaldehyde, 287, 346, 884 
Furan, 104, 343, 403 
Furans, 848, 440 
Furfnryl alcohol, 344, 346 
Fnril, 619 
Fuiilic acid, 619 

7, 8*Furocoumarin, 609 
Furotc acid, 346 
Furylacrolein, 287 

ot-Furylacrylic acid, 346 
Furylacrylie eater, 146 

Furyl carbiiiol, 346, 346 
Fury] methyl ketone, 772 
Furyl thiol, 772 
Fused ring hydrocarbons, 167 
Fustic, 436 
Fustin, 362 

Gadoleic acid, 669 
Gaidic acid, 502 
Galactal, 809 
Galactans, 812, 839 
Galactocaroloso, 838 
GalactofunmoBes, 791 
Galactogen, 820, 832 
Galactoheptanosos, 791 
Galac tome thy lose, 782 

L-Galactomethylose, 810 
B-Galoctonic aeiii, 800 

GalactopyranOSes, 791 
B-Galactosamino, 849 

GHlactose, 780 ff. 
from agar, 845 
from giun arabic, 846 
from pectin, 845 

D-Galactose, 811 
D-Galactose j)entaacetates, 786 
3 - Galac tosi do • L-ara b inose ,846 

Galacturonic acid, 846 
from gum arabic, 846 

B-Galacturonic acid, from pectin, 
845 

B-Galacturonic acids, 800 
Galanga glycoside, 362 
Galangin, 362 
Oalega officinalis, 359 
Gallacetophenone, 435 
Gsllein, 322 
Gallic acid, 305, 322, 326, 523, 618 

didepside, 651 
Gallobenzophenone, 436 
GaUotannins, 650 
Galuteolin, 369 
‘ Gordinol 269 
Gattermann-Koch reaction, 215 
Gatt/ermarm reaction, 215, 307 
OauUheria procumbent, 266, 606 
OauUheria ep., 863 
Gaultherin, 852, 863 
Gein, 863 
Gening, 933 
Qmitta tinctoria, 369, 364 
Geniatein, 363, 364 
Qenistin, 364 
Geniiana acatdis, 363 
Oentiana lutea, 367, 814 
Gentionin, 363 
Qentianoae, 813, 814, 824 
Gentiobiose, 813, 814, 864, 856 
Gentiobiose octaacetate, 814, 816 
Gentisic acid, 614 
Gentisin, 367 
Gerauic acid, 496, 678, 681 

cycloGeranic acid, 678 
a-cydoQ&maio acid, 616, 683 
/S-cyoloQeranic acid, 616, 683 

A*-cyc/(>Geraitio acid, 516 
A^-cyo^oGeiauic acid, 516 

Geraniol, 678, 079, 685 
Gerany] acetate, 645 
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Geranyl formate, 645 
Oeranyl propionate, 645 
Gk'ranyl wovalorate, 646 
Goronic acid, 627, 732, 734, 738 

woGeronic acid, 732 
Oesncra fulgetis^ 353 
Gesnerin, 353 
Ghedda wax, 673 
Ginger, 757 
Gingorol, 757 
Oingko bUoba, 482, 490 
Gitalin, 929 
Gitogeuein, 933 
Gitonin, 933 
Gitoxigonin, 929 ff. 

structure of, 931 
Gitoxin, 929 ff. 
Gladiolus, 353 
Gladstone and Tribe reaction, 249 
Gloxinia, 353 
Gloxinin, 353 
Glucin, 868 
Glucocheirolin, 856 

i)-Glucofuranoae, 789, 790 
Gliicogallic acid, 653 

D-Glucoheptulo8(*, 784 
Glucoinethyloso, 782 
(jiluconopin, 856 
Gluconaaturtin, 856 
(duconic acid, 376 

D-Gluconic acid, 801 
D-Gluconic nitrile, 801 
D'Glucopyranoso, 790 
6-GlueopyraiK»8yl-y-fructoso, 822 

I - D -(i 111 (‘opyrai losy 1 -D-glucopyrano- 
side, 818 

4-D-Glucopvranosyl'a-D glucopyrano- 
8ide,\si2 

6-i>-GlucopyranoRyl-jS-D-gIucopyrano- 
side, 815 

Glucosamine, 848 
Glucosan, 838 
Glucosans, 805 
Glucosoens, 805 £f, 

I, 2-Glucoscen tetraacetate, 806 
Glucose, 780 ff. 

fermentation of, 374 
ring structuro of, 788 ff. 

D-Glucose, 810 
L-Glucose, 811 

Glucose rnercaptal, 791 
Glucose, pcntaacetates, 785 

D-Gluco8e-l-f)hosphate, 830 
D*GIucose-6-phos{)horic acid, 827 
a-Gluoosidase, 371 
/Sl-Glucosidase, 371 

3*/3-Glucosidoiiidoxyl, 859 
D-Gluco8onc, 792 

(ducotropBBolin, 866 
Gluoovanillin, 413, 852 
Glucuronic acid, 840 

D-Glucuronic otud, 799 ff., 849 
Glutaconic acid, 644 ff., 660 

m-Qlutaooiiic acid, 540 
irarw-Glutaconio acid, 540 

Glutamic acid. 536 
synthesis of, 753 

Glutarimide. 537 
Glutaric acid, 119, 479, 633, 636 ff, , 
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Glutaric anhydride, 637, 639, 640 
Glutaric dialdehyde. 404, 405 
Glutaryl chloride, 635 
Glutinic acid, 564 
Glycals, 808 

D-Glyceraldehyde, 775, 782 
li-Glyceraldehyde, 775, 782 

Glyceric acid, 298, 600 
Glyceric aldehyde, 297, 298, 396, 

774 
Glycerides, mixed, 672 
Glycerol, 82. 240, 296 339, 376, 

395, 432, 774 
mono-, di- and tri-ethers of. 299 
pyrolysis of, 298 

a-GlyceroI phosphoric ester, 376 
Glycerol-phthalic anhydride resins, 

456, 458 
Glycerol tribromohydrin, 284 
Glycerose, 298 
Glyceryl bromide, 244 
Glyceiyd others, mono- di- and tri-, 

aUyl, 299 
amyl, 299 

taoarayl, 299 
benzyl, 299 

tsobutyl, 299 
/crbutyl, 299 
o-chlorophenyl, 299 
p-chlorophenyl, 299 

ethyl, 299 
hexadecyl, 299 
hexyl, 299 
octyl, 299 
oleyl, 299 
propyl, 299 

t^opropyl, 299 
phenyl, 299 
triphenyl, 299 

Glyceryl formal, 389 
Glyceryl triiiitric ester, 298 
‘ Glycine \ 370 
Glycocholic acid, 907 
Glycogen. 375, 826, 832 

amylase degradation of, 832 
Glycolaldehyde, 409 
Glycol-borate complexes, 291 
Glycol chlorohydrin, 338 
Glycol dinitrate, 291 
Glycnl esters, 296 
Glycol ethers, 294, 295, 335 
GlycoUio acid, 242, 691 ff., 594 

from glyoxal, 402 
Glycollie aldehyde, 725 
Glyoollic nitrile, 387 
Glycollido, 694 
Glycol monophosphoric ester, 291 
Glycols, 286 ff. 

general properties of, 290 ff. 
1, l-Glycols, 379 

Glycoluril, 402 
Gly conic acids, 800 
Glycophyllin, 853 
Glycosides, 851 
Glycoside synthesis, 860 
Olycuronio acids, 799 
Glycynhetic acid, 748 
Glyoxal, 137, 161, 283, 393, 401, 

406, 646, 631 
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Glyoxal dicyanhydrin, 604 
Glyoxaline, 402 
Glyoxalines, 437 
Glyoxal osazone, 409 
Glyoxylic acid. 581, 622. 627 

oondeusation with malonic acid, 
641 

Glyptals, 458 
Oorgonia cavoliniy 892 
Gossypetin, 362 
Gosfiypithn, 362 
Gossypium, 362, 673 
Gramiriin, 826 
Grenzdextrin, 832 
Grignard reactions, 416 
Grignard synthesis of paraflhis, 

73 
Guaiacol, 414 

^-Guaiazuleno, 125, 713 
Guaiol, 395 
Guareschi reaction, 549, 661 
Guerbert, reaction, 264 
Gulose, 780 fl. 
Guni arabic, 844 
Guin pectins, 844 
Gums, 800 
Guttapercha, 203 
Gypaogenin, 743, 935 
Gyrophoric acid, 615 

Haematein, 366 
Hflpmatoxylin, 366 
Hasmatoxylon catnpechianum, 362, 

366 
Halides, reaction of, 247 
Halogen compounds, 228 
Halogen substituted carboxylic 

acids, 578 
Eamamdis virginiana^ 650 
Hamameli-tannin, 653 
Hamamelose, 653, 783 
Hamonet reaction, 335 
Hanaa yellows, 467 
Hederagenin, 742, 934, 935 
Hederin, 934 
Hoilbron’s ketone, 911 
HeUcin, 853 
Helim pomata, 826 
Hemioelluloses, 839 
Hemimellic acid, 675, 678 
HeznkneUic anhydride, 641 
Hemimellitene, 139, 150, 210 
Hemimellitene sulphonic acid, 151 
Hemimellltol, 314 

tn-Heinipinic acid, 366 
f^oHemipinic acid, 842 

Hemijpinio anhydride, 366 
Heneioosane, 68 
Heneicosane, dioM, 21, 296 
Heneicosoic acid, 483 
Henthaoontane, 68 
Hentriaoontanone, 421 
Hentnacontene-l, 81 
Heparin, 849 
Heptacene, 183 
Heptachloropropanc, 234 
Heptaocmtane, 68 

n-Heptaeo«ane, 673 
Heptacoeanol-l, 270 

Heptacosanoue-14, 421 
Heptadeoane, 68 

cyc/oHeptadecane, 117 
Heptadecanol-1, 270 
Heptadocanone-2, 420, 606 
Heptadecanone-8, 415 
Heptadecanone*9, 420 

cydoHeptadecanone, 445 
Hoptadeoene, diol-1, 17, 296 

cycZoHeptadecenone, 446 
cydoHeptadiene, 125 

cwcttf-Hcptadiene-2, 4, diacid, 540 
2, 4-Heptadieaone-6, 421 

n-Heptaldehydo, 379, 506, 757, 772 
Heptamothylainygdalin, 855 
Heptanal, 382, 394 

n-Heptano, 68, 70 
cydoHeptane, 117, 120, 125 
rydoHeptano carboxylic acid, 510 

Heptane, dial, 405 
cydoHeptano, dicarboxylic ester, 510 

Heptane, diol-1, 7. 287, 296 
Heptane, diol-3, 6, 289 
Heptane, dione-2, 4, 439 
Heptane, diono-3, 5, 439 

cydoHeptane-l. 1, 3, 3, 5, 6-hoxa- 
carboxylic acid, 574 

Heptane*2, 2, 5, 6-tetracarboxylic 
acid, 722 

Heptanol-1, 269, 270 
cydoHeptanol, 272, 302 

Heptanol-7, acid-1, 263 
Hoptanone-2, 771 

cydoHeptanone, 302, 429, 445, 538 
Heptanone-2, 426 
Heptanone-4, 420 

rydoHeptatriene, 125, 429 
cydoHeptatriene-l, 3, 5, carboxylic 

acid, 521 
cycfoHeptatrioue-l, 4, 6, carboxylic 

acid, 521 
rydoHeptatriene-2, 4, 6, carboxylic 

acid, 521 
cydoHeptatriene-l, 3, 5, carboxylic 

ester, 620 
Hepteno-1, 81, 84 
Heptene-2, 84 

cydoHeptene, 125 
cydoHeptene-l-ooetic acid, 517 

Heptenc‘-2, acid, 500 
Heptone-3, acid, 500 
Hepten©-5, aci<.l, 500 
Heptene-6, acid, 500 

cydoHeptene-1, carboxylic acid, 517 
Heptone-1, 013, 271 
Hepteno-2, ol-l, 271 

4-Heptonone*3, 416 
Heptenone-4, 421 

2'Heptenone-4, 421 
Heptoio acid, 478, 482 

n-Heptoyl chloride, 634 
Heptyl bromide, 244 

cydoHeptyl carboxylic acid, 515 
Heptyl chloride, 234 
Heptyl fluoride, 231 

n-Heptylfumaric acid, 645 
n-Heptylic acid, 478,482 

Heptyl iodide, 246 
ii-Heptylmaleio acid, 545 
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n-Heptyl phenyl ketone, 216 
5'Heptylregorcinol, 616 

Heptylthiophan, 198 
Hoptyne-1, 108, 113 
Heptyno>2, acid, 495, 506 
Heracleum giganteum, 482 
Heraclevm sp., 265 
Herminium monorchism 443 
Horzfolder’s Rtile, 76 
HeBporidiii, 360, 887 
Hesperitic acid, 617 
He8j>oritiii, 360, 887 
IleteroBides, 851 
Hevea brazilcnsis, 854 

2, 3, 6, 7, 9,10-Hexa*azadocalin, 387 
Hctxabromoy>eiizoao, 251 
Hexacene, 183 
Hexachlorobenzene, 132, 251 
Hoxachlorodimethyl ether, 333 
Hexachlorc>r?/c/ohexano, 144, 252 

a, j8, y, S*iHOiner«, 253, 254 
1, 2, 3, 4, 5, 6-Hexac“hlorocyf2ohexan0 car¬ 

boxylic acid, 590 
Hexachloret hano, 234, 240 
Hexachloroproi^ene, 235 
Hexacontaiie, 68 

cyc/oHexacotuiiio, 117 
n-Hexacosanol, 270, 673 

Hexfiw?osone-l, 81 
Hexadecanal, 382 
Hoxfwlocane, 08 

cycZoHexadecano, 117 
Hexadecano a(;id, 483» 667 
Hoxadecarie, diol-1, 16, 296 

n-Hexadecanol, 270, 673 
Hoxadocauono*2, 420 

C2/rioHexadecanone, 445, 448 
Hexadecatrione-6, 10, 14, acid, 

495 
Hexadeceiio-1, 81, 84 
Hoxadecene-9, acid, 667, 668 
Hexadecylthiophan, 198 
Hexadiene-1, 5, 106, 113 
Hexadione-2, 4, 96, 100 

cycZoHexadieno-l, 3, 96, 124 
rydoHexadiene-1, 4, 124 

Hexadiene-2, 4, acid, 495 
Hoxadiene-2, 4, al, 397, 736 

cycZoHexadiene carboxylic acids, 519 
<fati«-^ran^*Hexaclion0-2, 4, diacid, 540 

ct5-ct«-Hexa<iiene'2, 4, diacid, 540 
cycZoHexadiene diepoxide, 341 

Hoxaditnyne-1, 5, 3, 112, 117 
Hexadiyno-1, 5, 113 
Hexadiyne-2, 4, 113 
H0xadiyne-2, 4, diacid-l, 6, 564 
Hexadiyiie-2, 4, dioM, 6, 285 
Hexaethylbonzone, 219 
Hexahydrobenzoio acid, 509, 514 
Hexahydrol)enzoyl chloride, 122 
Hexahydrobenzylamine, 302 
Hexahydrocadaleno, 687 
Hexahydro-jp-cymene, 689 
Hexahydro-0-ionone, 726 
Hexahydromesityleiie, 609 

1, 2, 3,4, 9,10-Hexahydronaphthaieno, 164, 
166 

1, 2, 3, 7, 8,9-Hexahydroperyl0ne, 187 
Haxahydrophthaiio acid, 120, 553 
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Hexahydroi«ophthalic acid, 663, 
658 

Hexahydrotcrephthalic acid, 124, 
653 

1, 2, 3, 6, 7, 8-Hexahydropyrene, 176 
Hoxahydro-o-toluic acid, 5i4 
Hexahydro-m-toluic acid, 514 
Hexahydro-p-toluic acid, 514 
Hexahydroxybenzene, 630 

2, 3, 2', 3', 2", 3"-Hexahydroxytribeiizo- 
quinone, 326 

Hexaiodobenzene, 251 
Hexamethy lace tone, 261, 421 
Hoxomethyl benzene, 133, 139, 153, 

310 
Hexamethylbonzil, 619 
Hexamethylene diamine, 454 

2, i, 3, 3, 6, 6-Hoxamethylhexane-3,-acid, 
493 

Hexamine, 385 
^-Hexamylose, 832 

Hexanal, 382 
Hexane, 68 

cycioHexane, 114, 115, 117, 119,120 fl., 
144 

cyc^oHexane acids, 609 
cycZoHexane carboxylic acid, 478, 634 

Hexane dial, 405 
cycZoHexane-1, 1-dicarboxylic acid, 663 

Hexane diol-1, 6, 296 
Hexane diol-2, 5, 287 

cycZoHexane diol, 288 
ciS’Cyclo'H.exane diol, 320 

Hexane dione-2, 4, 439 
cyrioHexane-1, 4-dione, 2, 3, 5, 6-tetra- 

carboxylic ester, 121 
cycZoHexane-1, 1, 2, 4, 4, 5-hexa- 

carboxylic acid, 574 
cycZoHexane-1, 1, 3, 3, 5, 6-bexa* 

carboxylic acid, 574 
cycloHoxane-1, 2, 3, 4, 5, 6-hexa- 

carboxylic acid, 574 
cyc^oHoxane hexa-ol, 894 
cycloHexane hexa-one, 630 
cycZoHexane polycarboxylic aci^, 573 
cyc/oHexane sulphonic acid, 88 
cyc/oHexane-1, 1, 3, 3-tetracarboxyliQ 

acid, 574 
cyc/oHexane-1, 1, 4, 4-tetracarboxylic 

acid, 574 
cycloHexane-1, 2, 3, 4-tetracarboxylic 

acid, 674 
cycloHexane-1, 2, 4, 6-tetracarboxylic 

acid, 674 
Hexanol-1, 269, 270, 274 
Hexanol-2, 274 
HexanohS, 274 

* cydoHexanol, 272, 301, 313, 428 
adipic acid from, 637 

Hexanol*3, one-4, 433 
Hexanone-2, 420 
Hexanone-3, 420 

cycfoHexanone, 136, 174, 179, 313,428, 
445 

Hexanone-6, acid, 627 
cycZoHexanone-3, ccurboxylic acid, 697 
cycloHexanone-4, carboxylic acid, 690 
cycloHexBnone-2, carboxylic ester, 172 
cyc^oHexanone oxime, 428 
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Hexalriacontaiioic acid, 483 
HexatriacontanoM, 270 
Hexatriene-1, 3. 5, 103, 106 

2«Hex6nal, 396, 397 
Hexene-1, 81, 120, 274. 306 

cycZoHexene, 88, 123 
reaction with phenol, 310 

Hexene-2, acid, cis and trana, 494, 
600 

Hexene-3, acid, 494, 600 
Hexene-4, acid, cia and trans, 494, 

600 
Hexene-4, acid, a and 600 
Hexene-5, acid, 494, 500 

cydoHexene-1, carboxylic acid, 478, 
615 

cycZoHexene-2, carboxylic acid. 615 
cy<^Hexeno-3, carboxylic acid, 515 

cw-Hexene-2, dia^jid, 540 
/rafW-Hexene-2, diacid, 640 

Hexene-3, diacid-1, 6, 177, 540 
Hexene-1, ol-3, 271 
Hexene-2, ol-l, 271 

cycloHoxene oxide, 339, 613 
Hexenes, 83 
Hexenoic chloride, 634 
Hexenone-3, 421 

2-Hexenone-4, 421 
Hexonone-4, 421 

2-Hexenone-6, 421 
cycloHoxenyl-1, acetic acid, 616 
c^doHexenyl-2, acetic acid, 616 
cyc/oHexenyl methyl ketone, 94 

a-cyc(oHexenyl-l, propionic acid, 517 
Hexitols, 796 
Hexoic acid, 478, 482 
Hexoeans, 839 
Hexose diphosphate, 373 

n-Hexoylacetone, 439 
cycZoHexylacetic acid, 514 

Hexyl alcohols, 280 
Hexyl bromide, 244 

n-Hexyl chloride, 234 
cyc/oHexyl chloride, 212 

n-Hexylchloromalonamide, 868 
Hexyl fluoride, 231 

cycZoHexylideneacetic acid, 616, 636 
a-<^fc/oHexylidenepropionic acid, 616 

Hexyl iodide, 136, 246 
cycioHexyl methyl ketone, 123 

itfoHexyl methyl ketone, 903 
Hexylphenol, 219, 306 

e-eyc4oHexylphenol, 124 
p-cycloHexylphenol, 124 

cj^oMexyl phenyl ether, 124 
Hexyl phenyl ketone, 430 
Hexylpropiolaldehyde, 396 

jS-cydoHexylpropionic acid, 615 
Hexylthiophan, 198 

2'Hexyltrimethyleii6 imine, 600 
Hexyne-1, 108 
Hexyiie-2, acid, 495, 606 
Hexyne-2, diacid-1, 6, 664 
Hexyne-S, diol-2, 6, 296 
Hexyne'2, one*4, 113 
Hinokiol, 723 
Hippiilin, 913 
Hiptagin, 869 
Hirag^o add« 496, 502 

Hirsutidin, 353 
Hirsutin, 353 
Holosides, 851 
Hormones. 891 ff. 
‘ Hycar 204 
Hydantoin, 402 
Hvdnocarjnc acid, 509, 611t 618, 

668 
5owmHydnocarj;>ic acid, 618 

Hydnocarpyl alcohol, 611 
Hydnocari)yl bromide, 611 
Hydnocarpyl inalonic ester, 511 
Hydracetyi acetone, 433 
Hydracrylic acid. 696 
Hydracrylie aldehyde, 410 
‘ Hydraimno 37() 
Hydmtropic aldehyde, 342 
Hydrazines reaction with carbonyl 

group, 442 
^-Hydraziiiopropionic acid, 497 

Hvdrazonos, 442 
Hydrindone, 158, 222 
Hydrindone-5-aldeliyde, 216 

1 -(5-Hyflrindon'\4 )but anone -1, acid -4, 
222 

* Hydrolxmzamide \ 399 
Hydrocellulose, 834 
Hydrocotoin, 435 
Hy<irolysis of esters, 259 
Hydroquinone, 138, 221, 309, 

‘323 IT., 370, 853 
Hydrosorbic acid, 494, 499, 500 

woHydrosorbic acid, 494 
Hydroxamic acids, 466 
Hydroxyaoetono, 409 

o-Hydroxyacctophenoiio, 434 
»?»-Hydroxyacetophonone, 434 
p-Hydroxyaeetophonone, 434, 853 

Hydroxyaldehydes, 409 
7-Hy droxy-8 - t,«foamylidonecoumarin, 

609 
o-Hydroxybenzaldehvde, 308, 346, 

411 f!., 606, 853 ^ 
p-Hydroxvbonzaldchyde, 307, 308, 

412, 854 
o-Hydroxy ben zoic acid, 138, 307, 

412, 606, 607 
fn-Hydroxybcnzoic acid, 307, 606, 

607, 697 
p-Hydroxybenzoic acid, 307, 310, 

606, 607 
from thyroxin degradation, 891 

o-Hydroxy bcmzophenone, 159 
o-Hydroxy benzyl alcohol, 851, 863 
p-Hydroxybenzyl alcohol. 466 
o-Hydroxybenzyl methyl ether, 862 
p-Hydroxybenzyl thiooarbiinide, 866 
3-Hydroxy-bis-norcholanic acid, 918 

Hydroxy-^-brazan, 349 
3-Hyciroxybrazanquinono, 348 

Hydroxybrazilein, 366 
Hydroxybrazilin, 366 

3-Hydroxybutjinal, 410 
a-Hydroxybutyric acid, 697 
j8-Hydroxybutyric acid, 411, 697 

ester with butanediol-1, 8, 411 
y-Hydroxybutyric acid, 698 
a-Hydroxytsobutyrio acid, 492, 697 
)i-Hydroxy»sobutyric acid, 697 
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y.Hydroxy butyric ester, 59S 
4-Hydroxycaprio acid, ^0 
3-Hydroxy.j3-carotene, 736, 737, 738 
o-Hydroxyobalkone, 360 
o-Hydroxy*a»-chloro0t]pene, 347 
3- Hydroxycholanio acid, 909 
o-Hydroxycinnamic acid, 608 

17-Hydroxycorticogterone, 925 
6‘Hydroxyooumarin, 608 
7-Hydroxycoumariii, 609 

Hydroxy cyclanes, 301 
Hydroxydesoxybenzoin, 527 
Hydroxy dibasic acids, 661 

a-Hydroxy-/3/3-dimethyl-y-butyro- 
lactone, 881 

3 - Hydroxy • 2, 2 -dimethylpropanal, 
881 

Hydroxy diphony lone oxide, 320 
4- Hydroxydiphenylethano, 310 

12-Hydroxytlodocano acid, 599 
3 - Hydroxy-4, 5»epoxvphonanthrtMie, 

349 
Hydroxyethykyciohcxaiie, 121 
Hydroxyfumaric acid, 628 
Hyilroxyglutaric acid, 536 

7-Hydroxyheptoic acid, 599 
1 l-Hydroxyhexadocane acid, 599, 859 
16-Hytlroxyhoxadecane acid, 599 
12-Hy<lroxyhexadeceno-9, acid, 699 
16- Hydroxyhexadeoene-7, acid, 599 

5- Hydroxyhoxanal, 410 
a-a-Hj^droxykohexoic ac.id, 871 

1- Hydroxyct/cZohexylacotic acid, 613 
17- Hydroxvdehydrocortico8torone, 

‘925 
Hydroxyhydroquinone, 328, 329 
Hydroxykotonos, 432 
Hydroxylamine, reaction with 

carbonyl group, 442 
Hydroxyiup€iol, 743 
Hydroxymaloic acid, 628 

2 - Hydroxy-3-methoxy-6-formyl 
acetophenone, 843 

1 -(4-Hydroxy-3-methoxyphenyl) 
butane, 758 

1 -(4-Hydroxy-3'raethoxyphenyl) 
butanol, 757 

1 -(4«Hydroxy-3-methoxyphenyl)- 
butene-1, one-S, 757 

1 -(4-Hydroxy-3-raethoxyphenyl)- 
pentanone*3, 768 

o-Hydjx>xy-w-m0thylbenaioic acid, 
607 

4*Hydroxy-1 -naphthaldehyde, 215 
- "^^ydroxynaphthoic acids, 662 

4-Hydroxynonadecanal, 410 
2- Hydro^ootyl trimethyl am¬ 

monium hydroxide, 337 
12-Hydroxy oleic acid, 699, 600, 669 
o»-Hydroxypentad©cylic acid, 698 
4-Hydroxypentanal, 410 
i-Hydrox^rphenylaminomethane 

sulphonic acid, sodium salt, 370 
l-{o-Hydioxyphenyl)butane, 769 

1 -(tn-Hydroxyphenyl )butanone-3, 768 
1 -(o-Hydroacyph©nyl)butenLe-1, one-3, 

769 
7-Hydroa:y-4-pheiiyldihydrooou- 

martrv, 631 

61 

p-Hydroxyphenylglycine, 370 
I-(o-Hydrox5rphenyl)pentanone-3, 758 
1 -(o-Hydroxyphenyl)propane, acid-3, 

769 
1 -(o-Hydroxyphenyl).3 -phenylpro - 

panone-3, 759 
o-Hydroxyphenylpropionic acid, 007 
p-Hydroxyphenylpropionic acid, 607 

Hydroxy-^-phenylpropionic acid, 
613 

j8-Hydroxy-^-phenylpropionic ester, 
613 

Hydroxyphloroglucinol, 329 
17-Hydroxyproge8terone, 925 
2- Hydroxypropanal, 409 
3- Hydroxypropanal, 410 
i^-Hydroxypropionic acid, 596 
p-Hydroxyjiropiophonone, 307 
2-Hydroxyquinoline, 591 
9-Hydroxy8t©aric acid, 599 

10- Hydrox3n3toaric acid, 599 
11- Hydroxystearic acid, 699 
12- Hydroxystearic acid, 699, 600 
2-Hydroxy tetramethoxychal koi i e, 

‘363 
iS-Hydroxytrimethylglutarir csler, 

707 
Hyodosoxycholic acid, 907 
Hypogeic acid, 602 
Hyraceum^ 444 
Hyram capensis, 444 
Hystazarin, 221, 857 

Idsein, 353 
Iditol, 794, 796 

D-Idosacchario acid, 802 
Mdosaccharic acid, 802 
Mdose, 780, 807 

Idryl, 169 
‘ Ikonogen \ 369 
Imidazole, 402 
Immunopolysaocharides, 839 
Imperatoria ostriUhiumt 609 
Imperatorin, 609 
Indandione, 591 
Indanthrene dyes, 318 
Indemulsin, 371 
Indene, 96, 167, 561 

conversion to chrysene, 177 
Indian Yellow, 367 
Indiceui, 859 
Indigofera arrecia^ 362 
Indigofera sp., 869 

/i-Indolylacetie acid, 896 
a-()§'-Indolyl)propionio acid, 896 

Indones, 216 
Indophenol oxidase, 371 
Indoxyl, 859 
Ink, 618 
Inositol, 630 

meso-Inositol, 894 
I, 2, 4-Ino8itol, 894 

Inositol hexaphosphorio ester, 894 
Intarviu, 493 
Inulase, 371 
Inulin, 826, 833 
In 5171 

lodoaoetic acid, 478, 680, 583, 587 
lodoaoetib anhydride, 640 
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lodoaoetyl chloride, 634 
a-Iodobehenic, 587 
j?-Iodobenaialdehyde, 408 

lodobenzene, 146, 187, 216, 251 
o-lodobenzoic acid, 479, 690, 692 

m-Iodobenzoic acid, 479, 590, 692 
p-Iodobenzoie acid, 690, 692 
o-Iodobenzoyl chloride, 635 

w-lodobenzoyl chloride, 635 
j3-lodobenzoyl chloride, 635 
1-lodobutane, 248 
2'lodobutane, 246 
a-Iodobutyric acid, 683 
y-lodo butyric acid, 583 
a-lodociimamic (u:id, 593 
/3-Iodocinnamic acid, 593 

lodo-cornpounds, 245 
lododimethyl ether, 333 

l-lodo-2, 2-dimethylpropano, 246 
lodoethane, 246 
Iodoform, 246 
lodogorgonic acid, 892 

l-Iodohentriacontane, 246 
l>Iodoheptane, 246 
1-Iodohexadecune, 246 
l-Iodohexane, 246, 797 

lodomalonic ester, 655 
lodomethane, 246 

2*Iodo-2-inethylbutane, 246 
1 -Iodo-2-methylpropaiie, 246 
2'Iodo*2-inethylpropane, 240 
a-Iodonaphthfidene, 186, 257 
jS'Iodonaphthaleiu*, 257 
1- Iodo6ctane, 246 
2- Iodo6ctarie, 246 
i'lodojx^ntane, 246 
o-lodophenol, 319 
p-Iodophenylacetic acid, 593 
a*Iodo-/3-phenylacrylic acid, 531 
1- Iodopropane, 246 
2- Iodopropane, 246 
l-Iodopropene*2, 246 
/3-Iodopropiolic acid, 583 
a-Iodopropionic acid, 478, 583 
jS'Iodopropionic acid, 478 

lodoprotein, 891 
4-Iodo8accharin, 869 

lodoeobenzeiie, 255 
o-lodosobenzoic acid, 479 

lodosueoinic acid, 589 
O-lodotetraacetylglucose, 807 
o-lodo>p*toluic acid, 559 

lodoxybenzene, 255 
o-Iodorybenzoic acid, 256 
a-lonone, 678, 683 
^-lonone, 678, 683, 734 
^•lonone, 428, 725 
^-lonylideneacetaldehyde, 736, 736 
/3>lonylideneaoetie acid, 734 
^•lonylideneacetic ester, 736 

Ipofnea resins, 484 
Iridin, 364 
Irigenin, 364 
IrU fiorentina, 364 
Irish moss, S40 
/m 6W 
Irome, 684 
ImUu tinetoria, 859 
Isatropic acid, 531 

Isethionic acid, 88, 260 
Isocyanates, reactions of, 308 
Isomerisation, in halides, 229 
Isomerism in benzene series, 140 ff. 
Isomerism, in hydrocarbons, 68, 69 
Isoprene, 96, 97, 201, 677 
Itaconio acid, 94, 376, 540, 548 ft’., 

605 
Itaoonic anhydride, 544 

Jalapiri, 859 
Jalapinolic acid, 599 
Jalap resin glycosides, 869 
Japanese camphors, 705 
Japanic acid, 633 
Jasmine oil, 428 
Jasmone, 771 
Juniperic acid, 444 
Jimi]:>erinic acid, 599 

Kaempferide, 362 
Kiempferin, 362 
Kttunpferitrin, 362 
Ktempferol, 361, 362 
Keracyanin, 353 
Kerosene, 196 
Keten, 468 ff., 579, 586 

pyrogenic formation of, 464 
Keton acetals, 470 
Ketens, 463 ff. 

5-Kotocaproic acid, 627 
Ketochaulmoogrie acid, 519 

3-Keto-6, 6-dihydroxy-l, 2, 3, 4- 
tetrahydro benzene *2-sulphonic 
acid, 326 

Ketodiphenyl oxide, 313 
2-Keto-l#-gulonic acid, 887 
5*KoU)gluconic acid, 806 

Ketogluconie acids, 799 
a-Ketoglutaric acid, 605 

Ketohexoses, 784 
2'-Keto-3, 4-imidazolidothiophane-2- 

valeric acid, 883 
Kotols, 432 
Ketones, 414 ff. 
Ketonic acids, 624 

10-Ketoisopalmitic acid, 416 
2>Ketocycl(>pentan6 carboxylic ester. 

537 
Ketopentosos, 783 
Ketoses, 788 
Kotostearic acid, 506 
Ke totetrahy dro -1,2- benz | >y re no, 

186 
Ketotetrahydronaphthalene, 527 

1 - Ketotetrahydrophonan th rone ,316, 
919 

15-Keto-n-tetratriacontanol, 673 
Katotetroees, 783 
Ketovalerolactone, 530 
Kiliani reaction, 801 
Kojic acid, 807 
* Koroseal \ 204 
Kryptoxanthin, 736, 737, 738 

Laotaldehyde, 409 
Laotarazulene, 713 
Lactaririo acid, 027 
JLacktrim ddicioius, 713 
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Lactic acid, 377, 582, 595 
Lactide, 596 
Lactoflavin, A, B, C and 1), 876 
Lactoflaviii phosphate, 878 
Lactones, 596 fT. 
Lactoiiitrile, 394, 582 
Lactofio, 813, 820 
Lac wax, 673 
LSevan, 826 
Ltevoglncosan, 808 
Lamumria cloustoni, 845 
Laminaria digitata, 845 
Laminarin, 845 
LanoKterol, 901 
Larch manna, 824 
Lari^ europea, 650 
Lauraldehyde, 382, 771 
Laurel carnplior, 705 
Uiuric acid, 482 
Laurie anhydride, 640 
Laurie pijKmdide, 756 
Laurolenic acid, 511, 517 

i.voLarolonic acid, 639 
Lauronc', 421 
Lauroyl bensseiKj, 430 
Lauras camjjhora, 706 
Laurus persexi, 794 
Lauryl alcohol, 270 
l^auryl chloride, 634 
lAivinus nidi/im7is, 81 7 
Lecanora Bp,, 318 
Lecanorie acid, 615 

methyl eater, 616 
l^unoiigraas oil, 682 
Lepidium sativum, 856 
Leucaniline, 191 
Lcucaurin, 310 
Leuconic acid, 630 
Leuconic penta-oxime, 631 
l><3Vulio acid, 202, 625 
Lovulic aldehyde, 202, 679 
Levulic ester, 289 
Lioanio acid, 669 
Lichen acids, 615 
‘ Lichenic acid 540 
Lichenin acetate, 840 
Lioheniu, 840 
Lichen orcina^ 318 
Lignin, 414, 840 17. 
Lipioceric acid, 77 
Lilac sp., 853 
Limettin, 609 
Limonene, 97, 697 

dLLimoneno, 692 
^-Limonene, 697 

Linalool, 284, 678, 680, 686, 692 
i^oLinalool, 680 

Linalyl acetate, 646, 680 
Liiideric acid, 494, 502 
Linear polyphenyls, 188 
Linoleic acid, 495, 502, 667 
Linolenio acid, 495, 502, 504, 669 
Lintnor starch, 831 
Lipase, 371 
Lipoids, 667 
Liquorice, 742 
Literature of organic chemistry, 3 
Lithocholio acid, 907, 909 
Litmus, 318 

Logwood, 364 
Longman’s reaction, 382 
' Lorol 269 
Lotoflavin, 359, 854 
Lotus arabicus, 359, 854 
Lotusin, 359, 854 
Lumiflavin, 876 
Lumisterol, 910 
Lupinua dibits, 413 
Luteic acid, 838 
Lutein, 737 
Liitelin, 359 
Luteolin, 359 
Lycopenal, 729 
J^ycopone, 728 
Lycojiersicum esculent um, 728 

n-Lyxonic acid, 778 
L>^xose, 777, 779 

Madura aurantiaca, 362 
Mocilurin, 435 
Madagascar manna, 794, 796 
Madder, 857 
Magnesium carbide, 109 
Magnesium n-propyjbromide, 289 
Maleic acid, 137, 345, 539 ff., 588 

from phenol, 309 
from quinoiie, 541 

Maleic anhydride, 102, 137, 144, 
541, 602 ' 

Malic acid, 641, 601 ff., 628 
Malondialdehyde, 405 
Malonic acid, 479, 533, 534 ff. 

from degradation of inositol, 895 
Malonic aldehyde, 402 
Malonic anhydride, 468 
Malonic dialdehyde, 504 
Malonic ester, 664 If. 
Malonic half-aldehyde, 622 
Malonyl chloride, 217, 635 
Maltose, 371 
Malto bionic acid, 814 
Maltose, 812, 813, 832 
Malva moschatus, 443 
Malt>a sylvestris, 353 
Malvidin, 353 

rooc^tions of, 357 
Malvin, 353 
Mandelic acid, 612 
Mandelonitrile, 854, 855 

L- Mandelonitrile -^-gentiobiosi i le, 814 
Mangijera indi^, 367 
Manna, 794 
Manna, larch, 824 
Manna, Madagascar, 794, 796 
Mannan, 826, 839 
Mannite, 796 
Mannitol, 794 

furanose rings in, 797 
Maimocarolose, 83 B 
Mannomethylose, 782 

D-Mannosaccharic acid, 802 
L-Monnosaccharic acid, 802 
D-Mannosaccharic lactone, 800 

Mannose, 780 fl., 811 
Mannose-6-phosphate, 373 
Mamiotriose, 813, 824 
Matmuronio acid, 800 
Margario acid, 77, 483, 493 
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Margaric anhydride* 637 
Markownikov’s Buie, 87 
Marvel reaction, 233 
Matricaria Camphor, 705 
Matncftriu parthenium, 705 
Mecocyanin, 353 
Mecotiic acid, 620. 621 
Melamine resins, 455, 468 
Meleritos©, 813, 824 
Melibiose, 813, 821 
Melilotic acid, 607 
Melilotin, 853 
MelUotus officinaliff, 607 
Melilotua sp., 853 
Melitriose, 823 
Mellitic acid, 674 
Mellitic acid triaiihydride, 576 
Mellitic anliydride, 641 
Mellophanic acid, 575 
Mellophanic anhydride, 641 
Menaphthone, 890 

J** Menthadiene, 688 
p Menthane, 122, 688 

Monthanol, 702 
Meiitheiie, 698, 701, 702 
Menthene, 688 
Menthol, 688 
Menthol group, .stereoclieinistrv 

of, 699 
Menthols, 700 

tvoMenthoIs, 700 
Menthone, 304, 314, 678, 698. 699 
Menihone carboxylic ester, 699 
Mercuric acetylides, 109 
Mercurous aoetylides, 109 
Mercuripropionic anhydride, 497 
Mcsacouic acid, 540, 543 ff., 545, 

606 
Mesitol, 314 
Mesitonic acid, 627 
Mesity lace tic ackl, 628 
Mesityl aldehyde, 619 
Mesitylene, 133, 134, 139, 150, 210, 

423, 474 
Mesityl oxide, 134, 300, 322, 421. 

422, 427 
Mesityl thiocarbimide, odour of, 

768 
Mesityl trialdehyde, 404, 405 
Mesoresorcin, 369 
Mesotartaric acid, 307, 776, 798 
Mesoxaldehyde, 422, 441 
Mesoxalic acid, 441, 627 
Mesoxalto dialdehyde, 422, 441 
* Metaoatone *, 49^ 
* Metacrolein 396 
Metaldehyde, 391 
Methallyl bromide, 106 
Mathallyl chloride, 82, 234, 241 
Metfaanal, 850, 382, 385, 460 
Methane, 68, 74 
Methane disulphonic acid. Ill 
Methane tetracarboxylic acid, 567 
Methane triacetic acid, 568 
Methane tricarboxylic esters, 565 
Methanol, 885 270, 382 

reaction with phenol, 310 
7<Bf6thoxy-S«itfeamylidetie coumarin, 

608 

o Methoxybensaldehyde, 381 
p-Methoxybomaldehyde, 381 
J-Methoxybutane, 233 
5*Methoxyeoniferyl alcohol, 853 
6 Methoxycoumarin, 608 
6-Methoxy-7, 8-dihydroxy coumarin. 

609, 853 
4 • Me tho xy - 2\ 6' • diiodo *4• u i t ro - 

diphenyl ether, 892 
/?-(4-Methoxy-2, S-dimethylbenzoyl)- 

acrylic acid, 722 
/8 (4* Methoxy-2, 6-dimethylhenxoyJ )- 

acrylic ester, 722 
a-(4•Methoxy-2, 6-dimethylbenzoyl)- 

butane-jSy-dicarboxylic acid, 722 
y5-(4-Methoxy-2, 6-dimethylbenzoyl)- 

a*chloropropionic acid, 722 
7 -Methoxy-1, 2<diinethylpheuan - 

threno, 914 
1 (4-Methoxy-2, 6-dirnothylphenyl)- 

[>entan©-3, 4-dicarboxylic acid, 
722 

5-Methoxy-6, 7-furocouinariii, 609 
8-Methoxy-6, 7*furocoumarin, 609 

m-Methoxy -p-hydroxy acetophenone, 
434 

p-Methoxy-o*hydroxvaceiophenone, 
434 

m-Me thoxy'-p-hydroxy benzoic acid, 
616 

I -{3 Mothoxy-4-hydroxyphenyl)' 
butanone-3, 757 

1(3- Methoxy •4-hydroxyj)}ienyl) - 
decanone-3, 760 

1 - (3 - Methoxy • 4 -by drox ypheny 1 )pro - 
pandione-1, 2, 843 

1 -(3 - Methoxy - 4 -hydroxyj>heny 1 )pro - 
panol-2, one-1, 843 

1(3- Methoxy - 4 -by dro xyi)heny 1 )pro ■ 
panol-1, one-2, 843 

l-(3-M8thoxy-4-hyciroxyph©nyl)pro 
panone-2, 843 

4-Methoxy-3-methylwoquinoIine, 
880 

7 -Mothoxycj^clopentenophenan- 
threne, 915 

3-Methoxyphenoxyacetic ester, 366 
(i>-Methoxyphloroacetophenono, 363 
3-Metboxy-a-picoline, 878 
1- Methyl-2-acetylc|rciopentane, 429 
a-Methylacrylio acid, 494, 497 
/9-Methyladipio acid, 88, 689, 701 

Methylai, 180, 388 
Methylallene, 85 
Methylallvlamine, 261 
Methyl allyl ether, 334 
Methylallyl malonio ester, 539 

p'Methylaminophenol sulp^te, 370 
Methyl amyl ether. 334 
Methyl amyl ketone, 426, 771 
Methyl tor-amyi ketone, 421 

2-MethyI*3, 6«anhydro«lr-galacto- 
side, 846 

2- Methylanthraoena, 211 
Methyl anthzanilate, 546 
Methyl arhntiii, 858 
Methyl bensoate, 546 

2- Methylbenaoie acid, 524 
3- Methy!benznic acid, 524 
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4*Mothylbenzoic iMjid, 524 
MothylbensDopyryliiim bromide, 

608 
Methyl benayl ketone, 464 
Methyl*bi8(tcr-butyl)acetic acid, 

484 
Methyl bromide, 244 

a-Mothyl-l-bromobutene-2, 677 
4 >Methyl-7-bromohy<irind(3no, 921 
2 Methyl-5-bromopontene-2, 716 
2-Methylbutadiene, 96, 100 
2- Methylbutanal, 382, 395 
3- Methylbutanal, 134, 382 

Methylcyclobutane, 116, 118 
2- Methylbutane acid, 484 
3- Methylbutane acid, 484 
J -MethyIcyc/obutaru‘-2, 2-dicar- 

Iwxylic acid, 550 
2'Methylbutaiiol'l, 83, 271, 275 
2-Methylbutanol-2, 83. 271, 278, 

280 
2- Methylbutanol-3, 271, 278 
3- MothylbutanoM, 83, 271. 273 
2-Methylbutanol-2, oiu‘-3, 433 
2-Methylbut€uiorie'3, 421 
2-Methyl-2'but(mal, 395 
2-Methylbutene l, 83, 288 
2-Methylbutene-2, 83 
2- Methylbutene-3, 232 
3- MethylbuUmo-1, 83 

rtA-Mothylbutene-2, acid, 82, 478, 494, 
499 

/mn»?-M6thylbuteiie-2, acid, 82, 478, 4iM. 
499 

3- Methylbutene-2, acid, 494, 499 
2-Methylbutene diacid, 640, «543, 605 

<v>-2-Methylbutene*2, diacdd, 540, 543, 
605 

//vn^'?-2-Methylbutene-2, diacid, 540, 543, 
606 

2-Mothylbutene-3, ol-2, 98 
2'Methylbutenon©, 421 
2*Methyl-l-Jy-butenyl-3, 4-dihydro* 

phenanthrene, 687 
1 - Methyl -2 -^ybuteny Irj/dohe xanol, 

687 
2-Methyl-6-#€rbutylbenzoic acid, 525 
2- Methyl-4-^erbutylbonzoic acid, 525 
4- Methyl-2-f«rbutylbeiuEoic acid, 525 
3- Methyl-6-^€rbutylbenzoic acid, 625 

Methyl ijobutyl carbiiiol, 276 
Methyl butyl ether, 334 
Methyl wobutyl ether, 334 
Methyl ^erbutyl ketone, 421 

3-Methylbutyne-l, 96 
2-Methylbutyne-3, ol-2, 98 
a-Methylbutyric acid, 897 

Methylnorcamphor, 712 
2- Methyl-2-oarboxyglutario acid, 568 
3- Methyb2*carboxyglutario acid, 56K 
4- Methyb2-carboxyglutario acid, 568 
2-MethyI-2-carboxy8uccmio acid, 

568 
3•Methyb2>cajrboxysucoinio acid, 

568 
Methylcellulou©, 450, 835 
Methyl ohloiiiie, 234 
Methylchloroform, 234, 240 

2-MethyI4-ohloroprop6iie-2» 82 

Methylcholanthrene, 176, 176, 921 
7-Methylchromanone, 313 

Methyl cinnamate, 646 
4-Methylcinnamic acid, 107 
jS-Methylcrotonaldehyde, 735 
a-Methylcrotonic acid, 498 
a-Methylcrotonic ester, 498 

ang> Me thy Idecahy dronaphthalen e, 903 
jj'MethyIdecahydronaphthalene, 903 

Methyldocanone, 676 
Methyl decyl ketone, 420 

2- Moihyi-2, 3-dibromobutane, 278 
3- Methyl-1, 3-dibroinobutane, 677 
2-Mothyl-2, 3-dihydro benzoic acid, 

521 
1- Motbyl-l, 2-dihydrotrimeBic acid, 

573 
4 -Methyl-7, 8-dihydroxycoumarin, 

609 
Methyl 2, 6-dimethylphenyl 

ketone, 430 
4'-Methyldiphenyl-2-carboxjdic atdd, 

625 
4'-Mothyldiphenyl-4-carboxvIic acid, 

525 
2- Methyldiphenyl ketone, 169 
3- Methyldodecaiial, 771 
3-Mothyldodecyl aldehyde, 771 

Methyl dodecyl ketone, 420 
Methylene, 464 
Methylene aminoacetonitrile, 387 
Methylenecyc/obutane, 116, 118 
Methylene chloride, 190, 234, 236 
Methylene dibromide, 244 
Methylene dichlorido, 190, 234, 236 
Methylene difluoride, 231 
Methylenedimalonic acid, 569 

3, 4-Methylenedioxybenzoic acid, 615 
6, 7-Methylenodioxycoumarin, 609 

Methylene glycol, 378, 383 
Methylene iodide, 246 

2-Methyl-1, 4-epaminobutane, 98 
2-Methyl-1, 2-epoxybutane, 337 
2-Methyl-5-ethoxymethyl-6-oxy- 

pyrimidine, 876 
Methylethylacetaldehyde, 382 
Methylethylacrolein, 395 

j8-(3-MethyI-6-ethvIani80vl)propionic 
acid, 222 

1, 2-Methylethylbenzone, 139 
1, 3-Methylethylbenzene, 139 
1, 4-Methylethylben.zene, 139 

2-Methyl-2-othyl-1, 1-diphenyl- 
ethylene, 470 

Methyl ethyl ether, 334 
1-Methyl-1-ethylethylene oxide, 288 

Methyl ethyl formal, 389 
Methyl ethyl keten, 463, 464 
Methyl ethyl ketone, 134, 420, 426, 

437 
1 -Methyl-7-©th5’-lnapht halene, 722 
1 - Methyl-1-ethyl-2, 2, 4, 4-tetra- 

phenylcycfobutanone-3, 470 
Methyl fluoride, 231 
Methyl formate, 275, 380 
Methylfuran, 440 

2-(5-Methylfuryl)butaiione, 440 
Methylgalaoturonides, 800 

a'Methyl-3>-glucoae, 787 
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3- Methylglucose, 788 
a-Methyl-B-gluooside. 785 
^-Methyl-D-gliicoside, 785 
a-Mothylglycerol, 299 

Melhylglyoxal, 137 
MethylglyoxaJ acetal, 409 
Methylgraiiatonine, 126 

4- Methylheptatiecane, 1, 4-dial, 17- 
ncid, 511 

16-Methylheptadecyclic acid, 481 
2-Methylh6ptadiene-2, 4, ono-6, 681 

M(> t h y Ihep t am€> t. h V Igen t i o hi osi d c, 
815 

Met hylheptaniothyllact08id<*, H2<> 
MethylheptamethylmaltoHidc, 812 
MethylcycZoheptane, 120 

2-Methylheptaiione-6, 903 
2-Mothylheptanone-6, acid-1, 658 
2 - M P t hylheptaiione - 6, carbox yli 

acid-3, 700 
6-MpthylheptPne-2, acid, 500 
6-Mpthylhepteno-3, acid, 500 
2- Mcthvl-2-hpptenone-6, 284. 421, 

428, 677, 680, 682, 728 
3- Mothy 1-3-h(^ptonorip-5, 426 
5- Methyl-3-hepteiKme-2, 421 

‘ Methyl heptine carbonate? \ 8P<* 
Octyn-2 acid, methyloeter, 506, 
772 

Methyl heptyl ether, 334 
Methvl heptyl ketone, 420, 426, 

771 
c?>ciw-3-Methylhexadiene-2, 4, diacid, 540 

/r«a«(r(7rw.3-Methvlhexadiene*2, 4, diaci«l, 
540 

4- Methylhexadiyne-l, 6, acid-4, 495 
Methylhoxahydrochrysene, 687 

2- Meth3dhexane, 70 
3- Methj Ihexane, 70 

Methylct/<7/ohexaiie, 115, 120, 122, 
144 

cw-MethylcycZohexanol, 313 
/rantf-MethylcycZohcxanol, 313 

3- Methylr^cZohexanone, 701 
4- Methylcyciohexanone, 701 
3-MothylcycZohexanone-6, carlH:)xy 1 ic 

ester, 699 
2-Mothylhexene-1, 84 
2-Methylhexenc-2, 84 
2- Methylhexene-4, 86 
3- MethyIhexone-2, 83 
2-Methylhexene-2, acid, 500 
2- Methylhexene-3, acid, 500 
3- Methylhexene-2, acid, 500 
4- Mothylhexene.3, acid, 500 
2-MethylcycZohexene* 1, carboxylic 

acid, 515 
2- M©thylcycZohexene-5. carlx)xylic 

acid, 515 
3- Methylc2/c/ohexone-1, carboxylic! 

acid, 515 
3- M©thyleycZohexerA6-6, carboxylic 

acid, 515 
4- Metliylc^c/chexene-l, carboxylic 

acid, 515 
4-MethylcjrcZohexeiie-3, carboxylic 

acid, 515 
5«Methyl}Aexenone-3, 421 

4-MethylcycZohexenyM -acetic acid, 
517 

3 - Moth y 1 - 2 -cycZohexenyl dimethyl 
carbinol, 697 

Methyl cycZohexenyl ketone, 123 
2- Methylct/r/ohexylacotic acid, 514 
3- Mothylcyriohexylacetic acid, 515 
4- MethyIc;t/cZohoxylacetic acid, 515 

Methyl hexyl ketone, 420 
/l-Methylhydrindene, 903 

M«'thylhydrocotoin, 435 
Methylhydroquinone, 853 

3- Mothyl-6-hydroxybenzoic acitl, 307 
4- Methyl-2-h3^droxyb€?nzoic acid, 307 

Meth\4hdroxycoumarin, 325 
2- Met h>4 - 3-hydroxy-4, 5-di (hydrox y 

methyl)-pyridine, 880 
2 - Mot hy 1 - 3 -h j'droxy -1, 4 -naph t ho - 

quiiione, 889 
1- Methjdindene, 158 

Methyl-d-inositol, 894 
Mtdh^'l-Z-inositol, 894 
Methylinulin, 833 
Methyl iodide, 246 
Methyl keten, 464 

2 - M0 tl i yl - 6 - m et henyloctadiene - 2, 7. 
721 

4-Methyl-4'-methoxydiphon34 other, 
892 

1 -Methyl-2'mothoxypyTidme-3, 4-di* 
carboxylic acid, 880 

Methvl methylacrylate, 450, 453, 
497 

Methyl methylacrylate resins, 450 
2- Methyl-2-methylolpropane, diol-1, 

3, *300 
at*Methylmorphimethine, 349 
^-Meihj^muconio acid, 546 

ciif and trans forms, 540 
a-Methylnaphthalene, 167, 181 
/3-Mothylnaphthalene, 162, 182, 211, 

530 
2-Methyl-1, 4-naphthoqumol di- 

ac’etatc, 890 
2.Mothyl-l, 4-naphthoqumol diphos* 

phoric ester, sodium salt, 890 
2-Methyl-l, 4-naphthoquinol di- 

succinate, 890 
2- Methyl-l, 4-naphthoquinone, 890 
3- Methylnonanal, 771 
8-Methylnonanon©-6, acid-1, 701 
3-Methylnonene-2, acid^ 600 
8- Methylnonene-6, acid, 761 
3-Mcthyliionyl aldehyde, 771 

Methyl nonyl ketone, 420, 076, 771 
2-Methylootadecylic acid, 484 

Methyl octahydrochrysene, 178 
9- Methyl-A'”OCtalin, 687 

Methyloctamethylmaltobio tiaie, 
814 

2- Methyloc!tane acid, 484 
3- M6thyloctaiione-2, 665 
3-Methyloct©n©-6, acid, 500 

* Methyloctine carbonate \ see 
Nonyno-2p acid, methyl ester, 
506 

Methyl octyl ether, 384 
Methyl octyl ketone, 420, 771 
Methylcsnanthone, 420 
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wonoMethylol poroxide, 387 
Methylol Bulphonic acid, eodiiini 

salt, 388 
Methylol urea, 457 
Methyl oxazolono, 666 

2-Methyl-6-oxy-6-pyrimidine methyl 
sulphonio acid, 874 

Methylcyclopentadecane, 446 
3 -Methylcyc^?pentadecanone, 447 

14-Methyl|:>entadecylic acid, 484 
Methyl pentadocyl ketone, 606 

2- Methylf>entadione*l, 3, 96, 100 
3- Methylpentadione-l, 3, 96 

Methylcyclopentane. 116, 119, 144 
2- Mothylpentano acid, 484 
3- Methylpentane acid, 484 
4- Methylpentane acid, 484 
1 -MethylcycZopentane carboxylic 

acid, 512 
2- Mo thy IcycZopontane carbo xy li('. 

acid, 512 
3- Methylcj/clopentane carboxylic 

acid, 612 
2>Methylc.vc/opentanO“l, 1-dicar- 

boxylic acid, 652 
3-Mothylcyrio|;>eiitane-l, 1 -dicar- 

boxylio acid, 652 
3- MethjdcycZopentane-1, 2-dicar- 

boxylic acid, 652 
3-MethyIpentane-l, 6, 6-triacid, 665 
2-Methylpeutanol-l, 268, 274 
‘^-Methylf)ent€mol-2, 274 

-Mothylpentanol-3, 274 
-Methylj^)ent/anol-4, 274, 276 
-Methylpentanoi-6, 274 
-Mothylpentanol-1, 274 
-Mothy4>entanol-2, 274 
-Methylpentariol-3, 274 
-Methylpentanol-2, 274, 276 
•Me<hylpentanol-2, one-4, 422, 433 
-Methylpentanono-2, 897 
-Methylcycfopentanono-1, car¬ 

boxylic acid-3, 711 
-M6thylpentenal-2, 136, 395 
-Methylpentene-2, 89 
-Methylpentene-2, acid, 500 
•Methylj)entene-3, acid, 6(M) 
-Methylpontene-2, acid, 600 
M€>thylp©nt-ene-3, acid, 500 
•Methylpenteno-3, acid, 494, 500 

2 - Me th y Icycloiyen tene - 2, carbo xylic 
acid, 517 

2- MethyicycIop©ntene-3, carboxylic 
acid, 517 

3- Methylcyc^opentene-l, carboxylic 
acid, 517 

2-Metliylpentene-l, diaoid-2j, 5, 497 
4- Methylpentene-l, ol-3, 271 
4-Methylpentene-2, ol-l, 271 
2- Methylj>enteii©-2, one-4, 421, 422 

Methylcyclopentenone-S, 428 
3- Methyl-1, 2-cycIopentenophenan- 

threne, 167, 902. 931 
3-M©thylej^^op©ixteiiyl-3 - wobutyric 

acid, 518 
1 -M©thyl-2(2-penLten.yl)cyclop©nitan- 

one.3, 428, 771 
Methylpentitol, 794 
Methyl pentoses* 783 

967 

3-MethylcyclopentylwK>butyric acid, 
513 

2'Methylcyd5apentyl methyl ketone, 
120 

3-(3-Methylphenoxy)propanol, 313 
a-Methylphenylacetic acid, 628 
3- Methyl-l-phenylbutyne-l, ol-3, 

167 
1-Methyl-1-phenylethylone oxide, 

342 
l-Methyl-2-phenylethylene oxide, 

342 
Methylphenylglycidic ethyl ester, 

398 
1- Methyl-l-phenylhydrazine, 793 

Methyl phenyl keten, 464 
Mesthyl phenyl ketone, 430 

4- Methylphenylpropiolic e^id, 107 
3- Methylphthalic acid, 568 
4- Methylphthalic acid, 558 
2- Methyl«ophthalic acid, 568 
4-Methyli»ophthalic acid, 658 
6-Methylitfophthalic acid, 558 
2-MethyUcrephthalic acid, 668 
2-Methyl-3-phytyl-l, 4-naphtho¬ 

quinone, 890 
2-Methylpropanal, 382 

Methylcyclopropane, 118 
2-Methylpropane acid, 484 

Methylcf/cZopropane carboxylic 
acid, 512 

l-Methylcyciopropane-l, 2-dicar- 
boxylic acid, 648 

l-Methylcyciopropane-2, 2-dicar- 
boxylic acid, 648 

1- Methylcyclopropane-2, 3-dicar- 
boxylic acid, 548 

2- Methylpropanol-l, 271 
2-Methylpropanoi-2, 278 

Methyl propargyl ether, 334 
2'Methylpropene-2, acid, 494 
2-MethylcycZapropene-l, dicarboxylic 

acid-1, 3, 553, 554 
Methyl a-propinyl ketone, 421 
Methylpropiolic acid, 478 
Methylwopropylacetaldehyde, 903 
Methyliaopropylacetic ester, 275 

4-Methyl-2-propylbena5oic acid, 625 
4-Methyl-3-propylbenzoic €U7id, 625 
2- Methyl-5-iwpropylben2ioio acid, 

526 
3- Methyl-6-itfopropylbenzoio acid, 

625 
Methyl propyl carbinol, 278 

1 -Methyl- 7-wopropyldecahydro - 
phenanthrone, 740 

Methyl propyl ether, 334 
1 •M©thyl-4-wopropylcyok)hexane, 

122, 688 
2 -Methyl- 6 -isopropylidenecyclo - 

pentene carboxylic acid, 518 
Methyl propyl ketone, 420 
Methyl wopropyl ketone, 278, 421 

1 - Methyl-3-tsopropylcyclopentane 
carboxylic acid, 613 

2-Methy 1- 6-M(ipropylc^clopentano 
carboxylic acid, 513 

1 -Methyl-7-isopropylphenanthrene, 
740 



968 ADVANCED ORGANIC CHEMISTRY 

Methyli^opropylpimelic acid, 699 
8-Methyl>a-i^fopropylpimelio ester, 

699 
Methylpyrazolone, 666 

3>MethylpyTix)lidino, 98 
jS*Methylp3rm)lme, 766 
^-Methylquinoline, 198 

Methylrhanftnoside, taste of, 870 
7-Methyl-9-(d-r-ribityl)woalloxa- 

ziiio, 877 
Methylsaccharin, 869 
Methyl salicylate, 607, 646, 853 
MethylstyTCiie, 156 
Methyl styryl ketone, 392 
Methylsuccinic acid, 636, 626 

2-Methvltetradecano diaoid-1, 14, 
447 

4 •Methylthiazole-6-carboxylic acid, 
874 

Methyl p-toiyl ketone, 430 
Methyl(2, 3, 4-tribenzoyl)gluco- 

side, 825 
2- MethyltricarbalIylic acid, 669 
3- Methyltricarballylic acid, 569 

Methyl tridecyl ketone, 420 
a-Methyl-D-trimethylarabinoside, 

792 
Methyl 2, 4, 6-trimethylphen\i 

ketone, 430 
Methyl undecyi ketone, 420 
Methyl uracil, 467 
Methyl vinyl caibinol, 283 
Methyl xanthate, 80 
Metol, 370 
Mimosa moechata, 443 
Monarda didyma, 363 
Monardcein, 363 
Monocyclic terpenee, 688 . 
jMonohydric alcohols, 259 ft. 
Morin, 362 
Morindin, 867 
Molindone, 867 
Moringa sp., 483 
Moroctic acid, 496, 502 
Morphenol, 348, 349 
Morns tirhctoria, 436 
Moschus moschiferua, 444 
Moiireu's reactions, 113. 283 
Mucic acid, 781, 802, 896 

alloMucic acid, 896 
Mucil^es, 800 
Mucoitin polysnlphnric ester, 849 

C'i^-Muoonic c^^id, 640, 646 
/ratw-Muconic acid, 137, 640, 646 

Miinjistin, 867 
Muscone, 445 ft. 
Musk, 444 
Mustard’Oil glycosides, 856 
Mutarotation, 786 
Myrcone, 681, 721 
Myrica rubra, 362 
Myricetin, 361, 362 
Myricitrin, 362 
Myricyl alcohol, 68, 69 
Myricyl bromide, 244 
Myricyl chloride, 234 
Myrieyl iodide, 246 
Myristaldehyde, 381, 382 
Myriitic acid, 482, 493 

Myristic anhydride, 640 
Myiistio piperidide, 756 
Myristone, 421 
Myristyl chloride, 634 
Myrosin, 372 
MyrtiUidin, 363 
Myrtillin, 363 

Naphthacene, 183 
N aphthacenodiquinone, 103 

a-Naphthaldehyde, 400, 401 
/3-Naphthaldehyde, 4(K), 401 

Naphthalene, 147,160 ft., 217, 218, 
464 

discovery of, 131 
in FritMiehCrafts reaction, 211 
substitution of, 163 

1, 2-Naphthalone dicarboxylic acid, 660 
2, 3-Naphthaleno dicarboxylic acid, 

560 
Naphthalene-a-sulphonic acid, 166 
Naphthalene-)3-sulphonic acid, 166, 

316 
Naphthalic acid, 168, 659 
Naphthalio anhydride, 669, 641 
Naphthenes, 116, 196 
Naphthenic acids, 609 

a-Naphthodioxane, 295 
jS-Naphthodioxane, 296 

I a-Naphthoic acid, 161, 529 
1 j3-Naphthoic acid, 629 

a-Naphthol, 160, 316 
jS-Naphthol, 187, 306, 315 

Naphthols, 306 
Naphthoquinone, 163 
Naphthosaccharin, 869 

/3-Naphthoyl chloride, 181 
a-Naphthylacetic acid, 613 
j8-Naphthylacetic acid, 180 
a-Naphthylamine, 160, 316, 344 
/5-Naphthylamine, 162, 306 

a-( 1 -Naphthyl)-^-(3, 4-dihydro-1 - 
naphthyl )e thane, 184 

a-Naphithylethyl chloride, 184 
p-(1 - Naphthyl )e thy 1 magnesium bro - 

mid©, 902 
a-Naphthylhydraasine, reaction with 

carbonyl group, 442 
a-Naphtbylhydrazones« 442 
jS-Naphthyl methyl ether, 914 

1 -(a-Naphthyl)-2-(2-mothylcydo- 
hexenyl) ethane, 178 

1 -(a-Naphthyl)-2-(l -cy^qpontene-1 - yl )* 
ethane, 219 

a-Naphthyl methyl ketone, 430 
j8-Na|>hthyl methyl ketone, 430 

Naringenin^ 360 
Naringmin^ 7-methyl ether, 360 
Naringin, 360 
Nastufiium officinale, 856 
Natalcs-emomn, 867 
Katalcsm, 67 
‘ Neol \ 369 
NeolUsm inw^msraia^ 671 
Neomenihols, 700 
NeoiscmentholSt 700 
Neoprene, 112, 204, 208 
Neotrehalose, 813 
Nerol. 678, 679, 685 
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NorolidoK 686, 715, 716 
Nerolidyl acetates, 716 
Narvonic acid, 496, 602 
Ngai camphor, 706 
Nicotiana affinis, 673 
Nicotinic acid, as a vitamin, 87S 
Nicutinyl chloride, 218 
Nitriles, saponification of, 470 

1 * N i t roacenaphthene, 168 
3-Nitroaf^<)naphthene, 168 

Nitroacetic acid, 680 
Nitroacetylglucose, 785 

9-Nitroanthraceno, 17(J 
o-Nitroljtnizaldehydo, J7i. 1 so 

Nitrobenzene, 146, 305 
o-Nitrobenzoic acid, 479 

m-Nitrobtmzoic acid, 479 
p-Nitrob<mzoic acid, 479 
m-Nitro-p-cresol, 546 

Nitro-0-cumeiie, 152 
Nitrocjanene, 315 

nnpNitrodecalin, 3 65 
Nitro<3thane, 76 
Nitroethjiiiol, 90 
Nitrw’thyh’iie, 90 

^-NitrcK^thyl nitrate, 90 
Nitroglyool, 207 
Nitroheinimellitene, 152 
Nitrocyc/ehexanc, 122 

3 -Nitro-4 -hydroxytoluene, 540 
Nitrf>malonic aldehyde, 135 
Nitroruethane, 76, 297 

2- Nitro-3'rnethoxybenzaldehvde, 
317 

3- Nitro-2-mothyl-6«cyario-6-chloro- 
4-ethoxyraethylpyridine, 880 

J *Nitro-l-methylcycloi)entane. 120 
2-Nitro-1 •inothylcyd!aj>entane, 120 
a Nitronaphthaiene, 160, 163, 166 
/8-Nitronaphthalene, 163 
2-Nitrophenanthren6, 174 
4 - Nitrophenanthreno, 174 
9- N itrophenanthreno, 174 
o-Nitrophenol, 303, 305, 309 
p-Nitrophenol, 135, 309 
yj'Nitrophenol, propyl ether, 306 
p-Nitrophenylhydrazine, reaction 

with carbonyl group, 442 
p• Nitrophenylhydrazones, 442 
3'Nitrophthalic acid, 160, 556 
4 Nitrophthalic acid, 566 
2Nitropropandial, 136 
l-Nitropropano, 76 
2*Nitropropan©, 76 
j8-Nitiopropionic acid, 478 

Nitrosaccharin, 889 
lAoNitrosoacetone, 424 
p-Nitroeodimethylaniline, 441 
oi-Nitroso toluene, 148 
€t»-Nitro8tyren©, 166 
o-Ni tro toluene, 148 

m-Nitrotoluene, 148 
p-Nitrotoluene, 148 

Nomenclature, 26 ff. 
d n^Nonacosane, lO-ol, 673 

Nonaoosanol*!, 270 
Nonadeoane, 68 
Nonadecane, dioM* 19, 290 
Nonadeoanol-1, 270 

Nouadocanono-2, 421 
cyc/oNonadecanone, 445 

Nonadecylic acid, 77, 483 
2, 6-Nonadienal, 395, 397, 674 
1, 8-Nonadienone*5, 421 

Nonadione-2, 8, 440 
Nonanal, 382 
Nonane, 68, 118 
Nonane, diol-J, 9, 289, 296, 448 
Nonane, diono-2, 4, 439 
Nonane, dione-4, 6, 439 
Nonanol-1, 270 
Nonanone-2, 420, 426, 77J 
Nonanone-5, 420 

cycZoNonanoiie, 445 
Nonone-1, 81 
Nonene-2, acid, 500 
Nonene-8, acid, 500 
Nonen© carboxylic acid, i.vo* 

butylamide, 765 
Nonoylvanillylamide, 762 
Nonylenic piperidide, 756 

J*-Nonyl©noylvanil3ylamide, 763 
2-Nonylpentamethylene oxide, 343 

Nonylthiophan, 198 
2- Noiiyna], 395 

Nonyne-1, 108 
3- Nonynone-2, 421 

Nopiiiene, 705, 710 
Norpinic acid, 550, 662, 703 tf. 
Nutriacholic aei<l, 907 
Nylon, 454 

Ocimene, 681 
alloOcimene, 681 

Octachloroacetylacetone, 139 
Octachlorobutonc -1, 235 
Octachloropropane, 234 

cycioOctacosane, 117 
Octacosanol, 270, 673 
Octadocadien>9, 12, acid, 495, 602, 

667 
Oct^ecanal, 382 
Octadecane, 68 
Octadecano, dioM. 18, 296 
Octadeeonol -1, 270 
Oct/adecanone-2, 421 

cycloOctadecanone, 445 
Ootadecaocta-en-2, 4, 6, 8, 10, 12, 

14. 16, al 736 
Oct^d©cat©tren©.4, B, 12, 15, acid, 

496 
Octadecatetrene-O, 11, 13, 15, acid, 

669 
Octadecatrieue-6, 9, 12, acid, 669 
Octadecatriene-9, 11, 13, acid, 495, 

669 
Octadecaliieiie O, 12, 15, acid, 495, 

669 
Octadecatriene-9, II, 13, one-4, 

acid (liicanic acid), 669 
Octadecene-l, 81 
Ootadecene-6, acid, 494, 668 
Octadecene-O, acid, 219, 446, 494, 

602, 624, 668 
Octadecene-11, acid, 496, 502 
Ootadecene-12, acid, 605 

ci>-H-Octadeoen6>9^ ol-l, 673 
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Octadecene-9, oM2, acid, 599, 600, 
669 

Octadecylbonzene, 73 
yi.*Octadecylic acid, 483,604, 661,667 

Octadecjdthiophan, 198 
Octadecyne-1, 108 
Octadecyne-6, acid, 495, 668 
Octadecyne-9, acid, 495 

I, 3-cj/c/oOctadiene, 126, 127 
1, 4-cyc/oOctadiene, 126, 127 

^ran^v/rafi,v*Octadiene-3, 5, diacid, 640 
2, 4-Octadiciione-6, 421 

‘ cyc/oOctadiono 203 
Octadiyne-2, 6, diacid-1, 8, 564 
Octahydrodiphenyl, 104 
OctahydronaphthalencB, 164, 166, 

713 
Octahydrophenanthrenes, 173, 180 
Octalin, 164, 166, 713 
Oetalin oxide, 166 
Octamethyldotriacontanc, 75, 728 

2, 6, 10,14, 19, 23, 27, 31-Octamethyldotria- 
contaiX)lvene-2, 6, 8, 10, 12, 14. 
16, 18, 20, 22, 24. 26, 30, 729 

Octaniethylmaltobionatc, 817 
Octamethyisucroae, 821 
Octamethyltrehalose, 818 

a-Octamvlose, 832 
OctanaX 381. 382 
Octane, 68 

ifloOctane, 82, 91 
cycZoOctane, llX 120 

bicydoOct&ne, 116 
tricycloOctane, 501 

Octane, dial, 405 
Octane, dioM, 8, 296 
Octane, dion©-2, 4, 439 
Octane, dioi)e-3, 5, 439 
Octane, dion©-3, 6, 345 
Octanol-l, 270 
Octanol-2, 271 

cycioOctanol, 128, 302 
Octanol-4, one-5, 433 
Octanono-2, 420 

cycZoOctanone, 126, 128, 445 
rycZoOctanone oxime, 128 
cycZoOctatetrene, 112, 126, 127 ff., 302, 

401, 405, 526 
Octatrienal-2, 4, 6, 307, 736 

cycioOctatriene, 126, 127 
cycZoOctatrien© dioarboxylic acid, 129 

Octatrienyne-l, 5, 7, 3, 112 
Octene-1, 81, 336 
Octone-2, acid, 500 
Octenes, 84 
Octoic acid, 478, 482, 492 
Octyl acetate, 771 
Octyl alcohol, 281 
Octyl bromide, 244 
Octyl butyrate, 771 
Octyl caproate, 771 
Octyl chloride, 234 
Octyl fluoride, 231 
Octyl iodide, 246 

aec-Octyl iodide, 246 
Oetylthioph^i, 198 

iaoOctylthaophan, 198 
2-Octyxial» 395 

Octyw-l, 108 

Octyne-2, acid, 113, 495, 506 
Octyne-2, acid-1, ester, 506, 772 
Odour, physiological basis of, 765 
CGnanthie acid, 492 
CEnanthic anhydride, 640 
CEnanthol, 379\ 382, 394, 772 
(Knanthone, 420 
(Enin, 353 
(Estrol, 913 
(Estrone, 912 
(Estrone methyl ether, 915 
(Estrus hormones, 912 
Oleanolic acid. 743. 934, 935 
Oleanolin, 934 
Olefines, 78 ff. 

reactions of, 85 
Oleic acid, 219, 446, 494, 502, 621, 

668 
Oleic anhydride, 640 
Olein, 667 
Oleoylvanillylarnide, 703 
Oleyl alcohol, 673 
Oleyl chloride, 634 
Oligosaccharides, 812 
Olivetol, 616 
Orceine, 318 
Orcinol, 304, 319, 825. 615 
Orcinol carboxylic acid, 325 
Orcinol phthalein, 325 
Organoleptic projierties, 748 
Oritea excelsa, 535 
Orsellinic acid, 614, 615 
Orthoacetic €>8ter, 475 
Orthocarbonic ester, 475, 647 
Ortho-esters. 647 
Orthoformic ester. 380, 475, 647 
Osazones, 792 
Osmic frequencies, 769 
Osmium tetroxide, reaction with 

olefines, 90 
Oaones, 792 
Osthenol, 609 
Osthol, 609 
Ostreasterol. 901 
Ostruthin, 610 
Ouabagenin, 930 
Ouabain, 930 
Ovoflavin, 876 
Oxalacetic acid, 603, 628 
Oxalaoetio ester, 663 
Oxalic acid, 282, 479, 583 ff< 

conversion to formic acid, 481 
Oxalic oxidase, 871 
Oxalia 533 
Oxalyl bromide, 636 
Oxalyl chloride, 122, 217, 635, 637 
Oxamide, 885 
Oxazoles, 434 
Oxidation of sugars, 798 
Oxulo-reductase, 371 
Oxigenins, 928 
Oxinu9s, 442 

j9-Oxohexane, 420 
y-Oxohexaxie, 420 

Oxycoocicyanin, 353 
Oxygenase, 371 
Oxyziitrilaae. 371, 855 

y-Oxytetrolio acid, 285 
Ozonides, 89 
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Palinitaldehyde, 381, 382 
Palmitic acid, 483, 667 

/^^oPalmitio acid, 484 
Palmitic anhydride, 640 
Palniitoleio acid, 667, 668 
Palmitolio acid, 506 
Palmitone, 421 
Palmitylbenzenc, 430 
Palmityl chloride, 634 
Pantothenic acid, 881 
Papttin, 371 
Fapaveracw, 536 
Paraconic acid, 649 
IViralhn hydrocarbons, tl ff.. 190. 

383 
conversion to fatty R<uds, 77 

cf/' foParafhns, 114 £f. 
1ml »gon derivatives, 250 

Para‘Vin wax, 198 
Paraformaldehyde, 350, 383, 381 
Parahlehydo, 351, 390 
Para Idol, 411 
‘ Paniraalic ’ acid, 539 ff. 
Parinaric acid, 009 
Farmetia cciperata, 006 
‘ Part ial ’ valencies ('i'hif’U*), 99 
Pe(daso, 371 
P(M*tiii {citrus, ap])le). 844 
Peidinase, 371 
Pt'ctitis, 843 ff. 
Ff'diUmthus peronia, 073 
I \dargonaldohyde, 382 
Pclargone, 420 
Pelargonic acid, 482 

tsopclargonic acid, 484 
Pel argon ic aldehyde, 503 
Pelargonic anhydride. 0!o 
JVlargonie piporidide, 75(. 
Pelargonidin, 352, 353, 355 

reactions of, 357 
Pelargonin, 353 
Fclargonium zonale, 353 

n-lVlargonyl chlorides 034 
IVdIagra ]ir<wentativc (PIM fa -tor, 

877 
0Pelletierine, 126 

PoIIitorine, 765 
Penicillin, 377 
PenicilUurn notatum, "Ml 
J^entaace^it vPd -galaedc >11<'] )t a nos»'. 

790 
PentaacetylgaJiMJtoses, 791 
Pentaacetylglucose, 791 
Pontoacetylglucose mereaptal, 791 
Pentabeii zoy 1 -1> -glucoses ,780 
Pontabromobenzene, 251 
Pentabromobenzoio acid, 593 
Pentacene, 183 
Pentachlorobenzeno, 261 
Pentachlorobenzoic acid, 693 
Pentachloroethane, 234, 240, 681 
Pentaohloroglutaric acid, 139 

2, 3, 4, 6, 6-Pentachloropentadione-2, 4, 
acid-1, 138 

2, 2, 3, 4, 4-Pentaohloropentane, diacid-1, 6, 
139 

Pentachloropropionic acid, 583 
Pentacontane, 68 
Pentaoosane, 68 

Pentadecane, 68 
eyeZoPen tadecane ,117 

Pent/adecane dicarboxylic acid, 447 
Pen tadecane, diol-1, 16, 296 
PentadecanoM, 263, 270 
Pentadecanol, acid-1, 598 
Pentadecanone-2, 420 
Pontadecanone-8, 420 

cf/eZoPentadecanone, 445 
Pentadecene-1, 81 
IVntadecyleneglycerol, 299 
J’ontadocylic acid, 77, 482 
Pentadecyl phenyl ketone, 430 
Pentadiene-1, 3, 96, 99 

ryr7oPentadiene, 96, 104, 158 
Pentadiene-2, 4, acid, 495, 501 
Pentadiene-1, 4, oI-S, 271 

evr/oPentadienjd magnesium bromide, 
105 

Penta-m-digallovlglucose, 652 
PentaerythriUd^ 389, 794, 796 
Pontaerythritol totrabrornide, 116, 

118 
Pentaerythritol tetranitrate, 796 
Pentaglycerol, 300, 390 
Pe ntaglyce rose, 3 90 
Pentaglycol, 390 
Pentahydroxyben zophonone, 435 

2.3.4,4', 6 - Pen tab y drox vt'ha Ikone, 360, 
436 

Pentaiodobenzene, 251 
f^en tame thy lace tone, 421 
Pentamethyllxmzene, 139, 153 
l*entainethylbenzoic acid, 524 
Pentamethyl-m-digallic acid, 652 
Pentamethylene (jhloride, 234 
Pentamethylene dibromide, 244 
Pentamethylene glycol, 343 

2.2.4.6.6- Pentamethylheptane-4i-aeid, 
acid, 493 

2.2.4.6.6 - Pen tamo th y Iht'pt erif ‘ - 3, 91 
2.1.4.6.6- I\'atamethylheptene-1, 91 
2.4.4.6.6 - Pen tame thy 1 hep tone - 2, 91 

Pe ntame thy IcycZo] )e n t en y 1 me th y 1 
ketone, 427 

Peniamethy Iphenol ,314 
Pontamethylsaliein, 851 
Pentanal, 382, 394. 76(> 

cycZoI^entanaldehyde, 337, 013 
l^mtanal one-4, 679 
Pentane, 273, 275 

eyeZoPentane, 115, 117, 118 
eyeZoPentane carboxylic acid, 478, 507, 

508, 612, 657 
Pentane dial, 404, 405 

cycZoPentane-1, 1-dicarboxylic acid, 
552 

cycZoPentane-l, 2-dicarboxylic acid, 
562 

cycZoPentone-l, 3-dicarboxylic acid, 
652 

eyeZoPentane dicarboxylic etcidfi, 551 ff* 
Pentane diol-1, 6, 296 
Pentane-2, 3-dione, 136, 437, 772 
Pentane-2, 4-diane» 423, 439 

cycZoPentane-1, 1, 2, 2, 4, 4-hexacar- 
boxylie acid, 574 

cyoZoPentane-1, 1, 2, 4, 4-p6ntaoar- 
boxylic acid, 574 
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cyc/oPeiitane-l, 1, 2, 2-tetracarboxylii- 
acid, 574 

cycIoFontane-1, 1, 2, 4-tetracwboxylic 
acid, 574 

rydoPoiitane-1, 1, 2, 5-tetracarboxylic 
acid, 574 

rt/doPentane-1, 1, 3, 3-totracarboxylic 
acid, 674 

Pentane triol-l, 2, 6, 300 
Pentane trione-2, 3, 4, 441, 600 
Pontanol-1, 83, 269 
Pentanol-2, 83, 271 
Pentanol.3, 99, 271, 278 

ft/c/oPentanol, 272, 301 
Pentanol-2, one-3, 433 
i*ontanol-2, one-4, 433 
Pontanol-3, one-2, 433 
Pentanone-2, 134, 420 
Pentanone-3, 420 

cydoPentanone, 119, 301, 415, 428, 
446, 608, 536, 637 

q/doPentanone carboxylic acid, 664 
Pentanone-3, diacid* 1, 6, diethyl 

ester, 121 
1, 2-r2/doPentano, 1, 2, 3, 4-tetrahydro- 

phenanthrene, 219 
Pen ta(p6n tanie th y 1 - w * d igal loy I) 

glucose, 653 
Pentaphenyl, 188 
Pontaphenylbenzoic a<^id, 532 

cgo/oPentaix>lycarboxylic aciiis, 573 
Pentatriacontane, 68 
Pentatriacontanoic acid, 483 
Pcntatriacontanone, 421 
Pentene-1, 81, 83 
Penten.e-2, 83, 278 

cwr and trans, 81 
cydoPentene, 120, 301 

Pentene-2, acid, 494 
Pentene-3, acid, 478, 494 
Pentene-4, acid, 494 

cydoPentene-1, carboxylic acid, 517 
ci«-Pent©no-2, diacid, 640 

^ronj»-Pentene-2, diacid, 540 
Pentene-1, ol-3, 271 
Peiitene-2, ol-l, 271 

rydoPentene oxonide, 404 
13-cydoF6ntene-2-yl-tridecane, acid, 668 
13-cydoPentene-2-yl-n-trideceno, acid, 668 

Pentene-4, yne-l, ol-3, 271 
oydoPentenocyc^heptanone, 713 
c^ePentenoeydoheptene, 713 

Pentenoiie-3, 421 
Pontenone-4, 421 

2-Pentenone-4, 421 
cydoPentenyl-l-aoetio acid, 518 
cydoPentenyl-2-aoetic acid, 518 
c^oPentenyl-2-alkane acids, 511 
cydePentenyl-2-butyTic acid, 518 
c^oPentenyl-S-Mototyrio acid, 518 
cyeloPenten3rl*2-oaprDic acid, 618 

ll-iifdoPetitene-2-yl-undecane acid, 668 
PenUmm, 830 

eydopentylaoetio acid, 513 
maPentyl alcohol^ 273, 395 
mePentyl bromide, 244 

eydePeatyllfCbatyric add, 513 
neoFentyl carbi&ol, 275, 280 
fieePentyl dilonde, 229, 282, 234, 273 

cydoPentyiideneaceiio acid, 6J8 
neoPentyl iodide, 246 

3-Pentyl phenyl ketono, 430 
13-cydoPentyltridecane acid, 509 
11 -cydoPeutylundecane acid, 509 

Pentyne-1, 108 
Pentyne-2, 108 
Pentyne-2, a<?id, 495 
Pentyne-2, diacid-1, 5, 5(»1 
Pentyno-2, ol-3, 113 

2-Pentynone-4, 421 
Peonia qfficinalWf 353 
Poonidin, 353 

reactions of, 357 
Peonin, 353 
IVonol, 434 
I'opsin, 371 
Peptidase, 371 
Peracetic acid, 342, 465 
Perbenzoic acid, 339, 341 
Perbunan, 204 
Perchlorobutylene, 235 
Perchloroethyleno, 235 
Perchloropropylene, 2 3r 
Perfumery industry, 770 
Perhydronordixin, 730 
Perhydrolycopene, 728 
Perhydrovitamin A, 734, 735 
Porilla aldehyde, 702 

an^ialdoxime, 868, 102 
Perilla nankinemis^ 702 
Poriplocymariii, 930 

[ Periplogenin, 930, 932 
I Perkin reaction, 393 

Pernambuco wood, 364 
Peroxidase, 371 
Persoitol, 784 
Porseulose, 784 
Porsitol, 794 
‘ Perspex 450, 453 
Perylene, 166, 175, 176, 186, 222 
Peryllartine, 868 
Petroleum industry, 195 
Petroselenic acid, 494, 502, 5(»3, 

668 
•soPtjtroselenic acid, 404 

Peiroeditvm sativum, 359 
Petunia hyhrida, 353 
Petunidin, 363 

reactions of, 357 
Petunia, 353 
Pharbitinio acid, 859 
PltarbUiSf 869 
Phaseolunatin, 854 
Phaeiealua ItUevs^ 854 

a-Phellandrene, 697 
jS-Phellandrene, 697 

Phonacyl bromide, 431 
Phenacyl chloride, 431 

2'Phenanthraldehyde, 400 
3-Phenaiithraldehyde, 400 
9-Phenaathraldehyde, 400 

Phenantkrene, 147,170 3^7 
Phenaathrene* 1 -carboxylic acid, 

529 
Phenantbreno-O-carboxylic acid, 

172 
Phenanthrexiequiiicma, 172, 174, 

222,558 
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Pherianthrene -1 *8ulphoriic acid, 
174 

Pbenai)t-hreno-2'Sulphorjic acid, 
174, 316 

Pheiian threiie -3 -aulphonic acid, 
174, 316 

Phenanthrene-9”Bulphonic acid, 
174 

Phemajithreiiylme thane, 175, 176 
Pheaanthrenyimethaiie-1J - car¬ 

boxylic acid, 176 
Phonanthridiue^ 162 
Phenanthridino derivatives, 468 
Phenanthrols, 316, 317 
Phene tole, 305 

p-Phenotylthiouroa, 870 
p-Pheuetylureti, 868, 870 

Phenol, 138, 305, 308 If. 
nitration of, 309 
oxidation of, 309 
reaction wiili styrene. 310 
sulphonalion of, 309 

Phenol e^sters, 306 
Phenol-formaldehyde resins. 451 
Pheiiol-furaldehyde resins, 455 
Phenolic aldehydt's, 307 
Phenolic properties, 306 
Phenols, 802 ff. 
Phenol-o-siilphonic acid, 309 
Phonol-p-sul|>honic acid, 309 
Pheaoquinone, 324 
Phenothiazine, 221 
Pluiiylucet aldehyde, 128,401, 132. 

626 
Pheny lace tarn ide, 626 
Phenylacetic acid, 171, 526, 62S 
Phonylacetio ester, 263, 613 

/8-t>oPheny lace tic ester, 620 
Phenylaoetone, 213, 342, 4 Hi 
Phenylaoetonitrile, 266 
Phonylacetyl chloride, 635 
Phenylacetylene, IT)5 

a-Phenylacrylio fiw id. 529 
^-PhcTu lacTylic neirl, 151, 155, 401, 

4 79, 627, 529, 630, 662 
Phen>'laUene, 96 
Pheny 1 benzimidazol, 523 
Phenylbutadiene-1, 2, lOO, 156 

1 -PhenyIbutene-3, 161 
1-PhenyIbutone, acid-4, 160, 629 
1-PhenyIbutone-2, acid-4, 529 
1-Phenylcycfobutyl carboxylic acid, 

612 
Phenylbutyric acid, 627. 628 
Phenylcaproic acid, 528 
Phenylcaprylic acid, 628 

3-Phenyl -1 -ohloropropano, 158 
a-Phenylcinnainic a<nd, 529 
/5-PhenyIcinnemic acid, 529 

‘ Phenylitfocrotonicj acid 160 
I^henyldimothylpyrazole, 666 

o-Phenylenediacetic acid, 164 
p-Phenylenediacetio acid, 182 
♦n-Phenylenediamine, 320 
p-Phenylenediamine, 370 
m-Phenylenediamine resins, 456 
jo-PhenylenedipatCissiiiin, 147 
1-Phenyl-1, 2-epoxypropane, 337 

Fhenytethyl alcohol, 154. 272 

Phenylethyl acetate, 646 
Phenylothyl butyrate, 646 
Phenylethylene, 164 
Pheny lethylenes, 192 

/3-Phenylethyl ethyl ether, 331 
Phenylethyl formate, 646 

j3-Phenylethyl magnesium broHii(5‘, 
174 

Phenylethyl propionate, 646 
Phenylethyl thioearbimide, 856 
Phenylethyl valerate, 646 
Phenylethyne, 166 

^-Phenylglutaric acid, 659 
Phenylglyoxylic acid, 627, 613 
Phenylheptoic acid, 628 
Phenyl hexyl ketone, 665 
Phenyl hydrazine, reaction with 

carbonyl group, 442 
Phenylhydrazine sulphonic acid, 

628 
Phenylhydrazones, 442 
Phenyl iododichloride, 255 
Phenyl iodonium diacetate, 25.5 
Phenyl iodonium dihydroxide. 255 
Phenyl keten, 463, 464 
Phenyl magnesium bromide, 305 
Phenyl methyl carbinol, 272 

1 - Phenyl-3 -methyl-6-pyrazolone, 
467, 666 

a * Phenylnaphthalene ,212 
Phenyl-1 -naphthylphthalide, 224 
Phenyl-o-nitrocinnamic acid, 171 

10-Phenyloctadecone acid-1, 219 
Phenylpelaxgonic acid, 628 

5-Phenylpentene-2, acid, 529 
5-Phenylpentene-3, acid, 529 
5-Phenylpentene-4, acid, 629 
1 -Phenylpentyne -1, 157 

Phonylphosphine dichloride, 214 
/3-Phenylpropargyl alcohol, 272 
1-Pheny lpropene-1, 166 
1- Phenylpropene-2, 166 
2- Phenylpropene, 166 

Phenylpropiolic acid, 479, 529, 531 
PhenyIpropiolyl chloride, 635 
Phenylpropionaldehyde, 400 
Phenylpropionio acid, 479, 528 
Phenylpropionyl chloride, 635 
Phenylci/cfopropyl carboxylic acid, 

512 
1-Phenylpropyne-l, ol-3, 167 

Phenylpyridine, 213 
Phenyl salicylate, 366, 607 
Phenyl sodium carbonate, 306 

1 -Phenyltetrahydronaphthaleno-1, 
4-dicarboxylic acid, 531 

Phenyl thioearbimide, odour of, 769 
PhenyIthiophen, 213 
Phenylvalerio acid, 628 
PhUoMphut coronariw, 715 
Phillyrin, 860 
Phlein, 826, 833 
Phletim prateme, 826, 833 
Phlobaphene, 6^ 
Phlobotannins, 650 
Phloionio acid, 604 
Phloroaoetophenone, 434 
Fhloroaoetopbenone dimethyl 

ether, 363, 435 
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Phloroacetophonone trimothyJ 
ether, 358 

Phloramine, 306, 328 
Phloretic acid, 607, 611, 612 
Phloretin, 327 
Phloretylphloroglucinol, 853 
Phloridzin, 327, 611, 612, 852, 853 
Phlorin, 612 
Phlorobenzophenoiie, 435 

4-methyl ether, 435 
2, 4-(limethyl ether, 435 
2, 4-dimethyl ether, 3, 4-methyl- 

onedioxy, 435 
2, 4, 6-trimethyl ether, 435 

Phloroglucin aldehyde, 357 
Phloroglucinaldehyde dmietln I 

other, 355 
Phloroglucinol, 135, 130. 305, 308, 

320, 327, 368, 441 
Phlorogluoinol trioxime, 328 
Phloxiiie, 322 
Phoc®cholie acid, 907 
Phorone, 421, 428 
Phosgene, 240, 278 
PhosphataHo, 371 

2-Pho8phogJyeeric acdd, 375 
PhotosjTithesis, 450 
Phthalaidehyde, 405 

i^oPhthalaldehyde, 405 
^rrePhthalaldehyde. 286, 405 

Phthaleiiis, 639 
Phthalic acid, 160, 163, 556 

i/9oPhthalic acid, 556 
ierePhthalic acid, 147, 474, 557 

AomoPhthalic acids, 561, 562 
Phthalic anhydride, 220, 321, 322, 

641 
AomoPhthalic anhydride, 641 

Phthalides, 560 
AomoPhthalimide, 561 

/erePhthalyl alcohol, 286 
Phthiocol, 889 
Physalien, 737 
Physeteric acid, 494, 502 
Physetoleic acid, 502, 667, 668 
Physicin, 857 
Physodic acid, 617 
Phytaiie, 724 
Phj^nol, 724 
Ph5rtase, 371 
Phytdephcts macrocarpaf 811 
Phytin, 894 
Phytohormones, 893 
Phytol, 724 flf., 728 
Phytolaldehyde, 729 
Phytoxanthin pigments, 727 
Phytylbromide, relation to vitamin £, 888 
Picein, 434, 853 
Pioene. 176, 176, 183 
Pioene derivatives, 743 

j5-Picolme, 396 
Ficrammia sp., 606 
Pieroerocin, 860 
Pimanthrene, 742 

2«Fimario acid, 739 
Pimelic acid, 138, 479, 633, 587, 

m 
Ponelic anhydride, 641 

Pirnelic dialdehyde, 405 
Pimelic half-ester, 263 
Pimelyl chloride, 635 
Pimpindla ttaxijra/ja^ 609 
Pimpinellin, 609 
Pinaool, 276, 287, 293, 417, 422 
Pinacolyl ac*etate, 83 
Pinacolyl alcohol, 80, 275 
Pinacono, 98, 293, 417 
Pinaconcs, 262 
Pinene, 681, 692, 703, 709 

^-Pinene, 705, 710 
Pinene glycol, 704, 705 
J*inic acid. 703, 704 
Pinitol, 894 

'Pinonic acid, 703, 7n4 
Finns longifolia, 695 
Piperic acid, 617, 756 
Piperidine eompoimds from ili- 

rnethyl keteii, 468 
Piperine, 756 

i>oPiperinic acid, 756 
Piperitol, 691 
Piperitone, 698, 700 
Piperonal, 413 
Piperonylic acid, 615 
Piperonylidonomeiloiiic 756 
Piper nifjrum, 755 
Piperylene, 96, 99 
Piperylene dicarboxyli** acid, 510 
Pivalic acid, 484 
Pivalic aldehyde, 382, 395 
Pivalic anhydride, 640 
Pivaloin, 433 
Pivalono, 421, 427 
Plant mucilages, 844 
Plastics, 449 
FdyarUhus^ 353 
PolychlorohydrocarborLs, 236 
Polyeno-otw-diacids, 547 
Polyethylene glycols, 338 
iVilyfruciosanB, 833 
Poly-^-glucuronic acids. 836 
Polyglycerols, 298 
l^olyglycollide, 594 
Polygonum tinctorium, 859 
Polyketones, 441 
Polyoxymethylene diacetattjs, 385 
Polyoxyraethylene glytjols, 383 
PolyoxymethylcwcH, 383, 884 fit. 
Polystyrene, ^05 ff-, 452, 453 
Polytfirpenes, 723 
Polythene, 452, 453 
Polyiironic acids, 840 
Ikdyvinylacetal, 451, 463 
Polyvinyl acetate, 451 
Polyvinylbuiyral, 451, 453 
Polyvinyl chloride, 451, 453 
Polyvinylidene chloride, 461, 453 
Poplar, 358 
Populin, 853 
Pregnane, 913 

aliol^regnane, 924 
Pregnane diol, 913 

otfoPregnane triketone, 926 
Pregnene-4, ol-21, dione-3, 20, 

acetate, 924 
Prehnitene, 189, 162 
Prehnitio acid> 675 



INDEX 975 

Prehnitol, 314 
Prilesliaiav reaction, 336 
Primaso, 371 
Primeverose, 813, 822, 862, 867, 

860 
Primula hirttuta^ 363 
Primula integrifolia^ 363 
Primula sp.^ 368 
Primula vwcosa, 353 
Frimulin, 353 
1‘rogt^tt^roiie, 915 ff., 925 
Propanal, 380, 382, 394 
Propanal diol, 774 
Propane, 68 

cyc/ePropane, 117, 220 
cyc/oPropane carboxylic acid, 478, 512 

I*ropane dial, 406 
ryc/oPropane-1, 1-dicarboxy lie acid, 

606, 648 
r^WoPropane-l, 2-dicarboxylie acid, 

647, 548, 649 
ryr/fyPropane-1, 1-dicarboxy lie ester, 

669 
‘ Propane dike ten ’, 472 
Propane diol-1, 2, 296 
Propane diol-1, 3, 296 

rydoPropane hexaearboxylic acid, 674 
cyclopropane tetraoart>oxylic acids, 673 

Propane tricarboxylic acid, 566 
ci/c/oPropaiie tricarboxylic acids, 672 

Propanol-!, 268, 270, 380 
Propaiiul-2, 271.276,419 

VydoPropanol 301 
Propanol-3, al, 410 
I’ropanol-I, one-2, 432, 433 
Propanoiie-2, 276, 377, 379, 

418 ff., 420 
Propargyl alcohol, 271, 284 
Propargyi aldehyde, 396 
Propargyl chloride, 236, 243 
Propene-2, acid, 478, 494, 496 
Propene-2, al. 396, 410, 774 

cyc^oPropone dicarboxylic acid-1,3, 653 
Propene-2, ol-l, 271 
Propenylbenzene, 166 
Propenyl ethyl ketone, 421 
Propenyl propyl ketone, 421 

4-<soPropenyl-2, 3, 4, 6-tetrahydro- 
benzaldehyde, 702 

Propioin, 433 
Propiolic acid, 134, 496, 606, 506, 

685 
Propionaldehyde, 278, 380, 382, 

390. 394 
Propionaldol, 411 
Propione, 420 
Propionic acid, 478, 482, 490 
Propionic anhydride, 640 '^- 
l*ropionylacetone, 439 
Propionyl bromide, 634 
Propionyl-n-butyrylmethane, 439 
Propionyl carbinol, 433 
Propionyl chloride, 634 
Propionyl fluoride, 636 
Propionyl iodide, 636 

2 -Propionyl- 7^methoxynaphthalene, 
914 

Propionyl methyl ourbinol, 433 
Propiophonone, 430 

cydopropylocetic acid, 612 
a-Propylocrolein, 396 
n-Propyl alcohol, 268, 270, 38(» 

woPropyl alcohol, 271, 276, 419 
n-PropyloUene, 95 

woPropylallene, 96 
Propyl allyl malonic ester, 539 

n-Propyl-2 -ammo-4-rj itrobenzen<^, 
868 

p-ij9oPropylaniline, 93 
Propylbenzene, 160, 220 

i^oPropylbenzeno, 93 
o-Propylbenzoic acid, 625 
p-Propylbenzoic acid, 625 

o-i.«oPropylbonzoic acid, 525 
7)-i«oPropylbenzoic acid, 625 

o-Propylbenzoyl chloride, 636 
p-i«oPropylbenzoyl chloride, 635 

n-Propyl bromide, 244 
isopropyl bromide, 244 

cyc/oPropyl carbinol, 302 
ryc/oPropyl carboxylic chloride, 634 

n*Propyl chloride, 234 
ttfoPropyl chloride, 234 

o - i^oPropyl -m-cresol, 312 
p-woPropyl-m-cresol, 312 

Propylene, 81, 82, 249. 339, 419, 
685 
glycerol from, 297 

Propylene chloride, 234 
Propylene dibromide, 82, 244, 249 

1, 3-Propylene glycol, 292 
Propylene oxide-1, 2, 339, 341 
Propylene oxide-1, 3, 339 

twPropylethyleno oxide, 341 
n-Propyl fluoride, 231 

a-woPropylglutaric acid, 659, 700 
a-Propylglyoorol, 299 

i^oPropylcyclohexene-2, ono-4, 697, 
698 

Propylidene malonic ester, 539 
woPropylidine malonic ester, 639 

Propyl iodide, 118, 246 
tsoPropyl iodide, 246 

Propylmaleic acid, 646 
3- woPropylcycZopeatane carboxylic 

acid, 613 
2-n-Propylpentanol, 656 

Propylphenol, 306, 314 
tsoPropylphenol, 93, 304, 306, 314 

a-n-Propylphenyl^etic acid, 629 
a-wPropylphenylaoetic acid, 529 
p-isoPropylphenylaoetic acid, 628 

Propyl phenyl ketone, 430 
4- isoPropylitfaphthahc acid, 658 
5- »«oPropyli«aphthalio acid, 558 
1 - woPropylcyclopropane-1, 2-cUcar- 

boxylic acid, 648 
2-Propyl-2-propenal, 396 
5-Propylresorcmol, 616 

Propyl sulphide, 198 
j5-tsoPropyltetralin, 211 

tsoPropyl thiol, 198 
2-Prop3mal, 395, 307 

Propyne, 108, 112, 133 
Propyne-2, acid, 495, 506, 506 
Propynol, 271 
Prosoillaridin A, 930 
Proteases, 371 
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Pi'otocateehuic acid, 614 
Protocetraric acid, 617 
Pro toco toin, 435 
Protolichosteric acid, 606 
Provitamin A, 736 
Prulaurasin, 854 
Prunaae, 855 
Pnmasin, 854, 855 
Prune tin, 364 
Pninicyanin, 353 
Prunus avium, 353 
Prum*s 650 
Prunus rhosas, 353 
Prunus snotina, 362 
Prumis sp,^ 360, 364 
I^runt^s spinosa, 353 
/udoinofuis saccha roph ila, S2 5 

D-lWose, 784 
n-l^sicose, 784 

Psylia ani, 483, 673 
Psylla wax, 673 
Pulegenic acid, 518 
Pulegol, 698 

^voPulegol, 682, 685 
Pulcgone, 698, 701 

«i.soPulcgoue, 698, 701 
Punica gratuiturn, 353, 65n 
Pungency, 755 
Pumcin, 353 
i'urpurin, 857 
l^urpurogallin, 326 
Pyraiifl, 352, 440 
Pyrantiiroae, 223 
Pyrazoles, 438, 666 
Pyrazolidone, 497 
Pyrazoline, 396 
P^azoline tricarlx>xylic acid, 573 
Pyrene, 175, 176, 185 

1, B-Pyrenequinone, 176 
4-P3-Tenylbutane, acid-1, 186 
4-Pyrcnylbuta?)oiie*4, acid -1, 185 

Pyridine-a-carboxylie acid, 879 
l^yridoxin, 878 ff. 
I^vridoxin, monomethyl ether, 880 
Pyridyl carboxylic acid, 218 
Pyrindacine, 198 
Pyrocalcifcrol, 910 

iAoPyrocalciferol, 910 
Pyrocatechol, 309, 370 
Pyrocinchoiiinic acid, 545 
Pyrogallic acid, 305 
PyrogaHol, 306, 886 ff., 370 
Pyroligneoua cbcid, 487 
Pyromeconic acid, 622 
Pyromellitic acid, 575, 578 
Fyromucic acid, 346 

barium salt, 344 
a-Pyrone, 852 
y-Pyrono, 352, 622 

Pyrones, 852 
Pyrotartaric acid, 636 
Pyroterebic acid, 494 
Pyrrole, 403 

from ammonium guccinate, 535 
Pyrtblea, 440 
Pyrrolidine, 97 
Pyruvic acid, 132, 376, 673, 624 
Pyruvic aldehyde, 422 
Pyruvic oktoxime, 424 

Quebraohitol, 894 
QuebrcKsho Colorado, 362, 65(; 
Quercetin, 358, 362, 888 
Quercetin, 7, 13-dimethyl ether, 

362 
Quercetin, 13-methyl ether, 362 
Quercetin, 7-methyl ether, 362 
Quercetin, tetramethyl ether, 363 
Quercimeritin, 362 
Quorcitagetin, 362 
Qiieroitagitrin, 362 

d-Quercitol, 894 
Quercitrin, 362 

i>oQuercitriii, 362 
Quercua tinctoria, 362 
Quillaia, 934 
Quillaia bark, 743, 934 
Quillaia sapogenin, 934 
Quillaic acid, 743 
Quinacotophenone, 434 
Quinazarin, 221 
Quinhydrone, 323, 324 
Quinic acid, 319, 619 ff .. 745 

rM-Quinite, 320 
Quinoline carboxyhc ac i<l. 3S1 
Quinone, 144, 541 
QuiixoxalineH, 437 

Kaffinose, 813, 821, 823 
Raphia tujffia, 673 
Haphia wax, 673 
Koealin, 826 
Keductase, 371 
Keductic acid, 799, 887 
Reductoiie, 799, 887 
R€'fonnat«ki reaction, 678 
Reforming (jx>>troleuiii), 198 
Keimer-Tiemaim reaction, 307, 112 
Kennin, 371 
Rcsacet-ophenone, 321, 434, 523 
Reseda luteola^ 359 
Koain acids, 789 
IU>8orcmol, 139, 305, 319, 320 IT., 

327, 309, 609 
a-Reaorcylic acid, 614 
jS-Resorcylic atud, 614 
y-Hesorcydio acid, 614 

lieeorufin, 320 
Ketene, 187, 739 
Revertoee, 813, 816 
Hhamnazin, 362 
Rhamnetin, 362 

i>cKhamnetin, 362 
Rhamnitol, 794, 796 
Khamnoconvolvulic acid, 599 
Khamnose, 782, 810 

from oonvolvuiin, 859 
from gum arabic, 846 
taate of, 870 

^soRhaInnofto, 782, 807 
epiKhamnoae, 869 
i.-Khamno8ido-6-D-glaoo8e, 822 

Mhamnus sp,, 362 
Rhein, 867 
Eheochrysin, 867 
Khodmal, 678, 681» 698 
Khodinio acid, 678» 681 
Ebodinol* 078, 681 
Rhodisonie acid, 132, 689 ff. 
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lihododfindron ponttcuTTK 821 
Khodoxanthin, 737, 738 
Rhubarb glyw>sitJ<\s, 857 
Itht(S coriaria^ 362, 650 
E?iu8 cotinWy 362, 650 
Ehtui semilata, 650 

D-Hiboketose, 783 
L-Kibokotose, 783 
l>-Ribose, 777, 779, 8J0 

in vitamin synthoHis', 877 
L-UiboH©, 777, 779 

Riciuoleie acid, 590, 600, 660 
suberic acid from, 538 

Ring ketones, 443 ff. 
Risic acid, 610 
Hoain, 826 
Eobinia pseudarucia, 362 
Eohinia 8p., 350 
Roldnin, 362 
Robinson’s svntlu'sis oH inalviii, 

356 
Hocdla Hp.y 318 
Itose Bengal, 322 
Roseuiuund’s synthesis of diahlf- 

hydes, 404 
/>-RosoIic acid, 31(^ 

Rotciioiio, 610 
Rubb<'r, 200 

ci/c/oHublxT, 203 
Rubl)er ozonide, 202 
‘ Rubber, syntheti(! 200 
Rubt‘rythric acid, 857 
Kubiadin, 857 
Rubixautliin, 737 
Eubiis fruticostuty 353 
Rull’s degradation, 801 
Etita graveolens, 362, 676, 771 
Rutin, 362, 822 
Rutinose, 813, 822 
Ryegrass wax, 673 

iSabiiiakotono, 703 
Sabinene, 702 
Sabinio acid, 500 
Sabinol, 703 
Saccliaric acids, 780, 802 
Saccharides, classitication of, 774 
Saccharin, 861, 865 

manufacture of, 861 IT. 
physiological prop(,5rties, 866 
solubility of, 865 

Saccharin oxime, 866 
Bacchariiiio acids, 803 

tae^aSaccharonic acid, 745 
SafroJe, 413 

«>oSafrol©, 413 
Sakuranetin, 360 
Sakuranin, 360 
Saiicin, 412, 606, 851, 853 
SaJicyl alcohol, 851, 853 
Salicylaldeiiyde, 308, 346, 411 ff., 

606, 863 
Salicvlio acid, 138, 307, 412, 606 

reduction of, 538 
Saligenin, 851 
Salipurol, 436 
EcUtx triandray 650 
Saloi, 607 
Saiviaxiin, 363 

Salvia jjaten^, 353 
Salvia splendxnsy 353 
Sambucin, 353 
Sambvicvis nigpr, 353 
Sambunigrin, 854 

a Santalone, 710, 720 
j3-iSantalene, 719, 720 
a-Santalol, 710, 720 
/^•Saritalol, 719. 720 

San tone, 719, 720 
San tonic acid, 552 
Santenol, 719 
Santonin, 721 
Saj)i<iity, 749 
Saponaria, 743 
Saponification of esters, 259 
Saponins, 933 
Sapotalone, 167, 934 
Sappan wood, 364 
‘ Saran 451, 453 
Sarmontocymarin, 930 
Sarmentogenin, 930 
Sarsaparilla saponin, 933 
SarsaBapogenin, 933 
SarHOvSaponin, 933 
Sutivic acid, 590 
Sclioll reaction, 187, 222 
Schotten-Baumann reaction, 643 
Scillabiose, 930 
SciJIaren, A and B, 928 ff. 
Scdiaridia A, 930 
Scdareoi, 723 
Scopolia japonlca, 853 
Scopolin, 853 
Scorzonera sp.y 413 
Scrophtdaria nodosay 359 
Scutellaria baimlcnsis, 359 
S<?utellarem, 359 
Scutellarin, 359 
Scyllitol, 894 
Scymnol, 909 
Sebacic acid, 479, 633, 539 
Sobacic diaJdohyde, 405 
Sebacyl chloride, 636 
Sedanolic acid, 719 
Sodanolide, 598, 719, 771 
Sedauonic acid, 598 
Sodoheptose, 783, 784 
Sedum spectabiley 783 
Selacholeic acid, 496, 502, 669 
Selachyl alcohol, 605, 672 
Selomum dehydrogenation, 167, 

902 
Selenosacoharin, 870 

a-Selineu©, 719 
/?-S©lineno, 719 

Semicoxbazide, reaction with car¬ 
bonyl group, 442 

Semicarbazoncs, 442 
Semioxamazide, reaction with car¬ 

bonyl group, 442 
Semioxaniazones, 442 
Senecio «jp., 499 

tsuSerine, 587 
Serotin, 362 
St>Bquiterpenes, 714 
Sox hormones, 912 

female, 912 ff. 
male, ^1 ff. 

62 
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Soxiphenyl, 189 
Shea butter, 48.*} 
Shikimic acid, 020 
Shogaol, 435, 700 
Silicone diols, 459 
Silicone triols, 459 
Silicones, 458 
Silv^er acetylide, 109 
Siiialbin, 850 
Sina])in acid sulphate, .")(> 
Siiiigriii, 56 
Sinigrinase, 372 
Simonini reaction, 2(i3 
Siiiistrin, 820 

y-Sitostcrol, 901 
Smell, 748 
^milox glycophylla, 853 
Soaps, 007 
Sobrerol, 704 
Sodium acetylide, 112 
Sodium alkyls, 71 
* Sodium formaldehyde bisulphite’, 

388 
Sodium glutaniate, 751 If. 

in flavour production, 752 
from j>t"at, 755 

Sodium phenyl, 146 
Sodium tripheuylmethyl, 663 
Solanidine, 935 
Solanine, 935 
Soluble starch, 831 
Sophora japonica^ 302 
Sorbic acid, 495, 500 

synthesis of, 503 
Sorbic aldehyde, 397 
Sorbitol, 409, 794, 790, 886 
Sorbose, 377, 409, 784 
Soya hispida, 304 
Spt?nnaceti, 673 
SptMTn oil wax, 673 
Sphingosine, 299 
Sj^ilanthol, 765 

a*Spinasterol, 901 
Spiroea sp., 853 
Spircea ulmaria, 411 
Spiroein, 853 
Squalone, 720 

in relation to unsaturatod acids, 
505 

Stachyose, 813, 824 
Stachyff ttdnjera, 824 
Starch 

blue colour with iodine, 831 
conversion to formic acid, 481 
enzymic degradation of, 827, 828 
enzymic formation of, 830 
moleculax weight of, 828 
reactions of, 
structure of grains, 827 

Starches, 825 
Stearaldehyde, 381, 382 
Stearie acid, 483, 504, 661, 667 

fsoStearic acid, 484 
Stearic anhydride, 640 
Stearidonic acid, 669 
Steajnolie acid, 495, 506 
Stearane, 416, 421 
Stearophenone, 73 
Stearoyl chloridie, 381 

S tearoy Ivan illy lamide, 703 
Stcaryl alcohol, 270 
Stearyl eliloride, 034 
Steroids, 872 ff. 
Sterols, 900 fl\ 

stereochemistry of, 904 
structure of, 900 

Stevia rebaudiana^ 867 
Steviol, 868 
Stevioside, 808 
Steviowin, 800 
Stigmasteroi, 901, 903, 91 S 
StillKuie, 147, 172. 192 

i^oStilboiH^, 342 
Strain theory. 114 
Strophanthidin, 930, 932 

A:-Strophanthin H, 930 
Styrene, 154, 192 ff., 342 

metaStynmo, 155 
Styrenr* iodoljytlrin, 342 
Styrene oxide, 342 
Stvrvlci/cZoj)ropyl cari>oxvlic acid. 

512 
Suberic acid, 125, 479, 533, 538 
Suberic aidiytiridc, 041 
Su be rone, 302, 429, 538 
Sulx'rone oxime, 125 
Siiberylarginin(‘, 932 
SubfTyl chloride, 035 
Succindialdehyde, 403, 405 
SucM'indialdehvde ietraethvlacetal. 

404 
Succindinitrilc, 239, 535 
Surviiuc acid, 221, 239, 479, 533, 

535 fl.. 507 
SiK'cinic acid dichloride, 217, 035 
Suc(‘inic! anhydride, 185, 321, 535, 

039, 040 
Succinic ester, 130 
Succinic half-aldehyde, 023 

pcriSuccinoylacenaphthene, 108, 222 
Suecinyl chloride, 2X7, 035 
SucraKc, 371 
Sucrol, 808 
Sucrose, 813, 821 
Sugar-alcohols, 793 fl. 
Sugar dialdehydes, 798 
Sugars, 778 fl. 

dehydration of, 805 
rc‘ducirig power of, 793 
ring structure, 784 

y-Sugars, 787 
Sulphimc acids, 218 
Sulphones, cyclic, 101 
Suinbulene, *443 
Suprastf^rol, I and 11, 910 
Sweetening comjioundB, 861 
Sweet taate, 869 
SylvoBtrene, 097 
Synt he lasts, 203 
Synthetic -(estrufl compounds, 918 
Syringa aldehyde, from beech 

li^in, 841 
Syringaic acid, 618 
Syringin, 853 

Tachyaterol, 910 
X>-Tagatose, 7^ 
L^agatose, 784 
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Tagete^^ glandulifera, 688 
Tagetcs patida, 362 
Tagot(>m\ 687 
Talit-ol, 794 

D-Talorniicic, acid, 781, 802 
L-Talomucic acid, 803 
n-Talonic acid, 800 

Talose, 780 ff, 
Tnmarix m-cmnijera, 796 

oc-Tanacetone dicarboxylic acid, 703 
Tannins, 649 
Taraxanlliin, 737 
Tariric acid, 493, 503, 506, 627, 668 
Tartaric ai'id, 603 ff. 

from oxidation of plumol, 3(>7 
Tartaric acid dinit rate, 028 
IVirtrazine, 628 
4'artroiiic acid, 298, 601 
Taste, 748 
Taurino, 907 
'raurocholic acid, 9(i7 
‘ Tnnrylic acid ’,311 
Toctorigimin, 364 
‘ ']’cM>poi 269 
'Ponitc, 453 
Tephrf)flin, 611 
Tcracrylic acid, 494 
Tcrdocano'l, 12-dicarboxylic acid, 

447 
4'(‘rdccanc'dionc-2, 4, 439 
TorolH'nthonc, 703 
Terobic acid, 689 
Tereaantalic acid, 714, 720 
Toiosuntaiol, 719 
Terniinalia chfbula^ 650 
Terpaiu', 688 
TeqM'ne glycerols, 745 
Torjxmes, biogenesis of, 743 
Terpenes, claKsiffcation of, 674 
Terpenoid plant pigments, 727 
Torpenylie acid, 689, 705 
Teqdionyl, 188, 189 

1, 8-Terpiii, 293, 692, 693 
cift and trana^ 694 

a-Ter{iineno, 697 
^-Terpinene. 697 
y-Torj)inoue, 697 

Terpinenol, 69) 
a-TerpineoI, 293, 678, 679, 685, 688 

synthesis of, 690 
transformation of, 692 

/S-Terpinool, 691 
y-Terpinool, 691 

Terj^iiii hydra to, 691 
I’orpinolono, 097 
Testosterone, 923 

2, 3, 4, O-Tetraacetylgalactose, 790 
1, 2, 3, 4'Totraacetylgluco8e, 816 
1, 2, 3, 5-Totrabromoboii2ion©, 251 
1, 2, 4, 6-Totrabromobonzene, 251 

Ti.^trabn>tno(catechol, 320 
Totrabromodimethy Icoumaron, 

304 
Tetrabromoethane, 169, 244 

1, 2. 2, 3-Tetrabromopropane, 95 
Te trabromo ‘tn-xylene, 123 
Tetrabromo^p-xyleno, 123 

1, 2, 3, 4-Tetrachlorobenzeno, 251 
1, 2, 3, Cl-Tetraohlorobepjsen©, 251 

1, 2, 4, 5-Tetrachlorobenzene, 251 
2, 3, 4, 5-Totrachlorobtmzoic acid, 593 
I, 2, 3, 4-Tetrachlorobatane, 99 

Totrachlorocatechol, 320 
Totrachlorodirnethyl ether, 333 

1, 1, 1, 2-Totrachloroethane, 234 
1, 1, 2, 2-Tetrachloroothane, 110, 234, 240, 

242 
Totrachloroothylone, 235, 243, 580 

1, 2, 4, 5-Totrachloroc^/c7ahexan(s 251 
Tetrachloromethano, 234 

2, 7, 9, lO-Tetrachlorophenanthrenc, 257 
3’otrachlorophthalic acid, 160 
Totrachlorophthalic anhydride, 

221, 322 
Totrachlorosuceinic acid, 582 
Tetracontane, 68 
Tetraeosane, 68 

c*/c/oTetracosane, 117 
Totracosanol'l, 270 
Totracoseno-15, acid, 495, 502, 669 
Totradecamatbylene glycol, 296, 

343 
Tetradecanal, 382 
Totradeeane, 68 

cyc/oTidradecane, 117 
Tetradocarie dioM, 14, 296, 343 
Tetradecauol-l, 269, 270, 673 
7'etradocanone'2, 420 

cycZoTotradecanonc, 445 
Ttitradecene-l, 81 
Tetradecene-4, acid, 502 
Totradecone-5, acid, 494, 668 
Totradecene-9, acid, 668 
Tetradecylcholine, 341 

a-Tetradecylcitric acid, 606 
Tetradecylitacoiiic acid, 606 
'IVtradBcylthiophan, 198 
Tetrahydroalkylazulones, 713 
Te trail ydrobonzaldeh yde ,102 
3'('t rahy drooiidoxyphthalic anhy - 

drido, 104 
Tetrahydrofarnesol, 726 
Tetrahydrofuran, 343 
Totrahydrogoranic acid, 484 

1, 2, 3, 4-Tetrahydronaphthalonc, 164, 166, 
561 

ar-Tetrah3alrO'a-naphthol, 162, 316 
ac-Tetrahy(lro-i?‘naphthoI, 162, 316 

1, 2, 3. 4-Tetrahydrophcnatithrene, 173 
“ A^'Tetrahydro-o-phthalic acid, 565 
A*'Tetrahydro-a>phthalic acid, 655 
A^-Totrahydro-o-phthalio acid, 655 
A^'Tetrahj^dro-o-phthalic acid, 555 
A®-Totrahydroi«ophthalic acid, 555 
A*-Tetrahydroi^ophthalic acid, 665 
A'-TetrahydroZerephthalic acid, 665 
A*-TetrahydroZerephthalic acid, 555 

Tetrahydrophthalic anhydride, 102 
Tetrahydrotubaic acid, 611 

1, 2, 3, 4-Tetrahydroxybenzene, 329 
1, 2, 3, 5-Tetrahydroxybenzene, 329 
1, 2, 4, 5-Tetrahydroxybouzene, 329 
2, 4, 3', 4'-Tetrahydroxychalkone, 360, 436 
2, 4, 4", 6-Tetrahydroxychalkon©, 436 

Tetrahydroxycholanic acid, 907 
Tetrahydroxydioxane, 402 

1, 3, 4, S-Tetraliydroxycyclohexane car¬ 
boxylic acid, 620 
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9, 10, 12, J3-TetraliyclToxypalraitio acid, 599 
Tctrahydroxyneopentane, 796 
Tetrahydroxyquiiione, 132 

1, 2, 3, 4'TetTaiodobenzeno, 251 
1, 2, 3, 5-Toiraiodoben2eno, 251 
1, 2, 4, 5-Tetraiodobenizone, 251 
3, 4, 29, 30-Totraketc)./5-carotcnc, 737, 739 

ar-a-Tetralol, 162, 316 
«c-j3*Tetralol, 162, 316 

a-Tetralone, 184 
Tv t ramet hylaco, 421 
Te t rame t li y lace tone dioarbo x y 11 c 

acid anhydride, 469 
Tetrainethylallene, 95 
3 Vtrame thy id-ascorbic acid, 885 

1, 2, 3, 4-Tt3tramethyUx>nzt>ne, 139, 152 
1, 2, 3, 6-Tetramethylbeiizeno, 139, 152. 2M> 
1, 2, 4, 6-Tetramethylbenzent), 139, 152 
2, 3, 4, 6-Tetramothylbenzoic acid, 524 
2, 3, 4, 6-Tetramethylbenzoio acid, 524 
2, 3, 5, 6-TetramothyIbenzoic acid, 624 

Tetramothylcj/clobutane dioiie. 169 
2, 2, 4, 4-Tetrametbylcarballylic acid, 569 
4, 8, 13, 17-Tetramethvleioo8ane, diacid-1, 

20, 731 
Tetramethylene cliloridt^, 231- 
Tetramethylene dibromide, 244 
Tetraint^hylothylene, 83, 89, 291 

1, 3, 4, O-Tetramethylfnictofuranotte. 824 
Tetrainothvl-Dfructopyraiio.se, 

820 
1, 3, 4, 5-Tetrajmothylfructose, 821 
2, 3, 4, 6-Tetramethylgadactopyrano8e, 824 
2, 3, 4, 6-Tetramethylgalacto6e, 819, 820, 

846 
2, 3, 5, 6-TetraniethylgIuconic acid, 814, 821 
2, 3, 4, 6*Tetramethvlgluec)se, 787, 812, 

814 if., 819, 821, 828 
2, 3, 6, 6-Tetramethylgluco8e, 788, 817 

Tetramethyl-a-methvi-D'ghK (- 
side, 7Sl\ 788 

a, a, a^-Tetramethylglycerol, 3<K) 
1 \ 2\ 4-Totramethylcyc/ohoxane, dioi-2, 

3, 2 87 
2, 2, 5, 5-Tet:ramethylhexanol-3, orie-4, 433 
2, 2, 3, 4-Tetramothylhexeno-4, 92 
2, 3, 4, 4-Tetramothylhoxene*2, 92 
1, 2, 5, 6-Tetraraethyliiaphtbalono, 935 

Tetramethylpi largonidin, 355 
1, 2, 2, 3-Tetramethylcyrfopoiitaiie carboxy¬ 

lic acid, 509, 513 
2, 2, 4, 4-Tetramethylpt)ntanone-3, 421 
3, 4, 5, 6-Tetramethylphthalic acid, 658 
2*, 2*, 4, 4-Tedrainethyb2'propyljj€ixtene-l, 

91 
1, 2, 2, 3-TetTamethylpropyleiie oxide, 293 

a-Tetramylose, 832 
2,4,4'-Tetranitrodiph6nyl. 189 
2, 3, 4, 6-Tetraiutrotoliiene, 149 

Tetraoxymethylene glycol, 384 
Tetraphenyl, 188 
Tetraph0ziylethaiie, 212 i 
Tetrapfaenylethylejio, 193 
Tetraphenyletbylene glycol, 431 
Tetraphenylethyleiie oxide, 343 
Tetraphenylmf^ihone, 191 
Tetraphanylthiophene, 223 

2, 4,5-TitoMi«opn>pyIbe^^ 93 
Te4ifiMK^!ehik!nde8, 823 

Tetratriacontanoic a(*id, 483 
Te tratriai^oiitanol -1, 270 
Totrolaldoliyde, 395 
Totrolio acid, 495, 506 
Tetroxan, 384, 385 

2, 4, 8, l()-Totroxaspiro[5*5]hendecane, 389 
Thapsie acid, 633 
Therotigenin, 930 
Theretin, 930 
Thermoplastic resins, 449 
Thermosetting resins, 449 
Thianth'ene, 214 

a-Thienyl nioreuriacetate, 14 1 
1-Thienyl-r-naphthyl keton(% 223 

Thienyl thiol, 772 
Thiobtmzaldehyde, 193 
4'hiobenzamide, 193 
Thiobenzopheiione. 21 4 
Thiocarbarnit' esterv, 308 
Thiocarbazide, reaction viith (*ar- 

bonyl group, 442 
Thiocarbazones, 442 
Thiocarbimides, reactions ol, 308 
'rhiocarbonyl catechol, 320 
Thiocarboavl tetrachloride, 214, 

648 
Thiotihromt‘, 876 
Thioglucost^ 856 
4'hioglycollic acid, 580 

<^'rhiohy<iantoin, 580 
Thionylcalechol, 320 
Thiophen, 141, 198, 213 

from ammonium succinate, 535 
'rhio])heiiol8, 306 
Thiophens, 440 
Thiophosgime, 214 
7’hiophtheii, 198 
Thi(^semicarbazide, reaction with 

carbonyl gnjuip, 442 
44na«emicari>azoru^s, 442 
ThioBcmioxamazide, reaction with 

carbonyl group, 442 
4'hioseniioxainazoncs, 442 
Thiosinomine, 241 
Tliiouracil, 623 
Threitol, 795 

bThreonic acid, 885 
Threosc', 776 ff., 782. 795, 809 
Thrombose, 372 
Thujaketone, 903 
Thujane, 703 
Thujone, 702. 703 

i^oThujone, 702 
Thymol, 304, 314, 698 
Thjmaose, 783 
4'hyreoglobulm, 892 
Thyroxin. 891 
Tiglic acid, 82, 478, 494, 499, 934 
Tiglio aldehydes, 395 
Tigogeiiitt, 933 
Tigonm, 933 
Toad poiBOiiB, 862 61* 
Tobacco wax, 673 
Tocopherol, a, and y, 888 
Tolaii, 192, 194 
Tolueac, 139, 146 ff., 103, 201 

p‘Tol«ene sulphinlo acid, 666 
o-Tolueuc aulphonic acid, 148 
p-Toluene cmlphomo acid, 148 
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p-Toluenesulphomaloiiic ester, 655 
p-Toluenosulphonyl chloride, 233 
m>Toluic acid, 415 
p'Toluic acid, 557 
e-ToIuic aldehyde, 400 

tu-Toluic aldehyde, 400 
/>-'roluic aldehyde, 400 
m-Toluidiiie, 878 
e-'f’olnyl chloride, 635 

W‘'JV)hiyl chloride, 635 
/^-Tohiyl chloride, 635 
o-l\)lylacetic acid, 528 

m-Tolylacetic acid, 528 
p-Tolyiacotic acid, 528 
p Tolylacetyhmc, 107, 418 
o-Tolyl aldehyde, 308 

m-Tolyl fdhyl ketone. 415 
^>*Tolylpentyne, onc-3, 418 
o-Tolylpropionic acid, 529 

w-Tolylpropionic acid, 529 
p-Tolypropionic acid, 529 
w-Tolyl thiocarbimide odour of, 769 
p-Tolyl thiocarbimide odour of, 769 

Toxicarol, 611 
d\)xi8teroi, 910 
'rrehalamaiiiia, 813 
'rndiulose, 813 
Trehalost^ sugars, 817 

MoTrehalose, 813, 818 
u^oTrehalose, 818 

TriacetoneaTOme, 425 
Triacetyl ben zone, 134 
Triacet y 1 - 2 -chlorogluc one ,797 
Triacotyl-2-desoxyglucos(•. 797 
3'riacotyldesoxygluconie acid, 797 
TriaciOtyJglucal, 809 

f //c/o'rria<3oritaue, 117 
n-Triacoritanoic acid, 673 

TriacontanoM, 270, 673 
<‘//doTria<*ontanone, 445 

I’ri h<' ] izo V1 tetraii(‘et ylgen t io hi osc, 
825 ^ 

'J'ribromoacetaldehyde, 407 
Tribromoacetic acid, 583 
IVibromoacetyl broraiiie, 634 
Tribroinoacrylio acid, 583 

2, 3-Tribromobeiizon©, 251 
2, 4-Tribromoheiia5©n©, 251 
2, 5>TribroinolM?n56en©, 251 
3, 5-Tribroniobeiizen©, 134 
3, 4-Tribroniobonzoic acid, 592 
3, 5-Tribromobenzoic acid, 592 
4, 6-Tribromobenzoio acid, 592 
4, 5-Tribromobenzoio acid, 592 
2, 3-Tribromobutane, 97 
4, 6-Tribromo-m-cro8ol, 312 

lYibromo ^cumene, 123 
4, 6*Tribromo-l, 3-dimethyh5-ethyl* 

benzene, 123 
Tribromohydrogoraniol, 680 
Tribromomethane, 244 
Tribromoparaldehyde, 391 

1. 2-Tribromopropan©, 82 
2, 2-Tribromopropane, 82 
2, 3«l>ibromopropano, 244, 284, 505 

Triitfobutylene, 493 
lYicarbsdlylic acid, 665, 566 
Tru^arbailylio anhydride, 666 
* Tricarballylio dilactone 666 

Trichloroacetaklehyde, 405 
Trichloroacetic acid, 407, 478, 581, 

583 
Trichloroacetyl chloride, 634 
Trichloroacrylic acid, 478, 583, 585 
Trichloroacrylyl chloride*, 634 

I, 2, 3-Trichlorobenzeno, 251 
I, 2, 4-Trichlorobenzone, 251, 253 
1, 3, 5-Trichlorobenzene, 251 
2, 3, 4-Trichlorobenzoic acid, 592 
2. 3, 5-Trichlorobenzoie acid, 692 
2, 4, 5-Trichlorobenzoic acid, 592 
2, 4, 6-Trichlorobenzoic acid, 592 
3, 4, 5-TrichIorobonzoic acid, 592 

aaa-Trichloro-^«r-butyI alcohol, 423 
Trichlorodimethyl ether, 333 

J, 1, 1 -Trichloroothane, 234 
1,1, 2-Trichloroethan©, 86, 342 

Tri<‘hloro<?thvlone, 138, 235, 242, 
579 

ot-Trichlorocyc/ohexane, 121 
/?-3Vichloroc?yc/ohexane, 121 
y-'rrichloroc^cfohexane, 121 
.''-'J'richloroc^fiohoxane, 250, 261 

Triehlorohydrin, 234 
I'richlorolactic acid, 585 
'rrichloromesitylene, 152 
Trichloromethane, 234 

2, 1, 5-Trichloro-2-mothylhexaue, 86 
Tnchloromethyl perchlorate, 239 

I, J, }-Trichloro-2-methylpropanol-2, 238 
i, J, 5-7’richloroj)entene“4, dione-2, 3, J39 
1,1, 1-Trichloroponteno-3, one-2, acid-5, 

138 
2. 9. lO-Trii hlorophenfuithrene, 257 

1, 1, l -Trichloropropane, 240 
1,1, 2-Trichloropropane, 234, 240 
I, 1, 3-Trichloropropane, 234 
J, 2, 3-Trichloropropaae, 234. 236, 24u, 

297 
Trichloropynivii* acid, 138 
Trichlorotoluquiiione, 312 
Trieosane, 68 
Tricosanone-12, 421 
Tricosoic acid, 483 

1, 2, 3-Tricyanopropane, 565 
Tricyclene, 129 
Tricyclic 8e8quiterj>ene,s, 719 
Tridecane, 68 
Tridecan© diol-1, 13, 296 
Tridecanol -1, 270 

cj/oioTridecanoiie, 445 
Tridocanone-2, 420 
Tridecanon©-7, 420 
Tridecene-l, 81 
Tridecylic acid, 77, 482 

«-Triethylbenzen©, 134 
2, 4, 6-Triethylbenzoic acid, 525 

Triethyleno glycol, 338 
Triethylphlorogluoinol, 135 
Trifiuoroaoetic acid, 231, 478, 579, 

583 
lYifluoroaoetic anhydride, 640 
TritluoroHoetoacetio acid, 625 
Trifluoroacetone, 626 
Trifluorom©thane, 231 
Trifluoro-p-tohiidine, 579 
Trifolium pnitense^ 362 
Triglycerides, 667 
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, 2, 4, 5-Tnhydroxy-3-aldo-6-inothylbeii* 
zoic acid, 616 

1, 2, 3-Trihydroxyanthraquiiione, 523 
1, 2, 4-Trihydroxyanthraqumonc, 857 

Tribydroxybcnzeneg, 326 ff. 
3, 4, f>-Trihydroxyberizoic acid, 618 

Trihydroxycarotcno, 737 
3, 7, 12'Trihydroxyeholaiiic acid, 909 

2, 4, 6*Trihydroxycmnamic acid, 308 
Trihydroxyj2:liitaric acid, 778, 895 
Trihydroxyhexahydrocymeno, 689 

I, 5, 6-Trihydroxy-2-rn6t/hylanthraqui- 
noric, 857 

4, 5, 7*Trihydroxy-2-mothyIanthraqui- 
none, 857 

9, 10, IC-Tribydroxypalnntic acid, 446, 599 
3, 5, 7'Trihydroxy«2-phenvlbenzpyryl- 

iura chlorate, 352 
2 - Trib y droxjq^hcn y 1 * 5 -hydro x y - 

cyrlr>pentadienone, 326 
1, 3, 7-Trihydroxyxantbonc, 9-methyl 

ether, 367 
Tri-iodoacelic acid, 583 
Tri-iodoacryli(^ acid, 583 

1, 2, 3-Tri-iodobenzeiie, 251 
1, 2, 4-Tri-iodobenzene, 251 
1, 2, o-Tri-iodobenzene, 251 
1, 3, 5-Tri-iodo*2-bronio-4, 6-dinilro- 

b(^nzene, 655 
Tri -iodomethane, 24 6 

3, 4, 5-Tri-iodonitrobenzeiie. 892 
1, 3, 5-Trikctocydohoxane, 441 

Trikotohydriiidene, 591 
Triketohydrindene hydrate, 441 
Triketone^s, 441 
Trimellitic acid, 675, 578 
Trimellitic anhydride, 641 
Trimeftic acid, 134, 474, 575, 578 

3, 4, 5-Trimethoxybonzaldehyde, 381 
1, 2, 3-Trirnethoxy bt'iizenc, 213 

Trimethoxycouniarin, 355 
3, 4, 5-Trimethoxy-2', 4'-dihydroxybt'r) 

, zophenone, 321 
i-Triniethoxyglutaric acid, 787 

Trimethylacotaldehyde, 380, 395 
Trimethylacetic acid, 478, 484 
Triim^thylacotic anhydride, 640 
Trirnethylacetyl chloride, 273, 631 

1, 3, 3-TriraothyM-acetylcyclohoxan- 
diono-4, 6, 724 

6, 7, 9-TrimethylaIloxazine, 878 
2, 3, 6-TrimethyM, 4-anhydrogIuco«e, 

807 
2, 3. 5-Triinethyl-L-aralx)furano8e, 847 

Trimethyl-D-arabino-y-lactone, 
821 

2, 4, 5-Trimethyibeiizaldehyde, 400 
2, 4, 6-Trimethylbeiizaldehyde, 400 
3, 4, 6-Trimethylbt)nzakiehyde, 400 
1, 2, 3-Triinethylbenzene, 139, 160, 210 
1, 2, 4-Trimothylbeiizene, 136, 139, 150 
1, 3, 5-Trimethylbenz(jne, 133, 134, 139, 

150, 210, 423, 474 
2, 3, 4*Trimethylbenzoic acid, 524 
2, 3, 6*Trimethylb©nzoic acid, 624 
2, 4, S-Tiimathylbenzoic acid, 524 
2, 4, 6*Trimcthylbenzoic acid, 524 
3, 4, 5-Trimethylb©nzoic acid, 524 

Trimethylbrazilin, 366 

2, 2, 3'Trimethyibutano, 70, 80 
2, 3, 3-TriniethylbiitanoI-2, 271 
2, 2„3-7>imethylbutene-3, 80 

Trimethyi carbinol, 261 
2, 3, 3-Trimethyl-2-carboxyghitaric acid, 

568 
2, 4, 4-Triinethyl-2-carboxyglutario acid, 

568 
2, 5, 9-Trimethyldecatetraenc-2, 4, 6, 8, 

acid, 540 
2,6, lO-Trimethyldodecyne-lI, oMO 725 

Trimetliylen(*chlorido, 234, 241, 
260 

Trimel liylonechlorohydrin, 312 
Trimcthylene dibromide, 116, 117, 

244, 731 
Trimcthylene dicyanide, 536 
Trimethylene glycol, 586 
Trimethvlene triaminc, 386 
Trimethylethylene, 273, 280 

J, 3, 4-Trimethylfructofiirano80, 837 
3, 4, S-Triraothylfructose, 792 
2, 3, 4-TrimethylgalactOBe, 846 

Trimcthylgallic acid, 321, 652 
2, 3, 4-Trijnethylglucopyrano8e, 824 
2, 3, 6-Trimethylglucopyrano«c, from C(»l- 

lulofio, 8X5 
2. 3, 4-Trimethvlglucose, 815, 816, 819 
2. 3, 6-Trimethvlgluco8e, 812, 817, 818, 

828, 840 
2,4, 6-Trimethvlgliico8e, from laminarin, 

845 
2, 3, 4-Trimethylglucuronic acid, 846 
3, 3, 6-Trirnethylheptadiene'l, 5, one l, 

428 
2, 3, 3-TrimethyhrjcycZo(2, 2, 1, 0** •)- 

heptane, 130 
1, 2, 4-Trimethylcyclohoxam*, 115, 123 
2, 3, 5-Triraethylhoxaric, triol-2, 3, 5, lOMl 
i, 2, 3-Trimethylindene, 159 

ap^-Trimethylketoglutaric acid, 629 
Trimethylketol, 433 

1, 2, 6-Trimethylnaphthalene, 167 
1, 2, 7-Trimethylnaphthalene, 934 

Trimethyloltrimethvlenetriaminf*, 
386 

2, 6, 10-Trimethvli)entadecaiione-14, 725, 
726 

2, 6, lO-Trimethylpentodecene-lO, one-14, 
725 

2, 3, 4-Triinethylcyclapentane alkane 
acida, 509 

2, 2, 3-Triinethylcyclopcntane carboxylii' 
acid, 513 

2, 3, 3-Trimethylc2/ciop<intaiie carboxylic 
acid, 513 

2, 2, 4-Trimethylpentane, dioM, 3, 290 
2, 2. 4-Trimethylpontaj:ionc-3, 421 
2, 4, 4-Triinethylpent{}n©'l, 91 
2, 4, 4-Trimothylp©ntene-2, 91 
1, 2, 2*Trimethykyclo|)entene-8, car¬ 

boxylic acid, 617 
1,2, 3-Trimethylcyclop6nt©ne«2, carboxy¬ 

lic acid, 517 
2, 2, 3-Trimethyloyciopentene-8, carboxy¬ 

lic acid, 517 
2,3,3-Trimeihylevol«^titeQe4, carboxy¬ 

lic acid, 517 
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2, 3» S Trimethyicydopentenyl - 1 - acetic 
miid, 518 

2, 2, 3-Trimethylcyc/opentylaceiic acid, 
513 

2, 4, 6*TrimothyH«ophthalic acid, 558 
Trirnolhylpimelic acid, 684 

1, 2, 3*Trimethylci/cZopropane, 119 
2, 3, 4-Trimethylrhamnose, 847 

Trimethyl-Mhreorianiidc, 885 
2, 2, 3*Trimethyltncarballylic acid, 566, 

569 
/^•Trimethylirioxaa, 351 

Triraethyltrioxynicthylene, 390 
Trimyriatin, 493 

^^-Trinitrobcnzene, 135 
^-I’rinitrobi^nzoic acid, ethyl ester, 

643 
2, 2, 3-Triiiitro-3-methylpentane, 76 
2, 4, 6-Trinitrophonylhydrazine reactiori 

with carbonyl group, 442 
2, 4, 6-Trinitr<)p»henyihydrazones, 442 
2, 4, 5'Trinitrotohiene, 149, 303 
2, 4, 6-3 hnitrotolucne, 149, 327 

Trios(^H, 774 
Triojuin, 350, 383, 384, 385 
‘ TrioxyTucthyiene ’, 350, 383, 384. 

385 
Trioxymcthyleno glycol, 384 
Triphcnylacctic acnd, 529 
3Viphenylacctyl chloride, 635 

«-Trij>h(‘nyl lK*nzeiie, 144, 431 
Triphcuylcycr/obutauone, 469 
Triphenyl carbinol, 272 
Triphcnvltiihvdroglyoxaline, 399 
Triphenylcne, 175, 176, 179 
TriphenyJniethane, 190, 191 
3ViphenyI phosphate, 306 

2, 3, 8-TripheijyIquinoliue, 198 
/•-Tripropylbenzene, 134 

TrisaccharideH, 823 
Tritane, 190, 191 
Triterpeiies, 742 
Triterjxmoid sapogenius, 934 
Trithian, 387 
‘ Trithioformaldehyde ‘,387 

O-Tritylglucose, 816 
Tropaeolum majus, 856 
Tropic acid, 531, 613 
Tropidine, 125 
Tropinorve, 665 
Truxillic acids, 551 

monomerisation of, 530 
Truxillic anhydrides, 551 
Truxillic acids, 551 
Trypsin, 372 
Tsuga canadensis^ 650 
Tschu^jaev reaction, 80 
Tsuzuic acid, 602 
Tubaic acid, 611 
‘ Tufnol 465 
Tmiicm, 833 
Turanose, 813, 822, 824 
Turmeric, 367, 436 
Turpentine, 703 
Tyitwine, 892 

VmbdUfcrm #p., 609 
Umbellilerone, 609 
UmbeUulario acid, 548 

y Undocalactone, 398 
UndecamethylraffinoRC, 824 
IJndecanal, 382 
Undecane, 68 

n-Undecane acid, 77, 482, 492, 501 
Undecane diacid, 448, 533 
Undecane diacid half-aldehyde, 509 
Undecano dioM, 11, 296 
Undccanol-1, 270 

y-Urid0cano]id(\ 501 
Undecanone-2, 420, 426. 771 

rydoVmleesimme, 445 
Undocanone-5, acid, 627 
Undeeanorie-lO, acid, 627 

9-Undecarioyl bromide, 599 
Undecene-1, 81 
Undocene-l, acid-li, 494, 500, 501 
Undecene-9, acid, 5(Kl 
Undecenoyl-3, 4 -dihydroxy-lx*nzyl 

amide, 763 
Undocenoyl-4-hydroxy-benzov I 

amide, 763 
Undocenoylvanillylamhle, 762 
Umlecenylinalonic eatc^r, 539 
Undecyl aldehyde, 382, 771 
Idideeylenic acid, 494, 5(M), 501 
Undecylenic piperidide, 756 
Undecylenone, 416 
Uudccyhc acid, 77, 482, 492, 501 
Uiulecylic piperidide, 756 
Undecyl phenyl ketone, 430 
Undeeylthiophan, 198 

n-UndecyiyI chloride, 634 
Uiidecyne-lO, acid, 495, 506 
Uracil, 623 
Uroa-fonnaldehyde resins, 455, 457 
Urease, 372 
Uronic acids, 844 
Ursocholanic acid, 907 
l^rsodesoxycholic acid, 907 
Unsaturated acids, 

monobasic, 493 ff- 
dibasic, 589 ff. 
polylvasic, 607 ff. 

UnsaturatcHi chloro-acids, 585 
Uvitic acid, 132, 558 
Uzarigenin, 930 
Uzarin, 930 

Vaccenic acid, cis and tram, 495 
502 

Facet ritwm myrtiUis, 353 
Vaccinium o ycoccus, 353 
Vaccinium vitisida a, 353 

n-Valeraldohyde, 382, 394, 760 
woValeraldehvde, 134, 382 
n-Valehc acid, 478, 482 

iTjoValeric acid, 478, 484 
Valeric anhydride, 640 
Valeric anhydride, 640 
Valerolactone, 626 
Valeroin, 433 
Valerone, 420 
Valerophenone, 430 

t^oValerophenoue, 430 
n-Valerylocetone, 439 
n-Valery 1 bromide, 634 

iaoValeryl bromide, 634 
n-Valery] eldoride, 634 
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i>oValeryl cliloride, 634 
n*Valery 1 methyl ketone, 420 

p-n^ \aleryIphenol, 304 
Vanilla planifolia, 4J3 
Vanillic acid, 615 
Vanillin, 413, 767 

from lignin, 841 
Vanillin-6’Carboxylie acid, 841 
Vanillin monoacetate, in lignin 

synthesis, 843 
Vanilloylformic acid, 414 
VaniUylamine, 761 

pungent acylamides of, 761 IT. 
Varianose, 838 
Variolan<i dealhalay 318 
Veratric acid, 615, 761 

from lignin, 842 
Veratric anhydride, 363 
Veratroin, 432 
Veratrolo, 215, 332 
Vestrylamine, 6^)5. 606 
Vetivazulene, 125, 713 
Vicia, 353 
Vicicinase, 855 
Vicianin, 854, 855 
Vicianose, 813, 854 
Vicin 1 and 11, 353 
Vinaconic acid, 548 
Vinegar, 487 
Vinyl acetate, 111, 239, 451, 647 
Vinylaoetic acid, 478, 494 
Vinylacetylene, 112, 208 
Vinylacrylic acid, 496, 501 
Vinyl bromide, 88, 107, 244 
Vinyl wbutyl ketone, 421 
Vinyl chloride, 204, 234, 239, 241, 

451 
Vinyl ^-chloroethyl ether, 660 
Vinyl ethyl ether, 107 
‘ Vinylite 204 
Vinyl methyl ketone, 421, 427, 440 
Vinyl propyl ketone, 421 
Vinyl trichloride, 234 
Viola comuia, 853 
Vioianin, 353 
Viola tricolor^ 353 
Violaxanthin, 737 
Violutin, 853 
‘ Vistanex 204 
Vitamin A, 733, 747 
Vitamin A^y 736 
Vitamin Bj, 873 
Vitamin B„ 876 ff. 
Vitamin C, 884 

synthesis of, 886 
»>oVitamin C, 887 

Vitamin D> (nee calciferol), 912 
Vit€ucnin lij, 912 
Vitamin D.,, 912 
Vitamin E, 887 ff. 
Vitamin K, 889 
Vitamin Ki, 890 
Vitamin K|, 890 
Vitamin P, 887 
Vitamins, 878 ff. 
Vitamins D, 908 ff. 
Vitumm/erap 353 
Viverra civsUa, 444 
Volemitolp 794 

Warburg's pigment, 876 
Waxes, 667, 672 
‘ Welvic ’, 451, 453 
Wheat wax, 673 
Wiirtz reaction, 71, 116 

Xanthene, 366 
Xanthenes, 323 
Xanthine oxidase, 372 
X ant hone, 366 
X ant hones, 363 
Xanthophjdl, 737 
Xanthopuq)urin, 857 
Xanthorhamnin, 362 
Xonthotoxiri, 609 
Xanthydroi, 366 
Xeiiylumino, 214, 221 
Xeroriic acid, 545, 584 
Xeronic anhydride, 584 
Xylan, 836, 839 

o-Xylene, 139, 149 
m*X'ylene, 139, 149, 210, 215, 256 
p-Xyieiie, 139, 149, 313, 474 

Xylenes, separation of, 150 
nitration of, 161 

o-Xylene sulphonic acid, 15<> 
m-Xylene sulphonic acid, 150 

i, 2, 3-Xvlenol, 314 
I, 2, 4-XVlenol, 314 
1. 3, 2-Xylenol. 314 
1, 3, 4.Xylenol, 307, 314 
1,3, 5-Xylonol, 314 
1, 4, 2*Xvlenol, 307, 314 

Xylonols, 318 fl\ 
o-4*Xylidino, 877 

f/i-4*Xylidmo, 150 
Xylitol, 794 

D-Xyloketose, 783 
n-Xyloketose, 783 
D-XyIonic acid, 778 

Xylonite, 463 
^j-Xyloquinone, 102, 135 
p-Xylorcinol series, 616 

Xylose, 777, 809, 810 
O-Xylosidoglucose, 823 
/-Xylosone, 886 
J Xylotrimothoxyglutaiic acid, 819 
o-XylyJene cyanide, 101 
o-Xylylene dibromide, 161 
p-Xylyl methyl other, 722 
w-Xylyl phenyl ketone, 182 

Yeast gum, 844 

Zeaxanthin, 736, 737 
Zinc alkyls, synthetic use of, 417 
Zinc dimethyl, 278 
Zinc methyl, 379 
Zingerone, 436, 760 

homolo^es of, 757, 758 
synthesis of, 757 

isoZingerone, 758 
Zingiberene, 717 

^>oZmgtbe^etae, 717 
jZiingiber officmalis, 757 
Zoomaric acid, 502, 667, 668 
Zymase, 372 








