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PREFACE TO THE FOURTH EDITION

So much information concerning alkaloids has been published since

the third edition of this book was issued in 1989, that the preparation of

a new edition has involved re-writing a large part of the volume and
adding considerably to its bulk.

The material available has been dealt with, as in the previous edition,

primarily on the basis of a chemical classification according to nuclear

structure, but as Nature does not produce alkaloids to meet the needs of

either botanical or chemical systematists, strict observance of such a

system would in some measure obscure those biological relationships

amcmg alkaloids which are at present attracting much attention from
research workers. Accordingly this primary chemical classification has

been modified, in cases where an extensive series, including several

chemical types, occurs in one plant, or in closely related plants. When
this results in a chemical group being dealt with in more than one place,

cross references have been provided as a convenience to the reader.

The author is much indebted to Mr. L. G. Goodwin, B.Sc., B.Pharm.*

for reading certain of the pharmacological sections, and to Dr. S. Smith
and Dr. A, C. White for advice on various points on which they are

recognised experts. He also owes grateful thanks to Mrs. Henry for

unstinted help in checking references, reading proofs and the maintenance

of an index to the literature of alkaloids. The preparation of the type-

script, and the typing of the numerous new and complicated graphic

formulae, in a form suitable for photographic reproduction, was undertaken

by Miss I. Beilis, to whom the author is greatly indebted for the untiring

patience and meticulous care she has devoted to this task. He has also

to thank the publishers for the kindly and sympathetic consideration they

haye given to all the technical problems raised in the course of printing

the volume. Finally, the author owes to the customary generosity of the

Wellcome Foundation Limited office accommodation and working
facilities, without which this book could not have been prepared.

ItONDON.
T. A. HENRY.
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PREFACE TO THE FIRST EDITION

In certain respects the plant alkaloids rank among the most interesting

of naturally occurring substances. For the most part they are of complex
structure, so that the determination of their constitution and the discovery

of methods of producing them synthetically offer attractive problems to

the chemist
; and though a great deal has been accomplished, much still

remains to be done in this direction. Their mode of origin and their

function in plants are still unknown, and these two questions, with the

more important one of correlating the structure of the alkaloids with
their physiological action, form still almost untouched fields for combined
work on the part of physiologists and chemists. Many of the alkaloids

are of great importance in medicine, and the manufacture of these alkaloids

and of products containing them constitutes an important branch of the
“ fine chemical ’’ industry.

In compiling this volume the author has kept in view these various

aspects of the subject, and the articles on all the more important alkaloids

describe not only the properties and the chemistry of these products, but

also their occurrence, methods of estimation, and physiological action.

In most cases the original memoirs have been consulted, and references

to these are given in footnotes, but for descriptions of the physiological

acti<Hi of the better-known alkaloids Professor Cushny’s “ Textbook of

Pharmacology and Therapeutics ” has been largely utilised. The chemical

nomenclature and the system of abbreviations used are, with a few
unimportant exceptions, those employed in the “ Abstracts ” published

by the Chemical Society of London, with which most English-speaking

chemists are familiar.

For much laborious work in checking formulse and references and in

reading proofs, the author is indebted to Mrs, Henry, B.A., B.Sc. (Lond.),

and to Miss A. Holmes, B.A. (Lond.),
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PLANT ALKALOIDS
INTRODUCTION

The literature of alkaloids can conveniently be divided into five

sections, dealing with (1) the occurrence and distribution of these substances

in plants
; (2) biogenesis, or the methods by which alkaloids are produced

in the course of plant metabolism; (8) analjnsis, ranging from the commer-
cial and industrial estimation of particular alkaloids to the separation,

purification and description of the individual components of the natural

mixture of alkaloids, which normally occurs in plants
; (4) determination

of structiire ; and (5) pharmacol^ical action.

In the period that has elapsed since the third edition of this book was
published there have been additions to each of these sections, and to

some of them the new contributions have been numerous and important.

Many new alkaloids have been described and new occurrences recorded.

An interesting feature of this section of work is the operation of a number
of what may be called alkaloidal surveys, ranging from searches for

alkaloidal plants to investigations of plants of a particular botanical

order, or of a selected botanical genus, or of geographical or other variants

of a single species. In Soviet Russia, Massagetov ^ has made a preliminary

examination of 118 species collected in Central Asia, out of which he has

found pi^omising materials among lichens, mosses and liverworts, some
varieties of maize, cotton and beans, certain species of Picea and Pinus,

and a specially rich source in Dipsacm azureus belonging to t'he Dipsacacese,

a botanical family which like the allied Compositae, has not been a frequent

source of alkaloids. In the same country, in 1989, Lazur’evskii and
Sadxkov ^ examined over 200 plants collected by various expeditions in

Central Asia and recorded alkaloids in a number of species, including

Aconitum talassicum and Convolvulus hamadce, the alkaloids of which have
since then been investigated in detail as described later. Mention may
also be made of the comprehensive volume on “ The Poison Plants of New
South Wales,” compiled by Evelyn Hurst under the direction of the

Poison Plants Committee of the UniversityofSydney. It includesnumerous
monographs on plants containing toxic alkaloids and should be of great

value to researdi workers concerned with plant chemistry.

In the course of the intensive campaign carried on in the United

States of America during the war for t|ie discovery of effective anti-

malarial drugs, a team ofworkers * made anti-malarial tests on 000 differaat

plants belonging to 128 families of phaiierogams and three families of

cryptogams, and it is recorded that the suppressive activity shown by
tome of thfise plants appeared to be associate with alkaloidal fS|rad:ions

Of their extracts.

Is
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Of surveys with a narrower alkaloidal objective, mention may be
made of the systematic work done by E. P. White and his collaborators

in ascertaining the distribution of perloline in Lolium and allied grasses in

New Zealand, and that of the same author in the examination of over
200 leguminous species, to ascertain the nature of their alkaloidal compo-
nents and the effect of conditions on the alkaloidal content of various

organs. Manske^s work on alkaloids of Fumaraceous plants and of

Lycopodium species also needs mention in this connection ; it has not

only resulted in new and interesting additions to the list of alkaloids, but
the results, like those of White, have a bearing on the suggestion sometimes
made that the nature of the substances present in plants may usefully

be taken into account in some taxonomical problems. This suggestion is

not as novel as is sometimes supposed, and Raymond-Hamet,^ m his

paper maintaining the separation of Chevalier’s genus Psevdoeinchona

from Corynanthe, on the ground that Pseudocinchma africana contains

the alkaloids corynanthine and corynantheine, whereas Corynanthe

paniculata yields yohimbine, makes the followmg statement :
“ Alphonse

de Candolle a affiim^ que les ph^nom^nes de physiologic (et par cons^uent
les propri^t^s biochimiques et notamment la composition chimique)

peuvent ^tre envisages . . . comme caractferes d’une esp^ee, d’un genre,

d’une famille, d’une classe de v^g^taux.” ®

In this connection Manske ® has suggested that the question whether

Fumariaceae and Papaveraceae, together forming the order Rhoeadales,

should continue to be regarded as separate botanical families or be merged,

can be settled in favour of the second alternative by a consideration of

the nature of the alkaloids present m the plants, and he provides m support

an interesting summary of existing information on this point. On the

other hand, the number of cases of the occurrence of the same alkaloid in

plants, which cannot be regarded as closely related botanically, justifies

taxonomists in being cautious about freely accepting chemical evidence

of this kind. Nicotine, for example, is found not only in the Solanaceous

genera Nicotiana and Duboisia, but also in Asclepias (Asclepiadaceae),

Equiseium (Equisetaceae), Lycopodium (Lycopodiaceae), Sedum acre

(Ciassulaceae) and Eclipta alba (Compositae), and as further instances,

anabasine occurs both in Nicotiana glauca and Anabasis aphyUa (Cheno-

podiaceae), whilst ephedrine is not only present in Ephedra spp. (Ephe-

draceae), but has also been recorded from Taxus baxccda (Taxaceae) and

Sida rhombifolia (Malvaceae) and its near relative d-nor-^-ephedrine is the
“ cathine ” of Catiia edulis ^Celastraccae). More remarkable still is the

case of berberine, which occurs in at least sixteen genera belonging to six

different botanical families. Further, alkaloids of quite different types

may occur in the same plant, for example in the opium poppy, and in

Aconiium NapeUm, in which ephedrine and sparteine have been recorded,

as well as the typical aconite alkaloids. More information is in fact needed

of^ kind provided by the surveys undertaken by White and by Manske
before chemical toowiedge of plant constituents can be safely and generally

applied to problems of pliant classification In the iatrc^uction to his
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series of papers on the alkaloids of the Leguminosae, White points out that

although this order has been investigated perhaps more than any other

for alkaloids, there is still uncertainty regarding the nature and distribution

of alkaloids even in some common species, that little is known of the alka-

loid content of common European plants grown under new conditions, for

example in the Southern Hemisphere, that a large number of factors are

capable of altering the alkaloidal content in quantity and nature, and that

in much of the older European literature there is uncertainty due to

incomplete chemical investigation.

Although the number of alkaloids still in use in medicine is small,

serious difficulty was caused by the war, due to the cutting-off of the

usual sources of supply of the natural drugs which yield essential alkaloids,

such as atropine, cocaine, hyoscine, morphine, emetine and ergometrine.

Shortages were met as far as possible by new sources of supply and by
local cultivation of the opium poppy, belladonna and other necessary

drugs. Hiis necessity provided new opportunities for the collection of

experimental data regarding the possibility of plant selection and ot the

effects of environment and of changes in cultural conditions on yield of

alkaloids* An interesting account of the kind of work this involves will

be found in the paper by W. O. James referred to below. One outcome
of this work is the observation by workers in several countries that in

solanaceous plants the tropane alkaloids are formed mainly in the roots,*^

The plants generaUy used werelbelladonna, stramonium and Duboisia spp.,

and the necessary cultivation experiments were similar to those briefly

described under the alkaloids of tobacco. The problem is, however, more
complex than the results of these special observations seem to imply,

and W. O. James,® in the course of an account of work done by the Oxforf
Medicinal Plants Scheme on the biosynthesis of the belladonna alkaloids,

states that alkaloids are first formed in the meristem of the radicle and
can be detected when the radicles are 8 mm. long, but also shows that

detached belladonna leaves can be induced to increase their alkaloidal

content. He concludes that on the evidence available it is possible that the

leaf alkaloids have a dual origin : by synthesis in situ and by translocation

from the root.

A curious observation, first made by Barnard and Pinnemore ® in the

course of a systematic examination of Duboisia myoporoides in the whole

range of its distribution in Australia, is that in this plant the relative

proportions of the two main alkaloids is extremely variable, hyoscine being

predominant in plants of the northern area and hyoscyamine in those of

the southern region. Hills, Trautner and Rodwell,® continuing this work,

confirmed this general result, but in the course of selection trials found
that individual trees could exhibit the sa|ne variation ; the leaves of one

specimen at Nambour, Queensland, contained in October about 8 per

cent* of almost pure hyoscyamine and in April about the same amount of

almost pure hyoscine. Trautner,^® in a paper dealing with these anomalies,

and also discussing the possible modes of origin of the various amino*

alcohols, tropine, ^-tropine, scc^ine, etc., and of the acids, tropte, benaoje,
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veratric, tiglic and isovaleric, which esterify them, suggests that in

Buboisia and other solanaceous species two systems are in operation.

The hyoscine system occurs alone in certain northern Duhoisia myo-
poroides, and forms scopine, 0-tropine, dihydroxytropane and, in Datura
meteloideSf teloidine. Of these amino-alcohols, all the scopine is esterified

by tropic acid and the minor bases by tiglic, methylbutyric or wovaleric

acid, which contain the isoprene skeleton and are presumed to arise from
that source.

The hyoscyamiue system is found alone in some adult Dvhoisia

Leichhardtii and possibly in some southern D, myt)poroides. It produces

tropine and wortropine only, which are esterified with tropic acid, or as in

apoatropine found in belladonna, with atropic acid, and to a small extent

with the isoprene acids referred to above. Some tropine or nortropine

may occur as such. Scopine, ^-tropine and dihydroxytropane are absent.

The hyoscine system occurs alone in all young plants and may
continue throughout life in specimens in the northern area : it may
represent the original alkaloid metabolism of the plant. The hyoscyamine
system appears only at the age of four to six months, and in the southern

area it replaces the hyoscine system almost completely
;

it appears to be

an adapted system and may represent the adult alkaloid metabolism of

the plant. Usually both systems are present in varying proportions.

It may be noted that Datura Metel, in which hyoscine is usually the

predominant alkaloid, has been recorded in one instance by Libizov as

containing hyoscyamine, but >no hyoscine, and a similar difference is

mentioned for Scopolia luridaP

In Robinson’s now well-known suggestions, ^2 regarding the processes

by which alkaloids may be produeed in plants, two main reactions are

used ; the aldol condensation and the similar condensation of carbinol-

amines, resulting from the combination of an aldehyde or ketone with

ammonia or an amine, and containing the group . C(OH) , N., with

substances in which the group . CH . CO « is present. By these reactions

it is possible to form the alkaloid skeleton, and the further necessary

changes postulated include oxidations or reductions and elimination of

water for the formation of an aromatic nucleus or of an ethylene derivative.

This theory has stimulated activity in two main directions, suggestions

for changes in detail in the steps of processes for particular alkaloids, and
work on laboratory syntheses of known alkaloids, using the reactions

specified and operated under conditions which might obtain in a plant,

Le.i under what are now described as physiological conditions. All the

results indicate that the theory is well-founded, and it seems possible that

a technique may eventually be found by which the process may be observed

in operation, directly or indirectly, in situ, say in a solanaceous plant.

After determination of the seasonal variation in alkaloidal content of

the leaves, stems and roots of belladonna and the production of evidence

that there is a considerable movement of alkaloid upwards from root to

leaves and a small transport m the opposite direcl^, Cromwell found

that of a large number of amines injected, with or without glucose, into
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belladonna plants, significant increases in alkaloidal content were pro-

duced only by arginine, NHg . C(NH) . NH . (^2)3 . CH(NH2)COOH
with glucose, putrescine, NHg

.
(CH2) 4 . NH2 ,

alone or with glucose,

hexamine with glucose, and “ formamol ” (hexamethylenetetramine-

anhydromethylene citrate) with glucose. It is known that by bacterial

action arginine can be converted via ornithine,

NHg
.
(CH2)3 . CH(NH2) . COOH,

info putrescine, and Cromwell has been able to demonstrate the presence

of both arginine and putrescine in belladonna. He has also shown that

belladonna extracts are capable of oxidising added putrescine to ammonia
and a product, reacting with 2 ; 4-dinitrophenylhydrazine as an aldehyde

and estimated colorimetrically by that means, which is assumed to be

either succinaldehyde or S-aminobutyraldehyde, or a mixture of the two,

though neither could be isolated and identified. Quite recently James and
Beevers,^^ in a preliminary announcement, record the isolation from
belladonna leaves and roots of a polyphenolase which under specified

conditions oxidises Z-ornithine to a-keto- 8-aminovaleric acid. In the

simplest form of Robinson’s tropinone synthesis, as described in the

atropine section, succinaldehyde was condensed with methylamine and
acetone, so that if Cromwell’s assumption is correct that succinaldehyde is

formed in the experiment he describes, a further confirmation of Robipson’s

theory is provided and an interesting first step has been taken towards at

least indirect observation of such a synthesis in plant material.

One of the most attractive features of Robinson’s theory is that it

makes understandable, on the basis of a slight change in either a primary

material or in the metabolic process, the fact that a plant may produce

more than one type of alkaloid, or that two closely related plants may
each form alkaloids of distinct types. Thus, still keeping to the Solanaceae,

which seem to be popular as material for biogenetic experiments, the two
Duboisia species D, myoporoides and Z>. Leichhardtii always produce
hyoscine or hyoscyamine or both, while a third species, D. Hopwoodii,

produces nicotine or nomicotine,^® or both. The two latter alkaloids are

characteristic of all the species, so far examined, of another solanaceous

genus, Nicotiana, For the biogenesis of nicotine Robinson suggested

(1917) the initial formation from ornithine by the methylating and
oxidising action of formaldehyde of a pyrrolidylcarbinol-amine. This by
condensation with a molecule of acetonedicarboxylic acid could furnish

a product, which with formaldehyde and ammonia could yield a y-keto-

piperidine ring. From this stage, by steps that are easy to imagine,

involving, in succession, reduction of a carbonyl to a secondary carbinol

group,, elimination of water and finally dehydrogenation to pyridyl,

nicotine could be formed. In a later paper (1984) lysine,

NH2(CH2)4 , CH{NH2) • COjH,

the next higher homologue of ornithine, is considered as a possible source of

the pyridine rmg, but this raises the difficulty of explaining the attachment
of the pyrrolidine nucleus in the jS-position, though it is suggested that the
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liHg.CH8.CHg.CH8.CH(NH2).C02H CTgO

NHMo • Cfig • ^^2 * C/Hg • CHO :NMe
CHg—CHg

COgH CO

CHg—CH ^Cr ^CHg.COgH OT CO—CH,

CHg-^g

me CHgO CHgO

NH3

NMe

CH^CHg CHg—NH—CHg

y-ketopiperidine nucleus may be regarded as an oxidised lysine or proto-

lysine derivative.

Of the remaining types of solanaceous alkaloids, the nor- bases, such

as norhyoscyamine, could be provided for by an alternative suggestion,

based on the observation that a mixture of the ammonium salts of

aa'-diaminoadipic and citric acids could be oxidised by hydrogen peroxide

to nortropinone.

^CHlNHgl.COgH

CHfl

CHlNHgl.COgH

gg ^-Dlamlno^djplc acid

Cfl^.COoH
1
2 ^

C(0H).C02H >.

I

CHg • COgH

CH=—CH CHp
2

1 I

2

m CO
I I

CHg—CH CHg

norTroplnone

Citric aold

Teloidine, the basic hydrolytic product of meteloidine, has been
synthesised recently under physiological conditions by Schopf and
Arnold,^® on the lines of the tropinone synthesis, me^otartaric aldehyde

(CHOH . CH0)2, being condensed at 25® with acetonedicarboxylic acid

and methylamine hydrochloride to teloidinone (5-keto-l ; 2-dihydroxy-

tropane) which on catalytic hydrogenation yielded teloidine (1:2:5-
trihydroxytropane)

.
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The hygrines have until recently only been found associated with the

cocaines, which are tropane derivatives found in the Erythroxylacese of

the order Malpighiales, i,e,, in a family, which is botanically remote from

the Solanaceai, the typical source of the tropane group. The presence of

cuskhygrine has, however, been recorded recently in Scopolia lurida^

which seems to establish a special connection between the hygrines and
the tropane bases, and lends unusual interest to the following diagram
based on one of Robinson’s suggestions.

^2—

f

CHg—NH NHg —
HN:C.NHg

Arginine

QHg—CHg—CS.COgH

CH^'— IJHg ^^3

Ornithine

QHg—CHg—CHO

>
CH^NHMe

Ainlnoaldeliyde

CH^CT- -CH,

NU* CO
I I

Ig—CHg CH3

Hygrlne

CHs— CHt-CHoa
I

.
I

2

NUe CO
I I

CHg—CHOH CHg

Oxidation Product

CHg-CH—(|Hg

me CO
I I I

CH^CH CHg

Tropinone

In the large group of i^oquinoline alkaloids a considerable number
of transformations from one type to another are described later in the

appropriate sections
; for example, from papaverine through laudanosine

to glaucine and from the berberine to the cryptopine type, and the possi-

bility of such changes may account for the association in the same plant

of alkaloids of markedly different types. Winterstein and Trier first

suggested the possible formation of woquinoline alkaloids from 2 mols. of

dihydroxyphenylalaninc, according to the following scheme, leading to

norlaudanosine, from which laudanosine is obtainable by methylation and

papaverine by methylation and dehydrogenation.

Robinson (1984) has elaborated this into a scheme embracing

hydrastine, berberine, ^picryptopine, corydaline, sanguinarine and

honiochelidonine, though he points out that dihydroxyphenylalaninc is

labile and too easily convertible into indole derivatives to be capable of
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the transformation suggested, under any ordinary conditions. It is,

however, of interest to note that a definite approach towards possible

biological conditions of synthesis of benzyltetrahydroz>oquinolines by
Spath and Berger and by Hahn and Schales is described later in the

papaverine section.

The biogenesis of woquinoline alkaloids was also discussed by the late

Prof. Barger, who regarded as generally accepted the view that in the

heterocyclic ring of these bases the nitrogen atom and four atoms of

carbon come from an amino-acid and the fifth carbon from an aldehyde as

illustrated in the second stage of the riorlaudanosine synthesis already

referred to. Barger was of opinion that the known structure of many
woquinoline alkaloids and the biological evidence available implies that

tyrosine (/S-p-hydroxyphenyl-a-aminopropionic acid,

HO . CeH^ . CHg . CHCNH^) . COOH)
is the precursor of a large group of these alkaloids. For other alkaloids

of this and other groups the original papers should be consulted, but men-
tion may be made here of Robinson and Siigasawa’s synthesis of proto-

sinomenine,^® since that is a practical outcome of an investigation based

on the view that the blocked hydroaromatic structure of the alkaloids of

the morphine group has its biogenesis in an intramolecular union of the two
aromatic nuclei of a base of the laudanosine type, concerning which two
postulates are laid down :

—

(1) If the union occurs in such a position that loss of hydrogen with

re-formation of a true aromatic nucleus is feasible, an aporphine base will

result.

(2) If the union occurs in a position already bearing a substituent,

loss of hydrogen is impossible except by migration and a morphine type

of alkaloid is formed.

The first postulate may be illustrated by the still unrealised conversion

of laudanosine into glaucine by oxidation, resulting in the loss of one

atom of hydrogen from each aromatic nucleus and union of these as

shown by the dotted line.

The second may be illustrated by pro/osinomenine, for which the two
formulae shown are identical but differently written, which, on suitable

oxidation, should pass into sinomenine.

UttO
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These suggestions and the practical realisation of some of them in

vitro stimulated interest in this type of synthesis, and especially in the

hands of Schopf and Jiis collaborators,^® have resulted in a series of syntheses

simple in method and efficient in yield, which form a striking contrast to

the classical processes of the organic chemist, though it is true to say that

no synthesis of this type has yet been effected until the organic chemist

has paved the way by an accurate experimental dissection of the molecule

to be dealt with. Schopf’s successes have been due in part to his investiga-

tion of the effect of varying the hydrogen ion concentration of his reaction

mixtures. Thus Schbpf and Bayerle found that an aqueous solution of

p-{S : 4-dihydroxyphenyl)-ethylamine hydrobromide with acetaldehyde in

slight excess at a pH 3 to 5 and temperature 25° gave an 88 per cent, yield

of l-methyl-6 : 7-dihydroxy-l : 2 : 3 : 4-tetrahydro^^oquinoline hydro-

bromide, which only differs' from the natural alkaloids carnegine (1:2-
dimethyl-6 ; 7-dimethoxy-l : 2 : 3 : 4-tetrahydroi5oquinoline) and salsoline

(l-methyl-6-hydroxy-7-methoxy-l : 2 ; 8 : 4-tetrahydrot>oquinoline) in de-

gree of methylation. It is interesting to note that the naturally-occurring

salsoline and carnegine are optically inactive in spite of the presence of a

centre of asymmetry at C^, so that this synthesis of a nor-form of these

two alkaloids makes a close approach to physiological conditions even in

this respect. In the same way these authors prepared from “ epinine ’’

(8 : 4-dihydroxyphenylethylmethylamine :

CeH3(OH)2 . CHg . CH^ . NHMe)

and acetaldehyde at pH 4 and 25°, 1 : 2-dimethyl-6 ; 7-dihydroxy-

1:2:8: 4-tetrahydroi^oquinoline.

Schopf and Lehmann synthesised by similar methods, which are

referred to later, tropinone, ^-pelletierine and lobelanine These syntheses

illustrate the dependence of yield on the pH of the reaction mixture, as the

following table for yields of lobelanine hydrochloride shows :

—

M/93 Glutardialdehyde, M/50 Methylamine Hydrochloride,

M/87* 5 Benzoylacetic Acid, M/10 Buffer

Exp. I (40 hours)

pH . . .2 3 4 5 7 9 18

Yield, per cent. 1 21 56 88 1 traces

Exp. II (8 days)

Yield, per cent, 1*4 15 54 40 8 traces

In a comprehensive review of this subject Schopf (1987) gave a pre-

liminary description of a number of other syntheses of this kind, including

that of teloidine, already referred to. Suggestions for other alkaloidal

syntheses were also made and the conditions under which such reactions

might take place in plants discussed.

Other examples of syntheses under* physiological conditions will be

found under arecaidine, lobelia, papaverine, cusparia bark alkaloids,

harmala alkaloids, rutaecarpine and yohimbine.
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In this account ornithine has been frequently referred to as a possible

primary material in the biogenesis of certain alkaloids, and it is on that

account of interest to note that the presence of acetylornithine has been

recorded by Manske in Corydalis comuta, C, ochotensis and C, sibirica^^

Numerous contributions have been made to the analytical section of

alkaloidal literature and, apart from descriptions of new general or special

alkaloidal reagents, or new methods of using old ones, three main trends

are noticeable, the development of micro-methods for detection and
estimation, the replacement of purely chemical processes of estimation by
colorimetric or other physical methods of measurement, and the increasing

application of chromatography, for both the estimation and the isolation

of alkaloids. There are also a considerable number of papers describing

improvements in extraction processes and a few dealing with special

titration methods, such as that of Trautner aud Shaw,^® in which the

final alkaloidal residue in an assay of a drug, or a galenical preparation, is

titrated in chloroform solution with p-toluenesulphonic acid. In physical

methods of measurement special interest attaches to the papers by
Kirkpatrick 21 on a polarographic study of alkaloids, the rv^sults of which

are summarised in the last paper of the series and their prac tical applica-

tions, for example in certain types of pharmaceutical assays, discussed.

The first suggestion that an adsorption column might be used in

pharmaceutical analyses was made by Valentin and was successfully used

by Merz and Franck on tinctures and extracts of cinchona, belladonna

and Strychnos, the results obtained being concordant and in good agree-

ment with those given by the processes of the German Pharmacopoeia

(D.A.B. VI). 22 Since then chromatographic methods for the assay of

solanaceous drugs have been published by several authors, and Brownlee,

in addition, deals with nux vomica and ergot. The results obtained are

comparable with those got by established processes, and chromatographic

methods are stated to take less time and to be easier to operate ; that of

Roberts and James is designed to use only about 1 gramme dry weight

of belladonna or similar material. Special attention has been given by
Reimers, Gottlieb and Christensen to the chromatographic analysis of

alkaloidal salts, and a general method has been devised which answers

with a number of sClkaloids, but has to be modified for use with others

owing to slow elution of the base, incomplete adsorption of the anion, or

to difficulties of titration. In some cases these difficulties cannot be

surmounted. The quality of aluminium oxide for use as an adsorbent is

also considered and tests for its control are described. Gottlieb has

recently used partition chromatography for the separation of tropic and
atropic acids in hydrolysates of solanaceous alkaloids (1948).^®

After the removal of all the alkaloids which can be isolated as such,

or as derivatives, from the total alkaloids of a plant, there usually remains

an intractable, amorphous residue. Chromatographic methods are

beginning to be applied to such materials with some success. With a
new technique of this kind it is useful to have it applied experimentally to

more- or less-known mixtures. Evans and Partridge,^® after preliminary
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experiments on a known mixture of hyoscine and hyoscyamine, to deter-

mine conditions for separation, applied a form of partition chromato-

graphy to the total alkaloids of Datura ferox, D, Stramonium and Atropa

Belladonna, In the case of the two latter plants the graph of eluate

fractions showed only two peaks corresponding to hyoscine and hyo-

scyamine, as shown by the constants of the related fractions isolated, and
the sum of the two fractions was close to the amount of total alkaloids

as previously determined. The graph for D, ferox was more complex

but the fractions corresponding to the two main peaks were proved to be

hyoscine and mcteloidine respectively and the sum of the fractions repre-

senting the remaining peaks amounted to only 0*08 out of 0*610 per cent,

total alkaloids, calculated as hyoscyamine. Mcteloidine had previously

been recorded only from D. meteloides. The results show that partition

chromatography provides a simple method of isolating separately hyoscine

and hyoscyamine from small quantities of solanaceous drugs. The
Datura ferox used was grown in England from seed collected in Rhodesia.

Previous analyses by Barnard and Finnemore ® of Australian-grown plants

of this species and by Libizov of Crimean plants, recorded hyoscyamine
as the chief alkaloid. This seems therefore to be an addition to the

solanaceous plants referred to above, which are liable to change the

nature of their alkaloidal comp.>nents.

According to Rowson,^® polyploids of solanaceous plants, induced by
the action of colchicine, show an increased content of alkaloids, but the

relative proportions of hyoscine and hyoscyamine remain the same and
are characteristic for the species.

A notable change in methods of isolating alkaloids from plant materials

has been described by Applezweig,^^ depending on the use of a suitable

ion-exchange material and capable of application on a semi-micro scale or

for industrial use. It has been applied to the preparation of the total

alkaloids of cinchona bark (totaquina) and according to Sussman, Mindler

and Wood, is also used industrially for the recovery of hyoscine.

Many alkaloids are obtained in such small quantities that it is not

possible to describe them in detail, and recourse must be had to giving

characteristics for picrates, aurichlorides and similar compounds. The
reineckates, first used by Christensen and later by Rosenthaler,^® are a

useful addition to such compounds, and have been so used recently by
Evans and Partridge for the characterisation of solanaceous alkaloids.

In spite of their importance, basicity constants rarely figure in descrip-

tions of alkaloids. Figures for a series of alkaloids and related substances

were published by Kolthoff in 1925 and have been extensively used.

Recently a few more have been added by Schoorl, and Adams and Mahan
have provided figures for the whole group of necines, the amino-alcohols

resulting from the hydrolysis of the pyrrolizidine group of alkaloids.®^

For the purposes of this book, an alkaloid is regarded as a relatively

complex, organic base, occurring naturally in a plant and usually possessing

marked pharmacological activity. This excludes simple, naturally

occurring bases and the biological amines, which are adequately dealt with
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elsewhere.®* The purines are also omitted, as these are now well described

in text-books of organic chemistry for advanced students and recent

interest in them is centred chiefly on derivatives, which are more appro-

priately dealt with in a text-book of biochemistry than in a work on
alkaloids.

The material is arranged, as in previous editions, primarily on the basis

of nuclear structure, which it must be admitted is arbitrary, for most of

the more complex alkaloids could be dealt with under more than one

structural heading. Most of these structural groups are, however, almost

traditional in alkaloidal literature and seem to have arisen usually from
the nature of the products obtained in early, drastic degradation experi-

ments. Two new groups have been added, the components of which
formerly occupied considerable space among “ alkaloids of undetermined
constitution,” The pyrrolizidine group consists so far, only of the
“ necylnecines,” characteristic of the genus Senecio, but also found less

extensively in other genera. The steroidal alkaloid group is so named
because there is reason to believe it consists mainly of alkaloids containing

a tetracyclic system identical with, or closely related to, that of the steroids :

it includes the extensive series of alkaloids found in AconHuniy Delphinium
and Veratrum species and the glucosidal alkaloids of Solarium spp. A
preliminary statement by Haworth et a/.®® published after the section on
Holarrhena alkaloids had been passed for press, indicates that the carbon

atoms of conessine are accounted for by the aZiopregnane structure, but

the position of the ethylenic linkage and the points of attachment of the

three N-methyl groups are still uncertain. On this basis conessine also

belongs to the steroidal alkaloid group and as several of its associates are

convertible by simple reactions into conessine, the nature of an important

fraction of the sixteen Holarrhena alkaloids is becoming clear.

In future a third new group will be required, according to another

preliminary statement published quite recently by a team of Australian

chemists, Messrs. Hughes, Lahey, Price and Webb. They have isolated

six alkaloids from three rutaceous species of that country, five of which

have been definitely shown to be acridine derivatives. This appears to be

the first-fruits of a survey of the type referred to above, which is being

carried out on the Australian flora under the auspices of the Council for

Scientific and Industrial Research and several of the Australian Univer-

sities,®^

Within the alkaloidal groups there have been a considerable number
of additions, notably, as might be expected, in the already large iso-

quinoline group.

Under the heading “ Alkaloids of Undetermined Constitution,” have

been included bases about which a good deal of information is available,

though they cannot yet be allocated to sturctural groups, either because

sufficient, definite information is not available, or because such data are

available only about one or two members of an extensive series found in

one plant or one genus. The Dichroa bases are probably quinazolines.

Of the Erythrophloeum aUcaloids some might be placed in the group of
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alkaloidal amines as they are esters of alkylamino * alcohols, but they have

several associates about which little is yet known. Similarly in the

Gelsemium bases, sempervirine is now known to be closely related to

yohimbine and there are indications that gelsemine may also be an indole

alkaloid, but there are several associates, including gelsemicine, the most

potent of the set about which there is little chemical information.

The section “ Minor Alkaloids ” covers plants arranged in alphabetical

order of their botanical names, from which well-defined alkaloids have

been isolated but which have not yet been examined in detail or for some
reason do not readily fit into preceding groups. Following “ Minor

Alkaloids ” is a list, also arranged alphabetically under botanical names,

of plants in which the presence of alkaloids has been recorded but from
which well-defined and recognisable alkaloids have not yet been isolated,

although in some cases names and empirical formulae have been assigned to

amorphous products. Information is apt to arise rapidly and unexpectedly

in these days and too late for transfer to its appropriate section one of the

plants in this list, Talauma mexicana, has been shown to contain an
alkaloid aztequine, belonging to the 6i^benzyhVoquinoline series.

Comparatively few alterations have been made since 1939 in the

structures accepted for well-known alkaloids. A slight but important

change has been adopted in the formula of strychnine and contributions

to the chemistry of that alkaloid and its associates are still being made,®^

though the formula seems now so well established that Woodward has

recently suggested and discussed a scheme for the biogenesis of strychnine

on which Robinson has commented favourably.®® Robinson has also

proposed a scheme for the biogenesis of emetine. This involves a modifica-

tion in the formula of that alkaloid, which is supported by Dewar’s inter-

pretation of the results of recent chemical work on emetine by Karrer

et al., by Spath and by Pailer.®’

Another alteration is the proposed 7-membered ring in the formula

of colchicine whicH receives substantial support from a preliminary

announcement just made by Buchanan, Cook, Loudon and MacMillan ®®

that they have synthesised 9 : 12 ; 18 : 14-tetramethoxy-3 : 4 ; 5 ; 6-dibenz-
: 8 : 6.

. ct/cZoheptatriene-7-one and shown it to be identical with the

aj8-unsaturated ketone obtained by oxidation of deaminocolchinol methyl
ether.

The chemistry of yohimbine is also under active discussion and new
papers have appeared, or are promised, dealing with the structure and
synthesis of ketoyobyrine.®®

A modification of the formula of a-fagarine just announced establishes

its close relationship to the alkaloids of cusparia bark, which like Fagara
is derived from a rutaceous genus.®®

The advent of the sulphanilamide group of drugs and the

development of the biological products known as anti-biotics, presented

biochemists and pharmacologists with many interesting problems and
in view of these and other like attractions, it is not surprising that

the pharmacology of alkaloids seems to be receiving less attention
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now than at one time it attracted. Much work has been done in

determining details of the pharmacological activity of the many new
alkaloids, such as those of the pyrrolizidine group, that have been
described in thq last ten years, but the most striking development is

probably the number of synthetic replacement products for alkaloids made
available, and the remarkable variation in structure shown both as regards

the prototype to be replaced and among the substitutes themselves. As
shown in the appropriate sections, much research has been expended on
modifying the tropane and cinchona alkaloids, but in both cases effective

synthetic drugs have been found in substances structurally different from
the prototypes. There is, for example, little or no structural similarity

between quinine, mepacrine and paludrine, though all three are in use as

anti-malarial drugs. A like absence of structural similarity is found in

the new synthetic replacements for quinidine in the control of auricular

fibrillation. These substances are also local anaesthetics and spasmolytics.

Similarly, as pointed out in connection with physostigmine, a considerable

number of alkaloids and other substances share with this alkaloid the

capacity to inhibit the action of choline-esterase on aeetj’lcholine, and it is

beginning to be suggested that the action of many chemical substances,

including alkaloids, in the body is to be accounted for by modification of,

or interference with, the production or action of potent biological amines
such as acetylcholine, histamine or epinephrine.

Burn ^ has pointed out that the grouping together of many properties

as fundamentally the same, brings into some sort of order the long list of

apparently pharmacologically unrelated alkaloids, and that the similarity

in many properties of atropine, papaverine and quinine, and of conessine

and quinine, suggests points of biochemical similarity.
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PLANT ALKALOIDS
PYRIDINE GROUP

Although p^^ridine has hci^n recorded as occurring in jilants, the evidence

does not as a rule amount to more than a pyridine-like odour, though more
delinite evidence has been jirovided by Goris and Larsonneau ^ for its

occurrence in belladonna leaves and by Kuhn and Schafer ^ for its presence

in the roots of the same plant. 3-Methoxypyridine, b.p. 40°/l mm.
characterised as^hcrate, m.p. 189"^, mereurichloridc, m.p. 120 °, aurichloride,

m.p. 176°, and platinichloride, m.p. 194°, has been found by Manske ® in

Thermopsis rhombifolia (Nutt) Richards, and in Equisetum arvense L.

Piperidine has been obtained from pepper,^ from Psilocaulon ahsimile

N.E.Br (Aizoacea)) in which it occurs to the extent of 4-5 per cent.,^ and in

Petrosimonia inonandra.^ iV-Methylpiperidine has been recorded in

Girgensohnia spp.
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Piperinc (piperoylpiperidide), This substance occurs in

several peppers and was isolated from the fruits of Piper nigrum
,
which

furnish the black and the white peppers of commerce, by Oersted.^ Later

it was obtained from long pepper (P. Inngum and P. officinarum) by
Fliickiger and Hanbury,^ from Ashanti black pepper (P. clusii) by
Stcnhousc,^ and recently Sabetay and Trabaud have recorded its pre-

sence in Kissi pepper (P. farnechoni). An alkaloid-like substance has also

been found in P. marginatum by de Nunez and Johnson.^ The amount of

piperine varies from 1 to 2 per cent, in long pepper, to from 5 to 9 per cent,

in the white and the black peppers of commerce. It may be prepared by
treating the solvent-free residue from an alcoholic extract of black pepper,

with a solution of sodium hydroxide to remove resin (said to contain chavi‘

due, an isomeride of piperine) and solution of the washed, insoluble residue

in warm alcohol, from which the alkaloid crystallises on cooling. Piperine

forms monoclinic needles, m.p. 128-129* 5°, is slightly soluble in water and
more so in alcohol, ether or chloroform : the solution in alcohol has a
pepper-like taste. It yields salts only with strong acids. The platini-

chloride B 4 . HaPtCl^ forms orange-red needles. Iodine in potassium

iodide added to an alcoholic solution of the base in presence of a little

hydrochloric acid gives a characteristic periodide, Bg . HI . I2 , crystallising

in steel-blue needles, m.p.’ 145°.

FUKT KhK. 1 1
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Anderson ^ first hydrolysed piperine by alkalis into a base and an aeid,

which were named by Babo and Keller ® piperidine and piperic aeid

respectively. The chemistry of these products is so well known that it

need not be discussed here. The alkaloid was synthesised by Rugheimer ’

by the action of piperoyl chloride on piperidine.

Piperovatine, CjoHaiOgN, isolated by Dunstan and Garnett « from

Piper ovaium, crystallises in colourless needles, m.p. 123 It forms no

salts. Heated with water at 160°, a volatile base, probably a pyridine

derivative, is formed together with an aeid and an oil having the odour of

anisole. According to Cash ® piperovatine is a temj)orary dc‘pressant of

motor and sensory nerve fibres and of scaisory nervi^ terminations. It acts

as a heart poison and as a stimulant to the spinal cord in frogs, causing a

tonic spasm somewhat similar to that induced by strychnine.

Pungent Principles of Plants. It has been customary to include

piperine among the alkaloids, though it has no marked pharmacological

action and is the earliest and best known example of the pungent acid

amides, some of which are used in medicine as irritants or carminatives.

The group includes ehavicine,® an isomeride of i>i])erine and found with it

in pepper, capsaicin (deccnovanillylamidc),^® spilanthol ^C-md pellitorine

(from Anacyclus pyrctlirum), two isomerides which both yield //-deco/,va-

butylaniide on hydrogenation, fagaramide,^^ the f9abutylamid(‘ of

pi])eronylacrylie acid and aflinin.^^ This and other members of the

group have received some attention as insecticides.
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Leucenol, C 8Hio04N2 . Tliis substance, first isolated from the seeds of

Leuccena glauca Benth. (Leguminosse) by Maseru, ^ was later investigated

by Adams, Cristol, Anderson and Albert .

2

It has m.p. 291° (dec.

;

Maquenne
block), fajo ± 0°, contains 50 per cent, of its nitrogen as a primary amino-

group and behaves as an a-amino acid. Salts—B . HCI, m.p. 174-5—5°

{dec.)

;

B . HBr, m.p. 179-5° {dec.)

;

B . HI, m.p. 183 —3-5° (dec.). Leucenol

cannot be acylated but the ferric chloride and Folin reactions indicate the

presence of a phenolic hydroxyl group. Heated at 220~250°/2 mm.
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leucenol yields a pale yellow substance, m.p. 242— 4®, which
gives a violet colour with ferric chloride. Leucenol is probably the

d/-form of mimosinc (p. 4) and the constitution provisionally pro-

posed was ^-N-(3-hydroxy-6-pyridonc)-a-aminopropionic acid.

Leucenol was also examined by Lickel and Wibaut They propose to

re-name the substance Leuc^.nine. Their specimen had m.p. 226— 7°

and [a]i) — 9® (HgO) or -f-
6-7® (dil.IICl). They provide evidence for the

empirical formula, C8ITJQO4N2, and agree that the alkaloid contains a

pyridine ring with two substituents—a phenolic hydroxyl group and a

side-chain . O . CHg . (T^NHg) . COOH, the orientation of these substituents

being uncertain. On treatment with dimethyl sulphate in presence of

alkali a product, C^H^OgN, m.p. 02-0— 92-5®, is formed, which contains

one methoxyl group, gives a dibromide m.p. 168® (dec,), does

not absorb hydrogen in presence of Adams's platinic catalyst, yields

pyridine on distillation with zinc dust and forms salts with loss of a molecule

of water, e.g., the chloride, C^IIjQOaNCl, m.p. 209 210° (dec.), indicating

that it is a quaternary base with a hydroxyl groiq^ attached to nitrogen.

On oxidation with permanganate it produces meth\ laminc and once there

was also obtained a substance, CgHj^O^, m.p. 142-3°, which it is considered

may have been a mixture of trihydroxyglutaric acids,

llOOC . (CnOH)3 . COOH.
The chloride, C^HjoOgNCl, on he<ating at 15 mm. pressure, yields a

sublimate, ('JI^OoN, m.p. 227- 8® formed by loss of a molecule of methyl
chloride. This substance contains a methyl imino but no methoxyl
group, gives a violet colour with ferric chloride and has the i3roperties of a

N-methylhydroxypyridone, of which six isomeridcs are possible, with
the orientations Oil : CO -= (a) 4:2; (5) 2 : 4 ;

(c) 3:2; (d) 6:2;
(e) 5:2; (

/') 3 : 4. The first two have been synthesised by Spath and
Tschelnitz^ and (c) and (d) were prepared by the authors. None of the

four is identical with the substance from leucenol, which should

therefore be either A'-methyl-5-hydroxypyridone-2 or A^-methyl-3-

hydroxypyridone-4. The authors tentatively prefer the latter. Leucenol

combines with only one molecule of monobasic acids but the methyl ester

forms a dihydrochloride, C7ir902N2(C02Me), 2HC1, O.5H2O, m.p. 175-6°.

This and results of titration experiments by the Willstatter-Waldschmidt-

Leitz method, the formation of a characteristic copper salt and
other evidence indicate that leucenol is an a-amino-acid, viz., a

yS-[hydroxypyridoxy]-a-aminopropionie acid such as I.

COH

HC ^C O-CHj-CHfNHjl-COaH

COMe

HC r^^CO
COHe

HCr^^COH

NMeOH M

(n) m
NMe

(IV)

In the action of dimethyl sulphate and alkali on leucenol it is assumed
that the hydroxyl and amino- groups in (I) are methylated, and that the

1—2
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product of this action is hydrolysed by the alkali, to a hydroxymethoxy-
pyridine which adds on a molecule of methyl alcohol to form (II). This,

as the methochloridc, in losing a molecule of methyl chloride must, at the

high temperature involved, undergo further rearrangement to give the

N-methylhydroxypyridone (IV) via the supposed intermediate (III).

This explanation has been revised recently by Bickel,® who has shown
that the product, C 7H11OJN, first formed in this reaction, is the

monohydrate of jV-mcthyl-3-methoxypyridone-4, MeO . CgHgONMe, H2O,

the “chloride,” C^HioOoNCI, is the hydrochloride, MeO . C.HgONMe, HCl
of the same base, and the substance formed when the “ chloride ” is

heated is N-m(‘thyl-3-hydroxypyridone-4. The constitution of the latter

had already been established by Wibaut and Kleipol,^ who had synthesised

it by the action of methylamine on meconic acid (V) and decarboxylation

of the resulting product (VI) to the desired substance (VII — IV).

(V) CO . C(OII) : C(COOH) . O . C(COOH) : CH ->

(VI) CO . C(OH) : C(COOII) . NMe . C(COOH) : CH

(VII) CO . C(On) : CH . NMe . CH : CH == (I\)

The substance, C 5TI 5O2N, which Adams et al.^ obtained by the pyrolysis

of leucenol and tentatively suggested might be 2 : 5-dihydroxypyridine,

later disproved by Adams and Govindachari,® has been synthesised by
Bickel ^ and shown to be 8 : 4-dihydroxypyridine, and this has been

confirmed by Adams, Jones and Johnson.®

There still remains to b? settled the point of attachment of the

a-aminoprojiionic acid side-chain in leucenol. As the latter is unaffected

by boiling hydrobromic or hydriodic acid, an ether linkage at C ® in

3-hydroxypyridone-4 is unlikely and as the side-chain is eliminated by
either pyrolysis or the action of alkali C ® for the location, as suggested b}^

Kostermanns (see mimosine below) is improbable. The balance of evidence

seems to be in favour of attachment to the N-atom and additional data

supporting this view have been provided by Adams and Jones.®

Bickel ajQid Wibaut ® found in feeding experiments with rats and mice

that leucenol is probably the toxic constituent of Leuccpna glauca seeds,

but they did not observe with these animals the loss of hair which seems

to occur when these seeds are fed to cattle.

REFERENCES
(1) Compt. rend,, 1937, 204, 890. (2) J. Amer. Chem. Soc,^ 1945, 67, 89. (8) Rec,

Trav. Chim., 1946, 65, 65 ; Wibaut, Helv, Chim, Acta, 1946, 29, 1669 ;
(with Kleipol),

Rec. Trav. Chim., 1947, 66, 24, 459. (4) Mortals., 1921, 42, 251. (5) J. Amer. Chem.
Soc., 1947, 69, 1801. (6) Ibid., p. 1806. (7) Ibid., p. 1805. (8) Ibid., p. 1810. (9)

Ibid., p. 1803. (10) Mascri^. and OttenwAldur, Bull. Sci. Pharmacol., 1941, 3, 4, 65.

Mimosine, CgHjoO^Na, was isolated by Renz ^ from Mimosa pudica L.

and Leuccena glauca Benth. It has m.p. 231® (dec) (HgO) and
yields a copper salt, CgH804N2, Cu, 2H2O. Nienburg and Taubock *
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suggested that it might be a j3-hydroxyp\ridylalanine and both Adams ct al,

and Wibaut and Biekel in their work on leuccnol {see above) have suggested,

that it is an optically active form of leucenol. Kostermanns ® has also

investigated mimosine with results indicating that it is a derivative of

3 ; 4-dihydroxypyridinc. In particular he has prepared from it, by the

process used by Wibaut for leuccnol, the substance CgH702N, m.p. 224°,

and confirms that this is A-methyl-3-hydroxypyridone-4, by compariseui

with a specimen of the latter synthesised by the action of methylaminc
on pyromeconic acid. He points out that there are dilTiculties in accepting

either position 3 or 4 for the location of the side-chain and that it may be

at 1 or 6.

Feeding experiments with horses seemed to indicate that the alkaloid

caused toxic symptoms and loss of hair when large doses were administered.
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ALKALOID OF RICINUS COMMUNIS

Ridnine, C8Hg02N2, was isolated by Tuson ^ from castor-oil seed and
was subsequently examined by Soave,^ Schulze ^ and Evans.'* It

crystallises in prisms, m.p. 201-5°, sublimes at 170-1 h0°/20 mm., is neutral

in reaction, optically inactive, and forms no salts. It is precipitated by
solutions of iodine or mercuric chloride, but not by Mayer’s reagent.

Evaporated with nitric acid it leaves a yellow residue, which becomes
purple on addition of ammonia solution.

Maquenne and Philipjie ® first recorded the hydrolysis of ricinine by
alkalis to methyl alcohol and ricininic acid, C^IIgOgNg, brilliant, slender

needles, m.p. 296° -8° (dec.) ; the latter is decomposed by hydrochloric acid

at 150°, into ammonia, carbon dioxide and a base, CgH^OgN, which was
regarded by these authors as l-methyI-3-hydroxy-4-pyridone. Bottcher®

pointed out that ricinine showed many of the reactions of glyoxaline and
found that, on heating with 50 per cent, sulphuric acid, ricininic acid

yielded an acid, m.]). 216°, which contains a methylimino-group, gives the

reactions of a pyridinecarboxylic acid, yields a pyrrole on distillation with

lime and forms Maquenne and Philippe’s base, CgHyOgN, on hydrolysis

with Iwdrochloric acid at 150°. Winterstein, Keller and Weinhagen had,

in the meantime, shown that although both ricinine and ricininic acid

yield ammonia and the base, CgH^OgN, with 57 jkt cent, sulphuric acid

as the hydrolytic agent the same base is yielded by ricininic acid whilst

ricinine furnishes a new base, C ^HgOgN. Spath and Tschelnitz ® re-examined

both these products and showed that the base, CgH^OgN, was l-methyl-4-

hydroxy-2-pyridone, or possibly l-methyl-2-hydroxy-4-pyridonc and that

the base, C 7n902N, was the methyl ether of this substance. Both bases

were synthesised. These authors, like Bottcher, at first proposed forniulie

containing a glyoxaline ring for ricinine, but these were shown to be
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untenable as a result of Spath and Koller’s ® synthesis of ricinidine,

C
7
HgON2 ,

which is obtained from ricinine by replacement of the methoxyl

group by hydroxyl, chlorine and hydrogen in succession. Ricinidine, on

hydrolysis, yields first an amide, C^HgOgN, and then a carboxylic acid, by

C. 0CH 3 C.OH CH

(5h\i,cn dn^.CN dii^.CN
II i

—
> 1 1

->
II 1

CH CO CH CO CH CO
\/
N.CIIs

\/
N.CH3

Ricinine Ricininic acid Ricinidine

CH CH ^H

dn\.cooH (5h\.cooh <5n\.coNiij
11 1 II 1 Iz '1

1

CII C.OH CH CO CH COY ^VicHs ^CHa
Ei/droxypyridine- N-methyl-2-pyridone - ^-methyl-2-pyridone-
3-carboxylic acid ^-carboxylic acid 2-carboxylic acid amide

the hydrolysis of a - CN group, so that the acid appeared to be a iV*methyl-

2-pyridoneearboxyli(‘ acid. It was synth(‘sised by the action of methyl

iodide on the di-silvTi* sail of 2-hydroxypyridine-3-earboxyIic acid and
hydrolysis of the resulting ester to A"-methyl-2-pyridone-3-carboxylie acid.

The latter was then eojiverted to the amide which, on dehydration, yielded

ricinidine. The steps in the formation of ricinidine from ricinine and by
synthesis are shown in the foregoing set of formuhn.

The validity of this formula for ricinine was established by the same
authors’ synthesis of the alkaloid from 4-ehloroquinoline (I). The

Cl.C CH

/\ /\
HC C HC

I II I

HC C ,CH

C.Cl

c.coce

HC X.CO.NH^

\ /V (n)

C.Cl

/\
HC C.COOH

I I

HC C.OH

(III)

C.Cl

/\
HC C.CO.NH

I I

HC C.Cl

>n/(IV)

2

C.OCH-

/\ ®

HC^ C.CN
I ((

HC C • OCHn

X^(V)

-C.OCH-

/\ ®

HC ^C.CN
II I

HC CO

(VI)

latter was oxidised by potassium permanganate to 4-chIoropyridine-2 :

3-dicarboxylic acid, the anhydride of which on treatment with ammonia
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furnished 4-chloro-2-carbamidopyTidine-3-carboxylic acid (II). Potassium
hypobromitc converted this into tlie corresponding amine, which was
transformed by nitrous acid i?i sulphuric acid into 4-chJoro-2-hydroxy-

})yridine“3-earboxylic acid (III). As the latter could not l>c methylated,

it was converted by treatment with jdiospJioryl and phosphoric chlorides

into the dichloro-acid chloride and this, by the action of ammonia
into 2 : 4-dichloropyridijie-3-carboxylamidt‘ (IV), which was tlien

d(‘-hydrated by phosj)horyI chloride to 2 : 4-dichloro-3-cyan')pyridine.

The two chlorine atoms were replaced by methoxyl groups, when this

product was boiled with sodium methoxide in methyl alcohol, and the

resulting 3-cyano-2 : 4-dimethoxypyridine (V) was linally (‘onverted into

ricinine, A'^-methyl-3-cyano-4-methoxy-2-pyridone (VI) by heating it with

methyl iodide at 120-130'^ in an evacuated tube.

In a second synthesis the same authors start with ethyl

2 : 4-dihydroxy-f)-methylpyridine-3-carboxylate, and by a shorter series

of reactions reach 3-eyan0‘2 : 4-dimcthoxyi)yridinc (V), which is thc^n

converted into ricinine (VI) as before.

A third synthesis which has resulted in the preparation of ricinine and
a number of its derivatives is due to Schroetcr, Seidler, Sulzbacher and
Kanitz,^^ who found that cyanoacetyl chloride polymerises sjxmtaneously

to O-ehloro-2 : 4-dihydro\y-3-cyano-pyridine. The di-sodium derivative

of this with metliyl sulphate j^roduces A’'-methyl-G-chIoro-4-hydroxy-3-

cyano-2-pyridone (G-chlororieininic acid), the mono-sodium derivative of

which, with methyl bromide or sulphate, is converted into 6-chlororieinine

and the latter is reduced by zinc and sulphuric acid to ricinine. A fourth

synthesis, starting from 3-nitro-4-pyridone, is due to Reitrriann.^^

Ricinine is not markedly toxic
;
the poisonous character of castor-oil

seeds is due to a more complex substance, riein, the activity of which can

be destroyed by heat.

REFERENCES

(1) J. Chern. Soc., 1804, 17, 195. (2) Chem. Soc, Absfr., 1890, i, 380. (3) Ibid,

1898, i, 42 ; 1905, ii, 112. (4) J. Amer. Chem, Soc,, 1900, 22, 39. (5) Compf. rend,,

1904, 138, 506; 139, 840. (0) Bcr„ 1918, 51, 073. (7) Arch, Pharm,, 1917, 255,

513. (8) Monats., 1921, 42, 251. (9) Ber., 1923, 56, 880. (10) Ibid,, p. 2454,

(11) Ibid., 1925, 58, 2124. (12) Ibid., 1932, 65, 432 ; 1938, 71, 071. (13) Brit. Chern.

Abstr., 1935, A, 97.

ALKALOID OF FOSNUGREC

Trigonelline, C7H7O2N. This base occurs in plants belonging to a

number of botanical families. It was isolated by Jahns ^ from

foenugrec seeds {Trigonella Foenumgrcecum) and has also been found in

garden peas,^ Jiemp seed,^ oats, 2
potatoes, Stachys spp., dahlia,^

Strophanthus spp.,^ coffee,® and Dichapetalum cymosurn.^ Holtz, Kutscher

and Theilmann ^ have recorded its presence in a number of animals.

The fact that nicotinic acid (vitamin PP is excreted as trigonelline ® has

stimulated interest in the latter
;

its development has been studied by
dc Almeida,® reactions for its detection have been suggested by Raffacle
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and methods for its estimation in foodstuffs and in urine by Kodicek and
Wang and other authors.

Trigonelline crystallises as a monohydrate from alcohol in hygroscoj^ic

prisms, m.p. 130 ° or 218 ° {dry, dec.). It is readily soluble in water

or warm alcohol, less so in cold alcohol and slightly so in chloroform

or ether. The salts crystallise well, the hydrochloride, B . IICl, in leaflets,

m.p. 260 ° {dec.), sparingly soluble in dry alcohol. The picrate forms shining

prisms, m.p. 108-200 °, soluble in water, but sparingly soluble in dry alcohol

or ether. The platinichloride is soluble in water, but scarcely so in

dry alcohol. The alkaloid forms several auriehlorides : the normal salt,

B . nCl . A11CI3, is precipitated when excess of gold chloride is added to the

hydrochloride, and after crystallisation from dilute hydrochloric acid

containing some gold cliloride lias m.p. 108 °. Crystallised from water or

very dilute hydrochloric acid, slender needles, B4 . SHAuC.fj, m.j). 186 °, are

obtained.^

When trigonelline is heated in closed tubes with baryta water at 120°,

it gives rise to meth3daniine, whilst similar treatment

with hydrochloric acid at 260 ° furnishes methyl chloride

and nicotinic acid (p3Tidine-3-carboxylic acid), indicating

that it is the methylbetainc of nicotinic acid.

Ilantzsch^^ prepared this betaine by treating nicotinic

acid methiodide with silver hydroxide and Jalms subse-

quently identifled trigonelline with Hantzsch’s synthetic

base.

Trigonelline ajqDears to exert no marked physiological

action. Ackerniann first observed that nicotinic acid administered

to dogs appears in the urine as trigonelline.
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ALKALOIDS OF ARECA NUT

The areca or betel nut palm {Areca catechu) is indigenous to the Sunda
Islands, but is widely cultivated in Far Eastern tropical countries, where

CH (C.CO

LICH ^\/
CHgjj-

Trigonelline
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the seeds are employed as a masticatory. In India and China ground areca

nut is used as a vermifuge, and it is also so employed in Europe in veterinary

medicine. After preliminary work by Bombclon,^ Jahns ^ isolated, in

addition to choline, the alkaloids arecoline, arecaidine, arecaine and
guvaeine, of which the second and third are identical. Emde ® added
arecolidine and K. Hess ^ guvacoline. A sixth alkaloid, whose existence

was first indicated by Jahns, was named t.90guvacine by Trier,® and was
examined by Winterstein and Weinhagen.® Methods for the isolation of

the alkaloids are given by Jahns ^ and by Chemnitius ’ and for their

recovery from te(*hnical ar(‘ca residues by von Euler et aL'^

Arecoline is usually stated to be present to the extent of 0-1 per cent.,

but Chemnitius ’ gives the yield of hydrobromide as 0-35 to 0-4 per cent.

Arecaidine and guvaeine occur in smaller (juantities, whilst guvacoline and
arecolidine are found only in minute amoiuits. Alkaloidal assay processes

for areca nuts have been 2)iiblished by ]k)ureet,® and the National

Formulary Committee,® and Bond ® has dt'seribed a method of estimation

for arecoline hydrobromide. A microchemienl test for the identification

of arecoline has been devised by Crornyi.®

Guvaeine, CgllgOgN. Tlxis, the simplest of the areca nut alkaloids,

forms small lustrous prisms, m.}). ‘271-2'^ 203-5° (W. and VV.®),

[^Id db 9°, is neutral to litmus, and moderately soluble in water or dilute

alcohol, but almost insoluble in other solvents. The hydrochloride,

B . IICl, erj/stallises in prisms, m.p. 316° (Freudenberg sparingly soluble

in dilute hydrochloric acid
;

the jdatinichloride, Bg . HgPtClg . 4H2O,

separates from water in hexagonal prisms, m.p. 211 ° (J.), 233° (W. and W.),

220-1 ° (F.), and the aurichloride, B . HAUCI 4 , in broad, flattened prisms,

m.j). 197-9° (F.). The base and its salts decompose on melting.

Guvaeine behaves as a secondary amine furnishing an acetyl derivative,

m.p. 189-90°, and a nitroso-dcrivative, m.p. 167 *8 °, the methyl ester of

which on treatment with liquid ammonia forms A7'-nitroso-4-amino-

piperidinc-3-carboxylaniide, m.p. 172° (von Euler et alJ), On distillation

with zinc dust guvaeine yields
j
8-picoline (3-niethylpyridine). On treatment

with sodium methoxidc and potassium methyl sulphate, Jahns obtained

arecaine (arecaidine, p. 10
)
and an isomeride of the latter, and since he was

unable to prove the presence of a carboxyl group, assigned to guvaeine and
arecaine formula' different in type from those attributed to arecaidine and
arecoline. Though Trier ® first suggested that guvaeine might be

Ji-tetrahydropyridinc-3-carboxylic acid, it was Freudenberg who first

called attention to the similarity of guvaeine and J®-tetrahydropyridine-

3-carboxyIic acid (synthesised by Wohl and Losanitsch),^i and subsequently

demonstrated their identity. The same author showed that guvaeine,

contrary to Jahn’s experience, does yield a methyl ester, which was

subsequently accepted by K. Hess as identical with guvacoline (p. 10).

The latter on treatment with methyl iodide gives a mixture of arecoline

methiodide and hydriodide. Arecoline on hydrolysis furnishes arecaidine,

so that this series of reactions demonstrates the relationship of the four

chief alkaloids of areca nut.
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Giivacine, C^HgOgN = J3.tetrahydropyridine-3-carboxyIic acid

(ruvacoline, C^HuOgN ~ ^ruvacinc methyl ester

Arecaidinc, C^HuOgN ~ A'^-methylguvacine

Arecolinc, CglliaGgN -- A^-methylgiivaeine methyl ester

Guvacoline, C^Hj^OgN. K. Hess assigned this name to an alkaloid,

obtained by E. Merck from areca nut, which yields a hydrobroniidc, short

prisms, m.p. 144-5°, that he identihed with guvaeinc methyl ester

hydrobroniidc {see above). The base is a colourless oil, b.p. 114°/13 mm.,
which yields a hydrochloride, m.j). 121 2°, a platinichloridc, m.p. 211°,

and on mcthylation furnishes a mixture of arecolinc methiodide and

hydriodidc (p. 12).

woGuvacine. Along with guvaeinc, Jahns obtained a small fraction

of another crystalline alkaloid which Trier ^ named /.yoguvacine and

regarded as J2_t(^fj.ahydropyridine-3-earboxylic acid. According to

Winterstein and Weinhagen,® the base has m.p. 220°, [ajp ^ 0°, is faintly

acid to litmus and 3delds crystalline salts: h^^drochloride, m.p. 231°;

platinichloridc, m.p. 235°; and auriehloride, m.p. 198-200°. It gives a

dimeth^d derivative, the platinichloridc of which melts at 252°. These

melting-points indicate that the substance ma^^ be mainly arecaidinc, but

as it yields, on distillation with zinc dust, a substance giving a pyrrole

reaction, the authors suggested that it is a simple pyrrole derivative

isomeric with guvacine.

Arecaidinc (Arecaine), C7Hii02N . HgO. This alkaloid forms colourless

four- or six-sided tablets, m.p. 222-3° (d.),^ 232° (II. and L.),i2 jj; soluble in

w<iter, but not in most organic ’Solvents. The hydrochloride, B . IICl, forms

slender, colourless needles, m.p. 261° {dec.), the hydrobromide has m.p.

242 -3°
;

the platinichloridc Bg . IlgPtCIg crystallises in octahedra, m.p.
225-6° {dec.), and the auriehloride, B . IIAUCI4, prisms, m.p. 197-8°

{dec.), from hot, dilute h^^drochloric acid.

The fact that arecaidinc furnishes a methyl ester (arecolinc), and must
therefore contain a carboxyl group, led Jahns to attempt its synthesis by
methylating the potassium salt of nicotinic acid (pyridine-3-carboxylic

acid) and reducing, and incidentally hydrolysing, the methyl ester

methochloride so formed. The product was a mixture of arecaidinc and
dihydroarecaidine, so that the former must be a 1 -methyltetrahydro-
pyridine-3-carboxylic acid. Since natural arecaidinc is optically inactive

and the synthetic product could not be resolved, Mayer suggested that

it must be l-methyl-J^-tetrahydropyridine-3-carboxyIic acid, and this

was confirmed by Wohl and Johnson’s synthesis of the alkaloid from
acrolein (I).—The latter was converted into ^-chloropropaldehyde

acetal (II), and this condensed with methylslmine to ^-methylimino-
dipropaldehyde tetraethylacetal (HI), which on treatment with
hydrochloric acid gave 1-methyl-J®-tetrahydropyridine-3-aldehyde (IV),

from the oxime of which was obtained by the action of thionyl chloride,

8-cyano-l-methyI-J*-tetrahydropyridine (V). This, on hydrolysis, gave
the corresponding carboxylic acid, which is arecaidinc, and this, on
esterification with methyl alcohol, yielded arecolinc {see p. 12). Hess and
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Liebbrandt have prepared arecaidine by bromination of methyl
A^-methylpiperidine-3-carboxyIate, scission of hydrogen bromide from the

resulting bromo-compound (VI) and hydrolysis of the resulting arecoline,

but Prcobrachenski and Fischer were unable to confirm this observation.

EtO.CH.OEt
1

OKOEtlg -

1

CH„ —

5

1

2
> CH„

1

®

CHg NMe-

HI) (III

(jJHg CH

CHg NMe CHg

CH

^(|.COOR

HgC
/V HgC X.COCR

I I <-

^NMe

HgC CHp
2 \ ^ 2

Ouvacine (R = H) (VI) Arecaidine (R =H) (V)

Ouvacollne (R = Me) Arecoline (R = Me)

Mannich has prepared arecaidine aldehyde (IV) by allowing a mixture

of formaldehyde, acetaldehyde and methylarnine hydrochloride to stand

at 70° and pH 3. Some diaJdehyde, MeN(CH2 . CH2 . CHO) 2 ,
is formed

and this by loss of water j^roduces arecaidine aldehyde. The latter is,

converted into arecoline by the ^Vohl and Johnson process described above.

Merck and Maeder have patented the manufacture of arecaidine by
loss of water from l-methyl-4-hydroxypiperidine-3-carbDxylic acid. A
method of producing the latter has been describd by Mannieh and Veit

and has been developed by Ugriumov for the production of arecaidine

and arecoline. WitJi the same objective, Dankova, Sidorova and
Prcobrachenski^® use what is substantially MeEIvain’s process, but

start by converting ethylene oxide, via the ehlorohydrin and the

cyanohydrin, into
j
8-chloropro})ionic acid. The ethyl ester of this with

niethylaiuine in benzene at 140° furnishes methylbis(2-carbethoxyethyI)

amine (I) whicli on refiuxing with sodium or sodium ivaamyloxide in xylene

yields l-methyI-3-carbethoxy-4-piperidone (II). The latter is reduced by
sodium amalgam in dilute hydrochloric acid at 0 ° to l-mcthyl--3-carbethoxy-

4-hydroxypiperidine (III) which on dehydration, and hydrolysis, yields

arecaidine (IV

:

R = H), convertible by methylation into arecoline

(IV : R = CH
3).

CHg NCH
3
—CHg CHg—KMe—CHg CHg—mie—Cn CHg—NMe—CHg

EtOgC.CHg CHg.COgEt CHg—CO CH.COgEt 0%—CHOH.CH.COgEt CHg-CH—CH.COOR

I II III IV

Starting with A^-benzoyl-di-(jS-carbethoxyethyl)amine

Cells . CO . N(CH2 . CHa . C02Et)2

(compare I), McElvain and Stork, by a similar series of reactions have

synthesised guvacine (1946).
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Arecoline, CgHigO^N. This, the most important alkaloid of areca nut,

is an odourless, alkaline oil, b.p. 209", volatile in steam, miscible with most
organic solvents and water, but extractable from the latter by ether in

presence of dissolved salts. The salts are crystalline, but usually

deliquescent ; the hydrobromide, B . HBr, forms slender prisms, m.p,
177-9", from hot alcohol : the anriehloride, B . HAUCI 4 , is an oil, but the

platiniehloride, Bg . HaPtClg, m.p. 176"^, crystallises from water in orange-red

rhombs. The methiodide forms glancing prisms, m.p. 173-4°.

On heating areeolinc with ammonia in alcohol, addition occurs at the

ethyleiiic linkage followed by amination at the ester group
; the products

formed are : JV-methyl-4-aminopij)cridine-3-earbox 3mniide, m.p. 180°

;

iV-meth3d-4-aminopiperidine-3-earboxylie acid, m.p. 241" (dec,) and
iV-methyltetrah^'dronieotinamide, m.]). 148" (arecaidineamide).^^

Areeolinc is h^alrolyscd by acids or alkalis to the corresponding acid,

arecaidine, and conversely" the latter, on esteriaeation with methyl alcohol,

yields areeolinc, and with ethyl alcohol /n^moarecoline. Syntheses of

arecaidine, and therefore of areeoliiu‘, are d(‘scribed above.

Arecolidine, C 8H13O2N. lliis alkaloid, obtaine d by Emde,® is a weak
base, which crystallises from dry ether in glassy needles, m.j). 105°, but

after sublimation has m.p. 110 " and is hygroscopic. The hydrochloride,

B . HCl . HgO, m.p. 95-8", hyxlrohromide, m.p. 268-71" (dec.), auriehloride

yellow leaflets, m.p. 210-20 " (dec.), and platiniehloride, thick, dark orange

needles, m.p. 222-3" (dec.), were prepared. The base gives a methiodide,

prisms, m,}). 264° (dec.), and methydareeolidine, C9II15O2N, derived from
this, yields a normal auriehloride, m.p. 252" (dec.). Emde suggests

that arecolidine is 3 : 4-dimethox3^-l-methyl-l : 2-dihydropyridine.

Pharmacological Action of the Areca Nvt Alkaloids. Of these alkaloids

arecoline alone exhibits markedly toxic properties. It belongs to the

muscarine-pilocarpine group ,
22 which show parasympathetic stimulant

action. Its central stimulant action is more })owerful than that of

pilocarpine, and with large doses central paralysis may ensue. The
pharmacological action of the quaternary bases derived from arecaidine

and arecoline has been investigated by Kadonaga.^^ Arecoline hydro-

bromide has been recognised in a number of Continental Pharmacopoeias,

being used in small doses as a sialogogue, diaphoretic and anthelmintic.

It has also been used as a miotic, but its main use is in veterinary medicine

as an anthelmintic and bowel stimulant. According to von Euler et al.P

guvacinc is as potent a growth factor for certain bacteria as nicotinic acid.

The cultivation and marketing of areca nuts has been described by
Kannangara and its use as a masticatory in the Far East is discussed by
Mercier.^®
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ALKALOIDS OF HEMLOCK
The common hemlock, Conium maculatum, contains five alkaloids.

Power and Tutin found a similar mixture in fool’s parsley, and a volatile

alkaloid resembling coniine is stated to occur in certain aroids.^ According

to Svagr,® “ water hemlock ” (Cicuta virosa) owes its poisonous properties

to toxins and not to “ cicutine,” a name somt'times used as a synonjmi for

coniine. The toxic properties of hemlock juice have been known from very

early times
; thus it was the chief ingredient in the poison administered to

criminals by the (rreeks. The leaves and the unripe fruits are tlie parts

used in medicine. The following are the names and formuhe of the

alkaloids :

—

d- and UConihu% CgHj^N Conhydrine, Cgllj^ON

d- and l-'^-Methylroniine, CgHj^N . CII3 ijj-Conhydrine, CgHi^ON
y-Conireinr, Cgll^gN

Madaus and Schindler ^ have investigated the changes in alkaloidal

content occurring in hemlock during the vegetative period.

Farr and Wright, who devised processes for the estimation of the total

alkaloids as hydrochlorides, give the following percentages for the various

parts of the plant : stem, 0*01-0 06 ; leaves, 0 03-0 18 ; flowers, 0*09-0*24
;

green fruit, 0*73-0*98. The same authors quote 0*096-0*83 as the range of

variation found in commercial samples of the fruit in 1904 and 1*05-3*6 as

the range in fruits collected in England.^ The British Pharmaceutical

Codex, 1984, quotes 0*2 per cent, for the leaves and 2*5 per cent, for the

fruits. In British Columbia, where the plant has a larger habit than in

England, Clark and Offord ® found 0*025 per cent, in the stems and 0*92

per cent, in the fruits. An assay process for the fruits was given in the

Eighth Revision of the United States Pharmacopoeia and 0*5 per cent, of

total alkaloids was specified as a minimum.*

Billing ^ has provided a scheme for distinguishing between the hemlock
bases and other alkaloids, such as sparteine, nicotine and lobeline.

Of the total alkaloids of hemlock isolated by the method of Chemnitius ®

and fractionally distilled, the portion boiling- up to 190° contains most of

the coniine, y-coniceine and iV-methylconiine, the conhydrine and
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0-conhydrine remaining in the higher boiling residues. For the separation

of coniine from coniceine, Wolffcnstein ^ recommends conversion into

hydrochlorides. These are dried and extracted with acetone, which

dissolves coniceine hydrochloride, leaving the coniine salt, from which the

base may then be regenerated. For linal purification the coniine is con-

verted into the d-hydrogen tartrate. It is sometimes necessary to start

crystallisation by adding a crystal of tlie desired salt, von Braun distils

the crude mixed alkaloids until the temperature rises to 190°, benzoylatcs

the distillate, extracts the tertiary bases by shaking an ethereal solution

with dilute acid, pours the concentrated ethereal solution into light

petroleum to precipitate most of the benzoyl- 8-aminobutyl propyl ketone

formed by the action of benzoyl chloride on coniceine, distils the solvent

from the filtrate and collects from the residue the fraction boiling at

200-10°/16 mm., which is nearly pure benzoyleoniine (b.p. 203-4°/16 mm.).

From this a mixture of d- and Z-coniincs is obtained by liydrolysis, the

former predominating.

Coniine, C 8HJ 7N. llie alkaloid was first isolated by Gieseeke,^^ but

the formula was suggested by Blyth and definitely established by
Hofmann.

d-Coniine is a colourless alkaline liquid, with a penetrating odour and a

burning taste ;
it boils at 166-7°, has D®° 0-8626 and 0-8438, refractive

index 1-4505, and is dextrorotatory, [a]7>° + 15-7°. It solidifies to a

soft crystalline mass at — 2 °.

Coniine is slightly soluble (1 in 90) in cold water, but less so in hot

water, so that a clear cold Solution becomes turbid wlien warmed. On
the other hand, the base dissolves about 25 per cent, of water at atmospheric

temperature. It mixes with alcohol in all proportions, is readily soluble

in ether and most organic solvents. Coniine slowly oxidises in the air.

The salts crystallise well and are soluble in water or alcohol. The hydro-

chloride, B . HCl, crystallises from water in rhombs, m.p. 220 °, + 10 -1
°

(liquid ammonia)
;

the hydrobromide, in needles, m.p. 211 °, and the

d-acid tartrate, B . C^HgOg . 2H2O, in rhombic crystals, m.p. 54°. The
platinichloride, (B . HC 1

) 2 . PtCl 4 . HgO, separates from concentrated

solution as an oil, which solidifies to a mass of orange-yellow crystals,

m.p. 175° (dry). The aurichloride, B . HAUCI 4 ,
crystallises on standing,

m.p. 77°. The picrate forms small yellow needles, m.p. 75 °, from hot

water. Tlie 2 : 4-dinitrobenzoyl- and 3 : 5-dinitrobenzoyl-derivatives have
m.ps. 139-139-5° and 108-9° respectively (Spath, Kuffner and Ensfellner).i*

Coniine dissolves in carbon disulphide, forming a complex thiocarbamate.i®

It gives no coloration with sulphuric or nitric acid. The precipitate

afforded by potassium cadmium iodide solution is crystalline, m.p. 118°,

whilst that given by nicotine with this reagent is amorphous. Sodium
nitroprusside gives a deep red colour, which disappears on warming, but
reappears on cooling, and is changed to blue or violet by aldehydes.^®

Z-Coniine has 15° and in other respects resembles its d-isomeride,

but the salts have slightly different melting points ; the platinichloride has
m.p. 160° (175° L. and F.), the aurichloride m.p. 59°.^^
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Constitution. When coniine is distilled with zinc dust or heated with

silver acetate,

a

new base, conyrine, CgHuN, differing from coniine by
six atoms of hydrogen, is formed. This on oxidation yields pyridine-2-

carboxylic acid and, since it is not identical with ‘i-^^opropylpyridine,^®

must be 2-propylpyridine (I). When coniine is heated with hydriodic acid

at 300° it yields n-octane (II). These and other observations due mainly
to A. W. Hofmann,21 made it clear by 1885 that coniine was probably

a-propylpiperidine (III), and this has been amply confirmed by other

reactions of the alkaloid and by syntheses. Thus, Wolffenstein showed
that on oxidation with hydrogen peroxide, coniine is converted into

amino-n-propylvalcraldehyde (IV) 22

H

H

.CH

CH
I

c.c

(I) Conyrine

/
^ fz

(III) Conllna

( II ) n-Octane

CHO . [ CHg] 3 . CH( C3H7 )NH^

(IV) Amlno-N-propylvaleraldehyde

Similarly, von Braun and Schmitz 22 found that A-bcnzoylconiine, on
distillation with phosphorus pentaehloride, underwent ring scission with

elimination of the nitrogen atom and formation of the dichlorooctane,

CH2CI
.
(CHa),, . CHCl . CII2 . CII2 . CII3.

In 1884 1® Hofmann sliowed that conyrine (I), when heated with

Iiydriodic acid at 200-300°, could be reduced to coniine (HI), but the fu'st

complete synthesis, which was also the first synthesis of an alkaloid, was
achieved by Ladenburg in 1886.2^ He condensed 2-methylpyridine with

})araldehyde to 2-propenylpyridine (V) and reduced the latter by sodium in

alcohol to 2-propylpiperidine (VI). This, on deracemisation by crj^stal-

lisation of the hydrogen ^/-tartrate, yielded 6Z-coniine. The initial reaction,

which takes place at 250°, giv('s a poor yield and was improved by
interaction of the two reagents at 150° in sealed tubes to give methyl-2-

picolylalkine (V^II), which was then heated at 185° with hydrochloric acid

for ten hours, producing a mixture of 2-propen ylpyridine (V) and
2-ehloropropylpyridinc (VHI). This mixture was reduced to d^-coniine

by sodium in alcohol. In 1907 the process was still further improved by
reducing methyl-2-picolylalkine (VII) with phosphorus and hydriodic acid

at 125° and treating the product with zinc dust and water, the resulting

2-propylpyridine being then reduced with sodium in alcohol.25
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In 1898 Ladenburg found that when coniine is distilled with zinc dust

there is produced along with conyrine a substance only distinguishable

from d-coniine by its higher specific rotation. This substance, tsoconiine,

was a subject of discussion for many years. It was also found in his

synthetic coniine, the d-coniine isolated from the latter having [a]j^ + 19°,

which was reduced to that of d-coniine by heating the product at 290° for

ten hours. The modified synthetic method adopted by Ladenburg in 1907

designed to avoid the possible presence of propenylpiperidinc, as suggested

by Loffler, in the fmished product also yielded a d-coniine of high rotation,

+ 17*85°, This method, in the hands of Hess and Weltzicn,^^ gave similar

results, but these authors found that if Ladenburg’s second process is

modified by catalytic hydrogenation of methyl-2-picoIylalkine (VII) to the

corresponding piperidine derivative, which is then reduced by hydriodic

acid and phosphorus, followed by zinc and sulphuric acid, the 2-propyl-

piperidine (VI) formed is dZ-coniine and yields d-eoniine, [ap// + 14*96° on

deracemisation, and they suggest that “ /^oconiine ” is d-coniine containing

an impurity of higher optical rotation.

A number of other syntheses of coniine have been effected,^® of which
that of Diels and Alder is of special interest. The initial adduct of pyridine

and methyl acetylenedicarboxylate, viz., tetramethylqiiinolizine-l : 2 : 3 :

4-tetracarboxylate (IX) on oxidation with dilute nitric acid is converted

into methyl indolizinetricarboxylate (X). This, on hydrolysis and
decarboxylation, furnishes indolizine, the octahydro-derivative (XI) of

which, also known as octahydropyrroeoline,^’ is converted by the cyanogen
bromide method (as applied by Winterfeld and Holschneider to lupinane,

p. 123) successively into the bromoeyanoamide (XII), cyanoamide (XIII)

and dZ-coniine (XIV). A synthesis of the alkaloid, starting from indolizine

(pyrrocoline) is described by Ochiai and Tsuda.^s
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The preparation of Z-coniine by the reduction of j8-coniceine

(Z-propenylpiperidine, p. 20) by Loffler and Friedrich is interesting as a
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means of passing from conhydrine (see below) to Z-coniine. Hess and
Eichel have shown that pelletierine (p. 55), is the aldehyde (^-2-piperidyl-

propaldehyde), corresponding to coniine, and yields dZ-coniine when its

hydrazone is heated with sodium ethoxide in alcohol at 156-70®,

According to these authors, d-coniine is rendered almost optically inactive

when heated with barium hydroxide and alcohol at 180-230°. Leithe

has shown by observation of the optical rotation of (+)-pipecolinic acid

(piperidinc-2-carboxylic acid) and certain of its derivatives under varying

conditions, that it must belong to the d- series of amino-acids, and since

(-f-)-conhydrine can be oxidised to (— )-pipecolinic acid, and transformed

through ^-coniceine into (— )-eoniine,3^ it follows that (-[-)-coniine, (+)-2-

methylpiperidine (a-pipccoline) and (--|-)-piperidine-2-carboxyIic acid must
all have similar spatial configurations.

iV-Methyl-d-Coniine, CgUigN . CHg. Tliis alkaloid is stated to occur

in hemlock in small quantities/^ and methods for its isolation are described

by Wolffenstein ® and by von Braun. It was prepared by the action of

potassium methyl sulphate on coniine by Passon.^® It is a colourless, oily,

coniine-like liquid, b.p. 173-4°, 0*8318 and + 81*33°. The
salts are crystalline

;
the hydrochloride, B . HCl, forms masses of needles,

m,p. 188°
; the platinichloride, Bg . HgPtClg, has m.p. 158°.

iS^-Methyl-Z-coniine was obtained by Alirens from residues left in

the isolation of coniine as hydrobromide or by removing coniine as the

nitroso-compounel. It is a colourless, coniine-like liquid, b.p. 175*6°/

767 mm., DjJJ' 0*8349, [a]i[/-81*92°. The hydrochloride, B . HCl, crystallises

in leaflets, m.p. 191-2°,* the hyelrobromide, B . HBr, in leaflets, m.p.

189-90°; the platinicliloriele in orange crystals, m.p. 153-4°; the

aurichloriele in leaflets, m.p. 77-8°, and the picrate in long needles,

m.p. 121-2°.

Hess and Eichel have shown that d-coniine with formaldehyde and
formic acid yields an active* A^-methyl-d-coniine, and that methyh^o-
pelletierine hydrazone (see p. 57) yields A-methyJ-dZ-coniinc when heated

with sodium ethoxide at 150-70°.

Conhydrine, CgHi70N. Tliis oxygenated alkaloid was isolated by
Wertheim.®® It crystallises in colourless leaflets, has a coniine-like

odour, can be sublimed and is strongly basic, m.p. 121°, b.p. 226°,

[a]i, + 10°. It is soluble in alcohol or chloroform, moderately so in water

and in ether, from which it crystallises readily. The salts are crystalline ;

the aurichloride small rhombs or prisims, m.p. 133°
;
the benzoyl derivative

m.p. 132°.

Constitution, On oxidation with chromic acid, conhydrine yields

Z-piperidyl-2-carboxylic acid.^^ It is converted into Z-coniine either by
reduction of the iodo-derivative (iodoconiiiie), CgH^gNI, formed by the

action of hydriodic acid and phosphorus at 180° or by hydrogenation of

the mixture of coniceines produced, when it is dehydrated by phosphorus

pentoxide in toluene/® These and other observations indicate that the

oxygen atom must occur as a hydroxyl group, in the n-propyl side-chain

in either the a- (XV) or jS- (XVI) position, since the y-position would involve
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the production of pipcridyl-2-propionic acid on oxidation. 2-j3-Hydroxy-

propylpiperidine (XVI) suggested by WilLstatter seemed to be excluded,

since neither of the two forms of this product prepared by Loffler and
Tschunke resembled conhydrine, and these authors suggested the

alternative (XV) as probably representing the alkaloid. Support for this

view was provided by Hess and collaborators,^^ who showed that

dZ-A^-methylconhydrinonc is iV-methyl-2-piperidyl ethyl ketone (XVII).

that dZ-conhydrine (in.p. 69-70°), produced by a somewhat indirect

method, is identical with the ])roduct, m.p. 69-5-71 *5°, prepared by Englcr

and Hauer by the reduction with sodium in ethyl alcohol of 2-pyridyl

ethyl ketone, and that conhydrine on dehydrogenation over platinised or

palladised asbestos gives rise to a mixture of tetrahydropyridyl-2-ethyl

ketone and 2-a-hydroxy})ropylpyridine. Spath and Adler have shown
that conhydrine can be degraded in two stages (XIX) by exhaustive

methylation to trimethylamine and a mixture of two products, an oil,

C8H14O, b.p. 157-97744 mm., and a crystalline substance, CgH^gOg,

m.p. 75-6°. The oil, wlien h(‘ated with water at 170° is converted, by
addition of a molecule of water, into the crystalline substance. The
latter contains two active hydrogen atoms (Zerewitinoff estimation), and
on exposure to hydrogen over palladised charcoal absorbs enough to

saturate one ethylenie linkage producing a new substance, m.p. 94-6°.

On oxidation with jicrnringanate in dilute sulphuric acid, jiropionaldehyde

and succinic acid are produced, wliilst the saturated substance, m.j). 94-6°,

is oxidised to n-valerie acid. . These residts indicate that tlic substance of

m.]). 75-6° is €^-dihydroxy-J“-M-octene (XXI), that the oil, C8II14O, is the

corresponding oxide (XX), and that the rej)resentat ion of conhydrine

as 2-a-hydroxypro2:)yIpi])cridine (XV) accounts for their jiroduction.

/ ^ ^ ^
fs

CHg H^C
Y2

^CH.CH(0H)Et HgC CH.CHg.CHl OH )Me HgC CH.CO.Et

,CH« CB

H2C (^2 HC ^2 >2
^2^ CH:—CH.Et H C CHC-—CH.Et H_C CH(OH)

° (iH(OH)Et
(XIX) NMe^I (XX) (X3CI)

^-Conhydrine, C8H17ON, was isolated by Merck and examined by
Ladenburg and Adam.^^ It closely resembles conhydrine, from which it

can be separated by crystallising the mixed hydrochlorides, that of conhy-

drine being hygroscopic, whilst the ^-conhydrine salt crystallises well from

alcohol. The base was re-examined by Loffler.^^ It crystallises from

dry ether in needles, m.p. 105-6°, b.p. 236-236-5°, [a]|, + 10-98°, or

from wet ether in plates, m.p. 80° {approx.)^ and is a strongly alkaline

base. The hydrochloride has m.p. 212-3° and the aurichloride, m.p.

188-4°
;
the platinichloride, m.p. 185-6°, forms golden-yellow needles.
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Constitution, The close relationship of 0-conhyclrine to coniine was
established by Loffler,^® who showed that it must be a hydroxyconiine,

since it is convertible into an iodoconiinc, reducible to d-eoniine. Con-

hydrine, on the contrary, yields Z-coniine, but the two cannot be

stercoisomcrides, since they give structurally different coniccines on
dehydration, that from 0-conhydrine being 0-coniecine, which on hydro-

genation yields d-coniine.^® Loftier concluded that 0-conhydrine must
have the hydroxyl group in position 4 in the ring of the 2-propyIpiperidine.

This formula cannot he reconciled with Willstiitter’s statement that

0-conhydrine on oxidation yields piperidine-2-carboxylic a(‘id, and, as

an attempt has failed to confirm this observation, it was possibly due

to the use of 0-conhydrine containing conhydrine. Spiith and
collaborators have investigated the exhaustive rnethylation of

0-conhydrine and obtained at the end of the first stage 0-conhydrinc-
methine, CioHgiON, b.p. 101 •5-103*571 4 mm., + 18*'7'°, which was
hydrogenated, in presence of palladised charcoal, to dihydro-0-conhydrine-

methine, Cio^IgsON, b.p. 99-100-5711 mm., fa]j7 + 12*2°. This, in the

next stage, yields octyIene-aj8-oxide (b.p. 60-70°/17 mm.
;

[a]}7° — 12*2°)

and octane-a^-diol (m.p. 35-7°
;

[a]}7“ — 4-7°), the latter being also formed

by the action of water on the oxide at 180°. Benzc)yl-0-conhydrinc,

m.p. 132-3°, [a]J7° + 23-4°, on oxidation with faintly alkaline permanganate
gives the benzoyl derivative of two amino-acids {a) C 7

II15O 2
N and [h)

CglligOaN. The former is y-aminoheptoic acid and was isolated as the

lactam, m.p. 45-7°; {h) proved to be ^-amino-??-liexoi(» acid, m.p. 205-7°.

Th(\se obs(Tvations confirm Lofiler’s view that the hydroxyl group must
be in the piperidyl nucleus, but not as he suggested in position 4 (XXII),

and this applies equally to positions 2 and 3 . Of the remaining positions 6

(XXIII) would imply that dihydro- 0-conhydrinemethine is an addition

l)roduct of n-octaldehyde and dimethylarninc and, as such, would be

unstable to acids. Sjmth et aL, therefore, selected 5 as the position of

choice and represent 0-conhydrine as 5-hydroxy-2-propylpiperidinc

(XXIV).

H,

,CH.0H

/-x
2^5 2

A
CHo

HpCs zCH.Pr*

(XXII)

HO.HC CH.Pr®

^NH (xxrii)

HO.HC CHo
'

' aHpC m.Pr®
\ /m ixnv)

This has been confirmed by Spath and Lorenz,^® who have showji that

dihydro-0-conhydrinemethinc must be a-dimethylamino-octan-^-ol,

McgN . CHg . CHOH . CHg .
(CH2)4 . CII 3 , since it is oxidised by chromic

acid in acetic acid to a-dimethylamino-6ctan-^-one, which has been

synthesised from n-heptoylchloride by the action of diazomethane in ether,

and treatment of the resulting a-chloro-n-octan-jS-one with dimethylamine.

y-Coniceine, CgHi^N. This base may be isolated by Wolffenstein’s

method (p. 14), or recovered from the benzoyl- 8-aminobutyl propyl ketone,

into which it is converted in von Braun's process, by heating with
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hydrochloric acid at 120 °. It is a coniinc-likc oil, b.p. 171-27746 mm.,

0*8740 (Bruhl), volatile in steam, almost insoluble in water, strongly

alkaline and optically inactive. Its salts are crystalline
; the

hydrochloride, ra.p. 143°, is hygroscopic ; the hydrobromide, m.p. 139°,

is readily soluble in acetone ;
the aurichloride, m.p. 69°, and the picrate,

m.p. 62°, are precipitated as oils, but soon become crystalline. The
platinichloride has m.p. 192°. The cadmium iodide salt, B . HI . Cdl2 ,

m.p. 146-7°, crystallises from water in long needles.

y-Coniceine is a secondary base, and on reduction yields dZ-coniine. It

was prepared by Hofmann by the action of alkalis on bromre^niine, and,

according to Loffler, is formed by the action of fuming hydrochloric acid

on conhydrine.^^ These reactions ai'c explained by formula (I) below,

suggested by Lellman and Wolffenstein.® y-Coniceine has been synthe-

sised by Gabriel by hydrolysing S-phtbaliminobutyl propyl ketone.^®

The Coniceines, CgHjgN. Six of these products have been obtained in

various ways from the two conhydrines.^® Their chief characteristics are

tabulated below. a-Coniceme is perhaps the least well-defined of the six
;

it is one component of the mixture resulting from the action of

hydrochloric acid on conhydrine, and is described by Loffler (1904) as

stereoisomeric with €-coniceine (II).

P-Coniceine is the chief product of the action of phosphoric oxide on

conhydrine and was shown by Loffler and collaborators ^ ^ to be

2-propenylpiperidine, C^H^NH . CH : CII . CHg.

Kame Bolllug-poiot

Melting-

point of

aurichloride

Specific

rotation,

1*)d

Kelative

density

Amino-
character

0 •Coniceino 158^ 19G® BSi 0*8930 at 15® Tertiary

/3-Coniceine /
168®

\(m.p. 41®) }
122-5* Hi 0-8519 at 50° Secondary

7-Coniceino j710_I72° 69® inactive 0-8825 at 22*5® Secondary
i-5-Coniceine 158® 207* laovorota-

tory
inactive

0-800 at 23° Tertiary

t.3-Coniceine ler 192* 0-904 at 15° Tertiary
{•Coniceine

composed of

150®-151® 178* + 42-34° 0-8836 at 15° Tertiary

1

'2-methylconi-
dine and

151®-154® 167'-168* -f 67-4® 0-8856 at 15* Tertiary

1

i5o-2-methyl-

, conidine

143®-145® 198°-199” - 87*34® 0-8624 at 15* Tertiary

i/^*Coniceine 171®-172®| (oUy) + 122-6° 0-8776 at 15* Secondary

y-Coniceine
(
2-propyl-l : 4 : 5 ; 6-tetrahydrop5a*idine, I), is a hcnxlock

alkaloid already dealt with above,

h-Coniceine
(
2-piperolidine), is prepared by the action of sulphuric acid

on bromoconiine. It has a multiplicity ofnames. It was first characterised

by Lellmann,*^® who assigned to it formula (III) and was synthesised by
Loffler and Kaim®® who distilled piperidylpropionic acid to obtain

piperolid-2-one (IV) and reduced this to 2-piperoIidine (III) which proved
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to be identical with d/-S-eoniceine, made from dZ-coniine. The same
bicyclic nucleus was named “ pyrindole ” by Angeli.®* Scholtz synthe-

sised the base (V) which he named pyrrocoline, though he subsequently

adopted Angeli’s name pyrindole. Later Tsehitschibabin prepared the

substance (VI) and called it 2-methylindolizinc. Indolizine has been

accepted by Diels and Alder and pyrrocoline by Clemo and Ramage.®®

8-Coniceine may therefore be called octahydroindolizine, octahydro-

pyrrocoline, or 2-piperolidine, with l-azabicyclo-[4 ; 3 : 0]-nonane as the

latest variant.®® 8-Coniceine is of interest owing to the occurrence of the

same or closely related nuclei among the papilionaceous alkaloids.

€-Coniceine is made by the action of alkalis on bromo- or iodo-coniine

and has been shown by Loffler to contain two asymmetric carbon atoms
(Formula II) and to consist of the two forms (+, — )

and (—, — )
named

respectively 2-methylconidine and ^o-2-methyIconidine (c/. a-coniceine).

0-Commn^ obtained by the dehydration of 0-conhydrine (p. 18
)

must be either 2-propyl-l : 2 : 3 : 6- (or 1 : 2 : 3 : 4-) tetrahydropyridine.®^

C,Pr“

(I)

(jJH ; (jJH

I

|H

GH

m)

cH2.cH2.cH.cH2

(II)

CHg.CHgJJ— CHMe

(jJH

:

jJB

r
f—f r
CH:GH— N CH

(V)

CH« -CH
I

CHg.CHgJJ CHg

(lU)

P ,

CHg.CO JN

I

I

"

CH

-CH-

I

"

-on

(IT)

Pharmacological Action of Hemlock Alkaloids. Hemlock has ceased to

be used in medicine owing to the uncertainty of action shown by its

galenical preparations.® 2 All the hemlock alkaloids are poisonous. They
produce paralysis of the motor nerve terminations and stimulation followed

by depression of the central nervous system, though some authorities

maintain that they exert little or no central action. They cause nausea

and vomiting at an early stage of their action. Large doses cause slowing

of the heart’s action. Respiration is generally accelerated and deepened at

first, but eventually becomes slow and laboured and finally ceases, while

the heart is still strong and consciousness has just disappeared. According

to Albahary and Loffler,®® d- and Z-coniines are identical in action. By the

introduction of a double linking as in y-coniceine, the toxicity is increased,

whilst by the substitution of a hydroxyl group, as in the conhydrines, it is

reduced. Tullock and McElvain have shown that the benzoates of

iV-alkyl derivatives of 2-piperidylpropyl alcohols of the types

C6H^(R) . CHa . CHa . CHgOH and C5HaN(R) . CH* . CHOH . CH3 {cf

XVI, p. 18) possess local anaesthetic properties®®.
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ALKALOIDS OF LOBELIA
The jircsence of alkaloids in Lobelia injlata, Linn., was first recorded

by Proctor.^ Lobeline was prepared by Lewis ^ as a basic oil from which

Siebert ® made and analysed a series of salts and proposed the formula,

C18H23O 2N. In 1921 Bohringer and Sohne ^ protected a process for the

isolation and separation of three alkaloids, a-, P and y-lobelines. In the

same year Wieland published the first ^ of a series of papers in which is

described the isolation of several groups of alkaloids, to most of which

constitutional formulae have been assigned and, in some cases, confirmed
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by synthesis. These alkaloids are remarkable for their close inter-relation-

ship and the fact that three of them can be synthesised ® by a variant of

Robinson’s general process which is a possible phytoehemieal method.
Lobelia is recognised in several pharmacopoeias, but standards are not

usually prescribed for its alkaloidal content, which should be from 0-3 to

0-4 per cent.

Numerous methods for the alkaloidal assay of lobelia and its galenical

preparations have been published and two recent critical surveys, by a

special committee of the Society of Public Analysts’^ and by Caulkin,®

indicate that the process of Markwell ® is satisfactory. Processes for the

isolation and separation of the various alkaloids have been protected by
patent.® Balandin states that Lobelia sessilijiora contains less alkaloid

than L, mflata but yields a liigh-quality lobeline.

According to Wieland, the typical lobelia alkaloids so far isolated and
examined belong to three groups (Table A), all of which can be represented

by the general Formula I.

Table A. Loheline Group

norLobelanine. R -- II
;
Ri and R^ C^ll , . CO

Lobelanine. C22H25O2N. R = Me
;
Ri and R^ ^ CeH^ . CO

rfSeline }c22n2A.N. ; R^=CeH,.CHOH

7/orLobelanidine. C21II27O0N. R - H ; ID and R^ = CJI5 . CIIOH
Lobelanidine. R - Me ; ID and R^ ==-- i\Ur, . CHOU

Lelohine Group
norLelobanidine.

C17II27O2N. R = 11 ;
Ri - ( H3 . CH2 . CIIOH ; R2 == Cell^ . CIIOH

Lelobanidine.

C1SH29O2N. R - Me ; ID - CH3 . CH2 . CIIOH ;
R2 C9PI5 . CHOH

Lohinitu Group

Lobinine. Ci^UgsOgN. R-Me
;
R^-CIIg . CH2 . CHOH ; R^=CJl^.CO.

Ethylenic linkage from C3 to C4.

mLobinine. CigHgsOgN. Possibly stereoisomeric with lobinine, or with

ethylenic linkage C4 to C5 instead of at C3 to C4, or with
Ri == . CH2 . CHOH . CH3 instead of CH3 . CH2 . CHOH

Lobinanidine. C18H27O2N. R - Me ; ID = CH3 . Cllg . CHOH ; R^ =
C3H5 . CHOH. Ethylenic linkage C3 to C4.

^^oLobinanidine. Ci8H2702N. As lobinanidine for R . R^.R^, but source

of difference undetermined.

There are also present at least four subsidiary, unnamed alkaloids,

which have not been fully characterised.

Base. CjgHgeOgNg, m.p. 232° (dec.), B . HCl, m.p. 299-300° (dec.)
;

B . HI, m.p. 279°
; B . HCIO4, m.p. 254-5°

; B . Mel, m.p. 244'^ (dec.).

Monobenzoyl derivative, m.p. 220°. Bromo-compound, m»p. 288°

(dec.).

Base. CJ4H21ON, m.p. 103°; oxalate, m.p. 176° (dec.).
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Base. Cj^HgiON, m.p. 81°, B.HAUCI4, m.p. 182°; monobenzDyl
derivative, m.p. 118°. Oxidised by chromic acid to a keto-base,

Ci4HigON, B . HCi, HgO, m.p. 109°. On more vigorous oxidation by
chromic acid, benzoic acid and an amino-acid, C7H13O2N, m.p. 285°

are formed.

Base. C^^HigON, m.p. 85-7°.

Taking the three groups of typical lobelia alkaloids, Table A shows that

the chief difference between the lobeline and the other two groups is the

replacement of one of the two aromatic side -chains in the former by an
aliphatic side-chain, Le„ CgHg . CO or C^ll^ . CHOH by C^ll^ • CO, or

CgHg • CHOH, and that the principal changes within the groups are

(1) from secondary to tertiary base, c.g., worlobelanine to lobelanine,

(2) keto-alcohol base to diketo-base, c.g., lobeline to lobelanine, or
(
3

)

kcto-alcohol base to dihydric alcohol base, e.g., lobeline to lobclanidine.

The lobinine group is exceptional in having an ethylenic linkage in the

nucleus.

The carbonyl groups in the diketo- and keto-alcohol bases are not

readily detected by the usual reagents and as these bases can be reduced

to the dihydric alcohols, it was assumed at first that lobeline and lobelanine

contained one and two ether linkages respectively and formulae based
6n this assumption, and satisfying the other experimental evidence

then available, were put forward by Wieland, Schopf and Hermsen, of

which that for lobeline (II) may be quoted as an example.

LOBELINE GROUP. The inter-relationships of the five members
of this group have been given in Table A by reference to the general

Formula I. The chief data on which this formula is based are as follows :

—

All five alkaloids must have the same nuclear structure since lobeline

is convertible into lobclanidine by hydrogenation and into lobelanine by
oxidation, and norlobelanidine and norlobelanine yield lobclanidine and
lobelanine respectively on iV-methylation.

All five alkaloids yield acetophenone usually on heating dry, alone or

in presence of a catalyst. Lobelanine hydrochloride on distillation with

zinc dust produces more than one molecular proportion of acetophenone.

CH2

!

(I) m

CH-CHgR

CH2

(VIII)
V

(V) Bz-CHrCH'CHg-CHg-CHg-CHtCH Bz

(VI) Bz.CHg.CHg-CHg-CHg.CHg-CHg.CIIg.Bz

CH'CI^Bz
CflHs • CHOH- CCHg 37- CHOH-

C

6H5

CHg CPhMe 0 ^2
1

rH TlMo

1

n-a
HeC/ HgC/ CHe

1

CH^ C(OH)-.i
!

0

—

<

HOOC-HgC-Hcl CH.CH9.COOH

s/
HOOC-HCf^ CH-COOH

(ID CHgPh (III) N.CH3 (IV) H.CH5

Bz - CO-C^Hq- (VIII) « Lotoelanlae, or with one Bz < C5R5 -CH0H. lobeXine
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Lobelanine dioxime, obtainable in poor yield, undergoes a Beckmann
transformation into the dianilide of l-methyIpiperidine-2 : 6-diacetic acid

(lobelinic acid (III) ). On oxidation by chromic acid in sulphuric acid

lobelanine furnished l-methylpiperidine-2 : 6-dicarboxylic acid (scopolinic

acid (IV)
)
and benzoic acid.

From lobelanine methiodide, by the action of silver oxide,

trimethylamine was produced along with a base, which is probably

CeHg . CO . CHg . CHNMcg . CH^ . CH^ . CH2 . CH(OH) . CH^ . CO . CeH^,
and a neutral product (V). The latter on hydrogenation by (a) palladium

black in alcohol gave 1 : 7-dibenzoyl - n - heptane (VI) or (b) palladium

black in acetic acid, 1 : 9-dihydroxy-l : 9-diphenyl-w-nonane (VII).

Formula (VIII), deduced from these results, represents lobelanine as a

j^-aminoketone, and thus accounts for the ease with which it hydrolyses

with loss of methylamine and acetophenone, followed by ring closure with

the formation of fluorene (diphenylenemethane) or diphenylcarbinol.^®

The known inter-relationships of the other four alkaloids to lobelanine

(Table A, p. 28) allow formulne to be developed for them by the following

changes in the lobelanine formula (VIII).

norLobelaiiine

Lobcline

Lobelanidine

norLobelanidine

; NCH3 becomes : Nil.

One Bz group becomes C^Hg . CHOU.
Both Bz groups become C^Hg . CHOU.
Lobelanidine with : NCHg becoming : NH.

Syntheses of members of the lobeline group have been effected by
Wieland and Drishaus and by Scheuing and Winterhalder.^®

norLobelane was prepared by the former authors by condensing 2 : 6-

dirnethylpyridine with benzaldehyde to 2 ; 6-distyrylpyridine (IX),

which was then reduced by sodium in alcohol, giving a mixture of meso-

and trans- forms of 2 : 6-di-j5-phenylethylpiperidine (norlobelane). From
this by crystallisation of the mixed hydrochlorides, me5o-/^orlobelane was
separated, which on A-methylation yielded lobelane (X) as the methiodide.

Scheuing and Winterhalder treated 2 ; 6-distryrylpyridine tetra-

bromide with potassium hydroxide in alcohol, so producing 2 : 6-di-^-

phenylacetylenylpyridine (XI) which by the action of 50 per cent, sulphuric

acid was converted into 2 ; 6-diphenacylpyridine (XII), and this, on
hydrogenation in presence of platinic oxide, barium sulphate and methyl
alcohol, was reduced to 2 : 6-di-j8-hydroxy-j8-phenylethylpyridine, and the

hydrochloride of this, on similar catalytic hydrogenation, yielded

norlobelanidine (XIII). This can be methylated to lobelanidine, from
which in turn dMobeline and lobelanine can be obtained.

The A-methyl bases may be reached .more directly by converting

2 : 6-di-j8-phenylacetylenylpyridine (XI) metho-jp-toluenesulphonate, by
treatment with slightly diluted sulphuric acid at 125°, into 2 :

6-

diphenacylpyridine (XII) metho-^-toluenesulphonate. This, on direct

hydrogenation, gives, with 8 mols. of hydrogen, lobelanine (VIII), or, with

5 mols. of hydrogen, lobelanidine (XIII : NH—>NMe).
Wieland and Drishaus effected a more fundamental synthesis by
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condensing methyl glutarate with acetophenone in presence of sodamide,

to obtain 1 ; 7-dibenzoyl-n-heptane-2 ; 6-dione (XIV), which dry ammonia
at 100 ° converted into 2 : 6-di(benzoyImethylcne)pipcridinc (XV). This,

on hydrogenation in presence of platinum oxide and ])yridine, furnished at

40-50° a mixture of the still unsatiirated glycols a (racemic)- and ^ (meso)-

worJobelaniJienes, C21H23O2N (XVI), m.p. 148° and 172° respectively.

The rneso-form, on further reduction with aluminium amalgam and moist
ether, gave ncHobelanidinc (XIII), m.p. 120 ° (liydroehloride, m.p. 244°),

but the main product is an oily stereoisorneride, which on oxidation by
chromic oxide in acetic acid yielded riorlobclanine, m.p. 1 20 ° (liydroehloride,

m.p. 195°). The a- form, on similar reduction and subsequent oxidation

of the product, also furnished ^lorlobelanine (VIII: NCH3
—^NH). The

more important steps in these syntheses may be represented as follows :

—

c-c
«

Ph-C

CH

0-C
Id

C.Ph

CH

Hc/\cH

HC.C
>1

Ph-CH

HnC

CH2

(XI) (DC)

C-CH HD

CH-Ph Ph- (CH2)2

(X)

CH2

HD

(CH2)2'Ph

IMa

(XIV) Bz • CHg* CO- CHg • CH^* CHg- CO- CHg- Bz

Bz “ •CP-CgB^

Schopf and Lehmann ® found that lobelanine could be synthesised by
keeping at 25° a mixture of glutardialdehyde, methylaminc hydrochloride

and benzoylacetic acid in a buffered solution. The best yield was obtained

at pH 4-5, and appeared to be complete in forty hours. At pH 7 or 9,

11 or 13, the yield was very small. This synthesis under “physiological

conditions ” is represented as occurring in accordance with the following

scheme :

—

COOH

Ph*00*CH.
3

CHj

HHg

OBC CRO
I I

^chT

(jOOH

CHg-CO-Ph

CH-CHg'CO-Ph

OH2

4 SHgO , ECOg
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The principal characteristics of the naturally occurring members of

the lobclinc^ group (see also Table A, p. 23) are as follows ;

—

Z-Lobeline, C22n2702^> separates from alcohol, ether or benzene in

glistening needles, m.p. 180-1°, [a]},^” — 42-85° (EtOH), readily soluble in

hot alcohol or benzene, sparingly in light petroleum or wafer. The
hydrochloride forms rosettes of needles, m.p. 182°, and is soluble in

chloroform. The sulphate, nitrate and hydrobromide are crystalline
;
the

platinichloride and mercurichloride amorphous. On warming with water,

lobeline produces acetophenone. With benzoyl chloride it yields benzoyl-

lobeline hydrochloride, m.j^. 155-7° (dec.)
;
phosphorus trichloride converts

it into chlorolobelide hydrochloride, C22H260NCI,HC1, m.p. 172-4° {dec),^*^

On reduction with sodium amalgam in acetic acid, lobeline furnishes

lobelanidine {see below) by reduction of the benzoyl group to . CHOH . Ph,

and is oxidised by chromic oxide in acetic acid to lobelanine (see below)^ by
the conversion of the Ph . CHOH group into Bz (VIII). As the lobelanine

so formed is optically inactive, the asymmetric carbon atoms in the

lieterocyclic nucleus of lobeline must have the mc^’o-configuration.^®

dZ-Lobeline, C22II27O2N. First isolated ^ as “ lobelidine ” and assigned

the formula C20H25O2N
;
was subsequently shown by Wieland, Koschara

and Dane to be dMobeline. It forms stellate groups of prisms, m.p. 110°.

The hydrochloride darkens at 160° and melts at 170°
;
sodium tartrate

precipitates from its aqueous solution, the sparingly soluble Z-lobeline

d-tartrate.

Lobelanine, C22H2o^2N- This, after lobeline, is the most abundant
alkaloid in lobelia. It forms rosettes of needles from ether or light

petroleum, melts at 99°, is easily soluble in alcohol, benzene or chloroform,

and gives well-crystallised salts : B,HCI, m.p. 188° (dec,)

;

B,HBr, m.p.
188°

; B,ni, m.p. 169-172°
;

B,HN03, m.p. 153-4°
;

B,HC104, m.p.

173 -4°. It yields with dilhculty a dioxime, m.p. 209° (dec,). On reduction

with sodium amalgam in acetic acid, lobelanine (VIII) produces lobela-

nidine (XIII ; Nil—> NMc), the two benzoyl groups being converted into

Ph . CHOH groups, and is itself formed when either lobeline or

lobelanidine is oxidised with chromic oxide in acetic acid. Hydrogen
peroxide converts it into lobelanine N-oxide, m.p. 84-6°.

norLobelanine, C2iH2302N. First isolated as i^olobelanine but

subsequently shown to be norlobelanine (VIII ; NCH3—>NH). It melts

at 120-1° and gives well-crystallised salts ; B,HN03, m.p. 193° (dec,)

;

B,HC1, m.p. 201-2°. On reduction it furnishes d/-norlobeline (VIII

:

NCH3—> NH and one Bz—> C3H5 . CHOH) and eventually worlobelanidine

(XIII).i3

Lobelanidine, C22H29O2N. Crystallises from»alcohol in laminae, m.p. 150°,

[ ± 0*^, distils unchanged in a vacuum and is readily soluble in acetone

or benzene, sparingly so in ether. The hydrochloride, m.p. 185-8°, forms

needles from alcohol
; the hydrobromide has m.p. 188-190°. The dibenzoyl

derivative melts at 109-10° and the hydrochloride of the diacetyl

derivative at 214-5°. The methiodide becomes turbid at 173-5° and clears

at 200°. Phosphorus trichloride converts the base into dichlorolobelane
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hydrochloride ,C22H27NCJ2, m.p. 158- 9 °. The latter, on reduction, furnishes

lobelane (X), C22H29N, b.p. 175 ° (in a high vacuum) ; B,HC1
,
m.p. 194-5 °

;

B,MeI, m.p. 234-5 °.^® On oxidation with potassium permanganate in

presence of sulphuric acid, lobelanidine (XIII : NH —> NMe), yields

dZdobeline (VIII : one Bz-> . CHOH).is

TzorLobelanidine, C21H27O2N. This substance (XIII) forms long

needles, m.p. 120°
;

the hydrochloride, needles, m.p. 244 ° {dec.)

;

the

nitrate has m.p. 179-180 °. On treatment with methyl p-toluene-sulplionate
the base is converted into lobelanidine, whilst chromic oxide in acetic acid

oxidises it to norlobelanine.

LELOBINE AND LOBININE GBOUPS. These include the minor
alkaloids of lobelia isolated from factory residues accumulated during the

manufacture of lobeline. Their isolation and separation involve

complicated processes of fractionation for which the original paper

should be consulted. Their inter-relationships (Table A, p. 23 and general

formula, I, p. 24
)
are similar to those among members of the lobeline

group, but the effect of the presence of three or more asymmetric carbon

atoms is more evident, thus there are already known six forms of the basic

dihydric alcohol, lelobanidine.

The methods of investigation used are th(‘ same in principle as those

used successfully with the diketo-base, lobclanine (p. 24
)
in the lobeline

series.

Oxidation by Chromic Acid, Under mild conditions, e.g., in acetic acid

at atmospheric temperature ; 'this converts the dihydric alcohol or keto-

alcohol bases to diketo-bases, e.g., the lelobanidines, C18H29O2N, to

leJobanines, Ci8H2502N. Under more vigorous action the keto-aleohol and
the diketo-bases are oxidised to benzoic acid (side-chain, Ph . CO .), acetic

and propionic acids (side-chain, C2H5 . CO .) and either scopolinic acid

l-methylpiperidine-2 : 6-dicarboxylic acid (IV)) or methylgranatic acid

(l-methylpiperidine-2-carboxylie-6-acetic acid) or both, these being from
the methylpiperidine nucleus with residues of the two side-chains.

Exhaustive Meihylation. As in the lobeline group it is the diketo-bases,

lelobanines (p. 30
)
in the lelobine series and lobinanines (p. 31

)
in the

lobinine group, which give methiodides amenable to this mode of

degradation. They are decomposed by alkali yielding an unsaturated

neutral oil, which is hydrogenated and then, if necessary, oxidised to the

saturated open chain diketone, e.g.^ see under lelobanine.

The chief descriptive characters and reaction products of the lelobine

series are recorded in Table B, and those of the lobinine group in Table C.

The constitutional formula assigned to the principal members of each

group are shown on p. 82 .

Lelobanidines, C18H29O2N (Formula XVII). Six forms of this alkaloid

are known, of which Table B deals with four, viz., the naturally occurring

dl-, II and ZII forms and the d- equivalent of II, obtained by resolution of

the dl- form. The remaining two are dealt with in Table C, viz., the

a- and jS- forms obtained by hydrogenation of the natural alkaloids

lobinaniiine and lobinine respectively.
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All forms have not been fully examined but dMelobanidinc is probably

typical. It contains two hydroxyl groups (dibcnzoyl derivative m.p. 1 78°)

and is a tertiary base (methiodide m.p. 162-4°). On mild chromic acid

oxidation it yields dZ-Ielobanine (XVIII) and on vigorous oxidation,

benzoic (Ph . CHOH . side-chain), acetic and propionic (Et . CHOII •

side-chain) acids, while the methylpiperidine nucleus survives in the forms

of 1-methylpiperidine -2 : 6-diacetie (scopolinic acid, IV, p. 24) and
l-methyl-2-carboxylie-6-acetie (methylgranatie) acids, the latter being

identical with that obtained from methylgranatoline (p. 59 ), whence it is

concluded that the configuration of dMelobanidine and methylgranatoline

includes both m-forms and that Z-lelobanidine I which is oxidised to

Melobanine and Z-methylgranatic acid is an optically active c?Vform.

As Z-lelobanidine II also yields Z-lelobaninc on oxidation the difference

between tlic I and II forms must be stereochemical and lie in one of the

side-chains, in spite of the quantitative identity of their specific rotations.

The four asymmetric centres might have the following individual directional

effects I , I , d , d , and d , I . d . I

,

in the two forms, but the total effect

might be identical.

It should be noted that d-norlelobanidine. [ajj, + 62-8°(EtOH), on

oxidation yields d-narlelobanine, of which the hydrochloride has

[a], ~ 11-5°.

Lelobanines, CigHgsOgN (Formula XVIII). Tliesc are diketo-bases

resulting from the chromic acid oxidation of the corresponding

lelobanidines. Those recorded in Table B are Z- and dZ-forms, derived from
ZI and ZII, and dl forms of lelobanidine respectively, dZ-lelobanine is the

best known of these products. The methiodide, not isolated, on treatment

with silver oxide yields dimethylamine and a neutral, deep-yellow oil

convertible by hydrogenation into a glycol, Ci 7ll2802 ,
b.p. 117-8°/0*03 rum.,

which was oxidised by chromic acid to l-bcnzoyl-7-propionyl-7?-heptanc

(XIX), m.p. 51°, semicarbazone, m.p. 186° (dec,), the identity of which was
established by synthesis.

Lobinines, C18H25O2N (Table C). These are keto-alcohol bases.

Lobinine, and probably zVolobinine, differ from the lelobanidines (XVII)
in having

( 1 )
a side-chain, .CHg . CO . Ph in place of .CHg . CHOH . Ph,

and
(
2

)
an ethylenic linkage in the heterocyclic nucleus probably at

C* — C^ in lobinine (XX) and possibly at C* — C® in i^olobinine. On
mild oxidation by chromic acid they yield the diketo-bases, lobinanincs,

C18H23O2N (XXIII), and are reduced by sodium amalgam in acetic acid to

lobinanidines, C18H27O2N (XXII). On hydrogenation they are converted

into lelobanidines (XVII).

Lobinine, CigHasOgN. First isolated by Wieland, Ishimasa and
’

Koschara who, on the evidence then available, regarded it as 2-phenacyI-

l-methyl-7-j9-hydroxypropylhexamethyleneimine, C18H27O2N (XXI), which

was m^ified to (XX) in 1939.^® It furnishes an oxime (B . HCI, m.p.

182°) and a benzoyl derivative (B . HCI, m.p. 146~7°). On reduction by
sodium in acetic acid it is converted into the unsaturated dihydric alcohol

for which the original name “ lobinol ” has been changed to
j
8-Iobinanidine,
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^18^27^2^ (XXII) {see helow and Table C). On hydrogenation of lobinine

hydriodide in methyl alcohol with platinic oxide as catalyst, the product is

jS-lelobanidine, CigHggOaN (XVII Table C, p. 31).

On oxidation at 100^ by chromic acid in dilute sulphuric acid lobinine

yields benzoic acid and lobininic acid, C9H13O4N, m.p. 207-8°, which
absorbs 1*85 mols. of hydrogen and so might have been expected to yield

mcthyigranatic acid (l-methylpiperidine-2-carboxylic-6-acetic acid,

C0H45O4N) but no well-defined product could be isolated. Milder oxidation

of lobinine by chromic acid produces the diketo-base formerly called
“ lobinone ” but now re-named lobinanink, CigllggOgN (XXIII : see

Table C). The methiodide of this substance on treatment with alkali

yields diniethylarnine and a deep-yellow diketone, Ci7H2o^2» possibly

Ci7niy02, which gives a deep violet colour with alkali and is probably

Bz . CHg . CH : CH-CH : CH-CH : CH . COEt, and on hydrogenation is

converted into l-benzoyl-7-propionyl-n-heptanc (XIX) identical with that

similarly obtained from dZ-lelobanidinc (XVII) via lelobanine (XVIII).

(XVII). Lelobanldine (XVIII). Lelobanine (XU). l-Benzoyl-7-
prop 1ony1 -n-heptane

(XXII). Loblnanidlne (XX). Lobinine (1939) (XIIII). Lobinanine

CHn ' CHg
I
2 ,2

CHp CHg
I

^
1

Ph CHg

(XXI). Lobinine (l93l)

tVoLobinine, C18H25O2N. First isolated by Thoma, this alkaloid was
tested pharmacologically by Richter as T 64

, and was later investigated
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chemically by \yieland et (Table C, p, 31). Its reactions parallel

those of lobinine (see above) and give analogous products. Reduction
with sodium amalgam in acetic acid yields the unsaturated dihydric

alcohol )S-t>oIobinanidine isomeric with jS-lobinanidine (XXII) from
lobinine. On catalytic hydrogenation iyolobinine and jS-i^rolobinanidine

yield Z-lelobanidine I (see p. 28 and Formula XVII), which indicates

that they both have the ci^-configuration (cf, p. 30). On vigorous

oxidation with chromic acid, ^^olobinine yields benzoic, acetic and
scopolinic acids (Thoma ^®). On milder oxidation with chromic acid

it is converted into Z^olobinanine (Table C), the methiodide of which on
treatment with alkali yields a dikctone, Ci^HigOg, isomeric and possibly

stereoisomeric with that from lobinine. It is suggested that lobinine and
i^olobinine are stereoisomerides, and less probably that in ^^olobinine, the

ethylenic linkage may be at C® — C® instead of C® — as in lobinine (XX).
Lobinanidines, CigHj^OaN (XXII). Four of these substances are

known : two, lobinanidine and ^^olobinanidine, occur naturally and, two,

j
8-lobinanidine and jS-Z^olobinanidine, are produced by the reduction of

lobinine and i^olobinine respectively with sodium amalgam in acetic acid,

the carbonyl group (as in XX) being reduced without saturation of the

nuclear ethylenic linkage. For descriptive characters, see Table C.

Lobinanidine is oxidised by chromic acid at TO-SCf* to lobinanine

(XXIII). On more vigorous oxidation by this reagent benzoic acid is

formed and also lobininic acid, C9H13O 4N, identical with that obtained

from lobinine. On hydrogenation it furnishes a-lelobanidine, which closely

resembles the jS-lelobanidine from lobinine (see Table C), but is not identical

with it.

z^oLobinanidine. Little is known about this base beyond the data

recorded in Table C, but it appears to be oxidised to a lelobanine which
yields a diketone resembling that from lobinine in giving a violet colour

with alkali.

Lobinaline, CggHggONg. This alkaloid was isolated by Manske from
Lobelia cardinalis, L. It crystallises with difficulty in prisms, m.p. 94-5°,

Wd^ + 22-3° (CHCI 3), yields a hydrochloride, B . HCl, 1*5 HgO, m.p. 220°,

and on oxidation by permanganate yields benzoic acid.

Pharmacological Action, Lobeline belongs to a pharmacologically

similar group, which includes nicotine, cytisine, gelsemine, coniine and
sparteine. These alkaloids act chiefly on the central nervous system, the

sympathetic ganglia and the myoneural junctions in voluntary muscle.

Nicotine may be regarded as the typical alkaloid of the group. Lobeline

is a potent, respiratory stimulant and is used in medical practice as an
analeptic, e,g,, in cases of collapse due to poisoning by noxious gases,

narcotics, etc., and there is now an extensive pharmacological and clinical

literature on the drug.^®

An interesting plxarmacological application of lobeline is its use in

determining blood circulation times.®® Lobeline does not account for all

the therapeutical applications of lobelia, and Richter,®^ in particular, has

investigated the spasmolytic activity of the residual lobelia alkaloids and
VhkVT ALK.
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has sought to associate these with particular features of the action of

lobelia, e.g., iVolobinine is said to be responsible for the emetic

and asthma-relieving properties of tlie crude drug. A detailed study

of the action of i^olobinine has been made by Pannier and De Backer.*^

Lobinaline, according to Unna, as quoted by Manske,^® exerts none of

the actions characteristic of lobeline.

Kubota €t ah have recorded the presence of a lobelinc-like alkaloid in

L. sessilifolia?^ According to Mukerji and Ghosh lobeline is present in

L. mcotinafoUa, Heync and Bendezu have also found it in L. decurrens.^^

Lobelan (2 : 6-jS-diphen3dethyl-l-methy]piperidine) may be regarded as

the parent from which the chief lobelia alkaloids arc derived. Lee and
Freudenberg have synthesised it and a series of related substances and
have submitted them to pharmacological tests. The most active

spasmolytic agent in this series is 2:6-di-j9-jp-anisylethyl-l -methylpiperidine,

which has a neurotropic activitj^ one-tenth that of atropine and musculo-

tropic potenc\" seven times that of papaverine
;

its broncholytic activity

is about
3
^(yth that of adrenaline. The most active analeptic found is

2 : G-di-zS-p-anisyleth^dpiperidine, which is more active than lobeline.

Spasmolytic activity has not been recorded for Lobelia alkaloids, but it is

now shown that lobelan has a slight neurotropic and a similar musculotropic

activity.
*
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ALKALOIDS OF NICOTIANA SPP

The following are the names and formulae of this group of alkaloids :

Nicotine, C 10HJL 4N2

Nicotimine, C10H14N2

Anabasine, C 1
QH14N2

A’^-Methylanabasine,

/jyoNieoteine,

Anatabine, CjoHigNa

l-N-Methylanatabine
, CuHhN.

Nicotyrine, C10H10N2

Nicotelline, C^QHgNg
2 : 3'-Dipyridyl, CnjHgNg
norNicotine,

Nicotoine, CgH^N

Until recently none of these alkaloids had been found outside the genus

Nicotiana (Solanaccje), and in the mixture of alkaloids present in species of

that genus, nicotine was always predominant. In 1935 Spath, Hicks and
Zajic found d-narnicotine in Duhoisia Hoptvoodii (Solanaccsc), subsequently

shown by Bottomley et al^ to contain both nicotine and narnicotine. The
only other Duboisia sp. examined up to that time contained tropane

alkaloids (p. 65). In the same year C. R. Smith ^ found that the predom-
inant alkaloid in Nicotiana glauca is anabasine, first isolated by Orekhov®,

from Anabasis aphylla (Chenopodiaceae), along with lupinine, aphyllinc and
aphyllidine, all typical leguminous bases. A close relative of anabasine is

ammodendrine (p. 139), also isolated from a leguminous plant,

Ammodendron Conollyi, Nicotine has also been found in Eclipta alba,

Hassk. (Compositae) by Pal and Narasinham * and by Marion ® in Asclepias

syriaca (Asclepiadaceae) and Sedum acre of the botanical family,

Crassulacesc. These observations provide an alkaloidal connection

between five botanical families and indicate that the phytosynthesis of a

particular type of alkaloid is not a specific activity of plants of one botanical

type, though it still seems to be generally true that within one genus the

alkaloids found are structurally similar, though there are exceptions, such

as Duhoisia spp., even to this narrow generalisation.

Of the alkaloids listed above, nicotoine has only been found in the

Turkish t3rpe of tobacco ®
;
the ^5onicoteine recorded at the same time has

been shown by Spath and Biniecki ® to be 2 : 3'-dipyridyl. According to

Shmuk and Borozdina,^ 42 Nicotiana spp. examined by them can be

arranged in four groups according to the predominant alkaloid present :

(
1

)
nicotine (“ dipicrate,” m.p. 215-224°), (2) nomicotine (“ dipicrate,”

m.p. 175-200°), (3) mixtures of
(
1 ) and (

2
)
(“ dipicrate,” m.p. 190-215°),

(4) anabasine. They describe methods for the separation and identifica-

tion of these three bases. The melting-jx)ints of the “ dipicrates,” quoted
in brackets, are given by Markwood and Barthel ® as those of the mixed
dipicrates of the total alkaloids of tobacco plants, in which nicotine or

womicotine predominates, the former being the more common.
The best source of the alkaloids is commercial “ nicotine ” or the

concentrated tobacco extracts, used as horticultural insecticides. The
average alkaloidal content of tobacco leaf is about 4, and does not as a

rule exceed 6
,
per cent. In 1,026 parts of the total alkaloids of Kentucky

tobacco, Pictet and Rotschy ® found “ nicoteine ” 20
,
nicotimine 5 and

nicotelline 1
,
the rest being nicotine, but, as Markwood ® has pointed out,

2—

a
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the selective breeding of tobacco now in progress is probably changing this

predominance of nicotine. “ Nicoteine ” was subsequently shown by
Ehrenstein to be a mixture of namieotine and Z-anabasine. According

to Klein and Herndihofer the leaves and root contain most alkaloid and
only traces occur in other organs such as seeds and flowers. There are

also present in the plant a number of simple bases —pyrrolidine and
A^-methylpyrroline were found by Pictet and Court, i^oamylamine by
Ciamician and Ravenna, ammonia, trimethylamine, piperidine and
2 : 8 '-dipyridyl (b.p. 292-4°

;
dipicrate, m.p. 167-8°) by Spath and Zajic,

and N-methylpyrrolidine (picrate, m.p. 223-5°
; aurichloride, m.p. 226°)

by Spath and Biniecki.®

Tobacco and its alkaloids have long ceased to have any therapeutic

importance, but their extensive use as insecticides and the demand for

nicotine for the manufacture of nicotinic acid have stimulated interest in

processes of extraction and methods of estimation. On the latter

subject there is a voluminous literature, of which critical rdsum^s have
been published by various authors.^* Recent work on this subject has

been specially concerned with (1) the development of micro- and semi-

micro-methods suitable for estimating nicotine in tobacco smoke and the

distribution of nicotine on sprayed garden produce, in treated soils and in

tobacco leaves, (2) the study of conditions necessary to ensure satisfactory

results in using particular processes,^®'*’ and (8) methods of separation and
estimation of nicotine, rJornicotine and anabasine in mixtures of these

bases. In the United States and in Russia considerable interest is

being shown in the cultivation of types of tobacco rich in nicotine, in finding

new industrial uses for tobacco and its alkaloids, and in possible by-products

from tobacco plants such as citric and malic acids. Surveys of informa-

tion on tobacco alkaloids have been published by Jackson, Marion
and Spath and Kuffner.^®

Nicotine, C10H14N2 . The pure alkaloid is a colourless oil, b.p. 246*1°/

780-5 mm., 1-0180, D'f 1-00925, [a]^ — 16S*66°.i7 It can be purified

through the crystalline zincichloride, B,ZnCl
2 ,
2HCl,H20,^® the regenerated

base being distilled under reduced pressure (20-40 mm.) in presence of

nitrogen or hydrogen. It distils unchanged in a current of steam and is

readily soluble in alcohol, ether or light petroleum. The behaviour of

nicotine with water has been studied by several workers.^® It is miscible

in all proportions with water below 60° and above 210°
; at intervening

temperatures soluble hydrates are not formed and miscibility is limited.

According to Kelly et al,^^ an azeotrope is formed, which contains 2*45 per

cent, of nicotine and boils at 99*6°/760 mm. The salts are readily soluble

in water, do not crystallise easily and are dextrorotatory. This reversal

in direction of rotation on salt formation is not uneonunon among alkaloids,

and has been the subject of some investigation,*® The hydrochloride,

B . HCl, has [a]p -f 102 *2 °
; the sulphate, Bg * HgS04, [a]© -f 84*8°, When

an aqueous solution of either of these salts is heated in a closed vessel at

180-250° it becomes optically inactive.®^ The acid d-tartrate,

B . 2H2C 4H40 e . 2H2O, m.p. 88-9° {hydmUd), [afS + (<iry salt) and
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the neutral d-tartrate, m.p. 68*5® {hydrated), [apo + 29*5° {dry salt), both
crystallise from alcohol on addition of ether. The dipicrate,

B . 2CeH2(N02)30H, short yellow prisms, m.p. 224°, and the tetrachlor-

iodide,22 . 2(HICl4), orange prisms, m.p. 150° {dec,), are

characteristic. The p-toluenesulphonamide has m.p. 212-3° and is soluble

(20 per cent.) in water. On exposure to ultra-violet light nicotine is

converted to nicotine oxide (picrate, m.p. 169°), nicotinic acid and
methylamine.28

By the action of sodamide on nicotine Tschitschibabin obtained

2-aminonicotine, m.p. 124-5° (dipicrate, m.p. 223-5°) and 6-aininonicotine,

m.p. 60°, b.p, 300° (dipicrate, m.p. 225° {dec,) ). The interaction of these

substances with alkyl halides has been investigated by Goldfarb and
Kondakova and with chloroacetone by Goldfarb and Katrenko. The
analogous 2-aminonicotyrine, CioH^Ng, m.p. 77-8°, picrate, m.p. 189-190°

and 6-aminonicotyrine, m..p. 97-8°, monopicrate, m.p. 257° {dec,) have
been prepared by Clemo and Swan by the action of sodamide on
nicotyrine and also by the dehydrogenation of the 2- and 6-aminonicotines

respectively.

Nicotine may be detected by the colourless, crystalline mercurichloridc

obtained when an aqueous solution is added to a solution of mercuric

chloride, by the black precipitate formed under similar conditions with
potassium platinic iodide and the characteristic crystalline periodide.

Big . HI, m.p. 123°, produced on admixture, under specified conditions,

of ethereal solutions of nicotine and iodine {cf Anabasine, p. 43). A
polarographic study of nicotine has been made by Kirkpatrick.^^^®^

fiorNicotine, CgHigNj. The base was first obtained by M. and
M. Polonovski ^6 and was subsequently prepared by von Braun and
Weissbach along with metonicotine by the action of boiling benzoic acid

on nicotine. The isolation of Z-nornicotine from tobacco by Elirenstein

and of d-nomicotine from Duhoista Hopwoodii by Spath, Hicks and Zajic ^

has been referred to already. The chief constants of von Braun’s

nomicotine are given in the following table with those of the natural d- and
Z-forms as first isolated.

norNiootino from

Niootino Tobacco D. HopoooAil
(tod Broun) (gbrenatein) (Sp&th et al.)

Boiling point 139-140^Ate. 130 • 5-131. 3Ate, 117°/3.5 on.

apooifio Qravitj rjT 1.044 1J>787 1.075?

BnfirentiTo intez — 1.8378 1.5490

flipooifio rotation

Molting points of

Mb -8.8^’ Mf“-17.7» ^
1

dpiorota 188-190® i9a-ii«* 191-198®

dpiorolonota 823 - 228® 280-888° 252-253®
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The nicotine formed by metliylation (Eschweiler’s process ^7) of

d-nomicoline from D, Hopwoodii had [a]^,f+ 48-3°. Spath and Zajic ^

showed that l-nornicotine isolated from Kentucky tobacco and purified

through the diperchlorate, had — 88 *8 °, gave a dipicrate, m.p. 191-2°,

and on methylation furnished pure /-nicotine. In their second paper

Spath, Hicks and Zajic ^ showed that from the partially racemised

d-nornicotine obtained from IJ, Hopwoodii a fraction having [a] 86 *8
°

could be prepared by crystallisation of the dipcrchlorate and Spath and
Kesztler ^ (1937) found that, although the /-isomeride appears to be the

form usually found in tobacco, the d/-form could be isolated from the

mother liquors of /-nicotine diperchloratc and suggested that it may occur

preformed in tobacco. The same authors (1986) found that d/-r?cmicotine

can be resolved by successive treatment in methyl alcohol with /- and
c/-6 : 6'-dinitro-2 : 2'-diphcnic acid and purification of the crude optically

active bases through their diperchlorates. norNicotine is a colourless

liquid with a faintly basic odour. With methyl iodide it yields nicotine

dimethiodide, m.p. 214-6°, which is readily racemised to the dl-

dimethiodide.21 On oxidation with nitric acid it furnishes nicotinic acid.

The method of formation from nicotine already mentioned, to which may
be added the observation of Spiith, Marion and Zajic, ^ that nicotine can

be oxidised by j)otassium permanganate or silver oxide to /-acrnicotine,

under carefully controlled conditions, leave no doubt of the relationship of

wornicotine [2-(3'-pyridyl)-p}Trolidine] to nicotine [l-methyl-2-(8'-pyridyl)-

j)yrrolidine], and this is confirmed b}^ the syntheses described below. A
detailed account of ncrnicotinc has been published by Markwood.^®

Constitution ofNicotine, novNicotine and Nicotyrine. The presence of a

2^yridine nucleus in nicotine was established by the work of several

chemists ^9 who, using various oxidising agents, obtained from the base

nicotinic acid (pyridinc-3-carboxylic acid). As this acid is now a product

of commercial importance new processes for its manufacture have been

devised. Liebrecht added the further evidence that hexahydronicotine

was formed by reduction of the base by sodium in amyl alcohol. The
empirical formula of nicotine may, therefore, be extended to

C 5H4N . CgHjoN, and the later work is chielly concerned with the nature of

the residue CgHj^N. The latter has the composition of piperidine and the

behaviour of nicotine in many reactions is explicable on the assumption

that it is 2-(3'-pyridyl)piperidine, and that view of its structure was
accepted until Laiblin found that nicotine zincichloride on distillation

with lime furnished not only pyridine, but pyrrole and methylamine. This

view of its constitution was finally disposed of by Blau,^^ who prepared

2 : 8 '-dipiperidyl and showed that it was not identical with

hexahydronicotine.

The nature of the . CgHjoN residue became apparent from Pinner’s

investigation of the action of bromine on nicotine (Formula A). So

treated in acetic acid nicotine yielded a hydrobronude perbromide,

CioHujONgBrj . HRr . Br^,, from which, after treatment with aqueous

sulphurous acid, the free base, dibromocotinine (Formula D), CjoHjQONgBra,
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colourless prisms, m.p. 125°, was recovered. This eannot be acylated and

gives neither an oxime nor a phenylhydrazone. When heated with

sulphurous and sulphuric acids at 130- 140° it yields methylamine, oxalic

acid and 3-aeetyIpyridine (see diagram below).

By the action of bromine on nicotine in hydrobromie acid, dibro-

moticonine (Formula B), CioHg02N2Br2 ,
nodular crystals, m.p. 196°, is

obtained. This with zinc dust in warm alkali yields methylamine and

pyridyl-^
:
y-dihydroxybutyric acid,

C5H4N . CHOH . CHOU . CHg . COOH,

and when heated with barium hydroxide in a sealed tube at 100
°

decomposes into methylamine and malonic and nicotinic acids, probably

via the intermediate product C.

These reactions indicate that the residue . CgHjoN includes a series of

three primary carbon atoms ending in a group . NCH3 thus :

. CH2 . CH2 . CII2 . NCII3

.

and, since difficulty is exjierieneed in reducing nicotine beyond

hexahydronicotinc, this residue must be cyclic, i.e.^ it is N‘
methylpyrrolidine as in (A). On this view these series of changes may be

represented thus :

—

Ao»
^CO CHOH

IJC—C'OH

MeN-^

(C)

Niootinlo acid, CsI^N-COOH
Malonio asld, COOH'CHg-COOH
Mcthyloalne, CH3*HH9

3-Acety] pyridine, C5H4N-C0-CH3
Oxalic acid, HOOC-COOH.
Methylamine, CHs-NHa-

The objection that Formula (A) for nicotine does not provide for the

benzoyl derivative of nicotine obtained by iStard was overcome when
Pinner showed that in this reaction the pyrrolidine ring is opened,

giving rise to metamcotino: (^>onicotine), and that the supposed

benzoylnicotine is benzoylme/anicotine,

C^H,N . CII : CH . CHg . CHg . NCH3 . CO . CeHg,

from which m^toicotine (b.p. 275-8°; picrate, m.p. 163° (dry)

)

can be

recovered by heating with hydrochloric acid under pressure at 100 °.

Confirmation of this constitution for m^toicotine is provided by its

conversion by hydriodic acid into iododihydrowtonicotine, which is

reduced by zinc and hydrochloric acid to dihydromefanicotine, of which a
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series of alkyl derivatives has been described by Hromatka.®® It yields a

jV'-bromo-derivative, and this, on treatment with sulphuric acid, furnishes

(//-nicotine.®’' Pinner’s formula also explains Blau’s observation that

nicotine on reduction furnishes both a hexahydro- and an octahydro-

derivative, the former being due to complete reduction of the pyridine

ring and the latter to the further action of opening the pyrrolidine ring by
the addition of two atoms of hydrogen, the octahydronicotine being in

reality octahydro 77i^<(znicotine, CgHjoN . CHg . CHg . CHg . CHg . NH . CH3
.®®

It also accounts for Pictet and Genequand’s ^ observation that nicotine

with methyl iodide furnishes nicotine methiodide, C 5H4N . C 4H7N(CH3 ) 2l,

whilst nicotine hydriodide with this reagent gives the uomethiodide,

C 5H4N(CH3l) . C 4H 7N . CH3 ,
which on oxidation furnishes trigonelline

(betaine of pyridine-8-carboxylie acid).

Syntheses of Nicotine. Pictet and Cr^pieux^^ found that 3-

aminopyridine mucate on dry distillation yielded l-(8-pyridyl)pyrrole (I)

and this, in accordance with the usual behaviour^® of such pyrrole

derivatives, transfers its pyridyl substituent from the 1 - to the 2-position

at a red heat giving 2-(3-pyridyl)pyrrole (II), which is nornicotyrine. The
potassium derivative of this reacts with methyl iodide to form l-methyl-2-

(3-pyridyl)-pyrrole methiodide, which is identical with nicotyrine

methiodide (III), and on distillation with lime yields nicotyrine (IV :

Cl —> CH). For a re-investigation of this synthesis see Spath and
Kainrath.^®

Nicotyrine, CjoHjoNg. This important base, the occurrence of which
in the cigar type of tobacco has been recorded by Wenusch,^ and confirmed

by Spath and Kesztler,^ boils at 280-1° or 150°/15 mm,, has 1-124

and yields a crystalline picrate, m.p. 170-1°, a platinichloride, m.p. 158°

(dec,) and a methiodide, m.p. 211-3°. It can be prepared by oxidation of

nicotine by potassium ferricyanide (Cahours and fitard),^® silver oxide

(Blau) or silver acetate (Tafel). Pictet and Crepieux were unable to

reduce it to nicotine (tetrahydronicotyrine) directly, but reached this

objective by converting it into iodonicotyrine (IV), which proved reducible

to 4 : 5-dihydronicotyrine (V), This in turn was converted into the

perbromide and the latter reduced to (//-nicotine (VI). Wibaut and
Oberhoff dehydrogenated nicotine to nicotyrine by platinised asbestos at

820° and Wibaut and Hackmann found that nicotyrine could be

reducjed by zinc and hydrochloric acid to nicjotine (yield 12 per cent.) and a

dihydronicotyrine (V) (b.p, 244-6°
; dipicrate m.p. 164°), subsequently

shown by Spath, Wibaut and Kesztler to be 4 ; 5-dihydronicotyrine

(iV-methylmyosmine, p. 47 ). This could be reduced further by hydro-

genation in presence of Adams’s platinic oxide as catalyst, yielding

dihydroTTi^tonicotine (dipicrate, m.p. 161-2°) with nicotine end nicotyrine,

the regeneration of the latter being attributed to a redistribution of

hydrogen between 2 mols. of the dihydronicotyrine by the action of the

catalyst, thus : 2C10H12N2 = -f C1QH14N2 , the reaction being

considered analogous with the conversion of cyclohexene into benzene and
cyclohexane.^^ Spath and Kuffner succeeded in converting nicotyrine into
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dZ-nicotine in one operation by carefully controlled hydrogenation in

presence of palladised charcoal.®®

The tetrahydronicotyrine produced by these methods is identical with

dZ-nicotine, and this, by crystallisation of the d-ditartrate, was separated

into d- and Z-nicotine.^^ The salient steps in Pictet’s original synthesis may
be represented as follows :

—

M N

Another synthesis of nicotine was effected by Spath and
Bretschneider®^ (see diagram^ p. 42), beginning with the condensation of

ethyl nicotinate with l-methyl-2-pyrrolidone in presence of sodium
ethoxide to give 3'-(l'-methylp3rrrolid-2'-onyl)-3-pyridyI ketone (I), which
with hydrochloric acid at 130° is hydrolysed to 3-p3a’idyl y-methylamino-

n-propyl ketone (II). This, on hydrogenation in presence of palladised

charcoal, yields 3-pyridyI-y-methyIamino-n-propylcarbinol (III), which
with fuming hydriodic acid at 100° furnishes a-3-pyridyl-8-methyIamino-

n-butyl iodide (IV), and this in alkaline solution passes into dZ-nicotine.

Since nicotine can be converted into womicotine in various ways (p. 38),

and dZ-nomicotine has been resolved by Spath and Kesztler ^ (1936), this

also constitutes a synthesis of d- and Z-nornicotines.

Craig’s synthesis of nicotine (V to VII, p. 42) proceeds via

twmicotine. Nicotinic acid nitrile reacts with the Grignard reagent

derived from ethyl y-bromopropyl ether to give 8-pyridyl-y-ethoxypropyl

ketone (V). This yields an oily oxime (VI) reducible to a-(3-pyridyl)-a-

amino-S-ethoxy-n-butane (VII), which with 48 per cent, hydrobromic acid

at 150-5° gives nornicotine, and this on methylation yields dZ-nicotine.

A novel synthesis of nomicotyrine has been described by Lions and
Ritchie,*® who condensed ethyl nicotinylacetate hydrochloride with

aj3-dichlorodiethyl ether in presence of ammonia at — 10° to — 15° and
then at room temperature, producing mainly ethyl 2-(3'-pyridyl)furan-3-

carboxylate, but also some ethyl 2-(3'-pyridyl)pyrrole-8-carboxylate,

1 I

C5H4N—C=C(COjEt)--CH : CH . NH.
The latter on hydrolysis and decarboxylation yielded nomicotyrine

(II, above)^ rosettes of flattened needles, m.p. 98-9°, picrate, m.p. 203-4°

(dec.), in good agreement with the data of previous authors.
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CB CO.OSt
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CO CHg
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(II) CgH^.OO. (CH2)3.NHCH3

I

(III) C^^.CH)H(CH2)3jmGH3

4
(IV) ggH^N.CHI.(CH2)g.NHGH3

Craig* 5 Synthesis .

=/v
CHg—CHg

CH CH.
2

noiM loo tine

(V) CgH^ .00 .CHg .CHg .CH3 .OCgHg

i
( VI ) C .C .CHg .CHg .CHg .OC gHg

NOH

(VII) CgH^.CH.CHg.CHg.CHg.OCgHg

NHg

In the oxidation of nicotine, the pyrrolidine ring is usually destroyed

first, leaving the pyridine ring as nicotinic acid, which when nitric acid is

the oxidising agent is accompanied by 3-nitro-5-(3'-pyridyl)pyrazole.®^

It has, however, been shown by Karrer and Widmer that if nicotine

i^omethiodide (p. 40) is oxidised with potassium ferricyanidc, iV-methyl-

nicotone (VIII) is obtained, and this on further oxidation by chromic acid

is converted into Z-hygrinic acid (IX), CgHj^OgN . HgO, m.p. 116°, [ajx,

-80*12°, which yields the corresponding betaine, Z-stachydrine, identical

with the naturally occurring base and with that prepared from natural

Z-proline. It follows that nicotine, stachydrine and proline as found in

Nature have the same configuration, to which d-woTviicotine in Duboisia

Hoptvoodii is an exception.

.A. fz
flC "C—H C OTj,

I I \ ^

HC^ ^0 N.CH,

,CH

—> HpC CHp
I I

^

HOOC.HC CHg

N.CH,

/
HC

I

N

HoC-

-HC CHg

(Vlfl) MethyliUcotone (IX) Hygrtnlc acid (X) g-Nkotine
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OL-Nicotine and Other Isomerides. This is a synthetic isomeride, which
differs from nicotine in having the methylpyrrolidine nucleus substituted in

position 2 , instead of 3, in the pyridine ring (X), and the names (x.-i\oTnicotin€

and cn'nicotyrine have been applied to the derivatives, isomeric with the

similarly named nicotine products. a-Nieotyrine (A^-methyI-2-(2 '-pyridyl)-

pyrrole) is described as a liquid of peculiar odour, b.p. 149-50°/22 mm. or

273°/764 mm., yielding a dipicratc m.p. 143°, and was prepared by the

Pictet and Crepieux process for the synthesis of nicotyrine (p. 40), but

starting with 2-amino- in place of 3-amino-pyridine. A synthesis of

a-nicotine was described by Wibaut and Oosterhuis by the reduction of

a-nicotyrine with zinc and hydrochloric acid in presence of platinic chloride,

but the product (b.p. 120°/1 mm. : dipicrate, m.p. 179° (d^c.) platinichloridc,

m.p. 218-9° {dec,)
)
differs a little in character from the a-nicotine (b.p.

122°/25 mm. ; dipicrate, m.p. 169°), subsequently synthesised by Craig via

a-nornicotine by the process used by the same author (p. 41) for nicotine,

but starting with 2-cyano- in place of 3-cyanopyridine (nicotinic acid

nitrile). Gitsels and Wibaut (1941) have described the preparation of

3-(3'-pyridyl)pyrrole and its conversion into 3 : 3'-nomicotine dipicrate,

m.p. 236-7° {dec,) and d/-3 : 3'-iiicotine yielding a dipicrate, m.p. 193-5°

(compare Spath and Kainrath ^^). They have also reduced 3-(2'-

pyridyl)pyrrole with zinc and hydrochloric acid to di-3-(2'-

pyridyl)pyrrolidine (picrate, m.p. 214-6°) and methylated this to the

corresponding nicotine (named dZ-2 : 3'-nicotine) characterised by its

dipicrate, m.p. 175-7°.

Anabasine, C10H14N2 . In 1929 Orekhov isolated a liquid alkaloid,

anabasine, from Anabasis aphylla, and in 1931, suggested that it was
probably /-2-(3'-pyridyl)piperidine.®® In the same year C. R. Smith

isolated 2-(3'-pyridyl)piperidine from the mixture of products formed by
the action of sodium on pyridine, and named it “ neonicotine.” In 1935,

the same author found that the chief alkaloid of Nicotiana glauca is

anabasine, no nicotine being detected. In 1931, Ehrenstein stated that

Pictet’s “ nicoteinc ” is a mixture of Z-nurnicotine and Z-2-(3'-

jiyridyl)pipcridine, and suggested that anabasine is probably identical with

the latter, that Smith’s “ nconicotine ” is the eZZ-form, and that nicotimine

(p. 45 ), for which Pictet tentatively suggested this constitution, is probably

a pyrogenic decomposition product of different structure. The characters

of these four products, so far as they arc given in common by their authors,

are collected in the table on p. 44.

Comparison of these results indicates identity of the two substances

isolated independently by Orekhov and Ehrenstein, but Spath and
Kesztler have suggested that PicteVs nicoteine and Ehrenstein’s

base, consisted of impure Z-anatabine (p. 46). In this connection it may
be noted that Ehrenstein’s base was laevorotatory in acid solution, whereas

salts of anabasine are dextrorotatory. These authors have themselves

isolated Z-anabasine from tobacco. The identity of synthetic 2-(8 '-

pyTidyI)piperidine with dZ-anabasine seems to have been definitely

established.®^ Anabasis aphyUa is the source of the anabasine manufac-
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tured in Russia but N, glanca has been proposed as a source of supply in

the United States.

UN-MeihylanabaHney b.p. 127-^87l2 mm., 1*003, [a][f -186*9° (base)

was first prepared by Orekhov and Norkina,®i and was found in minute
quantity in tobacco by Spath and Kesztler.^* The dipicrate has m.p.
287-8° (dec,)y the dipicrolonate, m.p. 234-6° {dec,), and methiodide

hydriodide, m.p. 245-7°. On oxidation the base yields either anabasine

or nicotinic acid, depending on the oxidising agent used and the conditions

(Sadykov).®^ Other iV-alkylanabasines have been prepared by Zhdanovich
and Menshikov,®^ and the combination of ethylene and propylene oxides

with the base to form A^-(iS-hydroxyalkyl)-anabasines has been studied by
Sadykov and Ashrapova.®^^"*^

On hydrogenation in prosenee of platinic oxide, anabasine yields a

mixture of bases including Z-2 : 3-dipiperidyl, m.p. 66~^°, b.p.

118-4°/5 mm., [a]^” — 5° (EtOH)
;

picrate, m.p. 214-5°.®^ On treatment

with sodamide at 135-145° in presence of dimethylaniline, anabasine gives

a mixture of 2-(2'-amino-3 '-pyridyl)piperidine, m.p. 89*5-90°
;

picrate,

m.p. 244*5-245° {dec,), and 2-(6'amino-3'-pyridyl)pipcridine, m.p. 109°

;

picrate, m.p. 233-288*5°.®^ This orientation of the entering amino-group
is based on the two corresponding chloro-compounds obtained by
diazotisation, which on oxidation furnish 2- and 6-chloronicotinic acids

respectively. On oxidation under conditions similar to those adopted by
Karrer for nicotine, the pyridine ring in anabasine is oxidised first, the

final product being pipecolinic acid (piperidine-2-carboxylic acid) ®®

;

on oxidation with nitric acid it yields nicotinic acid.®^^®^ Shaikova ^
states that with Dragendorff’s reagent anabasine gives characteristic

crystals suitable for its microchemical detection and according to Katz,^
unlike nicotine, it does not give Kippenbergcr’s periodide test. Estimation

of the alkaloid has been dealt with by Wenusch and Bilowitzki and by
Fuks .®2 Spath and Mamoli ®^ have synthesised anabasine by condensing

1-benzoylpiperidone, m.p. 110-2 °, with ethyl nicotinate and submitting the

product to the action of hydrochloric acid at 180° with the formation of

4d 2-2-(8'-pyTidyI)tetrahydropyridine, which is named anabaseine, CjoHjgNg,

b.p. 110-120°/! mm. (bath temp.); dipicrate, m.p. 174° {vac,, dec,).

This on reduction gave dZ-anabasine (dipicrolonate, m.p. 258-9°
; dipicrate,

m.p. 218-4°) which was resolved by Spath and Kesztier ®^ by the use of

Z-6 : 6'-dinitro-2 : 2 '-diphenic acid to separate /-anabasine, — 82*45°,

dipicrate, m.p. 198-199*5° {dec,), and from the mother liquors d-6 : 6 '-

dinitro-2 : 2'-diphenic acid was used to isolate d-anabasine, [ajjf"* + 82*11°,

dipicrate, m.p. 198-9°. A comprehensivQ review of the chemistry,

production and uses of anabasine has been published by Roark,®^^®^

Nicotimine, Ci0Hi4Nj^ This isomeride of nicotine was isolated by
Pictet and Rotschy ® from crude nicotine as the nitrosoamine from which
it was regenerated by boiling with hydrochloric acid. It can be purified

by fractional distillation of the benzoyl derivative (oil, b.p. above 850°).

Nicotimine is a colourless, alkaline oil, b.p. 250-6°, miscible with water
and the usual -organic solvents. The hydrochloride is crystalline, but
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deliquescent
;
the platinichloride forms minute yellow crystals, and begins

to decompose at 270®
;

the aiirichloridc occurs in bright yellow leaflets,

m.p. 182-5® {dec,)

;

the mercurichloride separates from hot water in

slender needles, and deeomposes at 190®
; the picrate is precipitated as an

oil, and slowly solidifies to yellow prisms, ni.p. 163°. According to Pictet,®^

nicotimine does not contain a pyrrole nucleus, but his suggestion that it is

2-(3'-p3U’idyI)pipcridine (anabasine) is no longer tenable.

i^oNicoteine, This base, obtained by Noga from Turkish

tobacco, is a viscous, colourless liquid, b.p. 293® (dec,), 1-0984,

1-5749, [ajp 0®, readily soluble in most organic solvents, but sparingly so

in water or light petroleum. It has been shown by Spath and Biniecki ®

to be 2 : 3'-dipyridyl.

Nicotelline, Ciq1IqN2. This base, isolated by Pictet and Rotschy,®

forms colourless needles, m.p. 147-8®, b.p. above 300®
;

its aqueous

solution is neutral to litmus. Unlike other tobacco bases it yields a

sparingly soluble, crystalline dichromate. It does not decolorise acid

permanganate, and appears not to be a pyrrole derivative.®^’

Nicotoine, CgHj^N, obtained by Noga ®® from Turkish tobacco, is a

colourless, alkaline liquid, b.p. 208®, 0*9545, 1-5105, and is stated

to yield well-crystallised salts.

Anatabine, CjoHigNg. In work on the subsidiary bases of tobacco,

Spath and Kesztler examined a fraction b.p. 120-40®/! mm., which was
further fractionated as the dihydrochloride and the products converted into

dipicrates, of which one had m.p. 195-6®, and yielded a base, [a]„ — 141°.

This, after purification through the Z-6 : 6'-dinitro-2 : 2'-diphenate (m.p.

238-238*5°), had b.p. 145-6®/10 mm., — 177-8® (as base), gave a

monohydrochloride, [a]]/" — 61*9® (HgO) ;
a dihydrochloride, — 65-4®

(HgO)
;

dipicrate, m.p. 191-3® (vac,, dec,), and dipicrolonate, m.p. 234-5®

(vac,, dec,), and was named Z-anatabine. From the mother liquors

dZ-anatabine was isolated as the dipcrchlorate, m.p. 129-130®, and furnished

a dipicrate, m.p. 201-201-5® (z^ac,, dec,), dipicrolonate, mp. 233-5® (vac,,

dec,), and p-nitrobenzoyl derivative, m.p. 95-6®. On dehydrogenation

Z-anatabine yields 2 : S'-dipyridyl, and on hydrogenation is partially

converted into Z-anabasine. The benzoyl derivative is oxidised by
permanganate to benzoic, hippuric and nicotinic acids, no scission of a ring

having occurred on benzoylation. These results indicate that the alkaloid

is a 2 : 3'-dipyridyl in which one pyridine ring is partially hydrogenated.

Taking optical activity also into account, anatabine must be either

2-(3'-pyridyI)-J® or tetrahydropyridine, of which the J^-isomeride is

considered the more probable.

Z-iV-Methylanatabine, prepared by the action of formaldehyde and
formic acid on the alkaloid, has DlF 1*036, — 167® (base), yields a

dipicrate, m.p. 207-8® and was isolated in minute quantity from tobacco
by Spath and Kesztler.^^

Alkaloids of Tobacco Smoke. The following alkaloids, apart from
normal alkaloidal constituents of tobacco, have been isolated by Wenusch
^.nd Schoeller from tobacco smoke.
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Bases Volatile in Steam, Myosmine (see below), ohehne (picrate,

m.p. 270-80°), oL-socratine (picrolonate, m.j^. 104°), ^-socratine

(picrolonate, m.p. 180°), and y-socratine (picrolonate, m.p. 256°).

Bases not Volatile in Steam. Anodmine (picrolonate, m.p, 310°),

lathreine (picrolonate, m.p. 150°), and lohitam.

They are obtainable only in minute quantity, but one of them, myosmine,
has been fully investigated.

Myosmine, C^HioNg, has m.p. 42-3° {vac., dec.), b.p. 80-100°/! mm.
(air-bath temp.) is optically inactive and soluble in ether or light petroleum.

The dipicrate has m.p. 182--3° (vac., dec.), and the dipicrolonate m.p. 204°.

The base was examined by Spath, Wenusch and Zajic,®^ who found that on
dehydrogenation it yielded 2-(3'-pyridyl)-pyrrole (C^IIgN) (picrate,

m.p. 200°) identical with that similarly obtained from narnicotine. It

must, therefore, be a 2-(3'-pyTidyl)-dihydropyrroIe and, since it is optically

inactive and with benzoic anhydride suffers ring-scission and benzoylation

to a product, CigHigOgNg, m.p. 118° (probably 3-y-benzamidobutyryl-

pyridine), its constitution should be 2-;3'-pyridyl)-4 : 5-dihydrop3aTolc.

This was confu*med by Spath and Mamoli wlio, using the method
of Spath and Bretschneider and starting with ethyl nieotinate and
benzoylpyrrolidone, obtained 2-(8'-pyridyI)-4 : 5 -dihydropyrrole, which

proved to be identical with myosmine. It was subsequently shown by
SpMh, Wibaut and Kesztler,^® that A/’-methylmyosmine is identical with

4 ; 5-dihydronicotyrine (p. 40). According to Woodward, Eisner and
Haines, myosmine is one of several products formed when nicotine is

dehydrogenated over prepared quartz at 570°. The same authors state

that it is readily hydrolysed in water to 3-pyridyl y-arninopropyl ketone ;

thus in aqueous solution it gives with phenylhydrazine hydrochloride,

8-pyridyl y-amino-n-propyl ketone phcnylhydrazone, m.p. 201-2°.

Biological Work on Nicotine and Related Alkaloids. Much activity is

being shown in developing (a) tobacco of low nicotine and protein content

for the use of smokers, and (b) types giving high yields of nicotine,^^^^^

needed for the manufacture of nicotinic acid and nicotinamide and for the

production of insecticides. In pursuit of these objectives three main lines

of work seem to be in operation. Reference has been made already

to the examination in Russia of 42 species of Nicotiana. A similar

investigation by H. and C. Smith of 29 wild Nicotiana spp. showed that

four contained nicotine, five nomicotine, two mainly anabasine, and the

rest mixtures of nicotine and nomicotine. None of these species contained

more than 2 per cent, of alkaloids and most of them less than 0*5. In 28

species the dominant alkaloid formed 84 to 100 per cent, of the total.

The wild species, presumed to be the parents of the present day N. tabacum

and N. rustica, all had a low content of alkaloid and contained nomicotine,

so that continued cultivation seems to have increased the yield of alkaloid

and favoured the replacement of nomicotine by nicotine. Attention is

also being given to the effects on yield and distribution of alkaloid of

change in the conditions of cultivation of tobacco plants,®® and of various

cultural operations such as topping and plucking.’® Topping appears to
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have little effect on the yield of alkaloid, but docs affect its distribution

in the plant. Of more fundamental interest are the effects on the nature

and distribution of alkaloid produced in grafting and hybridisation

experiments. Dawson found that when tomato plants were grafted on

tobacco, nicotine wat. found in the leaves, stems and fruit of the scion,

whereas in the reverse grafts no appreciable amount of nicotine appeared

in the tobacco scions. Similarly, Shmuk, Smirnov and Ilyin found that

when Solarium nigrum, stramonium or tomato was grafted on N, tabacum

or N. rustica, nicotine appeared throughout stock and scion, but when
tobacco was used as the scion on the same three species nicotine could not

be detected in stock or scion. Shmuk, Kostov and Borozdina on the other

hand grafted N, glauca (yielding anabasine) on N, tabacum and found that

stock and scion then contained a mixture of nicotine and anabasine, the

latter predominating, and when the grafting was reversed anabasine

replaced nicotine entirely in stock and scion. In hybrids of N, rustica

(yielding nicotine) with N. glauca, the influence of the latter seemed to

predominate and the crosses contained anabasine only, but progeny of the

back cross (N. rustica X iV. glauca x N, rustica) included plants in which

anabasine or nicotine might occur alone and others containing a mixture

of the two. Results of such experiments are influenced to some extent by
external factors and it is not surprising that the results of workers in

different countries do not always agree. Dawson (1945), after an

interesting and comprehensive analysis of the accumulation patterns in

graft combinations involving N, tabacum, N, glauca, N. glutinosa and
tomato and in the hybrid N, tabacum X N. glauca, has come to the conclu-

sion that womicotine is produced only in the leaf, and at the expense of

nicotine formed in the root. This is taken to mean that of the three major
alkaloids, nicotine, anabasine and nomicotine, only the first two are formed
by total synthesis in situ, and the third is a secondary product. Contrary

to previous findings, anabasine does not predominate over nicotine in the

hybrid N. tabacum x N, glauca. Nicotine is formed in the roots and
translocated to the leaves, where it is converted into nomicotine, by a

transmethylation reaction. Nicotine is produced in the roots of all three

species. Anabasine is produced in both root and shoot of N, glauca,

norNicotine is produced in the leaves of N, glutinosa and in the leaves of

some strains of N, glauca and N, tabacum, but always at the expense of

preformed nicotine. Either nomicotine or nicotine may be a normal
constituent of N, glauca, depending on the strain examined. Dawson has

also shown that excised tobacco root tips grown in vitro in sterile culture

synthesise nicotine, which accumulates in the surrounding tissue and
synthesis in the roots seems also to be supported by results obtained in the

investigation of the distribution of alkaloid in various organs of the

tobacco plant.’^

Efforts are still being made to estimate that elusive notion “ quality in

smoking tobacco ” by chemical analysis ; it does at least seem to be
clearly established that a low content of protein and of nicotine is desirable,

and in that connection the isolation by Bucherer of several species of
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bacteria capable of destroying nicotine is of interest, as it is suggested

that by inoculation with such organisms the nicotine content of

unfermented tobacco leaf can be reduced by 50 per cent, in a few days.

Much work has also been done in improving the use of nicotine,

nomicotine and anabasine as insecticides. Though there are apparently

differences in the toxicity of the three alkaloids to certain ii sect pasts,

there seems on the whole to be little to choose between them.’^ Beall

has made the interesting observation that the larvae of the tobacco moth,
Phlegethontius quinquemaculata, Haw, arc unaffected by immersion for

one minute in a 2*5 per cent, solution of nicotine, and a few survived from
a 40 per cent, concentration of the alkaloid. The dead specimens showed
the nervous degeneration characteristic of insects killed by nicotine.

Frank, Holley and Wikholm have found that certain azo-derivatives of

8 : 2'-nicotyrine dye wool and also protect it against attacks by the black

carpet beetle [Aitagenus piceiis). According to Ripper experience gained

in large-scale insecticidal campaigns has shown that two undesirable

results may follow : (1) the destruction of organisms predatory or parasitic

on the pests and (2) the survival, and subsequent increase, of specimens of

the pest more resistant to insecticides than their forerunners. To avoid

such consequences, biological, as well as chemical, control of insecticidal

campaigns is required, and, as one example, a method is described which

takes advantage of the difference in toxicity of nicotine vapour to aphides

and to their j^redators or parasites.

The useful reviews of chemical and biological work on the tobacco

alkaloids by Jackson, Roark,®^^®^ and Markwood issued in the United

States have been referred to already and to these may be added that of

Holman published in the United Kingdom, and the handbook of reference

tables on the biochemistry of tobacco issued by Smirnov et in Russia.

Nicotine and tobacco are no longer of direct therapeutic interest,

though both are still employed as veterinary anthelmintics.®^ Nicotine,

lobeline, gelsemine, cytisine and sparteine form a group of alkaloids having

in common the property of inducing an initial and transient stimulation,

followed by depression, and finally paralysis of the autonomic ganglion.

The secondary effects are complex and it is probably on this account that

so much work has been expended on the pharmacology of nicotine, which

is the typical representative of the group.®® This nicotine type of action

is not restricted to the members of this group, and recently Bender, Spirtes

and Sprinson ®^ have observed a nicotine-like action of carbaminocholines

and King ®® has isolated from the marine worm, Amphiporus lactifloreus,

a minute quantity of a base, amphiporine, resembling nicotine in pharma-

cological action. The smoking and chewing of tobacco can induce what

may be described as a chronic intoxication, and this has given rise to a

considerable literature ®® dealing with its therapeutic, social, hygienic and

even moral aspects. To this may be added some references to papers on

the action of nicotine and the absorption and excretion ®® of the

alkaloid- Werle has isolated from the lung, liver and kidney of the

rabbit and various other animals an enzyme which changes nicotine so
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that it is no longer detectable by pharmacological tests. According to

Hicks, Eriicke and Huber, d-namicotine closely resembles nicotine in

action but is more toxic. Macht and Davies found that in both the

a- and ^-nicotines and ?iomicotines, the Z-forms are more potent than the

d- or dZ-forms, but the behaviour of the two series is not parallel in all

species of animals and that is also true for the comparison of nicotines and
nornicotines. Nicotine is more toxic than a-nicotine. With the N-alkyl-

2(or 6)-dchydronicotines, the paralysing action on the respiratory centre

and the lowering of blood pressure in dogs increase with the size of the

alkyl grou]) from methyl to butyl. The iV-alkylnicotones are less toxic

than nicotine and show no pressor action.

The action of anabasinc is similar to that of nicotine. When the

piperidine ring of anabasine is opened to produce S-amino-8-3-pyridyl-n-

valeric acid the activity is reduced, and this is also true of the corresponding

lactam and the benzoyl derivative.^ According to De Eds myosrnine is

less toxic than nicotine but more active on isolated guinea-pig intestine.®**
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ALKALOIDS OF ANABASIS APHYLLA
Anabasis aphylla occurs on the Russian steppes from the Caspian Sea

to Turkestan and has the reputation of a poisonous plant. The interest

evinced in its alkaloids is due to the insecticidal properties of the principal

constituent, anabasine, described already as a constituent of tobacco

(p. 43 ). Methods i for the extraction of anabasine have been described

by Sokolov and by Smirnov, for its separation from associated lupinine

by Sadykov and Spasokukotski, and its oxidation to nicotinic acid by
Sadykov. The crude anabasine sulphate of commerce appears to be a

mixture of sulphates of anabasis alkaloids. ^ In it Smith ^ found methyl-

anabasine (picrate, m.p. 222-3°, corr.), but Orekhov and Norkina ^ were
unable to confirm this. According to Orekhov^ the plant contains

2-3 per cent, of alkaloids separable into low-boiling (136-8 -5°/!2 mm.)
and high-boiling (b.p. 200°/12 mm.) fractions, of which the former consists

of anabasine, and lupinine (p. 120 ), whilst the high-boiling fraction

comprises, in addition to still unidentified bases, the three alkaloids

described below, which are separated by fractional precipitation of the

crude hydrochlorides by alkali. In the purification of aphyllidine a

minute quantity of an alkaloid, m.p. 162-4^, [ajo -f 54*5° was isolated.®

Aphyllidine, is purified through the perchlorate, B . HCIO4 ,

m.p. 210-2°; the recovered crystalline base has m.p. 112-3°, + 6*5°

(MeOH), and is readily soluble in alcohol or ether, sparingly in light

petroleum and slightly in water. The hydrochloride, B . HCl, has m.p.
235-7°. The picrolonate forms small yellow prisms, m.p. 235-6°, and the

methiodide, B . Mel, yellowish needles, m.p. 225-7° (dec,). With bromine
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in chloroform the base forms an unstable dibromide, which changes into

bromoaphyllidine hydrobromide, colourless needles, m.p. 210-1 °, from
which bromoaphyllidine, m.p. 150-2° is readily recovered.

Aphylline, C15II24ON2 ,
finally purified through the hydrochloride, is

an oil, which distils at 200°/4 mm. and then crystallises when rubbed. It

melts at 52-^°, has [a]“jf + 10*3° (aqueous methyl alcohol) and is soluble

in all ordinary organic solvents. The hydrochloride, B . HCl.irHgO, has

+ 13-6° (HgO). The picrolonate forms small yellow prisms, m.p.
230-1° (dec.), and the methiodide large colourless needles, n.p. 219-221°

{dec,).

Reactions of AphylUdine and Aphylline, The work done by Orekhov®
and by Spath et aV is interlinked, and establishes a close relationship

between aphylline and aphyllidine. According to Orekhov, aphyllidine is

hydrogenated in presence of platinic oxide to aphylline. Spath et al. did

not isolate aphylline in this reaction, but found that the oily, dihydro-base

so formed, on acid hydrolysis, followed by esterification, yielded ethyl

aphyllate, C47H 30O 2N 2 ,
b.p. 150° {high vac,), monohydrate, m.p. 76 -7°,

Wd^* + 25-3° (MeOH : c — 9*96). Aphyllie acid, CisHgcOgNg, m.p.

218-221°, prepared from this ester, and repeatedly distilled at 140-150°

(high vac,) yields aphylline {see above), + 10*08° (MeOII ; c == 7*94)

from which ethyl aphyllate can also be produced directly by acid hydrolysis

followed by esterification.

According to Orekhov,® aphyllidine on acid hydrolysis and esterification

yields ethyl aphyllidate, m.p. 210-2 °.

On hydrogenation at 80°, or on electrolytic reduction, aphyllidine is

converted into d-sparteine (p. 133). On exhaustive methylation one

nitrogen atom is eliminated in three stages, leaving a product, b.p. 235-

255°/ll mm., as a viscous, yellow, alkaline oil of uncertain composition.

Aphylline, on similar treatment, yields hemiaphylline, b.p.

217-220°, as a viscous, yellow oil, not markedly basic.

These observations suggest a similarity in structure to sparteine, and
Orekhov ® has proposed for aphylline a formula identical with Clemo’s

formula for oxysparteine (p. 138 (VIII) with the change of CHg at position

10 into CO), aphyllidine having in addition an ethylcnic linkage at C®— C®.

Base V, CigH24 or 26^2^2 * substance is present in small quantity

(about 1*5 per cent.) in crude aphylline hydrochloride and when the base

is liberated into ether from this salt, the solution deposits Base V on

standing. It is sparingly soluble in ether or light petroleum, readily in

benzene or alcohol and crystallises from benzene-light petroleum in

colourless tablets, m.p. 137° (dec,),
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ALKALOIDS OF POMEGRANATE ROOT BARK
From the root bark of the pomegranate tree {Punica Granatum, L.)

Tanret ^ isolated four alkaloids, _p5mdopeIletierine, CglligON, pelletierine,

CgHigON, ^^opclletierinc, CgHi^ON, and methylpellcticrine, CgHj^^ON.

To these Pieeinini^ added a fifth, isomethyljDclletierine, which Hess and
Eichel ^ suggested was identical with Tanrct’s methylpelleticrinc. Tanret ’s

description of pelletierine and ^.wpelletierine indicates that the only

difference between the two is that the latter is optically inactive, and as

Hess and Eichel ^ could find no optically active base in the bark they

re-named ^^opelletierine as pelletierine. There is, however, little doubt
that /-pelletierine does occur in the bark (Tanret, 1920 ;

Goodson, 1944).®

Hess and Eichel ® also found that Tanret ’s methylpellcticrine is not

derived from pelletierine and on that ground re-named it methyh'^o-

pclletierine. Hess eventually isolated i^opelletierine from the bark,^

together with a supposed new base, a-A^-methylpiperidyl-2-propan-jS-one,^

C9H17ON, which proved to be methyl? 6*opelletierine.^

The minute structure of the bark has been investigated by Griffiths ®

and the distribution of alkaloids in various parts of the plant by Chaze.®

Various methods have been described by the authors already named
for the extraction and separation of the alkaloids. By his process Hess
obtained per kilogram of bark, pelletierine 0-52, p.^mdopelletierine 1*8,

methyh*.9apelletierine 0*2 and ^Vopclletierine 0-01 gm. Methods for the

estimation of the total alkaloids, or of active fractions, in the bark have
been described by Ewers,® Stoder,® and in the French Codex (1926). The
British Pharmaceutical Codex (1934) states that the alkaloidal content

varies from 0-5 to 0*9 per cent, but in an examination of commercial

samples of bark GoodsOn ® found great variation, viz,, 0*074 to 0*58 per

cent, using Ewers ’s method. The “ pelletierine tannate ” and
“ pelletierine sulphate of commerce should consist of the mixed salts

of the active bases, excluding p^^wdopelletierine, but according to G. Tanret®

commercial samples are not always of this character, and this has been

confirmed by Goodson,® who found that about 50 per cent, of the total

alkaloids from good bark might rank as “ pelletierine ” for medicinal use.

Pelletierine, CgHjgON. Hess’s d/-base is a colourless, alkaline oil,

b.p. 106°/21 mm., which readily absorbs oxygen becoming dark and
resinous

;
it is soluble in water, ether or chloroform. The hydrochloride

has m.p. 143-4°
;
the hydrobromide melts at 140°, the picrate at 150-1°

;

the picrolonate at 172-^° and the aurichloride, which crystallises in orange

leaflets, at 82-82*5 By slow evaporation of an aqueous solution of

pelletierine hydrogen d-tartrate, Hess and Eichel ® have resolved the

d/-base into d- and /-forms, the latter being finally purified through the

/-acid tartrate of which the pure /-form has m.p. 129°, — 20*94° and
the sulphate [a]}®" — 5*89°

;
the constants of d-pelletierine d-acid tartrate

are m.p. 129° and + 21°(EtOH); the d-base sulphate has [a]^ 5*86°.

Pelletierine was originally described as dextrorotatory and giving Isevoro-

tatory salts but later (1920) G. Tanret ® assigned to the free base the

specific rotation — 81*1° and described a number of laevorotatory salts :
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hydrochloride, — 41*2°, sulphate, — 80*3°, hydrobromide, — 82*5®. The
iV-acetyl derivative, b.p. 205-10®/40 mm., has [aj^ + 82-6® and the

A^-benzoyl derivative, m.p. 75® (Hess), [aj^ + 18*7°. The semicarbazone

hydrochloride melts at 168“170° and has [aj^ — 10*8®.

Methylpellctierine, C9II17ON. Though Hess and Eiehel ^ were unable
to confirm the existenee of Tanret’s methylpellctierine, G. Tanret ^

has re-affirmed its occurrence and described it as an oily liquid, b.p.

106-8®/45 mm., [a]„ + 27*7®, forming a hydrochloride, m.p. 168-170°,

[a]i, + 41*2°: hydrobromide, m.p. 165-7°, [a]p -f 33*5°; sulphate,

Wd + pierate, m.p. 157-9® and platinichloride, m.p. 206-8°.^^ The
iV-methy]pelletierine which Hess ^ obtained by treating pelletierine with

formaldehyde and formic acid had b.p. 98-102®/14 mm., and gave a

hydrobromide m.p. 152® and a semicarbazone hydrochloride m.p. 168-9®

{dec,), {cf, methy]?,9opellctierine below).

Constitution. Pelletierine behaves as a secondary amine and the

oxygen atom of the alkaloid is present in the form of an aldehyde group,ii

since the base yields an oxime, convertible by the action of phosphorus
pentachloride into a nitrile, b.p. 104-6®/15 mm., which is hydrolysed by
caustic potash in alcohol to an acid, the ethyl ester of which is Loftier and
Kaim’s ethyl ^-2-piperidylpropionate. Pelletierine is not directly

oxidisable to this acid. It also yields a liquid hydrazone, b.p. 150°/20 mm.,
which with sodium in alcohol at 156-70® reduces to dZ-coniine. These
reactions are explained by the following formulie,^® in which pelletierine is

represented as j3-2-piperidylpropionaldehyde.

CH3 CH, CH,

H2Cj^^jCH2 Via oxime Via hydrazone

HaCl^'cH.CHa.CHa.COOH
NH

^•2-piperidylpropionic acid Pelletierine Coniine

Some progress has been made towards a synthesis of pelletierine by
Wibaut and Beets^^^®^ and by Spielman, Swadesh and Mortenson.^^^*)

Both started by condensing a-picoline with bromoacetal with the aid

of lithium phenyl, so producing j8-(2-pyridyl)-propionaldehyde acetal,

C5H4N . CHg . CHg . CH(OEt)2, which Wibaut and Beets isolated as the

mercurichloride, m.p. 98*5®. From this the acetal, b.p. 85*0®/0*l mm.,
was recovered by the action of sodium sulphide, and hydrogenated in

glacial acetic acid with platinic oxide aS catalyst. The products were

predominantly either 8-coniceine (p. 20) or jS-(2-piperidyI)-propion-

aldehyde acetal (pelletierine acetal), C^HjoN • CH2 • CHg . CH(OEt)2,

depending on the initial concentration. The second of these products

was isolated as the monoacetate, B . C2H4O2, b.p. 93-4®/0*33 mm,, m.p.

72-^®, from which the acetal was recovered as a liquid, b.p. 101~2®/1*8

mm., giving a picrolonate, m.p. 162-8®. In view of the production of

S-coniceine on hydrogenation. Beets has suggested that pelletierine

may exist in tautomeric forms, one of which is bicyclic.
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Spielman et al. record b.p. 128®/8 mm. and 1-5070 for the
j
8-(2-

pyridyl)-propionaIdehyde they hydrogenated using Raney nickel as

catalyst in alcohol at 150® and 170 atm. pressure. The pelletierine acetal

produced had b.p. 91-2®/! mm. and 1*4568 and yielded a benzoyl

derivative, b.p. 177-8°, 1*5229, from which by hydrolysis uV-benzoyl-

pelletierine, m.p. 74-6®, was obtained ; by similar procedure N-
acetylpelletierine, b.p. 174°/18 mm., nl®"* 1*4908, and pelletierine

ethylurethane, b.p. 119-21®/! mm., 1*4771, the constants recorded

being in satisfactory accord with those given by Hess ^ for these

pelletierine derivatives. No method has yet been found of recovering

pelletierine from the acetal.

woPelletierine, CgHigON. This name, originally applied by Tanret to

a base, now regarded as dZ-pelletierine, has been adopted by K. Hess for

a different alkaloid. This is an oily liquid having b.p. 102-7®/ll mm.,

Wn it hydrobromide melts at 149® and the picrate at 147-8°.

Z^oPelletierine is also obtained by demethylation of methylZ^opelletierine

and is convertible into the latter by methylation. Its constitution is

discussed below.

Methylwopelletierine, C 9H17ON. This base, isolated by Piccinini ^

under the name i^fomethylpelletierine, was re-examined by K. Hess et aL

It is an oily alkaline liquid, b.p. 114-7®/26 mm., miscible with water and
optically inactive. The hydrochloride has m.p. 156°; hydrobromide,

m.p. 151-2®
;
the picrate melts at 158® and the aurichloride forms orange-

yellow rosettes, m.p. 115-7®. The base can be resolved into d- and
Z-forms having b.p. 109®/24 mm., and specific rotations [a]},®'’ of 6*7® and
9*9® in dilute sulphuric and hydrochloric acids respectively. d-Methyl-

z^opelletierinc d-hydrogen tartrate has m.p. 183-^® and + 22*7®, and
the antipode has m.p. 132-4® and [oi]]f — 20*83®, whilst the two
hydrochlorides have [a]}®'" + 11*08® and — 10*64° respectively.

Constitution. The alkaloid yields a crystalline semicarbazone, m.p.

169®, a liquid hydrazone, b.p. 154-5®/29 mm., and a liquid oxime, b.p.

160®/12 mm., from which a crystalline picrate, m.p. 106®, can be prepared.

The methiodide crystallises in cubes, m.p. 156°. On oxidation with

chromic acid in sulphuric acid solution the base yields N-methylpiperdine-

2-carboxylic acid, and the hydrazone on reduction with sodium in alcohol

at 150-70® forms N-methylconiine (p. 17).

In view of these reactions methylwopelletierine must be N-
methylpiperidine with one of the following side-chains in position 2 :

() —CH2 . CHa . CHO
;

(h) —CO . CH2 . CH 3 ;
(e) CH2 . CO . CH3 . If the

side-chain were {a) methyH^opelletierine should be formed by
N-methylation of pelletierine, which is not the case. Decision between

( )
and (c) proved difficult. If the side-chain were (c) the alkaloid should

be a-iV-methylpiperidyl-2-propan-)8-one (I). This substance was
synthesised by Hess and Eichel ® and appeared not to be identical with

methyliwpelletierine, and Hess was, therefore, led to the conclusion that

the side-chain must be (5), which would make methylmpelletierine

Structurally identical with methylconhydrinone. The difficulty was
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solved by Meisenheimer and Mahler,® who found that the synthetic product

of the earlier workers was a mixture and devised the following new
synthesis. 2-^-Hydroxy-w-propyIpyridinc (II) as the methosiilphate was
hydrogenated, with platinum-platinum oxide as catalyst, to iV-methyl-2 -

j?-hydroxy-n-propyIpiperidine, b.p. 110 -20'’/22 mm., which on oxidation

with chromic anhydride in acetic acid gave mcthyh‘.9opclletierine (I).

Catalytic hydrogenation of 2-/3-hydroxy-n-propylpyridine (II) gave
2-j3-hydroxypropylpiperidine. m.p. 09-70° (not 45-7° as stated by
Ladenburg). This, on oxidation with chromic anhydride in acetic acid,

gave ^5opelletierine (III) (a-piperidyl-2-propaii-)S-one), which on
methylation by formaldehyde yielded methy/.s‘opclIetierine (I).

/\
H29

f2
< ^

HgC yai.CHg.CO.CHj HC^ . CH^ . CHOH . CH^

(I) Methyl iflopelletierlne (II)

HgC ^2
^-CHg.CO.CHg

( II I ) 1 soPelletlering

New syntheses of zsopelletierinc and its iV-methyl derivative have Ijeen

provided by Wibaut et by an extension of the process used

for the preparation of dZ-pelletierinc acetal. By the action of acetic

anhydride on lithium picolyl in nitrogen, an acetyl group was inserted in

the methyl group of a-pieoline and the resulting a-2-pyridylpropane-j8-one

(a-picolyl methyl ketone), C 5H4N . Cllg . CO . CH 3 , b.]). 92°/l-5 mm.,
characterised as the picrate, m.p. 140-140*5°, and picrolonate, m.p.

179*5-181°, was hydrogenated in acetic acid with platinic oxide as catalyst,

to d/-z,9opelletierine, CqHiqN . CHg . CO . CII3, b.p. 62°/0*8 mm., identified

as the picrate, m.p. 147*5-148*5°, and picrolonate, m.p. 177-9°.

a-2-Pyridylpropane-/8-one was converted by methyl sulphate to the

methyl methosulphatc, CgH^ONMe . MeS04 ,
a crystalline precipi-

tate, which hydrogenated as before, yielded d/-methyh\9opelletierine

CgHjoNMe . dig . CO . CII3 , b.p. 43°/0*16 mm., identified as the picrate,

m.p. 157°.

p^ci^do-Pelletierine, C 9H15ON (N-Mefk^lgranafomne), This, the best

known of the pomegranate bark alkaloids, was isolated by Tanret in 1879.

It crystallises from light petroleum in prismatic tablets, m.p. 48°,

b.p. 246°, [a]j, ± 0°, dissolves readily in ether, alcohol or chloroform, less

readily in light petroleum. It is a strong base and gives well-erystallised

salts ; the hydrochloride, B . HCl, forms rhombohedra
;

the platini-

chloride, Bg . HgPtCl^, reddish needles, and the aurichloride yellow crystals,

m.p. 162°. The picrate is readily soluble in hot water and melts at

252-3° (dec.)* The dipiperonylidene derivative crystallises from alcohol in

yellow, triangular microscopic plates, has m.p. 226-7°, is sparingly soluble

in most organic solvents and gives an intensely royal blue colour in strong

sulphuric acid, the colour changing to green and yellow on dilution with

water. 0-Pelletierine in sulphuric acid solution gives an intense green

colour on addition of a trace of potassium dichromate.
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Co7istitution, The alkaloid behaves as a tertiary base, forming a

methiodide (colourless cubes, rn.p. above 280®). It forms an oxime

(tablets, m.p. 128°) and on reduction is converted into the secondary

alcohol, iV-methylgranatoline, Cgllj^ON, which crystallises from light

petroleum in slender needles, m.p. 100®, and b.p. 251®. It forms a benzoyl

derivative, and when heated with hydriodic acid gives A^-methylgranatyl

iodide, CglligNI. The latter, on longer heating with the reagent, loses a

molecule of hydriodic acid and forms the unsaturated iV-methylgranatenine

C9lIi 5N. This series of changes may be represented thus :

'=7«12C >^CO

-N.CH, .CH,

CH

•^Pelletierine N-met1:^1- H-methyl- N-methyl-

ftranatoline KTanatyl iodide #5ranatenine

^6«10C ^^CO

^N.CH?
C6H10C

^I

^N.CH-7—>C5H8^CH

^CH

Tropinone Tropine lodotropine Tropidtn*

On comparing these reactions with those effected similarly with
tropinone (p. 74), it is evident that a close parallelism exists, suggesting
that 0-pelletierine is a ring homologue of tropinone. This similarity in

behaviour is also shown in the conversion of iV-methylgranatoline (IV) into
worgranataninc (V) by the prolonged action of hydriodic acid and
phosphorus, which parallels the change of tropine (VI) into norhydro-
tropidine (VII),^® and by the oxidation of iV-methylgranatoline (IV) by
permanganate to A^-methylgranatic acid (VIII) just as tropine (VI) is

oxidised to tropinic acid (IX).

(VIII) NMe;CgH^Q: (C00H)2 (IV) (V)

(IX) NMe:C5HQ:(C00H)2 (VI) HMeiCgH^^.CHOH (VII) NH:C^H^q:CH2

This has led to the adoption for ^-pelletierine of formulae based on those

suggested at various times for tropinone ; thus Piccinini found that the

alkaloid reacts with amyl nitrite to form a di^5onitroso-derivative, and with

benzaldchyde to give a dibenzylidene compound (yellow prisms, m.p. 200°)^®

and on that ground suggested that the alkaloid must contain two reactive

methylene groups thus : —CHg . CO . CHg—. The same author proposed

the formula finally adopted as the result of a study of the exhaustive

methylation of the dimethyl ester of A^-methylgranatic acid (VIII),

(methiodide, m.p. 167®) which yielded in the first stage of the degradation,

dimethyl iV-di-methylgranatenate, CeH9(NMe 2 ) :
(COOMe) 2 ,

an oil yielding

a crystalline, methiodide, m.p. 143-4®, which on boiling with alkali,

decomposed into trimethylamine and Aomopiperylenedicarboxylic acid (X)

:

the latter on reduction furnishes suberic heid (XI). Under like conditions
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tropinic acid yields piperylenedicarboxylic acid (XII), which can be

reduced to pimelic acid (XIII).

CH,
1

^ fz
CHp

1

fz
CH

1
CH

1

CH

1
—

CH

j

fz
COgH COgH COgH CO^H

(X) (n)

COgH OOgH

ini)

.Cll-

/ '1.
CHj,

I

""

COCH

(XIII)

I

®

COOH

Piccinini, therefore, adopted formula (XIV) for ^-pelletierine, which is

based on Willstatter’s tropinone formula (p. 77
)
by change from a

hej^tamethylene to an octamethylene ring.^i

The degradation of the alkaloid to a meth\lpyridine derivative can be

effected through A^-methylgranatic acid (XV) and granatic acid (XVI).

The latter, when heated with mercuric acetate and acetic acid at 150°

yields 2-methylpyridinecarboxylic acid, which on distillation furnishes

2-methylpyridine.

This formula for 0-pelletierine received confirmation from the results

of the exhaustive methylation of iV-methylgranataninc, produced by the

f-f
f

jH—CH,

f-f
|Me CO

f
CH CEp

1 1

CHp—

C

“COOH

CH2

—

CHp NMep.OH

I I

CB^—CH

-CH2

^2-

-i

(XVII)

-> jHj

CH,

f-f
H COOH

NH

I

CH.CHp.COOH

(nv) ^ Pelletlerlne

I

(XV) N~methylgranatlc acid (XVI ) Granatic acid

NMe^.OH

(jH2—

I

CH2

CH.

“jJH2

(XVIII)

jJH—'CH jJHp

CHp CHp

CH2 CH=*CH

(XIX)

electrolytic reduction of the parent base.^^ Willstatter and Veraguth 2*

converted this, through the corresponding ammonium hydroxide base

(XVII), the resulting J^-dedimethylgranatanine and the quaternary base

(XVIII) derived from this, to a hydrocarbon, CgHig, which was eventually

shown by Harries to be c«/c/aoctadiene (XIX). Later Willstatter

and Waser ^ degraded A^'-methylgranatenine, CgHigNMe, m.p. 17-2-17*4°,

0-961, vid the quaternary base derived from a-dimethylgranatenine,

which on distillation in vacuo decomposes into trimethylamine and
ci/dooctatriene, CgHjo, b.p. 147-2-148-2°, Dj, 0-925, 1-52810. The
dibromide of this hydroearbon, when heated with dimethylamine, produces

dimethylaminocj/ci^ctatriene and tetramethyldiaminoc^/cZooctadiene,

C8Hi0(NMe2)j, b.p. 126~7°/14 mm% Dj 0-944. The latter forms a methio-
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dide, ni>p. 170-1° {dec,), which with silver oxide gives ci/cZooctatetraene

CH:CH.CH:CH.CH:CH—CH:CH, m.p. -27", b.p. 42-2-42-4",

DJ 0* 943, nf® 1* 5389. These results were confirmed later by Willstatter and
Heidelberger.®^ This tetraene has evoked a considerable amount of interest

both as regards its constitution and as a primary material for poly-

merisation. It has been prepared again from jt?5^wdopelletierine by Cope
and Overberger,^^*"* who record m.p. —5-8 to —5-4°, 1-5342, and describe

the maleic acid adduct, m.p. 166*7-3 68-2", and state that the m.p.s of

the hydrocarbon and its adduct are not depressed by ci/cZooctatetraene

and its adduct, synthesised from acetylene, that the ultra-violet absorption

spectra of the two hydrocarbons are identical and there are no important

differences in the infra-red absorption spectra of the two.

The following synthesis of jp^ewdopelletierine is of special interest, since

it involves only materials and conditions which could occur in plants and
is therefore a possible bio-synthesis. Menzies and Robinson showed
that when calcium acetonedicarboxylate, glutardialdehyde and methyl-

amine are mixed in aqueous solution under specified conditions and the

mixture is kept for twenty-four hours, a product (XX) is formed, which
can be decarboxylated to ^-pelletierine (XXI) and the latter isolated as

the picrate, which after recrystallisation yields the pure base (m.p. 48*5"),

the identity of which can be established by conversion to the characteristic

dipiperonylidenc derivative. The course of the synthesis is represented

as follows ;

—

CH«.CHD CH5

l“2 ,

2

CHg + m^e + CO Ca

-CH CH.CO.O

I I
I

CO Ca
1

CHg.CHO dig.CO .0 CH — CH
2

CH^ CH CH.COgH

CHo

I I .CH^—CH CH.COjH

(n)

CHj—CH CHg

-> CHa' -

LA
me

H CHg

(XXI)

CH.CO.O

(JHg.CHg.jlH

—

-CH^

CH2.CH2 .CH
r F
‘H CH2

(XXII)

Note. In thiotropinone, selenotropinone and iV-methylaztropinone (see below)

—CH**—in (XXI) is replaced by —S—as in (XXIV), —Se— or —NMe—

.

Blount and Robinson have extended this mode of synthesis to the

preparation of iV-methyl/iomogranatonine (XXII) by the use of

adipaldehyde,^^ CHO . [CH2] 4 . CHO. The base, on reduction with sodium

in butyl alcohol, yields iV-methyl/iomogranatpline (XXII : CO--> CHOH),
the benzoyl derivative of which possesses marked local anaesthetic action.

Similarly Blount,*® by condensing j8-(o-formylphenyl)propaldehyde,

CHO . CeH4 . CHj . CHj . CHO, with methylamine and calcium

acetonedicarboxylate, has prepared 8 ; 9-benz-J®'®-Aomogranatene-8-one

(XXIII), which was reduced to the ^-alcohol (c/. reduction of tropinone

to ^-tropine) and the latter converted to the benzoyl-derivative (m.p. 98°),
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thus providing an analogue to tropacocaine (p. 100) and, like it, possessing

local anaesthetic properties.

The same authors have made a number of analogues of ^-pelletierine

in which sulphur, selenium, or a second atom of nitrogen, is introduced into

CH»«CH—C- CH—CHp
I 1

me CO
I I

C—CH2—CHg—CH—CHg

CH2—CH jJHg

S NMe CO
i I I

CHg—CH CHg

(XXIII) (XXIV )-

the bicyclic system, e.g., thiotropinone (XXVI), was obtained by
condensing thiobisacetaldehyde,^® CIIO . Cllg . S . CHg . CIIO, with

calcium acetoncdicarboxylate and methylamine
;

it crystallises in thick

six-sided plates, m.p. 126-7°, and yields a dipipcronylidene derivative,

m.p. 241°.

Schopf and Lehmann have effected syntheses on this principle under
varying conditions. Thus, using buffered solutions of glutardialdehyde,

methylamine hydrochloride and aectonedicarboxylie acid, they have

obtained yields of 60-72 per cent, of ^-pellctierine working at pH 3-7, with

smaller, but still important, yields at pH 9*0-13 -0.

Pharmacological Action. Pomegranate root bark is now little used in

medicine. The active constituent is believed to be pclletierine, which,

according to von Schroeder,^® is highly toxic to tapeworms and explains

the use of the bark, or a fraction of the total alkaloids in the form of

“pclletierine tannate ” and “pclletierine sulphate,” as anthelmintics.

The “ tannate ” is official in the British Pharmacopoeia, 1932, and
the “ sulphate ” in the French Codex. Some interest has been shown
in 0-pelIctierine and its derivatives as sources of local annesthetics. Some
of these have been mentioned already, and reference may also be

made to Tanret’s investigation of benzoyl and other esters of A^-methyl-

granatoline, from which he draws the conclusion that the bicyclic system

of granatane is a source of more potent local anaesthetics than that of

tropane. On the other hand, McElvain and Adams found that ethyl

benzoylgranatolinecarboxylate, a ring homologue of worcocaine with the

positions of the ether and ester groups interchanged, is less active as a local

anajsthetic than cocaine and more toxic. A detailed study of the pharma-

cology of pclletierine and ^-pclletierine has been made by Shibata.^
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TROPANE GROUP
DERIVATIVES OF TROPINE AND ALLIED AMINO-ALCOHOLS

The names, formulae and structures of these alkaloids are given in the

following table. The esters of tropine or 0-tropine are known as tropeines

or ^-tropeines respectively. The first eleven items in the table are some-
times called the “ solanaceous alkaloids,” but they are not the only

alkaloids, or even the only type of alkaloid, found in the botanical family

Solanacete. They are also sometimes referred to as the “ mydriatic
alkaloids ” though other alkaloids also exert this action.

Table A

No. Name of Alkaloid Formula

Structure

Amino-alcohol E8terif>iiig Acid

1 apoAtropine ( J7H21O2N Tropine A tropic acid
2 Belladoniiine Tropine

Tropine
j9-lsatropic acid

3 Atropine dZ-Tropic acid
4 Hyoscyarnine Tropine /-Tropic acid
5 norAtropine norTropine c//-Tropic acid
a norHyoseyam ine C„H„0,N norlVopine

Tropine
/-Tropic acid

7 Benzoyltropine Benzoic acid
8 Tropacoci^ine C.aH„0,N ^-Tropine Benzoic acid
9 Hyoscine C„II„O.N Scopine /-Tropic acid

10 Meteloidine C„H„O.N Teloidine Tiglic acid
11 Tigloidine ^•Tropine Tiglic acid
12 Valcroidine C„H„O.N Dihydroxy-

tropane
/.9oValeric acid

13 Poroidine C.,H„0,N no/Fropine /soValeric acid
14 MoPoroidine C\aH,iO,N norTropine e/-a-Methyl-

butyric acid
15 Convolvine Ci,Ha.O.N norTropine Veratric acid
10 Convolamine C.,H„O.N Tropine Veratric acid
17 Convolvidine C„H„OaN, Alkamino,

m.p. 274-6°
Veratric acid

18 Convolvicine CxoHa.N, — —

The nature and percentage of total alkaloids in plants yielding bases

of this type are detailed in the following statement. Supplies of these

drugs in normal times came chiefly from central Europe and largely from

Hungary.^ As the war stopped this trade, strenuous efforts were made to

organise both the collection of wild supplies and the cultivation of these

drugs, especially in Great Britain,* Australia,* New Zealand ^ and the

United States.® Some supplies also became available from India ® and
Russia and in some countries, which had not previously manufactured

solanaceous alkaloids, processes for their preparation from these new
64
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sources of supply were devised, from Duhoisia spp. by Ralph et a?.,’

from Indian belladonna root by Srivastava and Basu ® and from local

plants in Hungary by Zalav.^ The extraction of hyoscyaminc and its

conversion to atropine is, for some purposes, tlie replacement of a potent

by a less active alkaloid and also inevitably entails the loss of some valuable

alkaloid by hydrolysis. A device adopted in England to avoid these losses

was the preparation and use of the total alkaloids of Egyptian henbane
{Ilyoscyamus muticus) ® in the form of the mixed sulphates containing

80 per cent, of hyoscyaminc.

Alropa acuininaia Royle ex Lindl. (A. lutescens Jacquemont.) “ Indian

belladonna.” Whole plant, grown from Indian seed in the United
States,^ 0*32 to 0-38

; large stems, 0*14. According to Corfield,

Kassner and Collins, the leaves and roots, as imported from India,

contain on the average 0*45 and 0*47 of non-volatile alkaloid,

respectively. Much volatile alkaloid (MarkwelP^). Recognised in

the British Pharmacopoeia 1932, Addendum V.

Atropa Belladonna Linn. Leaves, 0*4
;

roots, 0*5
;

seeds, 0*8
;

whole

plant, 0-2 to 1*0
;
hyoscyaminc with some hyoscine

;
atropine has

been found but may have resulted from racemisation during

extraction
;

flj:7oatropinc and possibly belladonninc (Kreitmair

Atropa boptica. Leaves, 0*82-1*06
;

roots, 0*94
;

fruit, 1*09
;
hyoscyaminc

and atropine.

Datura alba Nees. Pericarps, leaves, stems
;

hyoscine. Seeds, hyoscine

with a little hyoscyaminc,^^

Datura arborea. Leaves, 0*44
; seeds, 0*23

; hyoscine ; with some
hyoscyaminc in young stems and roots (Kirchcr Roots, 0*16

;

leaves, 0*15
;

flowers or seeds, 0*12
;
alkaloid described as “ daturine ”

(Montesinos which should be atropine.

Datura fastuosa. Variety ^*’niger^^

;

fruits, 0*2; leaves and stems, 0*12;

roots, 0*1. Variety flor coerul, plen ; seeds, 0*25. Variety ‘^Jlor

alb, plen ”
; seeds, 0*22. In all three varieties, hyoscine alone, or

with hyoscyaminc.^®

Datura Metel, Fruits, 0*12
;

leaves, 0*2 to 0*5
; roots, 0*1 to 0*2

; seeds,

0*2 to 0*5. Usually mainly hyoscine
;

occasionally a little atropine,

or hyoscyaminc.^® norHyoscyamine has also been found. No
hyoscine (Libizov ^®).

Datura meteloides. Whole plant, 0*4. Hyoscine, atropine, meteloidine ;

norhyoscyamine .
^ ^

D, quercifolia. Leaves, 0*42
;

seeds, 0*29. Hyoscine and hyoscyaminc
(Kircher ^®).

D, Stramonium Linn. Leaves, 0*2 to 0*45
;

seeds, 0*2 to 0*5 (chiefly

hyoscyaminc
;

roots, 0*21 to 0*25 (hyoscyaminc and hyoscine)

;

leaves and tops, 0*6 to 0*7.®

Duboisia Leichhardtii von Muell. Leaves examined by Mitchell yielded

J-hyoscyamine, 1*97
;

Z-hyoscine, 0*06
; cfZ-hyoscine, 0*05

;

norhyoscyamine, 0*01 and a new alkaloid, D, 0*06 (Ci 3Ha302N,HBr,
PLANT ALK, 3



66 TROPANE GROUP

m.jj. 231°). In leaf samples collected from 28 individual trees, Hills,

Trautner and Rodwell found hyoscyarnine usually the dominant
alkaloid thougli hyoscine was the cliief component in five eases, and
both were present in about equal amounts in two cases. In a few
instances a tree yielding no hyoscine in one season might yield it in

the next season. The total alkaloid varied from 0*8 to 3-7.

Duboisia myoporoides. Yields of 3 per cent., mostly hyoscine, have been

mentioned,^ but great variation in natiu'e of alkaloidal content

is on record, c.g,, hyoscyarnine, 0-hyoseyamine, hyoscine.

Hyoscyarnine and norhyoscyamine, but no hyoscine. Hyoscine or

hyoscyarnine or both.^ d/-Hyoseine, tigloidine, valeroidine, poroidinc

and 25oporoidine present
;

hyoseyamine and ^mrhyoseyamine

absent. The limits of these variations, at least as regards the two
principal alkaloids, hyoseyamine and hyoscine, have probably been

settled by Hills, Trautner and Rodwell,^’ who eonfu-med the statement

of Barnard and Finnemore that in the northern portion of the

distribution area of this plant, it yields mainly hyoseine and in tlie

southern section mainly hyoseyamine. In 54 samples of leaves from

individual trees they found 0-9 to 4-0 total alkaloids in those from

the northern section, with hyoscine as the chief component, and
1*0 to 2*7 from those of the southern section, with hyoseyamine

replacing hyoscine.

Ilyoscyamus albus. Leaves, 0-2 to 0*56
;

roots, 0*1 to 0*14
;

seeds, 0-16
;

hyoscyarnine and hyoscine.

Ilyoscyamus muticus. Leaves, 1-4
;

leaves and stems, O-C ; seeds, 0*9 to

1*34
;

stems, 0-6
;
hyoseyamine.^^

Ilyoscyamus niger. Leaves, 0-045 to 0-08
;

roots, 0-16
;

seeds, 0-06 to 0-1
;

tops, 0-07 to 0-1. Chiefly hyoscyarnine with some atropine and

hyoscine
;

cj, Sievers and Lowman,^ Allan. ^ A historical account of

this drug has been published by Hocking.

Hyoscyamus reticulatus. Seeds, 0-08
;
whole plant. 0-12 to 0-24. A little

hyoseyamine.

Mandragora scopolice. Leaves and stems said to contain about 0-0
;

chiefly hyoseyamine.

Mandragora vernalis. Hyoscyarnine, hyoscine, ^-hyoseyamine,

mandragorine (p. 83).^’

Scopolia carniolica {S. atropoideSy S. Hladnikiana), Rhizomes, 0-43 to

0*51
;
hyoseyamine and hyoscine.^®

Scopolia japonica. Leaves, 0-18; hyoseyamine and norhyoscyamine.^®

Scopolia lurida (Anisodus luridus). Roots, 2 to 2-8, of which about onc-fifth

is hyoscine (Krcicr ®®). According to Rabinovich and Konovalova,

the root contains hyoseyamine and cuscohygrine (p. 103) but no

hyoscine.

Solandra Icevis Hook. {S, longijlora Tussac), 0-16
; norhyoscyamine,

noratropine, hyoseyamine, atropine (Petrie).®^

The plants listed above are all species of the botanical family

Solanaceae. A considerable number of convolvulus species, which like
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the Solanacea; belong to the natural order Solanales, were examined
for alkaloids by Lazur’evskii of which he selected one for detailed

investigation, xnz.

Convolvulus hamadce. The roots contained 0-42, from which he isolated

hygrine and cuscohygrine (p. 103) and a third alkaloid hamadine,

still awaiting detailed description.

Convolvulus pseudocantahricus Schrenk. Seeds contain 0*5
; convolvine,

convolamine, convolvidine and convolvicine (p. 91).^^

The British Pharmacopoeia (1932) recognises three of these solanaccous

drugs and specifies for them minimum requirements per cent, of total

alkaloids, calculated as hyoscyainine, viz, : belladonna, leaves 0-3, root

0*4 ; henbane, leaves and flowering tops 0*05
; stramonium, leaves and

flowering tops 0*25. The United States Pharmacopoeia, XIII, specifies

the same minimum limits for belladonna leaves and stramonium and for

henbane, 0*04.

Simple Bases. In addition to the alkaloids proper, 1 :
4-

TETRAMETHYLDIAMINOBUTANE, McgN . (€112)4 . NMcg, has l^ecn fouiid in

Hyoscyamus muticus by Merck and in H. reticulatus by Konovalova and
Magidson.^® It was described by Willstatter and Heubner as a colourless

liquid, 0*7941, b.p. 169^", with a pungent, acrid taste. The
hydrochloride, CgHooNg.HCl, m.p. 273° (dee.), forms triangular prisms;

the platinichloride, B . H2PtClg . 2H2O, prisms, m.p. 234° (dec.) and the

aurichloride, m.p. 206-7°, golden yellow prisms. The dirnethiodide

(hexamethyltetramethyleiiediammonium iodide),

Mel . NMe 2 . (^2)4 . NMe 2 . Mel,

lias m.p. 305-8°, was used to prepare the quaternary picrate, m.p. 285°

(dec.), platinichloride, m.p. 279° (dec.) and aurichloride, m.p. 304-9° (dec.),

each of which was found identical with the corresponding derivative of the

quaternary compound, resulting from the methylation of 1 : 4-diamino-

butane (putrescinc). 1 : 4-Tetramethyldiaminobutane is of possible

interest in the biosynthesis of tropane alkaloids, and it may be noted that

Willstatter and Heubner found that the dimethochloride, on distillation,

yielded I-methylpyrrolidine, one of the simple bases Goris and
Larsonneau found in belladonna leaves, along with 1-methylpyrroline,
PYRIDINE, and a 1 : 4-diamine, which may have been tetra-

methyldiaminobutane

.

In an exhaustive investigation of Bulgarian belladonna root. King and
Ware found, in addition to the usual alkaloidal components, tropine
and a minute quantity of a new base bellaradine, C 7

H43ON. The latter

is an oil, giving the pyrrole pine splinter colour reaction, and furnishing a

crystalline, hygroscopic hydrochloride, a picrate, m.p. 224-5°, crystallising

in rods, an unstable aurichloride, m.p. about 189°, a methiodide, m.p. 253°,

and a methopicrate, m.p. 228°, crystallising from boiling water in long,

orange needles.

The volatile bases known to occur in Atropa acuminate (p. 65) do not

appear to have been examined.
3—2
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During the war years mueh more attention seems to have been given

to biological research on Solanaceous spp. than to chemical research on the

solanaceous alkaloids. With extension of the range of supply of these

drugs the attention of pharmacognosists has naturally been given to the

diagnostic characters of possible substitutes for the official drugs. George
has determined the palisade ratio values of Atropa Belladonna and its

Indian replacement product A. acuminata and Melville has made a

detailed, histological study of the roots of both species. In Hungary,
Halmai has dealt with the detection of Scopolia carniolica in belladonna

leaves. The allied species, S. japonica, was the subject of histological

examination by Fujita and Higashi in 1937. On the cultivation side

Prasad has investigated the effects of mineral deficiency on Datura alba

Nees and Hyoscyamus niger L. and other points of cultivation interest with

regard to Datura spp. are dealt with by Ramstad and Fretheim and for

belladonna by Brewer and Laurie and by Sievers. Lowinan and Kelly.^

Procter has described a virus disease of Hyoscyamus niger in New Zealand.
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Analytical Methods. Methods for the isolation of individual

solanaeeous alkaloids from plants have been greatly improved and typical

examples will be found in the references given under the various plants

listed above. For quantitative analysis for commercial purposes, it is

usually sufficient to determine the total, non-volatile alkaloids, the results

being expressed as hyoscyamine. Methods of assay are provided in the

British Pharniacopceia 1932, Addendum VII, and the United States

Pharmacopoeia, XIII. Useful critical reviews of processes both for the

crude drugs and galenical preparations have been published by various

authors.^ A colorimetric method has been described by Allport and
Wilson ^ depending on the Vitali-Morin reaction of which a study of the

nature and limits of applicability has been made by James and Roberts,®

Precipitation as silicotungstate has been proposed by Vallery,^ while for

quaternary atropine compounds Reimers ^ has suggested estimation of

the tropic acid produced on hydrolysis, a method extended later to tropic

acid esters of the atropine series in general. Kirkpatrick ® lias investigated

the suitability of polarograj^hic methods for the estimation of individual

alkaloids, and Brownlee has found the chromatographic process

satisfactory with preparations of solanaeeous drugs. In connection with

work on the biogenesis of these alkaloids it has become necessary to

estimate quantitatively at least the three chief solanaeeous alkaloids,

hyoscine, hyoscyamine and atropine, and Rowson ® has made a critical

survey of methods available for this purpose. All these processes are

chemical and some attention has been given to biological methods since

so far as total, non-volatile alkaloids are concerned, the results may
include atropine, hyoscyamine and hyoscine of which atropine is in some
pharmacological activities less potent than either of the other two. Gunn,®
who uses as a biological test the antagonistic action of belladonna alkaloids

against the effect of carbamylcholine on isolated mammalian intestine,

has found that the alkaloids from Atropa Belladonna and from A. acuminata
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are identical in their biological action and twice as active in the biological

test as atropine sulphate, but that is only true when the ehernical process

of estimation used, eliminates the volatile alkaloids, which have no
atropine-like action. A similar biological method has been used by Levy
for the assay of galenical preparations of belladonna and various kinds of

pharmacological tests have been used by other authors.^®

For the detection and microchcmical estimation of these alkaloids, the

precipitation, crystalline form and melting-points of the perbromidcs,

periodides, aurichlorides or picrates and the mydriatic test have been

used.^^

Atropine, C17H 23O3N. This alkaloid docs not normally occur in more
than traces in solanaceous plants and in its preparation by Mein and by
Geiger and Hesse, the hyoscyamine originally present in the plant was
probably converted into atropine in the process of extraction. The present

formula is due to Liebig, and von Planta showed that atropine was
identical with “ daturine ” obtained from stramonium. Commercially the

alkaloid is prepared by racemisation of Z-hyoscyamine with dilute alkali or

by heating in chloroform solution. Methods for the pre})aration of

atropine and its salts have been described by Chemnitius and by Duilius.^^

The alkaloid crystallises from alcohol on addition of water, or from
chloroform on addition of light petroleum, or from acetone, in long prisms,

m.p. 118°, sublimes unchanged when heated rapidly, is readily soluble in

alcohol or chloroform, less^soluble in ether or hot water, sparingly so in

cold water (1 in 450 at 25°), and almost insoluble in light petroleum.

The aqueous solution is bitter to the taste and alkaline to litmus. Atropine

is optically inactive, but the commercial alkaloid may contain hyoscyamine

and be slightly laevorotatory.

Atropine causes dilation of the pupil of the eye. A drop or two of an
aqueous solution, containing 1 part in 130,000 parts of water, introduced

into the eye of a cat is sufficient to produce this effect. When warmed with

sulphuric acid and a small cryst^U of potassium dichromate, atropine

develops a bitter almond odour. Evaporated to dryness on a water-bath

with concentrated nitric acid, it gives a residue which becomes violet on
adding a drop of sodium hydroxide solution in alcohol (Vitali’s test).

With a solution of mercuric chloride atropine gives a yellow to red

precipitate of mercuric oxide.

Of the salts of atropine the sulphate, . HgSO^ . HgO, is that usually

employed in medicine. It occurs as a colourless, crystalline powder,

m.p. 195-6°, when dried at 130°, soluble in water (1 in 0-38) or alcohol

(1 in 3-7), and sparingly so in chloroform (1 in 620) or ether (1 in 2,140).

It can be recrystallised by adding acetone to its solution in alcohol. The
hydrobromide, B . HBr, m.p. 163-4°, forms slender needles, and the

oxalate, Bg . H2C2O 4 ,
opaque warty masses of minute prisms, m.p. 198°.

The platinichloride, Bg . H2PtCle, being soluble in dilute hydrochloric acid,

is not precipitated when atropine hydrochloride is added to platinic

chloride solution containing free hydrochloric acid. On evaporation it is

obtained in monoclinic crystals, m.p. 207-8°. The aurichloride,
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B . HAUCI 4 ,
separates as an oil, but solidifies on standing and may be

rccrystallised from water containing hydrochloric acid. The crystals melt

at 137-9° or below 100° when heated under water. This salt and the

pierate, rectangular plates, m.p. 175 6 °, are well adapted for the

identification of the alkaloid. The methobrornide, m.p. 223-5°, and the

methonitrate, m.p. 166-8°, are ndw both used in medicine.

The constitution of atropine is discussed later (p. 72).

apoAtropine (Atropamine), Ci^HgiOgN. This anhydride of atropine, first

obtained by Pesci,^® and subsequently prepared by Merck, Ilcsse (1893),

and others, by the action of dehydrating agents upon atropine or

hyoscyamine, was isolated as “atropamine” by Hesse (1891) from
belladonna root, the identity of the two being established by Merck.^^ It

crystallises from ether in prisms, m.p. 60°
; is slightl}^ soluble in water,

but readily dissolves in other ordinary solvents except light petroleum.

The hydrochloride forms thin plates, m.p. 237°, and the aurichloride

needles, m.p. 110 °. The base and its salts are optieally inactive, and not

mydriatic. When ^/poatropine is heated alone, or evaporated with

moderately strong hydrochloric acid, it partly passes into belladonnine

(see below), and is partly decomposed into tropine and atropic acid.

Ladenburg prepared it by esterification of tropine with atropic acid.

apoAtropine is, therefore, atropyllropcine.

Belladonnine (Ci 7H 2i02N) 2 . This substance was obtained by
Hiibschmann from henbane berries and was subsequently examined
by Kraut and by Merling who regarded it as isomeric with opoatropine.

According to Hesse when hyoscyamine is heated at 120-130°, it changes

successively into atropine, flpoatropine and belladonnine. Kussner has

prepared it by heating opoatropine at 110° until the bromine titration

ligure is at a minimum, usually about forty-eight hours. The base is then

purified via the hydrochloride, which permits of the removal of any
r/peatropine salt by extraction with chloroform from aqueous solution of

the mixed hydrochlorides, and the crystalline sulphate, from which the

pure base may be recovered and dissolved in hot ethyl acetate from which
it crystallises, m.p. 129°. It does not absorb bromine and is stable to

permanganate, is easily soluble in ethyl acetate, alcohol, benzene or

chloroform, and sparingly so in water or petroleum. It gives Vitali ’s

colour reaction (p. 70). Molecular weight determinations show that it is

a dimeride (C27H2i02N)2. It hydrolyses with alcoholic soda solution at

100° in a sealed tube yielding /9-isatropic acid, m.p. 215-6° and tropine.

The hydrochloride forms spear-like crystals, m.p. 195-6° (dry),

M. and M. Polonovski have shown that Hesse’s (1893)

BELLATROPiNE is a mixture of bases, of which chlorotropane is the chief

component.

Z-Hyoscyamine, Ci7H2303N. This, the most commonly occurring

alkaloid of the group, was obtained by Geiger and Hesse from henbane.

Its hydrolysis into a base and an acid was observed by Hohn and
Reichardt.^® The accepted, empirical formula is due to Ladenburg,^*^ who
showed that it was a physical isomeride of atropine. Hyoscyamine
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crystallises from dilute alcohol in silky needles, m.p. lOS-S"", and is

Isevorotatory, [a]„ —- 22 ^ in 50 per cent, alcohol or — 32*4"^ for the basic ion

as salt in water.^® It is readily soluble in benzene, chloroform or alcohol,

less so i’l ether or cold water. The ordinary salts are crystalline. The

sulphate, Bg . H2SO 4 . 2H2O, m.p. 20G° {dry), [a]j, — 27*8° (HgO),®®

crystallises in needles from alcohol, is bitter, neutral and readily soluble

in water. The h^'drobromide, B . HBr . 2H2O, m.p. 151*8°, forms prisms.

The aurichlorid#*, B . HAL1CI4, m.p. 1G5°, crystallises in golden -yellow,

hexagonal plates from dilute hydrochloric acid
;

unlike atropine

auriehloride, it does not melt when heated under water. This salt is kss

soluble in dilute hydrochloric acid tJian atropine auriehloride, from which

it may be sej^arated by fractional crystallisation. The platinieliloride,

orange-coloured prisms, m.p. 206°, is obtained by spontaneous evaporation

of solutions containing hyoscyamine hydrochloride and platijiic chloride.

The picrate, m.p. 165°, crystallises in plates.

Hyoscyamine is readily converted into the dZ-fonn, atro})ine, by
melting or by the addition of small quantities of caustic alkali to its cold

alcoholic solution. The same change is brought about by sodium
carbonate or ammonia.^®

AVhen heated with acids or alkalis, hyoscyamine undergoes hydrolysis

into tropiric and dZ-tropic acid probably via conversion into atropine, and
it is this alkaloid which is hydrolysed. According to Gadamcr,^^ when
hyoscyamine is hydrolysed with cold water the products are inactive

tropine and Z-tropic acid. Amcnomiya has shown that Ladenburg and
Hundt’s partially synthetic d- and Z-atropines were probably mixtures

of atropine with d- and Z-hyo&cyamines. He resolved dZ-tropic acid into

the d- and Z- forms, esterihed these with tropine in 5 per cent, hydrochloric

acid, and so obtained d- and Z-hyoscyamines, the latter identical with the

natural alkaloid, d- and Z-Hyoscyamines have also been obtained by
Barrowcliff and Tutin by the resolution of atropine by means of d-

camphorsulphonic acid.

Constitution of Atropine and Hyoscyamine, Atropine is readily

hydrolysed by warming with alkalis, dilute acids, or even with water.®®

By heating it with concentrated hydrochloric acid at 130° in a closed

vessel, or with baryta water at 60°, it is completely resolved into

tropine, CgHigON, and tropic acid, C^HioOg.®^ At higher temperatures

the tropic acid first produced loses water and becomes atropic acid, CgHgOg,

accompanied by isatropic acid. M. and M. Polonovski have shown that

the tropeines as a class on prolonged heating with hydrochloric acid or

hydrobromic acid at 140° yield chlorotropanc and bromotropane
respectively.®^

Tropic Acid. The constitution of both tropic and atropic acids is

known from syntheses by Ladenburg et from acetophenone. The
ketone (I) by treatment with phosphorus pentachloride was converted into

a-dichloroethylbenzene (II), and this, by the action of potassium cyanide

in alcohol, into ethoxycyanoethylbenzene (III), which on hydrolysis

yielded cthylatrolactic acid (IV). The latter was converted by strong
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hydrochloric acid into atropic acid (V), and this in turn on addition of
hypochlorous acid gave chlorotropic acid (VI), which on reduction

with zinc dust and iron filings in alkaline solution passed into tropic

acid (VII).

(I) Ph.CO.Me > (II) Ph.CCl2.Me »(III) Ph.(CN)C(OEt).Me ^

(IV) ?h.(COOH)C(OEt).Me > (V) Ph. (C00H)C:CH2 >

(VI) Ph.(C00H)CCl.CH20H > (VII) Ph.(C00H)CH.CH20H

Other syntheses of tropic acid have been accomplished by Spiegel,^*

Muller, Wislicenus and Jiilhiiber,®’ Chambon and Natarajan and
Swamiiia.^®^®^ Of these, the most interesting is the reduction of ethyl

formylphenylacetate (VIII) CHO . CHPh . COOCgHg in moist ethereal

solution by aluminium amalgam to ethyl tropate, from which the acid

(IX) HO . CHg . CHPh . COOH, is obtainable by hydrolysis with baryta.

Mackenzie and Wood obtained low yields by this method, which is

the basis of both the Muller and Wislicenus processes, and recommended
instead the hydrolysis of acetophenonecyanohydrin (X) into atrolactic

acid (XI), conversion of the latter by distillation under reduced pressure

into atropic acid (XII), which was then treated in ethereal solution with

hydrochloric acid and the halogen in the resulting ^-chlorohydratropic

acid replaced by hydroxyl, by boiling the acid with aqueous sodium
carbonate solution, giving tropic acid (XIII), thus ;

(I) Ph.(OH)G(CN) jyie (XI) Ph. (OH)C (COOH) .Me ^

(HI) Ph.C(COOH):CHg > (XIII) Ph,CH(COOH) .CHgOH.

Tropic acid crystallises in prisms and melts at 117°. It contains an

asymmetric carbon atom and can be resolved into d- and Z-forms, which,

according to King,^^ melt at 128-9°, and have [a]i, + 81*6° and — 81*2°

(H2O) respectively.

Tropine, C 3H15ON. This base forms rhombic tablets, m.p. 63®,

b.p. 283°, is soluble in water, ether, alcohol or benzene, and crystallises

from toluene on addition of light petroleum. It is optically inactive and

in aqueous solution is strongly alkaline and readily absorbs carbon dioxide

from the air. The salts crystallise well, the hydrochloride in plates, the

picrate in golden-yellow needles, which decompose at 275°. The auri-

chloride forms golden-yellow plates, m.p. 210 ° (dec.), and the platinichloride

orange-coloured, monoclinic needles, m.p. 198° (dec). The base contains

a hydroxyl group and yields a series of esters called tropeines,^^ some of

which have found application in medicine as substitutes for atropine

(dl-tropyltropeine), e.g. :

—

Airolactyltropeine (0-atropine), a-hydroxy-a-phenylpropionyltropeine,

C17H23O3N. Needles, m.p. 119°.

a.-Hydroxy-p-phenylpropionyltropeine, C17H23O 3N. Rosettes of needles,

m.p. 89-90°.
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Atroglyceryltropeine, C17H23O4N. Rectangular oblong plates, m.p.
124-5°.

Phenylglycollyltropeine {Mandelyltropeirie, hornatropine)^ ^16^210 3N.
This is largely used as a substitute for atropine. It crystallises in

prisms, m.p. 95-5~98*5°. The hydrobromide, the salt usually employed
in medicine, is a crystalline 2>owder, m.p. 217-8° (dec,)

;

the hydrochloride,

m.p. 224-5°, and the salicylate are also used. All three are freely soluble

in water. The methobromide has m.p. 192-6°. The aurichloride,

B . HAUCI4, forms prisms and is sparingly soluble in water. Homatropine,
unlike atropine, does not give the Vitali colour reaction (p. 70). Its

mydriatic effect is more rapid and transient than that of atropine.

Constitution of Tropine, Tropine readily suffers dehydration by the

action of strong sulphuric or hydrochloric acid, forming a new tertiary base,

TROPIDINE,^^ C an oily alkaline liquid, b.p. 162°, having a coniine-like

odour. Tropidine methiodide heated with j)otassiuni hydroxide yields

TROPiLENE, C7H10O, and dimethylamine, the latter affording evidence of

the existence of the grouj3 N . CH3 in tropidine, and consequently in

tropine. By the action of bromine on troj3idine, Ladenburg obtained three

substances, viz., ethylene dibromide, A^-mcthyldibromopyridine and

8 : 5-dibromopyridine. When hydriodic acid reacts with tropine at

temperatures below 150° an iodocomj>ound, CgHi4NI, is formed in

which iodine replaces the —OH group
;
by reduction of this substance

with nascent hydrogen, dihydrotropidine, CgHi^N, results, which has not

been obtained by direct reduction of tropidine. Its hydrochloride, on

distillation, loses methyl chloride and gives rise to nordihydrotropidine,

C7Hi3N, and this in turn furnishes 2-cthylpyridine on distillation with zinc

dust.

The results so far recorded are those upon which Ladenburg chiefly

based his formulae representing tropine and tropidine as A’-methyl-

J^-tetrahydropyridines, substituted in position 2 by the residues

. CH2 . CH2OH (or . CHOH . CH3) for tropine (XIV) and . CH : CH2 for

tropidine (XV) thus :

(XIV) CgH^NMe . CH2 . CH2OH or CgH^NMe . CHOH . CH3.

(XV) CgH^NMe . CH : CHg.

The inadequacy of these formulae became evident when the oxidation

of tropine was studied. With potassium permanganate, in presence of

acid, or with chromic acid, tropine and tropidine give rise to a series of

oxidation products, the interrelationships of which are shown in the

scheme on p. 75.

The most important of these products are the following :

Tropinone, CgH^gON. This substance, first prepared by Willstatter,^®

crystallises in spear-shaped needles, m.p. 41°, b.p. 219-20°/714 mm.,
dissolves in ordinary solvents, is a strong base and has the properties of a

ketone, giving an oxime, m.p. 111°, and a semicarbazone, m.p. 212°. It

is a tertiary base and the methiodide is decomposed by alkalis producing

dimethylamine and ® dihydrobenzaldehyde.^* When reduced by sodium



amalgam, tropinone forms, not tropinc, but ^-tropine (p. 100 ), identical

with that obtained by the hydrolysis of benzoyl- ^-tropine (tropacocaine),

found in coca leaves. When reduced electrolytically or by zinc dust
in hydriodic acid, a mixture of tropine and ^-tropine is produced,
which can be separated by fractional precipitation of the picrates, tropine

picrate being the less soluble (0-46 per cent, in water at 16°). It is possible

in this way to convert tropine into tropine by oxidising the former to

tropinone and reducing the latter electrolytically.^^ Some tropane (p. 87)
is also formed in this reduction.

dl’Tropinic acid, C 8H13O 4N. This oxidation product of tropine and
^-tropine, is a substance of great importance in this group, and its consti-

tution and relation to tropine gave rise to much discussion.^® It

crystallises in small needles, ni.p, 248° (dec,), is soluble in water and almost
insoluble in other media. It is a dibasic acid and yields salts, both with
bases and acids. Its formation by the oxidation of tropine is not explicable

in any simple manner by Ladenburg’s tropine formula, and it was this

difficulty which led Merling to propose his formula for this base. By
crystallisation of the cinchonine salt, d/-tropinic acid can be resolved into

d- and Z-forms.

Tropigenine (nortropine), C 7Hi30N. This product of the action of

potassium permanganate on tropine is a strong base, which crystallises

from ether in cpiourless needles, m.p. 161°
; b.p. 233° (picrate, m.p. 170-1° :
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nitrate, m.p. 186-7°). It sublimes at 100° in vacuOy absorbs carbon dioxide

from the air, and is liberated from solutions of its hydrochloride by silver

oxide, but not by caustic soda. It is a secondary base giving a nitroso-

derivative, and combines with methyl iodide to form tropinc methiodide
showing that in its formation from tropine a methyl group attached to the

nitrogen atom is replaced by hydrogen. When boiled with sodium
amyloxide in amyl alcohol it produces or-0 -tropine {see belozv),

norTropinoney C 7H11ON. This base results from the action of chromic
acid on tropigenine and bears the same relation to the latter as tropinonc

does to tropine.^® It crystallises in deliquescent needles, m.p. 69°, is readily

soluble in water or alcohol, and less so in ether. It furnishes an oxime,

microscopic leaflets, m.p. 181°, and as a secondary amine, forms a nitroso-

derivative, crystallising in needles, m.p. 121 °. On reduction with sodium
amalgam nortropinone yields i/r-tropigenine, which is more appropriately

named or- tropine, since it corresponds with ^-tropine. The same
substance has been obtained by M. and M. Polonovski’s general method
of treating iV-oxides with acetic anhydride and hydrolysing the resulting

acyl derivative : in this way trojmcocaine A'-oxide furnishes 0-beiizoyl-A-
aeetyl-?zor- ^-tropine, which can be hydrolysed to 7/or- 0-tropinc. King
and Ware have also prepared the latter by the action of sodium amyloxide
on Tiortropine (see above).

The formation of these oxidation products, and, in particular, of

tropinic acid, led Merling^^^to represent tropine as a bicyclic system,

composed of a piperidine and a hexahydrobenzene ring with four carbon

'Hfi—CH— CHg

CHOH
I

(XVIa) NMe —CH - CH^

CHo

CHOH

CM©«— CH»
2

,

^

CEOH

I

CHg

(XTIb) NMa—CH — CH^ (XVII) NH CMCg

atoms in common (XVIa or XVIb). Of these two forms Merling preferred

(XVIa) owing to its similarity to Fischer’s triaeetonalkamine (XVII), the

mandelic ester of which exhibits mydriatic properties. Merling’s formula

remained in use until Willstattcr found that tropinone gave a

dibenzylidene derivative (yellow prisms, m.p. 152°) and a series of other

derivatives, which established clearly the presence of the chain

\
C . CHj . CO . dig . C

j
in tropinone and the corresponding chain

;
C . CHg . CHOH . CHg . C

J
in tropine and 0-tropine. To meet this

requirement three formulae were considered (XVIII to XX) for tropine,

of which (XX) was rejected on the grounds that it did not account for the

CHg

CH^ CHOH
I
^

I

(XVIIl)NM®— CH—CHg

CHg—CH— CHg

CHOH

I I

(XIX)CH^CB CHg

.CH — CH*

/I I

*

Mlto CH« CHOH

\l
I

(XX) —

C

CH«

formation of J^ = ®dihydrobenzaldehyde from tropinone methiodide by the

action.of.sodiiun carl^nate, and the production of adipic acid on Godda(;ion.
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of tropilene and by the action of fused potash on methyl tropinate

methiodide.^2 De*cision between (XVIII) and (XIX) became possible on
finding that methyl tropinate methiodide was decomposed by boiling

with soda into trimethylamine, methyl alcohol and an unsaturated seven-

carbon acid, which on reduction with sodium amalgam took up four

atoms of hydrogen forming pimelic acid (XXII). The unsaturated acid

was, therefore, represented by formula (XXI) and tropinic acid by (XXIII),
which establishes (XIX) for tropine and ^-tropine, (XXIV) for tropinone.

CH:CH.COOH

(xn) CHrCH.CHgXOQH

CHj.CHg.COOH

(xni) CHg.CHg.CHjg.COOH

CH9.CU.OOOHp Smte
{XXIII) CH .dl.CH2.OOOH

(XXV) for tropidine and since tropilene, C7II10O, gives a monobenzylidene
derivative and must contain a —CO—CH2— group it is represented by
(XXVI), which was confirmed by Kotz and Rosenbusch, who succeeded

in hydrogenating it to suberone.

"Vf—fa
NMa CO

I I

(XXIV) CHg-CH CHg

QH9-CH CH
2

1
II

NMo CH
I 1

(XXV) CHg-CH CHg {XXVI ) CHg-CH—CH

CE2-CH2-CII2

CO

Willstatter’s formula for tropine was confirmed by his syntheses of

tropidine, tropine and (/f-tro])ine from the heptacyelic ketone, suberone

as a starting-point.^^ Th(‘ latter was converted into the oxime, which was

CO CH2

CHg

CHg-CHg— CB2

^berone

CHg—CH =«»CH

CH9

!

"

CHg CHg— CHg

cycloHqptone

CHo— CHBr— CEBr
I
^ \

CHg-CHg— CH3

c yc

l

oHeptena dlbromlda

-CH CH

CH
I

Dlmethylai&lno-

A -oycloh>pt<>DB

CH—-CH CH

I I

CH

CHBp— CH =«=CH

I
I

CHBr

CHg—CHg— CHg CHg CHg— CHg

eye loHeptndier.i cyc loHeptadlene dlbromlde

(Dlbydrotropilldene ) (Dihydrotropllidene dibromide
;

CH CH—CH

I

OH CHg— CH

CHg— CHBr~CHg
7 8

-CH CH
' ML

1

3CH

6 5 4 I

cm—CH CH CH,--CH— OH

ovcloHePtatrlene Bronocyclolioptadiepo a -MethyItropldine

(Tropilldatto) (Tropilldene iiydrobromide )
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reduced to suberylamine and this transformed by exhaustive methylation

into e^cZoheptene. The latter was brominatcd and the ci/cZoheptene

dibromide heated with dimethylamine in benzene, forming dimethylamino-

J^-ct/cZaheptene, which by exhaustive methylation and subsequent distilla-

tion, yielded q/eZoheptadiene, identical with dihydrotropilidene, obtainable

from dihydrotropidine. The hydrocarbon was in turn converted into the

dibromide, and this, by heating with quinoline, transformed into a

c^cZoheptatriene identical with tropilidene, from which, on adding hydrogen

bromide in acetic acid, bromoci/cZoheptadiene was formed. This substance

reacts with dimethylamine, forming dimethylaminoci/cZoheptadiene,

identical with a-methyltropidine, obtained by Merling by the distillation

of tropidincmethylammonium hydroxide.

Hofmann had shown in 1881 that by the action of hydrochloric acid

on dimethylpiperidinc, methyl chloride and methylpiperidinc result
;

Merling in reinvestigating this reaction found that, not methylpiperidinc

but the isomeric 2 : 6-dimethylpyrrolidine was formed. In the ease of a

substance represented by the formula give^n above for a-methyltro})idine,

if either of the carbon atoms 4 or 5 be chlorinated and the resulting product

distilled, such intramolecular methylation might occur with the production

of tropidine. This method ofreproducing tro]>idine from a-methyltropidine

had already been employed by Merling, but on repeating the experiment

Willstattcr was unable to obtain a pure tropidine and so had recourse to

the use of a-methyldihydroti*opidine (J^-methyltropane), formed by the

reduction of a-methyltropidine with sodium in alcohol. This was converted

into the dibromide by bromine dissolved in hydrobromic acid, and the

latter warmed in ethereal solution, when it changed into broniodihydro-

tropidine methobromide (bromotropane methobromide), which when
warmed with alkali lost a molecule of hydrobromic acid, forming tropidine-

methobromide. This, by the action of potassium iodide, passed into the

corresponding methiodide, and the latter by digestion with silver chloride

gave the methochloride, which on heating furnished tropidine.

M(CHg)2

CHg

CB^—CH—“ CH CBg CH ^ CHBr —CH CH

thyldIhydro* Bronodlhydrotropidine Tropidine
tropidine methobromide .

The conversion of a-methyltropidine into tropidine methiodide was
subsequently achieved in another way,®^ By saturating a solution of the

base in hydrochloric acid with hydrogen chloride, the elements of the latter

were added on in the ^^-position and the product on treatment with
sodium carbonate solution yielded methyl-^-tropine. The latter was
wxt brojninated in positions 4 and 5, The dibromide, thus formed,

- rzp CH CH-

I P
BrJlC: CH-

I^CE, P

% -CH- •?H8

N.CH_ CH
I

®
II
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undergoes spontaneous isomerisation into bromo-^-tropine“methyl-

ammonium bromide, and this on reduction with zinc dust and hydriodic

acid yielded, not, as was expected, tropine (or i^-tropine), but, by elimina-

tion of water and bromine, tropidine methiodide, from which tropidine

can be obtained as already stated.

cHg-

3CHOH

CHg— CHBr ^GHBr

Uethyl- V^ -tropine
dlbromlde

This synthetic tropidine was converted into bromodihydrotropidine

by hydrogen bromide in acetic acid, and the solution heated with 10 per

cent, sulphuric acid at 200-10°, when it passed into 0-tropine,®® and, since

this may be partially converted into tropine by oxidation to tropinone and
reduction of the latter by zinc dust and hydriodic acid,^^ this series of

reactions affords a complete synthesis of tropine and of the tropeines.

Combining the formula given above for tropine with that of tropic acid,

atropine and hyoscyamine are represented as follows :

€-
1

0—

CBDH
t

^
i

N .Me.l CH
1

2
1III 1

CHg— CH CHBr (3Hg CH CH
2

Bromo- ^-tropine- Tropidine methiodide

mthylammonium
brozDlde

CHr— CH-

OH^-

N.CH

I

’

-OH

I

=

GH,0,C0 'CH
^CHgOH

Atropine (dl-tropyltrop^ine) and Hyoscyamine (l-tropyltropcJine).

• In norh> oscyamine and noratropine (p.r83) this -CH, group is replaced by -H.

The importance of tropinone as a possible starting-point for the

production of the therapeutically valuable alkaloids atropine, hyoscyamine,

cocaine, tropacocaine and the artificial tropeines (p. 73) led Robinson to

consider the possibility of preparing this substance by a simple method.
Starting with the idea that the formula for tropinone (XXX) may be

regarded as made up of the formulae of the residues of succindialdehyde

(XXVII), methylamine (XXVIII) and acetone (XXIX), he found that a

mixture of these substances in water, when allowed to stand for thirty

minutes produced tropinone, which could be detected by means of its

characteristic dipiperonylidene derivative (bright yellow needles, m.p.

214°).

A better yield was obtained when, in place of acetone, calcium

acetonedicarboxylate was used, the initial product in this case being

calcium tropinonedicarboxylate, from which the free dibasic acid is readily

isolated and can be decarboxylated by heating in acid solution, yielding

tropinone. This idea was taken up in (Germany, and a number of processes

for the production of tropinone derivatives have been described, mostly in

patent literature. According to Willstatter and Pfannenstiel,^® a yield of
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'

^
1 i

1 1

^

-f. me + QO 'NMe CO

^2 1 T T 'I 1

CHO H CHg CH^CH-^CHg

(XXVIl) (ZXVIII) (XXIX) (2XX)

( IHg • CO • CHg • 0OgE^ JfeC.CHg.COgEt
1

+ NH^Me —> NMe —>
1

CHg-CO.CHg.COgEt Cai^C.CHg.COgEt

(XXXI) (2XXII)

CHg—^ C«, COgEt

I^e
|0

CHg—CH CHg

(XXXIV)

t
CHg CH • CHg • COgEt

NMe
I

CH^CH.CHg.COgEt

(XXXIII)

about 60 per cent, of acetonediearboxylie acid ran be oblfiined by treating

citric acid with fuming sulphuric acid and the potassium-potassio derivative

of the ethyl ester of this acid, on electrolysis furnishes ethyl

succinyldiacetate (XXXI), which reacts with methylainine acetate to give

ethyl A^-methylpyrrole-2 : 5-diacetate (XXXII), which is then reduced to

the corresponding pyrrolidine ester (XXXIII)
;

the latter, probably a

mixture of the m- and cis-irans isomerides, of which only the m-form is

suitable for further ring closure, when heated in cymene solution with

sodium, is condensed to ethyl tropinone carboxylate (XXXIV), and the

latter, on boiling w^ith 10 })er cent, sulphuric acid yields tropinone (XXX),
from which tropine and (/»-tropine can be obtained, as already described.

The pyrrolidine ester (XXXIII) has recently been prepared by Karrer

and Alagil by a new^ method, and van de Karnp and Sletzinger ha\c
found that under certain conditions tropinone can be hydrogenated to

tropine w ith little or no ^-tropine.

Mannich and Veit obtained a 60 per cent, yield of dimethyl tropinone-

2 : 4-dicarboxylate by heating together dimethyl acetonedicarboxylate,

methylamine hydrochloride and succindialdehyde, and Schopf and
Lehmann have shown that the conditions under which Robinson’s

synthesis is carried out affect the yield considerably
;
thus, using succindi-

aldehyde, methylamine hydrochloride and acetonediearboxylie acid in

appropriately buffered solution at pH 8-11 and temperature varying from
20-25°, yields of 47-86 per cent, of tropinone can be obtained. Under
these conditions tropinone itself is formed, but when the pH is changed
to 18 tropinonedicarboxylic acid is produced, so that, although the direct

yield of tropinone falls to 5 per cent, or less, a further indirect yield of

about 65 per cent, is obtained after decarboxylation. Keagle and
Harting have investigated methods for the preparation of the primary

materials and optimal conditions for the condensation and have begun
the preparation of a series of A^-homologues of tropinone by their modified

method.
Using maleic aldehyde, acetonediearboxylie acid and methylamiije

hydrochloride in aqueous solution, in presence of sodium acetate,

Preobrazhenskii, Rubtsov, Dankova and Pavlov have prepared tropenone^
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CgHijON, m.p. 40™40-5°, giving a picrate, m.p. 191-191-5® and a dipiper-

onylidenc derivative, m.p. 206- 206*5®.

Though the dialdehyde-tropinone synthesis docs not succeed when the

dialdehyde is replaced by a diketone, Blount and Robinson have shown
that 1-methyltropinone (XXXV) can be obtained hy the interaction of the

keto-aldehyde, la'vulinaldehyde, Me . CO . CHg . Cllg . CHO, with
methylamine and calcium acctonedicarboxylatc, and from this by reduction

to l-methyl-0-tropine and benzoylation, 1-mcthyltropacocaine (b.p.

210®/15 mm.
;

picrate, m.p. 163-4®) has been prepared.

(xm)

a' .CH—CH.CO2R Me.CH-C(C02Me)^

NMe jCO nr'" |o

c%—

1

h

—

-cs^ (xmi) R' .CH CH.CO2R (mVII)Me.CH-C(C02Me)^

H

H

2

e

2

Connected with these syntheses is Mannieh’s development of an
observation hrst made by Petrenko-Kritschenko and Zoneff on the con-

densation of ammonia and amines with benzaldehyde and dimethyl

acctonedicarboxylatc to substituted pipcridones. By the interaction of

acetaldehyde with primary amines and either methyl acctonedicarboxylatc

or potassium methyl potassioacetonedicarboxylate, Mannich has prepared

a number of substituted pipcridones of the type represented by (XXXVI),
in which the pyrrolidine ring of tropane is replaced by two alkyl groups to

produce “ o])cn ” tropines or ecgonincs, from which corresponding
“ trcpcines ” and “ cocaines ” have been prepared, the former showing

mydriaitc and the latter local anjesthetie action. Mannich and Veit

have ai'-^o produced a variant on the tropane and granatane types by
condensing meth} 1 4-keto-l ; 2 : 6-trimethylpiperidine-3 : 5-dicarboxylate

with formaldehyde and methylamine hydrochloride to methyl 9-keto-3 :

6:7: 8-tetramethyldipidinc-l : 5-dicarboxylate (XXXVII).
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worHyoscyamine, CigHgiOgN. Carr and Reynolds ^ have shown that

this alkaloid occurs in minute quantity in Scopolia japonica, Datura Metel,

D. meteloides, Duboisia myoporoides and Mandragora verualis
;
and Petrie

has found it in Solandra longiflora from which he first described it under

the name “ solandrine.” ^

The alkaloid may be separated from accompanying hyoscyamine by
extracting most of it with ether and then crystallising the mixed oxalates

from water, that of ^lorhyoscyamine separating first. It crystallises in

colourless prisms, m.p. 140®, [a]p — 28-0® (50 per cent. EtOH), is soluble

in alcohol or chloroform, less so in ether or acetone, and sparingly in water
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(1 in 270 at 14°), and is a strongly alkaline base. The hydrochloride,

B . irci, forms rosettes of needles, m.p. 207°
;

the sulphate,

Bg . H2SO4 . SHgO, silky needles, m.p. 249°
; and the oxalate, Bg . HgC204,

long prisms, m.p. 245-6°, soluble in water (1 in 20 at 15°). The aurichloride,

B . HAUCI4, forms yellow scales, m.p. 178-9°
; and the platiniehloride,

Bg . HgPtClg . SllgO, forms handsome, reddish-yellow prisms of indefinite

melting point. The picrate crystallises in needles, m.p. 220°. ??orHyoscy-

amine yields a nitrosoamine, and is converted by methyl iodide into

hyoseyamine. In presence of alkali it undergoes raeemisation to

rioratropine {see below), and on hydrolysis by baryta water yields tropic

acid and nortropine already described (p. 75).

norHyoscyamine closely resembles 0-hyoseyamine isolated from
Duhoisia myoporoides by E. Merck,® and later from Mandragora officinarum

by Hesse *
; and Carr and Reynolds suggest that they are identical.

norAxROPiNE, CigH2i03N. This raeemisation product of norhyoscy-

amine, crystallises from dry acetone, and has m.p. 113-4°. It is readily

soluble in alcohol, chloroform or ethyl acetate
;

less so in ether, acetone

or water
;

is optically inactive, and forms a monohydrate, m.p. 73°. The
hydrochloride, B . HCI, forms silky filaments, m.p. 193°

;
the sulphate

Bg . H2SO4, long needles, m.p. 257°, from water
;
the aurichloride occurs

in dull rosettes of opaque, yellow needles, m.p. 157°, and resembles atropine

aurichloride in melting under water. The picrate crystallises in needles,

m.p. 227°. On treatment with methyl iodide noratropine is converted by
A’-mcthylation into atropine. The relationship of 7iorhyoseyamine and
noratropine to hyoseyamine may be represented as follows :

—

CEg-CH—CHg CgHg

NH CH-O-CO-CH

I I I

OHg-CH—CHg CHg-OH

CHg-OH—OTg ?6®5

CHg-CH

NUe CH-O-CO-CB

•OH

norgyoaoyanlne or norAtroplne Hyoseyamine oir Atropine

Mandragorine. An alkaloid so named was isolated by Ahrens ® from
the root of Mandragora officinarum, a plant which, in the form of “ wine

of mandragora,” was probably the first anaesthetic used in surgical

operations.® Thoms and Wentzel ’ showed that Ahrens’s mandragorine

was a mixture of hyoseyamine and hyoscine, with perhaps a minute

quantity of a third alkaloid. Hesse, however, stated that this root

contains, in addition to hyoseyamine and hyoscine, 0-hyoscyamine

(probably norhyoscyamine, see above), and a new mandragorine,

which forms a crystalline aurichloride, m.p. 124-6°, and on

hydrolysis yields tropic acid and a base resembling tropine.®

Meteloi^ne, C13H21O4N, was found by Pyman and Reynolds in Datura

meteloides,^ It crystallises from benzene in tabular needles, m.p. 141-2°,

Md ± 0°, is readily soluble in alcohol or chloroform, sparingly so in water,

ether or benzene. The hydrobromide, B . HBr . 2H2O, occurs in chisel-

shaped needles, m.p. 250° (dry) ;
the aurichloride, B . HAUCI4 . JHgO,
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forms short yellow needles, m.p. 149-50°
; the picrate has m.p. 177-80°.

Meteloidine is physiologically inactive.

On hydrolysis by baryta the alkaloid is resolved into tiglie acid,

CHgCH : C(CH3 )
. COOH, and a base, teloidine, CgHisO^N, HgO, which

crystallises from boiling acetone diluted with a little water in chisel-shaped

needles, m.p. 168-9° {dry). It is not volatile
;

the hydrochloride, m.p.

above 300°, hydrobromide, m.p. 295°, and aurichloride, B . HAUCI 4 .

m.p. 225°, are all crystalline. King has suggested that tropine,

CgHjgON, oscine, CgHigOaN, and teloidine, CgHi^OgN, are related to each
other in the following way :

—

QH-CH- -CB,

N.CE, CEDE
I 3 I

CHg-CH

Tropine

CH CE-CBg-CB

NMe

I

OaOB—CB CB
s

Oscine

(5)

-CH—CH.0Hf2)

KMe

Teloidine (King)

•CH CH.OHO)
(7)

Hyoscine {Scopolarn.me, Atroschie), C17II21O4N. The name hyoseine

was first used by Hohn and Reichardt for the basic hydrolytic product

of hyoscyamine, now" know’ii as tropine. It was subsequently used by
Ladenburg for a supposed isomeride of atropine, Ci 7

H230 3N, isolated

from the mother Ii(iuors of’hyoscj^amine. This was found by Schmidt,

Hesse and others to be identical with scopolamine, C17H21O 4N, obtained

by Schmidt from Scopolia japonica^^ The name hyoscine has priority

and is in use, but scopolamine is also employed, especially in Germany.
The alkaloid can usually be obtained from the mother liquors of

hyoscyamine, but Datura Metel, in which hyoscine is the chief constituent,

was the better primary source but may now prove less valuable than

selected Duhoisia spp. (p. 66 ). A process of manufacture has been

described by Chemnitius,^^ and a method for the recovery of /-hyoscine

from racemised base by Schukina et aL^^ A method for its estimation in

presence of opium alkaloids has been devised by Wallen and Callback.

The free base is a syrup, soluble in ordinary solvents, least readily in

light petroleum or benzene. It is laevorotatory — 18° (EtOH),
— 28° (HgO). The hydrobromide, B . HBr . SHgO, m.p. 193-4° (dry),

Wi) — .15-72° (EtOH), — 25-93° (anhydrous salt : HgO),^® forms rhombic

tablets, is readily soluble in water or alcohol, sparingly in chloroform,

insoluble in ether. It is bitter and acrid to the taste, and is slightly acid

to litmus. This salt is that mostly used in medicine. The aurichloride,

B . HAUCI 4 , m.p. 208-9° (dec.) crystallises in needle-shaped growths

serrated on both edges. The auribromide, B . HAuBr4 ,
m.p. 191-2°,

forms long, rectangular, chocolate-red leaflets from boiling 2-5 per cent,

hydrochloric acid. The picrate crystallises in slender, primrose-yellow

needles, m.p. 187-8°
;

but on recrystallisation from boiling water, forms

flat irregular six-sided scales, m.p. 187*5-188-5° (191-2° corr.).

Hyoscine, like hyoscyamine, is readily racemised by dilute alkalis, and
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commercial hyoscinc hydrobromide not infrequently contains some
optically inactive salt. Hesse isolated from such material an optically

inactive alkaloid, isomeric with hyoscinc, which he named Atroscine.
According to Schmidt, this substance is dMiyoscine

;
and Gadamer

showed that Hesse’s atroscine and Schmidt’s dZ-hyoscine were respectively

di- and mono-hydrates of the same alkaloid. dZ-Hyoscine may be prepared
by the action of dilute sodium hydroxide solution in alcohol, on the

l(evo-£orm at atmospheric temperature. Merck has stated that hyoscine

hydrobromide from henbane seed has a rotation of — 24 ° to — 25 °, whilst

that from Scopolia rhizome has a rotation of — 13 *47 °, due to the presence

of racemic base. From such material, according to Gadamer,^® the

optically inactive alkaloid can be separated by adding sodium carbonate

to an aqueous solution and extracting with a mixture of chloroform and
ether. On rubbing the residue with alcohol and water and cooling, the

dihydrate (Hesse’s atroscine), rosettes of needles, m.p. 37-8 °
(
36-7 °

Hesse
;
prisms, 38-40 ° King) forms, whilst seeding with the monohydrate

(Schmidt’s dZ-hyoscine) leads to the separation of the latter form in

monoclinic needles, m.p. 56-7 °. King prepared from residues accumu-
lated in the manufacture of Z-hyoscinc, the dextro-form of the alkaloid,

and by combining this with an equal weight of the Ifevo-isomeride, obtained

the dZ-form, and was thus able to characterise the three forms of the

Derlvatlt® jUBytjaeliia ^-Hyoeolne dl-Hyoselne

Baae Charseteir Syrup syrup Prlsna ecmtslnliv;

2B 0, Jn.p. 38-40®

(eOrr.). Anhydreus
•ubetanee, syrup^^.

Hfdrobromido Character Rhonblc RhoxQbio Bhombio tablets with

tablets with tablets with 38.0. efflorescent.

5H,0 3B 0

M.p. (dry 193-194® 193-194® 181-182®

salt) 197-198® 197-198® 185-106® (oorr.)

W (dry

(oorr.) (pgrr.)

•alt in -25.9® +26.3® -

vatar)

.

riarat« Character Slender Slender HmUm.
loatted netted
needles. needles.

M.p. 187-188® 187-188® 173.5-174.5®
191-192®

(oorr.) ^3
177,5-178,5 (oorr.)

Asirlelilorlde Character Beedles, Keedlea, Beadles, one edge

both edgee both eddies serrated.

•errated •errated

M.p. 204-805® 204-205® *14-»16®
800-809®

(oorr.)**

808-80®°

(Qwr.)**
j

218-21.® (oorr.)

Auribronite Character Chocolate-
red leaflets

Chocolate-red leaflets

u.».

i

i

187-188® -

191-192®

(oor£.)*®

213-214® (oorr.)*®
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alkaloid and some of their chief derivatives {see table on p, 85). The
reactions of hyoscinc arc for the most part similar to those of atropine and
hyoscyamine, but it gives a white precipitate with mercuric chloride. It

may best be distinguished from these alkaloids by means of its aurichloride

or pi crate.

When warmed with barium hydroxide, dilute alkalis or acids, hyoscinc
is hydrolysed, yielding tropic acid and a new base, CglljaOgN, oscinc or

seopoline. Depending on the conditions of experiment, the tropic acid

obtained may be either the pure Z-form or the partially racemised acid
;

but the oscine obtained is invariably inactive.

It appeared to follow from this that the three known forms of hyoscinc

are respectively Z-tropyl-dZ-oscine, d-tropyl-(Z/-oscine and (ZZ-tropyl-dZ-oscinc,

the optical activity of the first two being conditioned solely by the activity

of the tropyl radicle. This subject was discussed by King,^^ who confirmed

(I) Ph-CH-CX)2-CgH^0N {II ) Ph^CH-COg-CgH^gON (III) Ph-C-COg-CQHj^gCJN

his own results, arrived at from the resolution of cZZ-hyoscine by means of

d-a-bromo-TT-camphorsulphonic acid, by converting Z-hyoseine (I) into

jS-chlorohydratropyloscine (II), and then into aj^ahyoscine (III) (thus

destroying the asymmetry of the tropyl radicle), and showing that the

resulting apohyoscine was not only inactive, but could not be resolved into

optically active forms. The same author has shown that oscine can be

resolved into d- and Z-forms ; and some years previously benzo3doscine

had been resolved by Tutin.^’

Oscine, C8H13O2N. This substance, for whicli the name scopoline

is in use in continental Europe, was first examined by Hesse and later by
Luboldt.2® It forms colourless, hygroscopic prismatic crystals, m.p. 109°,

from ether or light petroleum, and boils at 241-8°. dZ-Oscine has been

resolved into the d- and Z-forms by King by crystallisation of the

d-hydrogen tartrates. The characters of the three forms of oscine and of

their picrates and hydrochlorides are tabulated on p. 87.

Up to 1915 it had been established that oscine was a tertiary base,

containing one hydroxyl group, and that the second oxygen atom was
probably present in an etheric linkage. It was also known that on oxida-

tion with chromic acid, oscine furnished scopoligenine, C^HioOg : NH,
analogous with the tropigenine (nortropinc) yielded by tropine. Schmidt

observed that on heating at 130° with excess of saturated hydrobromic

acid, scopoline formed hydrobromoscopoline hydrobromide,

C8Hi402NBr . HBr (plates, m.p. 202°), which on reduction yielded dihydro-

scopoline, CgHjgOgN (aurichloride, m.p. 200-1°). The latter was sho\yn

to contain two hydroxyl groups and on oxidation with chromic acid gave

a dibasic acid^^ (scopolic acid, Hess), eventually identified as A^'-methyl-

piperidine-2 : 6-dicarboxylic acid (VIII) by means of its methyl ester

methiodide, first prepared by Willstatter and Lessing,^® thus indicating

that dihydroscopoline is a dihydroxytropane (IX), which brings it into
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Derivative Charaoteriatloa L-Oacine ^-Oacino dL-Oecine

Base Crystalline Needles Needles Needles or tablets.
fom.

M.p. 100.5® 109.5® 109-110®
in water ' -52.4® + 54.8® -

Plorate Cryatalline Dimorphous

:

DiJnorphoua; Flattened rbosaba
form. rhombs and rhombs and

needles needles
M.p. 237-238° 237-238® 237-230®

Hydrochloride Crystalline Prisms in Prisms in Prlams in warty
form. warty naaaes warty maaeea massea (anhydrous)

Deliquescent Deliqueaeent Tablets (hydrated)
M.p. 273-274®

281-282®
273-274® 273-274®

Wjj (basic ion)

(corr.)
+24.0®

in water

dose relationship with tropinc. Hess and his collaborators obtained

and synthesised the same acid independently and drew the same conclusion

regarding dihydroseopoline, which Hess confirmed by showing that, on

reduction with hydriodic acid and phosphoniurn iodide at 200°, it yields

TROPANE, CglligN (X), b.p. 167°, I)’"' 0-9259, w”*'' 1-47950, platinichloride,

B2 • H2PtCl6, bright orange-red needles, m.p. 219° (dec,), 229-30° {dec,

Hess), aurichloride, B . HAUCI4, small, thick })risms, m.p. 242-3° {dec.),

picrate, m.p. 281° {dec.), Tropanc has been synthesised by Coleman and

Carnes^^^®^ by the action of sulphuric acid at 65° on A^-chloro-iV-

methylc^doheptylam ine

,

In oseine, therefore, one oxygen atom must be attached to carbon atom

6 or 7 as a hydroxyl group and the second must form an oxygen bridge

between 7 or 6 and another carbon atom in the ring. Hess investigated

dZ-scopoline (dZ-oscine) by Hofmann’s method in the hope of determining

this point of attachment.^® Unfortunately the reactions did not proceed

smoothly : the products showed that the nitrogen bridge is not alone

affected, the oxygen bridge being ruptured and reconstituted : substances

containing two ethylenic linkages are formed and an 0-methyl ether was

one of the end products. Hess suggested that the oxygen bridge must lie

CH*-~CH.C00H
I

I

CB« NMe

' i
-CH,(

r I

CH^ NMo

-CH— CH.OH r 1

CHg NMe

(Till) CHg~CH,C00H (IX) CHg—CH—a|.0H (X) CHj^H

CHp CH GH1*1/
CHq MeN 0

r 1 /
(XI) CHg 0 CH.OH (XII) CHg— CH— CH,0H

CBa> CH— CH^
1*1

I

®

BO.CH MMe

i
I

CH^-CH—(nil) cBg- CHg
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between positions 5 and 7 (XI), to account for its rupture in the first stage

of the operations. Gadanicr and Hammer,®^ repeating this work with th(‘

optically active forms of oscine. found that their results could be better

explained by an oxygen bridge between positions 8 and 7 (XII), a suggestion

first made by King and subscciuently accepted by Hess and Wahl,^’ who
provided an explanation of the course of tl>e Hofmann degradation on this

basis. This formula makes one attachment of the second oxygen atom in

scopolinc similar to that of tropine (XIII).

These results left unexplained the observation that while oscine and
benzoyloscine can each be resolved into two optically active forms,

d/-hyoscinc can only be resol into two forms, the optical activities of

which are conditioned by the tropyl radi(‘le. King suggested that this

might be due to the basic residu(‘ in hyoscinc having a symmetrical and,

therefore, different configuration from that of oscine and capable of

yielding the latter on hydrolysis, but preferred to regard the J- and
t-hyoscines as partial racemates. Hess and Walil were unable to

synthesise either Z-hyoscine (from Z-tr(.)pic acid and dZ-oscine) or apahyoseine

(from atropic acid and oscine), but did prepare by reduction of apehyoseine,

a deoxyhyoscine, which occurred in only one raecmic form, although on
hydrolysis it furnished dl-oscine and deoxytropic acid (phenylpropionic

acid). On the other hand, they found that esterification of dZ-oscine with

dZ-deoxytropic acid produced two racemic alkaloids (dcoxytropyl-

scbpoleines) neither of which was identical with deoxyscopolamine. To
explain these facts, they adopted King’s first view that in hyoscine the

amino-alcohol is symmetrical and is converted into oscine during hydrolysis.

This idea was shown to be correct by Willstatter and Berner,^® who found
that hyoscine is slowly hydrolysed by pancreatic lipase, in presence of

ammonia-ammonium chloride as a buffer, to scopine, CgHjaGgN (with

partial conversion of the latter into oscine), which is the real basic com-
ponent of hyoscine. Scopine crystallises in long needles, m.p. 76°, is

optically inactive and is readily converted, by heat or by the action of

acids or especially of alkalis, into oscine. The hydrochloride crystallises

in leaflets, and the picrate in thin leaflets, m.p. 231°. Scopine is clearly

distinguished from oscine by the characters of its platinichloride and
aurichloride.

Platinichloride Aurichloride

Scopine . HgPtCle . 2H2O B . HAuCl* . iUfi
Long, domatic prisms, m.p. 219°. Small prisms, m.p. 216° (dec,),

Oscine B^ . H^PtCle . H*0 B . HAuCl* . iH,0
Plates, m.p. 203°. Prismatic plates, m.p. 220° (dec,),

M. and M. Polonovski found that when scopolamine is treated with

hydrogen peroxide, there is formed in addition to scopolamine iV-oxide

Wd (HgO), [B . HBr, m.p. 153°] the quaternary base scopinium,

isolated in the form of its bromide, m.p. 209-10°. The latter is reduced

by sodium amalgam to a tertiary base, stereoisomeric with scopine and
related to the latter as ^-tropine is to tropine and, therefore, named
^-SCOPINE. It yields crystalline salts ; B • HCl, m.p. 257-8°^ aurichloride,
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m.p. 239-40'', platinichloride, m.p. 228°, picrate, m.p. 234° and, unlike

scopine, is stable to acids and alkalis. When treated with silver oxide,

scopinium bromide is decomposed into rnethylamine and //i-hydroxybenz-

aldehyde ; these two j^rodiiets are also formed wiien ^-scopine is oxidised

with chromic acid, probably through seopinone as an intermediary. With
alkaline barium permanganate i/f-seopine is converted into nor-i/f-scopine.

The formula of hyoscinc ma}- now be written as tropylseopine

(tropylscopcine by analogy with the tropeines) and the relationship of

scopine to oscine, teloidine and tropine, the other principal hydrolytic

products of this group, are shown by the following formulae.

CH.OH—CH—CH?

r N
NMe CH.OH

a
I s :i

CH.OH—CH--CH2

Oscine Teloidine

dZ-norHyoscine (dZ-7iorScopolamine), CjgIIi^04N. Tliis alkaloid was
found in the residual liquors from the manufacture of hyoscine.^® It

forms silvery filaments, m.p. 101-3°, [ajj, 9°, is converted b}^ methyl

bromide to hyoscinc methobromidc, m.p. 216-7° and hydrolyses to

d/-tropic acid and rioroscine (no7*scopoline), the latter characterised as the

aurichloridc, m.p. 242°.

ALKALOIDS OF DUBOISIA MYOPOROIDES
The variations in alkaloids recorded for this species have been stated

already (p. 66). The following account refers to four alkaloids (Barger

et ah, ref. 28, p. 68) which have so far been observed only in this species

Tigloidine, CigHgiOgN. The hydrobromide of this syrupy base forms

tabular crystals, m.p. 284-5°, [a]„ ± 0°
;

picrate rectangular plates,

m.p. 239° from dilute alcohol ;
the aurichloridc, golden-yellow plates,

m.p. 218*5-214° and the methiodide, square plates, m.p. 244-5°. The
base is unsaturated ; the hydrobromide on hydrogenation yields

dihydrotigloidine (picrate, m.p. 134*5°), anci on treatment with bromine in

chloroform produces dibromodihydrotigloidine, m.p. 187° (dec.). On
hydrolysis by boiling with barium hydroxide in water, tigloidine furnishes

tiglic acid and ^-tropine (p. 100), and this evidence that it is tiglyl-^-

tropeine, was confirmed by synthesis of the latter. Tiglyltropeine

hydrobromide, prepared for comparison, had m.p. 207°
; the picrate

melted at 200°.
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Valeroidine, C13H23O3N. This occurs in colourless, nacreous plates,

m.p. 85°, [a]f?“ — 9-0° (e ~ ^ ; EtOH) or — 4° (r “ 5 ; IlgO). It yields

a hydrobromide, needles, m.p. ]70-2°, + 5° (e ~ 20
; HgO), a picrate,

m.p. 152-3°, a methiodide, m.p. 205-5°, and an acetyl-derivative of which
the hydrobromide has m.p. 197°.

Treatment of valcroidine hydrobromide with thionyl chloride in an
attempt to replace the hydroxyl group by chlorine resulted in

demethylation with the formation of novvaleroidine

,

a syrup yielding a

crvstalline hydrobromide, CioHaiOgN . IIBr, m.p. 270°, + 1° “ 20

;

HP) and furnishing valcroidine methiodide on treatment with

methyl iodide. On hydrolysis, by boiling with barium hydroxide in water,

valcroidine yields ^Awaleric acid and dihydroxytropane, the latter identical

with the product from coca leaves (p. 100 ). On oxidation with perman-
ganate in acetone valcroidine yields worvalcroidine {see above) and a new
base, C13H13O 4N, m.p. 136°, — 16-6° (c = 7 - 4 : EtOIl). which on
boiling with hydrogen chloride in alcohol is conv erted into 7?arvaleroidine

and is regarded as formed by the oxidation of the methyl group attacdied

to nitrogen, to a earbamic acid (a), which then loses water to form an

inner urethane {h) as represented by the following partial formuhe -

(a) HO . CH CH-N(COOH)-C H-C IL, v {h) ( H ClI N(CO)~ClI-Cir
2 .

I

o

It is suggested that in valeriodine the free hydroxyl group is at C® or C"^,

as in the above partial formula?, and the esterified hydroxyl group at C^,

as is usual in this series (e/. hyoscyamine, p. 79).

Base Z, C12H21O 2N. This name was provisionally applied to a syi’upy

base which yielded a crystalline oxalate, Bg . H2C 2O 4 ,
m.p. 296-7°, a

hydrobromide m.p. 219-20°
; + 2-9° (c = 6 ; HgO), a methiodide

m.p. 301°, and a picrate m.p. 172°. On hydrolysis it furnished nortropine

(tropigenine, p. 75) and a liquid acid, eventually shown to be a mixture of

isovaleric and d-a-methylbutyric acids. Base Z is therefore a mixture of

i^ovalerylnortropeine (which has been named poroidine) and d-a-methyl-

butyrylriortropeine (i^oporoidine). Separation has not been effected but

the two components have been synthesised and described.

Poroidine^ CigHgiOgN. The synthetic product was isolated as the

hydrobromide, colourless plates, m.p. 224-5°. A mixture (10 parts) of

this with synthetic i^oporoidine hydrobromide (1 part) had m.p. 220 °

which was not depressed by addition of the hydrobromide of either natural

or racemised “ base Z.” The other salts prepared included oxalate,

m.p. 801-2°, picrate, m.p. 172° and methiodide, m.p. 289°.

isoPoroidinCy CigHgiO^N. The natural product is the d-form but only

the synthetic dZ-form was described. It was isolated as the hydrobromide,

m.p. 201-2 °. The picrate has m.p. 188°, the methiodide, m.p. 295° and
the oxalate B 2,H2C204 ,

m.p. 296-7°.
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ALKALOIDS OF CONVOLVULUS PSEUDOCANTABRICUSy Schrenk

The seeds eoniain about 0*5 per cent, of alkaloids, from which Orekhov
and Konovalova (p. 69, ref. 33) have isolated four components by
fractional crystallisation of the crude mixed hydrochlorides.

Convolvine, CigH2i04N. This, on hydrolysis by alkalis, yields nortropine

and veratric acid, and is, therefore, veratroylnortropine. It has m.p. 115°

and yields well-crystallised salts
;

hydrochloride, B . HCl, m.p. 260-1°
;

oxalate, m.p. 265-6° (dec.)
;

nitrate, m.p. 212-3°
;

picrate, m.p. 261-3°
;

and aurichloride, m.p. 217°. It has local anaesthetic properties.

Convolamine, C17H23O4N. This alkaloid is hydrolysed by boiling

alcoholic potash into tropine and veratric acid, and is, therefore, veratroyl-

tropine. It has m.p. 114-5° and yields a picrate, m.p. 263-4° (dec .)

;

aurichloride, m.p. 201-2°
;

platinichloride, m.p. 216-7°, and methiodide,

m.p. 273-5°.

Convolvidine, C32H42O8N2 or C33H44O8N2. This is also a veratroyl

ester, but the alkamine (m.p. 274-6°
;
picrate, m.p. 229-31°) has not been

identified. The alkaloid has m.p. 192-3°, [a]j, i 0 °.

Convolvicine, C40H 4
QN2 ,

b.p. 250-60°/760 mm., yields a picrate,

m.p. 260-2°.

Dioscorine, C13H13O2N. This alkaloid was obtained from the tubers of

Dioscorea hirsuta, Blume, by Boorsma,^^ and was afterwards investigated

by Sehutte and by Gorter.^^ It forms greenish-yellow plates, m.p. 43*5°,

distils unchanged in vacuo, is soluble in water, alcohol or chloroform, and
sparingly so in ether or benzene. The hydrochloride, B . HCl . 2H2O,

forms colourless needles, m.p. 204°, [a]i) + 4*6°; the platinichloride,

(B . HCl) 2PtCl 4 . OHgO, orange-yellow tablets, m.p. 199-200° (dry)

;

the

aurichloride, B . HAUCI 4 ,
yellow needles, m.p. 171° (dry). With sulphuric

acid and potassium iodate, dioscorine gives a blue-violet coloration and a

reddish-violet with sodium iiitroprussidc in presence of alkalis.

According to Ck)rter, it decolorises permanganate immediately and
contains a methylimino, but no hydroxyl or carbonyl* group. With hot

alkali it behaves as a y-lactone. On exhaustive methylation dioscorine

gives first demethyldioscoridine, Ci 3H2iN, and eventually trimethylamine

and a hydrocarbon, C11H14 ,
which appears to be a butenylci/cZoheptatriene

(XIV). On these and other grounds Gorter assigned formula (XV) to

the alkaloid ;

—

CH--GH— CH
2 y

OH

(XIV) CH—CH— i-iCH»GWe,

CH^CH—OIL
8

, I

8

HMe CH-O-CO

I I I

(XV) CH^CH—CH— C-CMeg

Dioscorine is bitter and poisonous ; it produces paralysis of the centra

nervous system, and, in general, behaves like picrotoxin. This action

appears to be correlated with the —CO—C = C— group, since on the
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suppression of this, as in the corresjx)nding acid, or the reduced product,

, bisdihydrodioscorine (Ci3H2o02N)2, the picrotoxin-like action disappears.

Dioscorine has also been found in D. hispida tubers by Zeyva and
Gutierrez,^®
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ALKALOIDS OF ERYTHROXYLON COCA
The habitat of Eryihroxylon spp. is principally the western side of South

America, and although indigenous species occur in India, Africa and
Australia, they have no economic value. Two kinds of coca leaves are

available in commerce, Bolivian or Huanuco leaves derived from E. coca

Lam. and Peruvian or Truxillo leaves obtained from E. truxillense Rusby
;

both are cultivated in Java. In South America coca leaves are chewed
with lime by the Indians as a stimulant, and are exported to Europe for

use in medicine and for the preparation of cocaine, but the principal source

of coca leaves is Java. Crude cocaine is manufactured in South America
and exported for refining and some aspects of this industry have been

discussed recently.^

The alkaloids of coca leaves belong to six groups :

—
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1, (methylacylecgonines) : Cocaine (methylbenzoylccgonine)

;

cinnamylcocaine (mcthylcinnamoyJcegonine) ; a-truxilline (methyl-a-

truxilloylecgonine)
,

jS-tnixilline (methyl-^-truxilloylecgonine).

2. Tropeincs or ^-tropeines : Bcnzoyltropinc
;

tropacocaine (benzoyl-

ijj-tropeine),

8. Acylecgoiiines : Benzoylccgonine.

4. Alkylecgonines : Methylecgonine, methylecgonidiiie.

5. Dihydroxytropayie.

6. Hygrilles : Hygrine, j8-hygrine, cuscohygrine (cuskhygrine),

hygroline.

The alkaloidal content of coca leaves varies from 0-5 to 1-5 per cent.,

but higher percentages have been recorded by de Jong ^ for Java leaves

(season 1908, 1-0--2-5). Truxillo and Java cocas are richer in alkaloid than
Bolivian coca, but the proportion of cocaine present is said to be about

50 per cent., whereas it may lx? 70-80 per cent, of the total alkaloid in

Bolivian leaves. Coca leaves grown experimentally in India and examined
by Howard contained 0*4- 0*8 per cent, of alkaloid, largely cocaine. Small

quantities of alkaloids have also been found in the leaves of E, pulchrum
(South America), JR. rnonogynvm (India), E, montanumy E, laurifoliuiriy

E, retusum, E, areolatum and E, ovatnni}^'*' de Jong has pointed out that

the youngest leaves are richest in cinnamylcocaine ;
in the older leaves

this is replaced by cocaine or truxilline.®

A process of estimation for the total alkaloids was given in the

8th Revision of the U.S. Pharmacopoeia and a survey of methods
available was published by Bierling, Pape and Viehover in 1910.'^ More
recently processes have been described by Peyer and Gstirncr ® and Goris

and Chalmeta,® who provide a critical review of methods. The proportion

of cocaine in the total alkaloids is important and various methods are

available by which this may be estimated.® Most of the cocaine of com-
merce is not obtained directly from the leaves, but from eegonine got by
the hydrolysis of the secondary alkaloids and for that reason methods for

estimation of the total eegonine obtainable from coca leaves are of

importance and have been devised by Greshoff and by de Jong.’

Cocaine, C17H21O4N. Cocaine is made either from the crude alkaloid as

exported from South America ® or from eegonine obtained by hydrolysis

of the total alkaloids extracted from Java coca leaves,^ the eegonine being

then methylated and benzoylated to cocaine by recognised methods.^®

According to Merck the conversion of eegonine into cocaine may be

accomplished in one operation by heating tlie former with methyl iodide

and benzoic anhydride under pressure. Einhorn and Willstattcr found

that the truxillines and cinnamylcocaine can be converted into eegonine

methyl ester by boiling their solutions in methyl alcohol (6 parts) containing

sulphuric acid (2 parts) for several hours, or by passing hydrogen chloride

into a solution of the alkaloids in methyl alcohol. The methyl ester can

then be benzoylated to cocaine.

Cocaine crystallises from alcohol in monoclinic, four- to six-sided

prisms, m.p. 98°, and is slowly volatile above 90°, b.p. 187~870’1 mm. It
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is laevorotatory, [a]u — 15-8°, slightly soluble in cold water, readily soluble

in alcohol, ether, benzene or light petroleum. The aqueous solution is

alkaline to litmus, has a slightly bitter taste and when applied to the tongue

produces a characteristic numbness’. The hydrochloride, B . HCl, the

salt chiefly used in medicine, crystallises from alcohol in short prisms,

m.p. 200-2° (dry), [a]^, — 71*95° (c == 2 ; HgO), — 67*5° (aqueous alcohol).

It is readily soluble in water (1 in 0*4 at 25°) or alcohol (1 in 2*6 at 25°)

but insoluble in ether or light petroleum. To ensure absence of

cinnamylcocainc and a-truxilline (?>oatropylcocaine) a permanganate test,

and some form of Maclagan’s test are used respectively : the latter de})ends

on the fact that on adding ammonia to a solution of cocaine hydrochloride,

a wholly crystalline precipitate is formed if the salt is not contaminated

with appreciable quantities of truxilline. The chromate, B . ll2Cr04 . HgO,
is precipitated as orange-yellow leaflets, m.p. 127°, when potassium

chromate is added to an acid solution of the hydrochloride. The
platinichloride, Bg . HgPtCle, is mierocrystalline and sparingly soluble in

water. Aqueous mercuric chloride gi\es wdth a solution of cocaine

hydrochloride a bulky precipitate of the mereurichloride B . IICl . HgClg,

which may be crystallised from alcohol. The nitrate, B , HNO3 . 2H2O,

m.p. 58-63°, periodide, B . HI . Ig, m.p. 161°, formate, m.p. 42°, salicylate,

which is triboluminescent and other salts, have also been used in medicine.

When heated with mineral acids /-cocaine is hydrolysed into Z-cegonine

(p. 96), benzoic acid and methyl alcohol and a like change takes place with

baryta water. If the alkaloid is boiled with water, methyl alcohol is split

off and a new base, benzoyl-Z-ecgonine is formed, which in turn can be

hydrolysed by acids or alkalis into Z-eegonine and benzoic acid. Cocaine

is, therefore, methylbenzoyl-Z-eegonine.

Detection, Owing to the illegitimate use of cocaine much ingenuity

has been expended in devising easy means of detecting and identifying it

alone, or in admixture with synthetic local anaesthetics and other organic

materials. A useful and critical summary of tests has been given by
Evers. Cocaine may be detected by the numbness it produces when a

drop of a solution is applied to the tongue. In a half-saturated solution of

alum it gives a characteristic crystalline precipitate with a drop of saturated

solution of potassium permanganate.^^ The alkaloid forms a colourless

solution with sulphuric acid, which on warming at 100° followed by addition

of a little water, develops an odour of methyl benzoate and deposits crystals

of benzoic acid on cooling.

Reference may also be made to descriptions of tests, classified as

indicated in brackets, published by various authors,
(
(a) microchemical)

;

( (5) distinction from ^-cocaine)
; (

(c) distinction from other local

anaesthetics, especially procaine). The series of papers by Offerhaus and
Baert (c) may be specially mentioned as dealing exhaustively with means
of identification of drugs of this type, and especially with the detection of

small quantities of cocaine in mixtures likely to be met with in illicit

traffic in drugs. Strait, Aird and Weiss have described a method for the

isolation and spectrographic measurement of cocaine from brain tissue.^®
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cZ-^-Cocaine (isoCocainc, eZ-Cocaine). This substance was isolated

from coca leaves by Licbermann and Giesel/^ but is believed to have been
j)roduced by tlie action of alkali on Z-coeaine in the process of extraction.

It was synthesised from j/r-eegonine (d-c/f-cegonine) by Einhorn and
Marquardt and was obtained by Willstatter and collaborators by the

n\so]ution of dZ-i/f-eegonine methyl ester, followed by benzoylation. It

differs considerably from Z>cocaine in character
;

m.p. 45°, the salts

crystallise well and are less soluble than those of Z-coeaine
; B . IICI,

m.p. 205°, + 43-0 (HoO) ; hydrogen ^Z-tartrate, m.p. 130°, +
191°

; auricliloride, B . HAUCI 4 ,
m.p. 148°. The nitrate is sparingly

soluble in water.

dZ-y5f-Cocaine. This was })repared by Willstatter and collaborators

from synthetic rZZ-i/r-eegonine. It crystallises in hexagonal plates, m.p.
81 '5°, gives a hydrochloride, m.p. 208°, and differs from natural Z-cocaine

in giving a sparingly soluble nitrate, m.p. 172°. The hydrogen cZ-tartrate

has m.p. 164°, 30° and the d-a-bromoeanq)hor-j9-sulphonate,

m.p. 182-3°, [M]f + 312°. The auriehloride, B . IIAUCI 4 . 21120 is

crystalline, m.p. 65-70° or 164-5° (dry).

Cinnamylcocaine, C49H23O4N. This alkaloid was isolated by Giesel

from Java coca leaves after it had been prepared by Liebermann by
heating eegonine at 100 ° with cinnamic anhydride and methylating the

resulting cinnamoyleegonine (colourless needles, m.p. 216°). It is almost

insoluble in water, but easily soluble in organic solvents and crystallises

irom benzene or light petroleum in rosettes of needles, m.p. 121 °. [a]p —
4*7° (CHCI 3 ). The hydrochloride, B . HCl . 2H2O, forms flattened needles,

m.p. 176° (dry) from water. The platinichloride, m.p. 217°, as precipitated,

is amorphous, but crystallises on standing. The auriehloride forms yellow

needles, m.p. 156°. When warmed with hydrochloric acid the base is

hydrolysed, furnishing Z-ccgoninc, cinnamic acid and methyl alcohol.

The isomeric (Z-cinnamylcocaine (methylcinnamoyl-d-0-ecgonine)

])reparcd by Einhorn and Deckers by the action of cinnamoyl chloride

at 150-60° on d-t/j-evgonmo methyl ester, crystallises in prisms, m.p. 68 °,

Wu + (EtOH). The hydrochloride, B . HCl, forms needles, m.p. 186°;

the platinichloride, needles, m.p. 208°, and the auriehloride orange needles,

m.p. 164°.

Truxillines, C38H46O 8N 2 . In 1887 Hesse isolated from Peruvian coca

leaves an amorj)hous alkaloid which he named cocamine
;
a year later

Liebermann examined this material, and by fractionation of its solutions

by addition of petroleum proved it to be a mixture of at least two isomeric

bases, which he named a* and
j
8-truxillines. The pure alkaloids have not

been obtained from coca leaves owing to tlie difficulty of separating them,

but each has been prepared synthetically.

a-TiiuxiLLiNE (Cocamine, y-isatropylcocaine). An amorphous white

powder, m.p. 80°, easily soluble except in light petroleum and water.

Solutions of the base are laevorotatory and possess a bitter taste. When
warmed with hydrochloric acid the base undergoes hydrolysis with the

production of Z-eegonine, methyl alcohol and a-truxillic acid (C^HgOg)^
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(y-isatropic acid), m.p. 228° The synthesis of the alkaloid was

accomplished by the action of a-truxillic anhydride on /-ecgonine and

methylation of the resulting a-truxilloylecgonine.

/5-Truxii.line {isoCocamine^ h-isatropylcocahie). This base sinters at

45° and decomposes above 120 °, [a]„ — 29-3°. It undergoes hydrolysis,

furnishing />>truxillic acid (S-isatropic acid), m.p. 206°, with ecgonine and
methyl alcohol. It also has been synthesised by Liebcrmann and Drory.^®

Methylcocaine (Ethylbenzoijlecgonine). This base was isolated by
Gunther from commercial cocaine, by dissolving the latter in an alcoholic

solution of hydrogen chloride and fractional j^rccipitation with ether, the

new alkaloidal hydrochloride being precipitated last. The base melts at

110 °, possesses the same physiological properties as cocaine and yields an

aurichloridc and a platiniehloride closely resembling the corresponding

salts of that base. It probably results from the use of ethyl alcohol as a

solvent in the commercial preparation of cocaine from ecgonine, but it is

stated by Gunther to be isomeric, not identical, with cocaethyline (ethyl-

benzoylecgonine) prepared synthetically by esterif3Mng ben zoylecgonine

with ethyl alcohol.^^

Benzoylecgonine, €91114(00 . CgHglOgN. This acyl ester of ecgonine

was isolated about the same time by Skraiip and by Merck from Peruvian

coca leaves. According to de Jong it does not occur in Java coca. It

was subsequently prepared by Paul by the action of water on cocaine

and later synthesised by Liebermann and Giesel by the action of benzoic

anhydride on ecgonine. It cr\^stallises from water with 4H2O in needles,

m.p. 86 ° or 195° {dry, dec.), [a]^, — 63*3°, and dissolves readily in alkaline

liquids forming salts. When boiled with dilute hydrochloric acid, it is

hydrolysed into ecgonine and benzoic acid, and on esterification with

methyl alcohol furnishes cocaine, and with other aliphatic alcohols yields

homologues of cocaine : of these the ethyl ester (cocaethyline), m.p. 108-9°,

the propyl ester (cocapropyline), m.p. 78-79*5°, and the ?.9obutyl ester,

m.p. 61-2°, among others, have been prepared.

/-Ecgonine, C9H15O3N . HgO. This substance was first obtained by
Lossen as the final basic hydrolytic product of the action of acids on

cocaine, and is obtainable in like manner from several of the alkaloids

occurring with cocaine {see above). It crystallises from dry alcohol in

monoclinic prisms, m.p. 198° {dec.), 205° {dry), [ajj^ — 45-4°, is soluble in

water, sparingly so in alcohol, insoluble in most organic liquids.

Ecgonine forms salts with bases and acids ;
the hydrochloride crystallises

in rhombs, m.p. 246°, [ajj, — 57*1°
; the aurichloride, B . HAUCI 4 ,

forms

yellow prisms, m.p. 202 ° {dry) and the platiniehloride, red needles, m.p. 226°

{dry). Barium-eegonine [Ba(C9Hi403N)2] crystallises in prismatic needles,

readily soluble in water or alcohol.

Ecgonine is readily esterified in presence of hydrogen chloride, and in

this way various alkylecgonines have been prepared. The most important

of these is the methyl ester, b.p. 177°/15 mm., which according to de Jong
occurs in Java coca. It was prepared by Einhorn and Klein in 1888 as

the hydrochloride crystallising, with 1 HgO, in colourless prisms, m.p. 212°
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{dec.). When benzoylated it furnishes cocaine. Ecgoninc also reacts with

acid chlorides and anhydrides to form acyl derivatives and in addition to

benzoylecgonine, cinnamoyl-, z^avaleroyl-, anisoyl- and truxilloyl-ecgonines

have been prepared ; these, in turn, by esterification with methyl alcohol

furnish the corresponding cocaines.

d-^-EcGONiNE (^^-Ecgonine). This isomeride of ecgonine was prepared

by Einhorn and Marquardt by the action of potassium hydroxide solution

on ecgonine and is i^ormed when the cocaines are hydrolysed by alkalis.

It crystallises from dry alcohol in tablets, for which m.p. 254®, 257® and
264° have been recorded, [ajj^ + 21-1® (c = 4*3 : H2^) ‘ hydrochloride

forms monoclinic prisms, m.p. 230®, + 1 *6® (c = 4*4 : Z — 2 dcm.)

;

the aurichloride, B . HAUCI 4 ,
lifts m.p. 220 ® {dec.). It forms esters like

those yielded by Z-ecgonine, and from it fZ-^-cocaine {methylhenzoyl-d-tj}-

ecgonine) has been prepared (p. 95).

dZ-0-EcGONiNP:. This was prepared by Willstatter and Bode by the

reduction of tropinonecarboxylic acid.^^ It forms rhombic crystals,

m.p. 251® {dec.) and yields a hydrochloride, B . HCl
. JH2O crystallising

in slender needles, m.p. 149® {dry, dec.) and an aurichloride, glistening

needles, m.p. 213®. On benzoylation and methylation it yields tZZ-^-cocaine

(p. 95). According to Willstatter and Bommer,^^ the cZ-ecgonine of the

earlier workers has the same relation to natural Z-ecgonine as ^-tropine has

to tropine and they renamed the d- and cZZ-ecgonines, cZ-i/r-ecgonine and
dZ-^-ecgonine respectively, and these names have been used throughout the

foregoing descriptions, with the derivatives benzoyl-d-0-ecgonine and
d-0-cocaine, etc., in their appropriate places.

Constitution of Ecgonine, C^HigOgN. The facts recorded above furnish

evidence of the existence of a hydroxyl and a carboxyl group in ecgonine.

Einhorn observed that dehydrating agents remove the elements of a

molecule of water from ecgonine, forming anhydroecgonine, CQH13O2N
(eegonidine), which crystallises iu needles, m.p. 235®, [ajj, — 84*6°, is

unsaturated, combining with two atoms of bromine, and still contains the

—COOH group of the parent base, since it esterifies alcohols. The methyl
ester, 1-0921 ; 1-5040

;
— 54-96®

; B . HBr, m.p. 147®, has been

prepared by Ugriumov. Ethyl anhydroeegonine has been found in residues

obtained in working up the secondary alkaloids of coca leaves and may
be formed in this process, but Matchett and Levine have isolated the

methyl ester (methylecgonidine) from both Java and Peruvian coca seeds.

When heated with hydrochloric acid at 280®, anhydroeegonine loses a

molecule of carbon dioxide with the formation of tropidine (p. 74), whence
it appears that anhydroeegonine is a carboxylic acid of tropidine.^®

The close relationship of ecgonine to tropine is brought out by its

oxidation products, which when chromic anhydride in acetic acid is the

agent used are : tropinone, CgH^gON (p. 74), tropinic acid, CgHi304N
(p. 75) and ecgoninic acid, C 7H11O 3N. The latter crystallises from benzene

in colourless needles, m.p. 98®, and has been shown by Willstatter and Bode
to be iV-methylpyrrolidone-2-acetic acid, and this was confirmed by
Willstatter afid Hollander’s synthesis of the acid.

PLANT ALK. 4
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When ecgonine is treated with permanganate in acid solution a new
base, ??(>reegonine, CgHigOgN, is the principal product. It stands in the

same relation to ecgonine as the similarlj^ produced tropigenine (nortropine)

does to tropine (p. 75) and, like its anak)gue, is a secondary base produced
by the oxidation of a methyl group attached to nitrogen. It crys/allises

in long needles, m.p. 233°, is very soluble in water and gives a characteristic

aurichloride, m.p. 211°, crystallising in yellow needles.'*® Similarly on
degi’adation by Hofmann’s reaction anhydroecgonine gives rise to

8-c^cZoheptatrienecarboxylic acid, CgHgOg. whilst tropidine yields the

corresponding c^cZoheptatriene (p. 77).

The close relationship existing between ecgonine and tropine is evident

from the following diagrammatic summary of the results of reactions ;

—

Dehydration :

Tropiac CgHigON —> Tropidmc CgH^gN <—

i

Dehydration and Decarboxylation : |

Ecgonine CjHjgOgN > Anhydroecgonine CglligOj^N
Oxidation : (a) Chromic acid

Tropine CgHigON Tropinone Tropinic acid Kcgoninic acid

Ecgonine C.lI^OjN C,H„ON CgH^O^N
(b) Permanganate

Tropine CgH^gON —> Tropigenine C^H^gON
Ecgonine CgHigOgN —> norEcgonine CgHigOjN

Exhaustive Methylation ;

Tropidine CgHjgN —> Tropilidene C 7
Hg (h-cyclo Heptatriene)

Anhydroecgonine CgHjgOgN —>^~cyc\oHeptatrienecarhoxylic acid CgHgO,

It will be seen that ecgonine and its derivatives differ from tropine

and its derivatives throughout by COg, so that the former probably stands

to the latter in the relation of a carboxylic acid, and hence the formulae

assigned at various times to tropine by Ladenburg, Merling and Willstatter

have been suitably modified to represent ecgonine ; thus Einhom at

first represented ecgonine as iV-methyltetrahydropyridyl-j8-hydroxy-

propionic acid, C^H^NMe . CHOH . CHg . COOH, which was modified to

(I) (after Merling) by Einhorn and Tahara.^®

There are two probable formulae (II) and (III) for ecgonine derivable

from Willstatter’s representation of tropine (p. 76).

CH^CH- -CHo CH^—CH—CH.Ofl

NMe CH.COOH
CH.OH

k
(I) Meli C(GOOH)—CHg (iDCHg—CH—CH2

I

CH^CH—CH.COOH

NMe Ih.OH

(III) 6h2^L—(!H2

The position assigned to the hydroxyl group in formula (III) explains

(1) the formation of anhydroecgonine by loss of water between the—CHOH
group and the neighbouring—CH2 group ; and (2) Willstatter and Mfiller’s

observation that an unstable /3-ketonic acid precedes the formation of

tropinone, when ecgonine is oxidised by chromic acid. Further, when
anhydroecgonine ethyl ester is reduced by sodium in alcohol, it yields
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dihydroecgonidine (VI), a —CHOH—^group in ecgonine having been
converted into —CHg— and the amide corresponding to tliis on oxidation

with sodium hypobromite yields ^^otropylamine, isomeric with tropylamine

(or ^-tropylamine (IV)) obtained by the reduction of tropinoneoxime, but

not identical with either
;

it follows that the amino group in the latter

amines must occupy a position different from that in iwtropylamine (V)

and, therefore, from the carboxyl group in dihydroecgonidine (VI) and in

ecgonine.

Accepting this view of the constitution of ecgonine, the formulae of its

derivatives and of cocaine may be written as follows : anhydroeegoninc

(VII), ecgonine (VIII), norecgonine (IX) and cocaine (X).

NMe CH.HU
I I

2

(IV)GH--CE--OH
2 2

(V)CH—

CH— Cd cn.co^H

H.CH3 CH^

(VDOH^—CH CH.

CH—CH.aOjH

NH CH.OH -1

CH-—CH-CH.COoH

1

M I

"

1 me CH.OH .

CH—{|H—CH.COgH

( IX )CH^- C H— CH I VIII )CH—CH-CHg ~CH CH

1
H*— CH— OH.OO.OCH,Ml

me CH.O.CO.C-H*

. I I

(X)CH^—CH— CHg

Cocaliie (ttsthylbenzoyl^c/gcnino)
^

Willstatter and Bommer made it clear that the synthesis of ecgonine

and consequently of cocaine had not been effected, a point on which there

had been some confusion owing to the fact that the alkali Jabile natural

ecgonine had been regarded as the optical antipode of the alkali-stable

so-called d-eegonine, whilst the optically inactive isomeride synthesised

by Willstatter and Bode has been regarded as the dZ-form of natural

ecgonine. The view taken by the former authors is that the alkali-stable

form (d-eegonine) is a ^-ecgonine having the same relation to natural

Z-eegonine as 0-tropine (p. 101) has to tropine, whilst the inactive form is

one of four possible racemates.^®

Willstatter and Bode converted tropinone into i/r-ecgonine by
treating sodium tropinone with carbon dioxide and sodium, when it yielded

sodium tropinonecarboxylate. This on reduction with sodium in alcohol

gave some dZ-^-eegonine (p. 97), which on esterification with methyl
alcohol and benzoylation yielded a dZ-cocaine. A simpler synthesis of

^-ecgonine was achieved by Willstatter and Bommer,*® and reference is

made on p. 80 to this and other processes, some of which have been

protected by patents. These improvements having enabled the prepara-

4

—

2
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tion of methyl tropinonecarboxylate to be undertaken, Willstatter, Wolfes
and MMer reinvestigated the reduction of this ester and found that both
dZ-^-ecgonine and dZ-ecgonine methyl esters are formed, and from these the

corresponding dZ-^-cocaine and dZ-eocaine were obtained by bcnzoylation.

dZ-Cocaine was resolved into its optically active components by
crystallisation of the hydrogen-d-tartrate to give the Z-base (natural

cocaine) and of the hydrogen Z-tartrate to give the d-base. dZ-i/r-Cocaine

could not be resolved directly, but its components were obtained by
resolving dZ-^-ecgoninc methyl ester and benzoylating the two forms.

a-EcGONiNE (XII) is the name given to a base, isomeric with eegonine,

and prepared by Willstatter by the addition of hydrocyanic acid to

tropinone (XI) and hydrolysis of the cyanohydrin so formed :

OiU—CH—CH
1 I

^

NbAb CO

I
!

(XDGflg—OH—CHg

CHp—OH— CH-

1
' '

>
I NMe C (OH) .CC^n

1

‘

i

^

(XII)CH—CH—CHg

CH- -CH-CH.,

I
I

UeA OH .OH

I I

(XIII)CHlCH)-aH—CHg

It occurs in brilliant snow-white crystals, m.p. 305° (dec,) and is readily

soluble in water or aqueous alcohol. The benzoyl derivative, m.p. 209°,

is crystalline and on mcthylation gives a-cocaine, a base crystallising in

prisms, m.p. 87°, and yielding an aurichloride, m.p. 222° (dec.), crystallising

in leaflets. It is bitter to the taste but has no local anaesthetic action.

Dihydroxytropane, CgHigOgN. This base was isolated from the mixture

of hydrolysed bases obtained in working up the alkaloids of Java coca
;

it

occurs in the fraction less soluble in ether than tropine and ?/f-tropine, has

m.p. 209-209*5°, [a]f/" — 22 ° (EtOH), yields a hydrochloride, [ajf/*’ + 1*75°

(HgO), a picrate, m.p. 253° (dec.) and furnishes a dibenzoate, whose sulphate

has -j- 52*1° (EtOII) and hydrochloride, B . HCl . 2H2O, m.p. 115° or

205° (dry), + 41*8° (dilute alcohol) and nitrate, B . HNO 3 , m.p. 197°.

On reduction with hydriodic acid and red phosphorus the dihydroxytropane

is converted into tropane and on treatment with phosphorus oxychloride

it yields a base, CgHigON, b.p. 188°/752 mm., picrate, m.p. 177° (dec.).

This dihydroxytropane is probably represented by formula (XIII). The
dibenzoyl-derivative has local anaesthetic properties. The i^ovaleryl ester

is the alkaloid valeroidine found in Duhoisia myoporoides (p. 90).

Tropacocaine (Benzoyl-ip-tropane), CigHigOgN, was discovered by
Giesel in Java coca leaves and has since been found in Peruvian coca.®^

Its preparation from the former source has been described by Kara and
Sakamoto. It crystallises in needles, m.p. 49°, is insoluble in water, but

soluble in alcohol, ether or dilute ammonia and is generally prepared by
benzoylating 0-tropine, and purified as the hydrochloride. Its alcoholic

solution is alkaline and optically inactive. The hydrochloride forms

needles, m.p. 271° (dec.), and the hydrobromide leaflets. The aurichloride

separates in minute yellow needles, m.p. 208°, from hot aqueous solutions ;

the picrate has m.p. 238-9°. When heated with hydrochloric acid or

baryta water the alkaloid is hydrolysed to benzoic acid and ^-tropine.®*

0-Tropine, CgHjgON. This base is a stereoisomeride of tropine
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(p. 73). It crystallises in colourless tablets or prisms, m.p. lOS"", b.p. 240°,

is miscible with water, ether or alcohol, alkaline in reaction and optically

inactive. The hydrochloride forms hygroscopic needles
;
the aurichloride

crystallises in brilliant yellow plates, m.p. 225° {dec.), and the picrate in

long needles, m.p. 258-9° {dec.). ^-Tropine estcrifies with organic acids,

furnishing a series of derivatives, which from their analogy with the

tropeines have been called i/f-tropcines, but unlike the former cxeft little or

no mydriatic action.

Mandelyl- ip-tropeine
(
^-homatropine), 6^2103N, is a thick

uncrystallisablc oil. Tropyl-ijj-tropelne, C17H23O3N, crystallises in

colourless needles, m.p. 86°.

Tropine and 0-tropine are mutually convertible as already described.

Mixtures of tropine and j/f-tropine can be separated by means of

the picrates, that of i/f-tropine being the more soluble in water (1*48

per cent, in water at 16°). By the action of sodium amyloxide on tropine,

Willstatter has shown that j/f-tropine is produced and this has been

confirmed by Barroweliff and Tutin,^^ who also support Willstatter’s view
that both bases arc internally compensated, the relation being that of

cis-tranS'isomvTism.^^ The synthesis of i/f-tropine has been described

already (p. 77).

Troger and Schwarzenberg have isolated a base (m.p. 53°, b.p.

225-30°
;

picrate, m.p. 237° {dec.)
)
isomeric with tropine and j/f-tropine,

from coca leaves.

HYGRINES. This group of coca alkaloids was discovered by Lossen

in an ethereal extract of a slightly alkaline percolate of Peruvian coca

leaves. Liebermann and his pupils re-investigated Lossen’s supposed

homogeneous base, and observed that by distillation under reduced

pressure it could be separated into two products, hygrine and /3-hygrine.

Hygrine has also been found in Convolvulus hamadee (p. 67).

Hygrine, CgH^jON, b.p. 92-4°/20 mm., lll-3°/50 mm. or 193-5°/

760 mm., 0*940, [a],, — 1*3°, is a colourless, strongly alkaline liquid

which absorbs carbon dioxide from the air and decomposes on exposure to

light. It forms an aurichloride and a characteristic picrate, yellow needles,

m.p. 158°, dl-form, 149-50°. On oxidation by chromic acid hygrine

yields hygric acid, CgHnOgN, m.p. 164°, which heated alone or with

strong sulphuric acid loses carbon dioxide, giving A^-methylpyrrolidine,

C5HJHN. Both hygric acid and hygrine are tertiary amines and hygrine

gives a crystalline oxime, m.p. 116-20° (dZ-form, m.p. 125°).

Hygric acid was synthesised by Willstatter by the following

method.®^ Ethyl bromopropylmalonate, CHgBr . CHg . Cllg . CH(C02Et)2,

obtained by condensation of trimethylene bromide with ethyl sodio-

malonate, on brornination yielded ethyl a8-dibromopropylmalonate,

CHgBr . CH2 . CH2 . CBr(C02 . C2H5)2. This reacts with methylamine
forming two products both derived from iV-methylpyrrolidii e-2 :

2-

dicarboxylic acid, viz., the dimethylamide (XIV) and the diethyl ester.

The former on heating with hydrochloric acid at 125°, and the diethyl ester

with water at 160°, both undergo hydrolysis and partial decarboxylation
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to iV-methyl-pyrrolidine-2-carboxylic acid, which proved to be d/-hygric

acid (XV) (m.p. 169-170° {dry
)

) : aurichloride (m.p. 190-5° {dec,) ).

Subsequently Karrer and Widmer obtained Z-hygric acid by oxidising

JV-methylnicotoiie with chromic acid. This product as a mono-
hydrate had m.p. 116°, fa],> —80*12° (HgO). Willstatter suggested that

of the two fonnulaj (XVI and XVII) available for the representation of

hygrine,^(XVII) was the more probable and this was confirmed by K. Hess’s
synthesis of d/-hygrine. The secondary alcohols corresponding to the

ketones represented by the two formulae (XVI and XVII) were prepared

(1) by treating magnesium pyrryl bromide with propionyl chloride,

reducing the 2-pro])ionylpyiTole so formed and methylating the product
to (XVIII)

; (2) by the addition of propylene oxide to magnesiiim pyrryl

bromide, hydrogenation of the product in presence of spongy platinum
and methylation of tlie resulting pyrrolidyh'^opropyl alcohol, giving (XIX).

CH NMo
2 \

CE^

-C(C0 JJBMe), ‘CH.OOOH

(WCHg CH^

CH NMe
2

(XVDCHg CH^

-NMe

"^CH.CO.OHg.CH

(XTIDCH^ CH^
2 2

CH.CH .CO.CH3

CHr -iiMe CHr -NMe

(rVIII)CH-

CH.CH0H.CH2.CH^

(XIX)CHg CH^

CH..CH,,.CHOH.CH,

When the final methylation of either product is effected with

formaldehyde, oxidation of the secondary alcohol group occurs

simultaneously in each case, and of the two resulting ketones that from

product (XIX) proved to be dZ-hygrine, wliich must therefore have

formula (XVII) given above. Another synthesis of dZ-liygrine has been

effected recently by Sorm.®®

Hygroline, C8Hi70N. This alkaloid was isolated by Spath and

Kittel from a fraction, b.p. 78-82°/12 mm., of the residual liquid

alkaloids of coca leaves. It has m.p. 33-4°, — 63*2°, {c = 11*4, HgO)
is soluble in water or organic solvents and yields an oily 0-benzoyl deriva-

tive, b.p. 105-10°/0*003 mm., characterised by an aurichloride, m.p.

114-5°, a platinichloride, m.p. 150-2° and a 3 : 5-dinitrobenzoate, m.p. 65°.

On oxidation by cliromic acid it furnishes hygrine, which is optically

inactive, possibly due to racemisation, identified by the picrate, m.p.

153-4° and oxime, m.p. 124-5°. Hygroline is therefore regarded as the

alcohol, (XIX) corresponding to the ketone hygrine (XVII).

j8-Hygrine, C14H24ON2. This, the second fraction of Lossen’s hygrine,®®

decomposes when distilled under atmospheric pressure, but boils at
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215°jSO mm. and has specific gravity 0*982 at 18*^. It gives an aurichloride,

C14H24ON2 . 2HAUCI4, and forms a colourless crystalline dimethiodide.

When oxidised by chromic acid, it yields a small quantity of hygric acid.

Cuscohygrine, C13H24ON2 (Cuskhygrine), This third hygrine, first

recognised in “cuseo ” leaves by Liebermann and Cybulski,®'^ was
characterised by these authors and by Hess and Bappert.^® It has now
been found in Convolvulus hamadce. It boils at 169-70°/23 mm., has

specific gravity 0*9767 at 17°, is optically inactive, absorbs earl>on dioxide

forming an unstable carbonate, is miscible with water and gives a crystalline

hydrate, B . SjHgO, m.p. 40°. The alkaloid forms crystalline salts with

acids
; hydrobromide, m.p. 234°, nitrate, m.p. 209° {dec.), and yields a

methiodide, m.p. 244°, and a crystalline oxime, m.p. 53-4°. It contains

two tertiary nitrogen atoms and, on oxidation with chromic acid, furnishes

hygric acid. Liebermann assigned to it formula (XX), which Hess and
Fink modified to (XXI) mainly on the following evidence. On long

standing in ethereal solution over potassium hydroxide, the alkaloid is

partly converted into dZ-hygrine. It does not condense with benzaldehyde

as it should if it contained the chain •—CHg . CO . CHg— . Cuscohygrine

yields two hydrazones, regarded as stereoisomcric, which on reduction

furnish di-A'-mcthyl-2-pyrrolidylmethane (XXII) and aa-di-A^^-methyl-

pyrrolidylpropane (XXIII). On treatment with nitric oxide in presence

of sodium ethoxide,^® the alkaloid yields homohygric acid (iV-methyl-2-

pyrrolidylacetic acid (XXV) ) and a mixture of bases believed to be of the

type (XXIV), since on reduction they furnish di-A^-methyl-2-pyrrolidyl-

methane (XXII). Sohl and Shriner have confirmed the formation of

A^-methyl-2-p}Trolidylacctic acid from cuscohygrine and have synthesised

the acid. The latter has also been prepared by King, Clifton and Open-

shaw but the acid has not yet been converted into substance (XXII).

The identity of the di-.V-mcthylpyrroIidylmethane (XXII) formed in these

reactions remains in dqubt, since the synthetic product, which exists in two
stereoisomcric forms, subsequently prepared by Hess and Anselm
proved not to be identical with the substance derived from cuscohygrine,

Hess and Bappert found that, although cuscohygrine could not be

exhaustively methylated, it yielded on reduction two stereoisomcric

CHg-CHg-CH-CHg-OO-CHg-CH-GHg-C^ GHg-CSHg-CH-CH (CO-CHj-CH-CHg-CHg

(X3c)CHg iue Ifle—Lg (m)Lj^ Im© iLd

—

CBg-CHg-CB-OBg-CB-CHg-CBg CHg-GHg-CH-CH (CgHg ) -CH-CHg-CHg

ma mb—
f

(XaiDCHg HMe Imo CTg

1

CHg-CI^-CH-CHg-COOH

(aiT)0H^ m» Mto

—

(XIV) Isg Im©
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alcohols, which proved amenable to this process and furnished w-undecane

and n-undecan-^-ol as final products. This piece of evidence supports

Liebermann and Cybulski’s formula (XX) for cuscohygrine, for which Sohl

and Shriner have also provided further evidence on several points.

REFERENCES

(1) Luzio, Agronomia, 1938, 3, No. 15, 44 (Chem, Abstr., 1939, 33, 3075) ;
Binda,

Adas y trabajos congr. peruano quim., 1943, 2, I, 375 {Chem. Abstr.^ 1945, 39, 3629).

(2) Teysmannia, 1910, 21, 201 ;
Hartwich, Arch. Pharm.^ 1903, 241, 617 ;

for Ceylon

and Malayan leaves see Bull. Imp. Inst.y 1912, 10, 37 ; for Russian leaves see Taran,
Farmatsiya, 1940, No. 6, 28 {Chem. Abstr., 1941, 35, 2678). (2a) Kew Bulktin, 1889,

8 ;
Chopra and Ghosh, Arch. Pharm.y 1938, 276, 340. (3) Rec. trav. Chim.^ 1906, 25,

233. (4) Arch. Pharm., 1910, 248, 303. (5) Pharm. Zeit^ 1931, 76, 1440 ;
Bull. Sci.

Pharmacol.^ 1932, 39, 69; cf. Chalmeta and Chai^meta, ibid., 1933, 40, 193, 641.

(6) Grandval and Lajoux, J. Pharm., 1893, [v], 28, 102 ;
Garsed, Pharm. J., 1903,

[iv], 17, 784 ; cf. de Jong, Rec. trav. Chim., 1906, 25, 1. For a review of this subject

and a process, see Bull. Health Org. League of Nations, 1938, 7, 429 and cf. de Jong,
Rec. trav. Chim., 1938, 57, 1218 ; 1940, 59, 27 ; van Itallie, Pharm. Weekbl., 1938,

75, 909 ;
van Hulssen, Berg cultures, 1940, 14, 1444 {Chem. Abdr., 1941, 35, 3035)

;

Eder and Ruckstuhl, Pharm. Acta Helv., 1943, 18, 687. (7) Pharm. Weekbl., 1907,

44, 961 ;
DE Jong, ibid., 1908, 45, 42 ;

Rec. trav. Chim., 1906. 25, 1 ; 1911, 30, 204 ;

1923, 42, 980 ; 1940, 59, 687 ;
Jndische Mercuur, 1923, 46, »305 ;

Goris, Chalmeta and
Chalmeta ^

;
Torricelli, Mitt. Lebensm. Hyg., 1938, 29, 48. Detection of ecgonine,

see Amelink, Pharm. Weekbl., 1938, 75, 861. (8) Luzio ^
;
Binda ^

;
de Rosemont,

Bull. Sci. Pharmacol., 1920, 27, 359 {Chem. and Drugg., 1920, 394). Chemnitius, J. pr.

Chem., 1927, [ii], 116, 276 ; Squibb, J. Soc. Chem. Ind., 1899, 8, 724, 1013. (9) de
Jong, Rec. trav. Chiyn., 1906, 25, 311 ; 1923, 42, 980 ;

Duilius, Chem. Zeit., 1930, 54,

31. (10) Liebermann and Giesel, Ber., 1888, 21, 3196, cf. Einhorn and Klein,
ibid., 3335 ; de Jong, Rec. trav. Chim., 1940, 59, 27; 1942, 61, 54; 1947, 66,

544. (11) Ibid., 1885, 18, 2953. (12) Ibid., 1894, 27, 1523. (13) Allen’s
“ Commereial Organic Analysis,” 5th Edition, Vol. 7, p. 513, London, J. and A. Churchill

:

Philadelphia, P. Blakiston’5 Sons & Co. Inc. ; cf. Pesez, J. Pharm. Chim., 1939, [viii],

30, 200 ;
Martini and Graf, Mikrochemie, 1939, 26, 233. (14) Seiter, Amer. J.

Pharm., 1911, 83, 195, 265 ;
Hankin, Analyst, 1911, 35, 2 ; Cecconi, Ann. Chim.

Applic., 1936, 26, 218 ; Gautier, Ann. Chim. Anal., 1943, 25, 172. (15) (a) Wagenaar
Pharm. Weekbl., 1930, 67, 229 ;

Martini, Mikrochem., 1932, 12, 111 ;
van Zijp, Pharm.

Weekbl., 1933, 70, 606 ; {b) Rosenthaler, Mikrochem., 1924, 2, 121 ;
Ferraris, Boll,

chim. Farm., 1927, 66, 577
;

{c) Weiss, Apoth. Zeit., 1930, 45, 724 ; Emde, Chem. Zeit.,

1931,55,537 ; Passarelli,Ro//. C/iim. Farm., 1931,70, 891 ;
Fulton, Amer. J. Pharm.,

1933, 105, 326; Offerhaus and Baert, Pharm. Weekbl., 1983-1935; Nicholls,
Analyst, 1936, 61, 155 ; Bagchi et al., Ind. Med. Gaz., 1939, 74, 29 ; Berisso, Chem.
Abstr., 1942, 36, 370 ;

Milos, Amer. J, Pharm., 1940, 112, 403 ;
Florentin and H^ros

Chem. Abstr., 1943, 37, 5550 ;
Bruning, Zeit. Unters. Lebens., 1940, 79, 93. (16)

Strait, Aird and Weiss, J. Pharmacol. Exp. Ther., 1941, 73, 363. (17) Ber., 1890,

23, 508, 926. (18) Einhorn and Marquardt, ibid., 1890, 23, 468, 981. (19) Ber.,

1901, 34, 1457 ;
Annalen, 1903, 326, 42 ; 1923, 434, 111 ;

Milnch. med. Woch., 1924,

71, 849 ; E. Merck, Brit. Pat. 210,050. (20) Pharm. Zeit., 1889, 34, 516; cf. Paul,
Pharm. J., 1889 [iii], 20, 166. (21) Ber., 1888, 21, 8372 ; 1889, 22, 2661. (22) Ibid.^

1891, 24, 7. (23) Pharm. Zeit., 1887, 407, 668; Ber., 1889, 22, 665. (24) Ibid.,

1888, 21, 2342. (25) Liebermann and Drory, ibid., 1889, 22, 682. (26) Chem. Soc.

Abstr., 1899, [i], 963 ; cf. Liebermann and Giesel, Ber., 1890, 23, 508, and Einhorn
and Marquardt, ibid., 979. (27) Merck, ibid., 1885, 18, 2954 ;

Einhorn, ibid., 1888,

21, 48. (28) de Jong, Rec. Trav. chim., 1939, 58, 107 ; 1940, 59, 687. (28a) Paul,
Pharm. J., 1887-88, [iii], 18, 781. (29) Ber., 1888, 21, 3196. (30) Annalen, 1865, 133,

351. (31) Ber., 1890, 23, 468, 981 ; cf. Liebermann and Giesel, 511 and de Jong, Rec.

trav. Chim., 1947, 66, 99. (32) Ibid., 1901, 34, 1457. (33) Annalen, 1921, 422,



PHARMACOLOGICAL ACTION 105

15. (34) Ber., 1887, 20, 1221 ; Ugriumov, J. Gen, Ckem. Rms.^ 1944, 14, 997.

(35) Liebermann, ihid,y 1907, 40, 3602 ; Matchett and Levine, J, Amer, Chem,
Soc., 1941, 63, 2444. (36) Einhorn, ibid., 1890, 23, 1338. (37) Liebermann,
ibid., 1890, 23, 2518; 1891, 24, 606; WiLLSTii^TTER and MOller, 1898, 31,

178. (88) Ibid., 1901, 34, 519. (39) Ibid., 1818 ; see also Ruggli and
Maeder, IIclv. Chim. Acta, 1942, 25, 936. (40) Einhorn, ibid., 1888, 21, 3031. (41)

Einhorn and FriedlAnder, ibid., 1893, 26, 1482 ; cf. WillstAtter and MOller, ibid.,

1898, 31, 2498, 2655 ;
Gadamer and John, Arch. Pharm., 1921, 259, 227 ; de Jong,

Rec. trav. Chim., 1937, 56, 186, 198, 678. (42) Ibid., 1887, 20, 1221. (43) Ibid., 1893,

26, 324. (44) WiLLSTArrER, ibid., 1897, 30, 2679 ; 1898, 31, 1534, 2655. (45) Ibid,,

1898, 31, 1212, 2655. (46) Annalen, 1921, 422, 1, 15. (47) Ibid., 1903, 326, 42. (48)

Compare, however, Gadamer and John, Arch. Pharm., 1921 , 259, 227, 241. (49) Ber,,

1901, 34, 1457 ; for conversion into ethyl tropinoneoarboxylate, see Preobrashenski,
SCHTSCHUKINA and Lapina, ibid., 1936, 69, 1615. (50) Annalen, 1923, 434, 111 ; cf.

Brit. Pat. 214,917. (51) Ber., 1896, 29, 2216. (52) Wolfes and Hromatka, Merckxs

Jahresb., 1934, 47, 45 ; Kreitmair, ibid., 54; see also Schopf et al., Angcw. Cherny,

1937, 50, 785. (53) Ber., 1891, 24, 2336. (54) Hesse, J. pr. Chem., 1902, [ii], 66, 401.

(55) J. Pharm. Soc. Japan, 1924, No. 504, 89 ; cf. de Jong, Rec. trav. Chim., 1923, 42,

980. (56) Liebermann, Ber., 1891, 24, 2338. (57) Willstatter, ibid., 1900, 33, 1167.

1170 ; cf. Ladenburg, ibid., 1902, 35, 1159. (58) Ibid., 1896, 29, 936. (59) J. Chem.
Soc., 1909, 95, 1970. (60) Cf. WillstAtter, Annalen, 1901, 317, 204 ; 1903, 326, 1 ;

1921, 422, 15. (61) Arch. Pharm., 1921, 259, 207. (62) Annalen, 1862, 121, 374.

(63) Ber., 1889, 22, 675 ; 1891,24,407; 1893,26,851; 1895,28,578; 1896,29,2050;
1897, 30, 1113. (64) Ibid., 1900, 33, 1160 ;

Annalen, 1903, 326, 91 ; cf. Karrer and
Widmer, Ilelv. Chim. Acta, 1925, 8, 364 ; Hess, Ber., 1913, 46, 3114, (footnote) Hess,
Eichel and Uibrig, ibid., 1917, 50, 355. (65) Ibid., 1913, 46, 3113, 4104 ;

Sorm, Coll.

Czechoslov. Chem. Comm., 1947, 12, 245 {Chem. Abstr., 1948, 42, 558). (65a) Ber.,

1943, 76, 942. (66) Ibid., 1889, 22, 675 ; 1895, 28, 580. (67) Ibid., 1895, 28, 578;
1896, 29, 2050. (68) Annalen, 1925, 441, 137. (69) Ber., 1920, 53, 781. (70)

Traube, Annalen, 1898, 300, 81. (71) J. Amer. Chem. Soc., 1933, 55, 3828. (72)

J. Chem. Soc.. 1942, 422. (73) Ber., 1921, 54, 2310.

Pharmacological Action in the Tropane Series. Atropine. When
administered internally in toxic doses, atropine at first stimulates but

eventually depresses the central nervous system, giving rise to hallucina-

tions, inconsequent speech, delirium and convulsions, followed by stupor

and coma. It paralyses muscles and secretory glands to the effects of

stimulation by post-ganglionic, cholinergic, nerve fibres. It is to this

action that the dryness of throat and mouth characteristic of belladonna

poisoning is due. The kidney is but little affected ;
consequently there is

little or no change in the secretion of urine. The initial, transitory,

slowing of the heart, results from stimulation of the vagus nuclei in the

medulla and the later quickening is due to paralysis of the pacemaker to

inhibitory vagal stimuli. Respiration becomes quicker and deeper, but

eventually slower and shallower, and death is due to respiratory failure.

There is often a marked rise in temperature. Atropine affects all organs

containing unstriped muscle, lessening their movements, and is antagonistic

in this respect to muscarine and nicotine, and in general to the action of

pilocarpine.

The alkaloid is principally used in medicine to cause dilatation of the

pupil of the eye (mydriasis), due to paralysis of the circular muscle of the

iris. The accommodation is also paralysed as a result of action on the

ciliary muscle (cycloplegia). Atropine is also used in conditions where
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paralysis of parasympathetic nervous activity is desired, e.g,y in bronchial

or intestinal spasm. An atropine-like action has been claimed for

platyphylline of the Senccio group (p. 604).

Hyoscyamine, The natural alkaloid, Z-hyoscyamine and its d-isomcridc

resemble atropine (dZ-hyoscyamine) qualitatively in action, but the Z-form

acts more ctrongly on the peripheral nerves than the d- or dZ-forms, though
the isomerides appear to have an equal central action.

Hyoscine, This substance has an action similar to, but more transitory

than, that of atropine on the peripheral, cholinergic, autonomic nervous
system. Its action on the central nervous system is different. Generally

it induces a feeling of fatigue and drowsiness passing into sleep. In some
cases there may be a preliminary stage of excitement, and with large doses

excitement indistinguishable from that of atropine intoxication may occur.

The respiratory centre is depressed from the start. The Z-isomeride has

the more powerful peripheral action, although the central action of both

isomerides is the same. Hyoscine is chiefly used in medicine as a sedative

and it has been found useful in the prevention of sickness arising from
unusual motion.

A comparison of the activities of these three alkaloids has been made
by Graham and Gunn ^ using their antagonism to the effects of carbamyl-

choline chloride on isolated mammalian intestine. The relative activities

found were, atropine sulphate 1 ;
Z-hyoscyamine sulphate 2-4

; hyoscine

hydrobromide 1-5. The results of previous authors are discussed and
reasons suggested for some of the differences found.

A clinical comparison has been made by Vollmor of their value in

the treatment of Parkinson's syndrome.

Cocaine, • This has a bitter taste, is mydriatic, produces local

anaesthesia and is toxic. After absorption, or when taken internally, it

acts chiefly by stimulation of the central nervous system, succeeded by
depression. Since the two phases may be present in different areas

simultaneously, a mixed result may ensue. With large doses the chief

symptoms are those of medullary depression. Death is due to paralysis

of the respiratory centre. The main use of cocaine in medicine is as a local

anaesthetic.

Trojpacocaine (Benzoyl- ^-tropinc). This resembles cocaine in action,

but produces local anaesthesia more rapidly and for a shorter time and
causes little or no mydriasis.

Of the other tropane alkaloids, convolvine (veratroylwortropine),

convolamine (veratroyltropine) and a number of their derivatives have

been examined. All are stated to be local anaesthetics.^

Neither tropine nor 0-tropine is mydriatic, though the former is stated

to produce mydriasis in cats when injected in large doses. The pharma-
cological properties of these two bases have been compared by Hazard,

who points out that these cis-tran$ isomerides show qualitative differences

in pharmacological action, whereas among optical isomerides there are

usually only quantitative differences in activity. It has been stated that

rabbits are immune from poisoning by belladonna and, in that connection,
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it has been observed that the blood of some rabbits contains an enzyme,
atropinesterase, which hydrolyses atropine, and presumably hyoscyamine,

into the relatively harmless tropirie and tropic acid.® According to

Denys and Levy, genafcropine (atropine A-oxide) is not hydrolysed by this

esterase.

A

similar enzyme has been found by Bernheim and Bernheim
in guinea-pig liver.®

Effect of Change in Structure on Pharmacological Action. More effort

has been expended in attempts to correlate pharmacological action with
chemical constitution in this than in any other group of alkaloids, probably

because the types of action most characteristic of the two sub-sections of the

group, local anaesthesia, and mydriasis, are relatively easy to observe and
can be at least roughly measured. Recently attention has also been given

to the investigation of spasmolytic action in this group.

These investigations have followed three main lines, (1) alterations in

the amino-alcohol nucleus, (2) variation in the alkyl or acyl side-chains,

(8) influence of stereoisomerism. Tropine and eegonine, the basic com-
ponents of atropine and cocaine, lend themselves to such investigations,

but scopin'e, the amino-alcohol of hyoscine is so labile that systematic

modification of this alkaloid has not yet been possible.

Of the proximate derivatives of atropine, the methobromide and the

methonitrate are in use for much the same purposes as atropine, but the

methonitrate has received special attention for the treatment of pyloric

stenosis.^ aj^oAtropine has been found by Mancini to retain the same
type of action as atropine but to be less potent in peripheral and more
active in central nervous action.^

According to Nyman the pharmacological action of hyoscine is

considerably modified in the quaternary compounds of the alkaloid, e.g.,

the inhibiting action on salivary secretion is greatly increased in the

methonitrate, as is also the spasmolytic activity, but the mydriatic action

is unchanged and the central sedative activity disappears.

Whilst tropyltropine (atropine) is mydriatic, this property is of a low
order in benzoyltropine and is absent in benzoyl- ^-tropine. The former
is a weak and the latter a potent local anaesthetic. This parallelism in the

influence of the tropyl and benzoyl radicals in developing mydriatic and
local ani^esthetic action respectively, has been shown by von Braun and
his co-workers to occur through an extensive series of hydroxyalkylamines
in addition to tropine. Considerable modification may be made in the

structure of tropine without impairing its capacity for yielding mydriatics

and local anaesthetics. Thus von Braun, Muller and Rath ® found that

the tropyl- and benzoyl-esters respectively of /^amotropine (I) and of

N-hydroxyalkylnortropanes (III) are comparable with atropine and
tropacocaine (derived from tropine (II) and ^-tropine (II) ), respectively

tU* OH-
I

oaoH ii(ce2)-ob

I I I
- 1^

-CBj (IIl)OBj,—OH 0^
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as mydriatics and local anaesthetics, while Rao ® found that 1-methyh
tropacocaine (p. 81) has a general effect similar to that of Iropacocaine.

In the case of the iV-hydroxyalkylnortropancs (III) anaesthetic action

is at its maximum when the hydroxyl group (in the chain of n-carbon atoms
attached to the nitrogen atom) is in the y-position, whilst the jS>position

is the most favoured for the development of mydriatic action, the esteri-

fying acyl group being benzoyl- and tropyl- respectively. This relationship

holds throughout a series of similar substances, prepared from aliphatic

amines, pij^eridine, pyrrolidine, coniine, i^oquinoline and isoindole.® For
example, in the substances represented by the following formuhe, (IV) is

more active as a mydriatic than (V), and (V) more potent as a local

anaesthetic than (IV), when the tropyl group (Tr) is replaced by benzoyl

(Bz).

Me ^2 CHo

HgCf XcHg Cllg CHg

HgC 1 CHPr“V
N(CH2)2.0Tr N(CH2)3.0Tr N(CH2)2.0Bz

(IV) (V) (VI)

Substitution in the a-position in the heterocyclic ring has only a slight

effect in enhancing either action, whence the conclusion is drawn that the

bicyclic system of tropane is not specific in its influence on jdiarmacological

action, and the second ring may be regarded as ballast. Thus the coniine

derivative (VI) corresponding to (IV) is scarcely more active than (IV)

(Bz replacing Tr) as a local anaesthetic. It is generally assumed that the

sole function of the esterifying methyl group in cocaine is to ensure

neutrality but it has been shown that when the methyl group is replaced by
benzyl, phenylethyl and certain of their hydroxy-derivatives, the

anaesthetic power is notably increased.®

Not only may tropane be extended externally, as in Aomotropine (I),

but a new methylene group may be inserted in the heptamethylcne ring
;

thus Werner has shown that 0-pelletierine (VII), on reduction in different

ways, yields two granatolincs (VIII), corresponding, no doubt, to tropine

CH CH

—

I

2
I 1

*

CHo Hue COr I
I

CE« NUe Cn.0Hr I I

(Vin)CB^—CH—CHg

CH:CH.C nil— CHo

I I

NMo CH.O.Bz

(II) CHrCH.C.CHg.Cflg.CH CH^

and 0-tropine, one of which on esterification with tropic or mandelic acid

yields mydriatic comparable with atropine in activity.^® Tanret has found
lhat these aminoalcohols on esterification with benzoic acid or certain of

its derivatives yield local anaesthetics, and it has been shown by Elphick

and Gunn that benzoyl-JV-methylAo?wogranatoline (p. 61), though slower
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in action, produces local anaesthesia of longer duration than tropacocaine,

and Rao^® has stated that this is also true of benzoyl-^-8 : 9-benz-J®-®

Zjomogranaten-3-ol (IX). McElvain and Adams have synthesised a ring

homologue of ecgonine and esterified this with ethyl alcohol and benzoic

acid, and so produced a substance which is less anaesthetic and more toxic

than cocaine.

The results of more recent investigations by Blicke with Maxwell and
with Kaplan covering a wide range of basic components and of acyl

residues, do not lend themselves to a simple generalisation. The basic com-
ponents were mainly dialkylamino-derivativcs of aliphatic hydrocarbons
from ethane to pentane, c.g., . CHg . CHg . NMcg to . CHg • CMeg . CH2 . NEtg,
and similar but shorter scries of derivatives of piperidine (CgHjoN),

morpholine, ^.g., . CHg . CHg . NC4HgO, and methylc^cZchexylamine

such as . CHg . CHg . N(CH3) (CgHjj). The acyl residues used included

mandelic, benzilic, ^j8-diphenylhydroxypropionic, tropic (a-phenyl-j3-

hydroxypropionic) and three isomerides of the latter, viz,^ atrolactic

(a-phenyl-a-hydroxypropionic), /^-phen^d-a-hydroxypropionic and j?-phenyl-

j
5-hydroxypropionic : neither of the two latter isomerides gave either a

mydriatic or local anaesthetic in the series tried. The most promising of

the basic components was
)
9-piperidinoethyl, with which, out of eighteen

acids tried, five gave “ moderate ” mydriatics, one, dic^cZohexylglycollic

(CgHii)2 • C(OH) . CO . O, was “ good ” and that with tropic acid
“ excellent.” Benzilic acid was the best of the esterifying acids and out

of thirty bases used with it there were obtained eight mydriatics classed

as “ excellent,” four as “ good,” and two as “ moderate,” and where these

mydriatics were also tested for local anaesthetic action they were similarly

classed for that activity. In general throughout these series potent

mydriatics proved to be also potent local anfesthetics, but ^y^-dimethyl-y-

dimethylaminopropyl a-phcnyl-a-hydroxypropionate (atrolactate) classed

as a “good ” mydriatic was inactive as a local anaesthetic. There are also two
esters of atrolactic acid with the basic components . CH2.CH2.N(C 4110)2 and
. CH2 . CH2 . NC5H10 and three of

j
8

j
3-diphenyl-/3-hydroxypropionic acid with

the basic components : . CHg . CHg . N(C3H7)2 ; . CHg . CMcg . CHg . NMcg
and . CH2 . CHg . CHg . NCgHjo, which are classified as “excellent ” local

anaesthetics but do not produce mydriasis.

Homatropine (mandelyltropine) being a useful mydriatic it is surprising

that of nine esters of mandelic acid tried, none showed mydriatic activity

though three were local anaesthetics, two of them being described as

“ good.” Only one of the tropic acid esters tried showed local anaesthetic

action and that was “ poor.”

As is not uncommon in homologous series, close homologues sometimes

showed anomalous behaviour, ^.g., of tlte benzilic acid esters with the

following basic components ;

—

(1) . CH2 . CHa . NMc2 (8) . CH2 . CH2 . N(C3H7)2

(
2

) . CHa . CHa . NEta (
4

)
. CHg . CHg . N(C4H0)2

( 1 )
and (2 )

were potent mydriatics while (8) and (4 )
were inactive and,
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an even more striking example, is the mydriatic activity of

. CHa . CMcg . CHg • NMcg and the inactivity of . CHg . CMca . GHj . NKt^,

both being used as esters of atrolaetic acid, CH3 . C(CgH5)(0H)(C00H).
Most of the esters were given as hydrochlorides, but where

methobromides were used to ensure solubility they were in some cases less

irritant and at least as active as the usual salt.

These results indicate that in these new ester mydriatics, the structural

factors, which influence the development of this type of pharmacological

action are similar to those made evident by the chemical investigations of

Jowett and Pyman and the pharmacological work of Marshall, Dale,

Laidlaw and Cushny on the tropeines. The nature of the basic component
is obviously important since mydriasis is produced by simple bases such as

ephedrine. As regards the nature of the esterifying acid, Jowett and
Pyman drew the following conclusions :

—

I. Tropeines of aliphatic acids exert no mydriatic effect.

II. The replacement of the benzene residue by that of pyridine in the

acyl group of a mydriatic tropeine does not cause the activity to vanish.

III. In tropeines containing a disubstituted benzene ring, those in

which the replacing groups occupy the pam-position have the least

mydriatic action : thus 0- and m-hydroxybenzoyltropeines arc active, but
not the p-isomeride.

IV. No generalisation as to the relation between the mydriatic action

and chemical constitution of the tropeines can be made which will explain

the observed facts.

To these may be added Blicke and Kaplan’s conclusion, that the nature

of the basic nucleus and the relative positions of the phenyl and hydroxyl

groups in the esterifying acid are of prime importance. These conclusions

do not provide a full explanation of the results of these investigations. It

seems clear that chemical structure alone provides an insufficient basis and
that molecular size and shape and other physical properties of the substance

play a considerable part in determining the pharmacological action.

Stereoisomerism in either the alkamine nucleus or the acyl residue

has a considerable effect on the pharmacological action of the tropeines

and cocaines. Differences in activity of tropine and 0-tropine and their

benzoyl derivatives have been mentioned already, and there seems to be

a consensus of opinion that the i/f-cocaines (alkyl- or aryl- acyl esters of

^-eegonine) are less toxic and more potent local anaesthetics than the

corresponding cocaines, derived from Z-eegonine.^^

Cushny has compared the action of d- and /-hyoscyamines with that

of atropine, and of d-homatropine with that of dZ-homatropine in antago-

nising the action of pilocarpine, and finds that the order of activity of the

first three is in the ratio 1 : 40 : 20, and of the second two in the ratio

4 : 2*5. He drew attention also to the important influence of the acyl

radical in the tropeines, which exercises the maximimi effect when it is a

hydroxyalkyl aromatic ^residue and is laevorotatory
;
and in illustration

of this point gives the following table of relative activities on the basis of

capacity to antagnonise pilocarpine in the salivary fistula dog ;

—
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Z-Hyoscyamine . 600
d-Hyoscyamine 15

dZ-Hyoscyamine . . 300
Methylatropine . 450
d-Tartryltropine . 0
Z-PIomatropine 14

d-Homatropine 7

d/-Homatropine . . 10

Phenylacetyltropine . 1

Bcnzoyltropine . . 1

o-Hydroxybcnzoyltropine. 1

m-Hydroxybenzoylire>pine <1
^-Hydroxybenzoyltropine

The same author found Z-hyoscine sixteen to eighteen times as active

as the d“isomeride in antagonising the action of pilocarpine on the

termination of nerves in tlie salivary glands, while both isomerides are

equally active on nerve ends in striated and unstriated muscle and on the

central nervous system.

The influence of the acyl group in the production of local anaesthetics

has also been discussed by Jowett and Pymari,^^ who point out that this

property is shown by alkamine esters of widely different structure, but
possessing the following characters :

—

(1) The acyl group may be benzoyl or a substituted aromatic residue.

(2) The amino group may be secondary or tertiary, or be associated

with simple or bridged ring complexes.

(3) The alcohol group may be primary, secondary, or tertiary, and
may separate the acyl and amino groups by a chain of two or three carbon
atoms.

Illustrations of the variation in structure associated with capacity to

produce local anaesthesia may be found among the numerous synthetic

alkaline esters that have been introduced and used as cocaine substitutes,

e,g., amylocaiiie (I), amydricaine (II) and benzamine (III).

^O.CO.CgHg ISSllOg • CHg yO • CO • CgHg CH • 0 • C0 • C|kHe

/ \ 6 5

'2^5 CH2 • IQjf
d g fHC

1

(I)

CgHg CEi^ Mg«HC

(n) (III

f2
CMOc

The property of producing loc*aI anaesthesia is also shown by other

products than alkamine esters, e,g,, benzyl alcohol and its homologues,

saligenin, and the esters of aininoarornatic acids
;

such as the ethyl and
diethylaminoethyl esters of 4-aminobenzoic acid.

Several of these cocaine substitutes contain asymmetric carbon atoms,

and King has shown that in the case of benzamine (III) there is no

difference in the anaesthetic action of the d- and Z- fonns, but that the

Z-form is twice as toxic as the d-form.

Enterprise in the synthesis of new local anaesthetics shows no sign of

diminution and several useful reviews dealing with the correlation

of structure and local anaesthetic action have been published of

which that by Moore deals generally with the subject, while Gilman,

Goodman, Thomas, Hahn and Priitting discuss structure and activity in
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several series, ranging in type from alkamine esters of diphenylacetic and

allied acids to dialkylaminoalkyl benzyl ethers, and Dawes deals with

the remarkable observation that many local anaesthetics and some
spasmolytics have a quinidine-Iike action in auricular fibrillation. Of
general interest also is Burn’s description of various methods available

for comparison of the relative potencies of local anaesthetics, of which
cocaine, procaine, ^-eucaine and nupercaine are used as examples.

A series of papers dealing with the investigation of cocaine addiction

may also be noted.

Spasmolytic Action. In virtue of its action in inhibiting stimulation

by the parasympathetic nervous system, atropine belongs to the

neurotropic group of spasmolytics, while papaverine which has also

become a model for the synthesis of spasmolytics is musculotropic

(myotropic) in action. Atropine has the disadvantage that it acts on so

many organs that its use as a spasmolytic is accompanied by undesirable

side actions and much work has been done in the hope of eliminating these

side effects by modifying atropine, or making and testing esters similar in

chemical type. A second objective has been to combine in one substance

both neurotropic and musculotropic action, leading eventually to the group

of drugs known as anti-histamines, on which much synthetic work is now
being expended.

The pharmacological tests used in this work are usually measurement
of the relaxation of intestinal, muscle contracted by acetylcholine as an

indication of neurotropic activity and for musculotropic action similar

observation is made on relaxation of spasm induced by histamine or

barium chloride. For promising substances these tests may be supple-

mented by in vivo tests of various kinds. The chemical work has

followed much the same lines as that already described for mydriatics,

esterification of tropine by various acids, or of tropic acid by a range of

amino-alcohols, and more recently of amino-alcohols, such as diethyl-

aminoethyl alcohol and its homologues, by a range of acids. Halpern

has suggested that the amino-alcohol is responsible for the nature of

spasmolytic action and the esterifying acid for its intensification and
has pointed out that while the lower amino alcohol esters are chiefly

neurotropic the esters of the higher homologues such as the aminopentanols

are mainly musculotropic.

Among the numerous compounds of this type which have been tested,

the following may be mentioned as examples :

—

Benzilic and other esters of tropine and 0-tropine ^
;
a-phenylvaleric,^®

diphenylacetic,^^ fluorene-9-carboxyIic,^^ tropic, and other esters of

/3-diethylaminoethanol
;

tropic and other esters of y-diethyl-

amino-^jS-dimethylpropanoI (Fromherz ^®)

;

esters of morpholinoalkyl

alcohols.^®

Comparable figures for a satisfactory range of substances tested as

spasmolytics cannot be provided as authors state their results in different

ways. The following short series is taken from Burtner and Cusic’s

paper.*®
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Substance

Activity in Spasm due to

Acetylcholine Histamine

1 Atropine (d/-tropyltropine) .... 014 4
2 1 -Methyl-4-hydroxypiperidyl diphenylacetate 1-8 0-5

3 j3-l)iethylaminoethyl dMropate 10 20 0
4 ,, a-phenyltropate .5 0 20
5

, , benzilate 0-7 0-7

6 ,, diphenylaeetiite (iO 1-5

7 —
, fluorene-9-carboxylate 10 10

8 y-Diethylaminopropyl ,, 40 50
9 ^-Diethylaminopropyl ,, ,, >100 4*5

10 /3-MoButylaminoethyI ,, ,, 50 2*5

11 jS-Di-w-butylaminoethyl ,, ,, >120 90
12 )^DiethyIamino-)Sj3-diniothyJpropyl rf/-tropate as

phosphate ....... 150 30*0

i

The activities are expressed as reciprocal functions and are referred

to No. 7 as unity, so that the smaller the number the greater the activity.

The results with Nos. 8 to 7 indicate that the esterifying acid has consider-

able influence both on the nature of the action and its intensity. None
of the amino-alcohols used matches tropine as a source of spasmolytic

action of the neurotropic type.

Reviews of recent developments in synthetic anti-spasrnodics have been

published by Raymond and by Blicke, and on the pharmacology of anti-

histamine compounds by Loew.^^ Mention may also be made of the

useful description by Henderson and Sweeten of the effect of atropine

on the gastro-intestinal canal and its glands.

In addition to producing mydriasis atropine paralyses accommodation.

This latter property seems to have received little systematic study in

connection with atropine substitutes, but Swan and White have prepared

a series of choline derivatives of the type X3 . N(C 1 ) . CHg . CHR . O . CO .

NYg, where X may be a to C3 alkyl group, R, H or CH3 and Y, butyl, amyl
or phenyl. In this series the most promising compound proved to be

dimethylethyl-^-hydroxyethylammonium di-n-butylcarbamate sulphate,

[(C4H9)2 . N . CO . O . CH2 . CHg . NMcgEtjg, SO4, which is said to

produce mydriasis and cycloplegia comparable with that due to

homatropine. Ing, Dawes and Wadja have examined pharmacological^

an extensive series of benzilic esters of alkamines of the choline type, of

which the most promising compound was benzilyloxyethyldimethyl-

ethylainmonium chloride,

EtMe2N(Cl) . CH2 . CH2 . O . CO . CPhg . OH.

It resembles atropine in its range of activity but in particular types of

action it may differ quantitatively : thus its action on the pupil is equal to

that of atropine but shorter in duration, and that is also true of its

antagonism to the effect of acetylcholine on the isolated perfused cat’s

heart, but its activity on the salivary gland and the blood pressure of the

cat, is greater than that of atropine, while its action on smooth muscle
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equals it. Clinically it is regarded as a useful, short-acting mydriatic and
cycloplegic, which will have special utility in treating cases allergic to

atropine and belladonna.
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LUPINANE GROUP
ALKALOIDS OF THE PAPILIONACEi®

It has become customary to call the principal members of this group
“ the lupin alkaloids,” but in view of their wide distribution in the

Papilionaceae, a better title is that suggested above, since they appear to

be the characteristic alkaloids of this leguminous sub-family. This is not

the only type of alkaloid found in the Leguminosse
; other types occur,

e,g,, in Acacia (p. 631), Crotalaria (p. 601), Erythrina (p. 386), Mimosa
(p. 4) and Peniaclethra (p. 776).

The group has attracted much attention from in\ estigators interested,

in the distribution of alkaloids in plants. Plugge examined a large

number of Cytisus spp., for cytisine. Klein and Farkass devised

microchemical tests for the detection of cytisine in plant tissues and
investigated the distribution of this alkaloid in Genista, Uleoc, Sophora,

Baptisia, Euchresta, Anagyris and Thermopsis, Jaretzky and Axer^l®^

examined 115 papilionaceous species and found sparteine in twenty-three,

all belonging to Lupinus, Genista or Cytisus, The largest percentages were
found in the twigs and leaved of G, cetnensis (2*l-2*2) G, purgans (1 •96-2-1),

C. albus (2-l-2*2), C. prcecox (2-4-2-5) and C. scoparius (broom) (2-7). The
amount present in broom tops varied from 2-3 in March to 3*0 in May ,•

it fell to 1-25 in June and slowly rose to 2-8 in November, then remaining

constant until February. An even more extensive investigation is in

progress in New Zealand, where E. P. White has examined the alkaloidal

contents of over 200 leguminous species, the percentage and nature of the

alkaloids present in various organs being determined, and changes in

these factors, traceable to season, locality and conditions of growth
noted. Three alkaloids of the group, Z-sparteine, methylcytisine and
lupinine, have been found in plants of other botanical families, the first in

Chelidonium majtis (Papaveraceae), the second in Caulophyllum thalictroides

(Berberidacese), and the third in Anabasis apkylla (Chenopodiaceae),

which also contains aphylline and aphyllidine belonging to this group

(p. 53).

The following table gives the more important occurrences of these

alkaloids in plants.

PAPILIONACE^

(1) Ammodendron Conollyi Bge. d-Sparteine, ammodendrine.®

(la) Ammothamnus lehmanni Bge. d>Sparteine, sophocarpine and
AMMOTHAMNiNE, C15H24O3N2, m.p. 199-201®, [a],> ± 0°, picrate,

m.p. 212-4° {dec,)?^^^

(2) Anagyris fcetida L. Anagyrine, d-sparteine, cytisine.®

(8) Baptisia australis, B, tinctoria R. Br. and other species. Cytisine, A
116
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Canadian specimen of Baptisia australis (L) H. Br. contained

A^-methylcytisine, d-sparteine, cytisine and a new base, Ci^HigONg,
m.p. 300^’, forming a perchlorate, m.p. 198°, and a picrate, m.p. 238°

(Marion and Ouellet).^^^^

(4) Calycotome spinosa L. (Link). In seeds d-calycotomine (p. 146), with
traces of the dl- form, and of a second base, calycotamine.^^^^

(5) Cytisus and Genista spp. White divides these two genera into six

groups according to the principal alkaloid present, (a) sparteine,

e.g., C. scoparius
;

(b) lupanine with or without some sparteine,

e.g., C. ratisbonensis ^ containing d-lupanine and Z-sparteine, and
C. caucasicus ^ in which d-lupanine, d>sparteine and a third base

(needles, m.p. 120-2°) are present
;

(c) cytisine or allied bases,

usually without sparteine, e.g,, C, linifolius having anagyrine in

the tops and cytisine in the seeds
;

(d) sparteine, with cytisine or

allied bases, ^.g., G, cetnensis with tops containing sparteine, but

cytisine in the seeds
;

(e) calycotomine {cf, item 4) as in C. nigricans

var. elongatus Willd., where this is the main alkaloid, or C. proliferus

in which the tops contain Z and dZ-sparteine and the seeds dZ-

calycotomine
; (/) no alkaloids present. C. caiiariensis and

C, stenopetalus belong to group (c) and contain up to 0-4 per cent,

of alkaloids mainly cytisine and methylcytisine with traces of

anagyrine in some specimens of the second species. C. monspes-

sulanus also belongs to group (c) and contains 0*9 per cent, of

alkaloids chiefly methylcytisine with some cytisine and a new
alkaloid monspessulanine (p. 146), probably of the lupanine group.

(1946).

(6) Cytisus scoparius L. Z-Spartcine and isornerides, sarothamnine

(p. 138), genistcine (p. 139); 3 : 4-dihydroxyphenylethylamine.^^-^^

(7) Cytisus Laburnum L. {Laburnum vulgare Presl.) and Euchresta
Horsjieldii, Cytisine.

(8) Genista cetnensis. Seeds contain cytisine
;

plants contain retamine,

a little cytisine, and a trace of a cytisine-like base
;

sparteine is

recorded in one sample.

(8a) G. iinctoria. Cytisine, methylcytisine, anagyrine and a fourth base

(picrate, m.p. 244-6°).“*

(9) Lupinus albus. d- and dZ- Lupanine ; hydroxylupanine (Ueno).^

(10) L, Andersonii, Wats. Nonalupine (p. 132).*^®^

(11) L, angustifolius, L. d-Lupanine, hydroxylupanine.®

(12) L, harbiger S. Wats. Sparteine, dilupine, trilupine (p. 132).®

(18) Zr. caudatus Kel. Monolupine (p. 132)..®

(14) L. corymbosis Heller. Hexalupine (p. 182).’^

(14a) If. hilarianus. Hydroxylupanine.

(15) L. Kingii Wats. d-Lupanine.®

(16) L, laxiflorus var. silvicola C, P. Smith. Anagyrine.'^^*^

(17) L. IcLXUs Rydb. Sparteine, d-lupanine, trilupine (p. 182) and Si fourth

base, m.p. 176-7°, [aj^ + 188-2° (HgO).’

(18) L. luteiis and L. niger. Lupinine and Z-sparteine.®
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(18a) L, macounii Rydb. Rhoinbinine, hydrorhombinine and base P^,

Ci 5H220N2 ,
b.p. 120“2'^/0*1 mm., m.p. 120° {cf, item 38).

(19) L, palmeri Wats. Lupiuine, tetralupine and pentalupine (p. 182).^®

(
20

)
L, perennis, d-Lupanine and hydroxylupanine.

(
21

)
Zr. polijphyllus Lindl. d-Lupanine, hydroxylupanine.®

(
22

)
L. sericeus, Pursh. Spathulatine andnonalupine (p. 182).^^^®^

(23) L. sericeus vsiT, flexuosm. C. P. Smith. Octalupine (p. 132).^^^^^

(24) L, spathulatus, Rydb. Spathulatine (p. 132).^^^

(25) L. termis. d/-Lupanine.^^

(25a) Piptanthus nepalensis Sweet. Cytisine in seeds,

{
26h) Podalyria spp. Lupanine ; dU and Z- forms in P, huxifolia ; I- form

in P, calyptrata ; d- and dZ- forms in P. sericeaj^^^

(26) Retama sphcerocarpa. Retamine (p. 139) and sparteine.

(26a) Sesbania tripetl Hort. Lupanine-like alkaloid.

(27) Sophora angustifolia var. flavescens. S. and Z. Matrine, sophocarpine

(p. 150), oxymatrine (p. 150).

(28) S, alopecuroides. Matrine, sophocarpine (p, 150), sophoi'idine (p. 150),

sophoramine (p. 150), aloperine (p. 150).^^

(29) S. chrysophylla, Anagyrine, cytisine, soj)hochrysine (p. 150).^^^"^

(30) S. microphylla. Cytisine, methylcytisine, matrine, sophochrysinc

(p. 150) and sl fifth base, m.p. 168-1 71

(31) S. pachycarpa. Paehycarpine (d-sparteine), sophocarpine (p. 150),

sophocarpidine (matrine).^®

(82) S. secundifiora, S. speciosa. Cytisine.

(33) S. tetraptera. Matrine, methylcytisine, sophochrysinc (p. 150),

(34) S. tomentosa. Cytisine.

(35) Spartium jwicetim. Sparteine
;

cytisine only in New Zealand

plants.

(36) Thermopsis alpina (Pall.). Led. T, alternifolia, Rgb. and Schm.
unspecified alkaloids.^’

(87) T. lanceolata. d-Sparteine, thermopsine (p. 150), )^o?aothermopsinc

(p. 151), anagyrine, methylcytisine, cytisine.^®

(38) T. rhombifolia (Watt), Richards. Cytisine, methylcytisine,

thermopsine (p. 150), rhombifoline (p. 151), rhombinine (p. 151),

3-methoxypyridine .
^ ®

(39) Ulex europceus. Anagyrine and a second alkaloid, C15H20O 5N2 ,

plates, m.p. 170.^® Cytisine in flowers and seed grown in New
Zealand.^^^^

(39a) Virgilia capensis Lam. Virgiline (p. 147), virgilidine (p. 147), a

syrup resembling a mixture of d- and dZ-lupanine, and unidentified

bases.^^^J

CHENOPODIACE^

(40)

Anabasis aphylla. Lupinine and other bases (j). 58).

BERBERIDACE.®
t41) Caulophyllum thalictroides. Methylcytisine (caulophylline).®^
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PAPAVERACE^
(42) Chelidonium majus. Z-Sparteine.

Smirnova and Moshkov have investigated the effects of the removal
of leaves or buds and of grafting on the alkaloidal content of lupins, and
Wallebroek has studied the alkaloidal and nitrogenous metabolism of

Lupinus luteus seeds on germination.^^

Owing to the use of lupin seeds for feeding animals, much attention

has been given to the selection of species free from the more toxic alkaloids

of the group, particularly sparteine, to methods of removing alkaloids

from the seeds, a subject on which there is an extensive literature and
to methods of estimating alkaloids in lupins on which a critical review

has been published by Brahm and Andresen.***
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Lupinine, CjoHigON. The alkaloids of yellow lupin seeds were isolated

by Cassola/ but lupinine was first obtained by Baumert,^ and was charac-

terised by Schnnidt and Berend ^ and other workers.^ A process of isolation is

described by Karrer, Canal. Zohner and Widnier,^ and a method of

sepaY’ating lupinine and anabasine has been devised by Sadykov and
Spasokukotski.^ The alkaloid crystallises from light petroleum in rhombs,
m.p. 68-5-69*2°, 70-1° (Clemo and Raper),® b.p. 255-7°, in a current of

hydrogen, [a]J/° — 19°, — 25-9° (Couch) ; it is a strong base, liberating

ammonia from its salts. The hydrochloride, B . HCl, forms rhombic
prisms, m.p. 212-3°, [a]j, — 14° (H2O) ;

methiodide, m.p. 295-6°

;

d-tartrate, m.p. 171°
;

aurichloride, B . HAUCI 4 ,
needles, m.p. 196-7°

;

platinichloride, Bg . HgPtCl^, yellow crystals, m.p. 163-4° and picrate,

m.p. 136-7°. According to Clemo and Raper, an orange-coloured precipi-

tate is formed when hydrogen sulphide is passed through a suspension of

sulphur in an ethereal solution of the base.

Constitution. Evidence of the presence of a primary alcohol group in

lupinine is provided by the benzoyl derivative (minute needles, m.p. 49-50°)

the phenylcarbimidc addition product, CjoHigN . O . CONHPh (prisms,

m.p. 94-5°), the oxidation of the alkaloid to lupininic (lupinic) acid,

CgHigN . COOH (long needles, m.p. 255°), and the dehydration to

anhydrolupinine, C^oHj^N, a colourless oil of unpleasant odour, b.p.

216-7°/726 rnm.
;

picrate, m.p. 94°; aurichloride, B . HAUCI 4 , m.p.

140-1°; platinichloride, Bg . HgPtCIg, m.p. 216° {dec.) ;
and methiodide,

B . Mel, m.p. 180° {dec.). Anhydrolupinine is optically inactive, but a

Isevorotatory isomeride has been obtained by Clemo and Raper,® and
named ^-anhydrolupinine, C10H17N, b.p. 63°/0*5 mm., [a]^^ — 85*3°

(acetone)
;

picrate, m.p. 154°
;

platinichloride, m.p. 210 ° {dec.). Karrer

and Vogt ® have also prepared a laevorotatory anhydrolupinine,

b.p. 86-8°/15 mm., — 49*8°, These differences have not yet been

accounted for. Lupinine contains no methylimino-group and behaves as

a tertiary base. On exhaustive methylation it yields in three stages

trimethylamine and an unsaturated alcohol, CioHjgOH. This and other

observations recorded above are due to Willstatter and Fourneau,’ who
first suggested a bicyclic system as a nucleus for lupinine.

Schopf and Thoma ® found that lupininic acid yielded a methyl ester

(b.p. 120-2°/10 mm.) which had [a],) — 19*4° to 5-8° in different batches.

The f-ester furnished a gummy picrate, — 41*8°, and on hydrolysis by
hydrochloric acid gave a crystalline lupininic acid hydrochloride, m.p. 275°,

— 13-1°, identical with that described by Willstatter and Fourneau,^

whilst the d-ester, or ester of Z-rotation below — 19*4°, furnished a

crystalline picrate, m.p. 185°, [aj^ -f-
61-8°, from which pure d-epi-ester,

b.p. 126°/11 mm., [a]i> + 54-8°, was prepared, this in turn yielding

amorphous d-lupininic acid hydrochloride. The Z-ester is convertible into
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the d-ester by the action of sodium methoxide, and the Z-acid, by
phosphorus pentachloride suspended in benzoyl chloride, into an acid

chloride, which with methyl alcohol furnishes the d-methyl ester and with
ammonia yields the d-epi-amide, m.p. 228°, b.p. 250°/ll mm. (bath temp.),

Wlf" + 41-3°, with some d-cp^-nit^ile, b.p. 120°/11 mm. The two series of

derivatives were assumed to indicate the existence in lupininic acid of two
centres of asymmetry, one of which (>CH . COgH) is (— )

in the Isevorota-

tory series and (+) in the d-epz-series, whilst the other is dextrorotatory

in both series.

Anhydrolupininc is oxidised by permanganate in acid solution to a

glycol, CioIIigOgN, b.p. 165-7°/ll mm. On hydrogenation it furnishes

liipinane,^ CioH^gN, b.p. 75-7°/ll mm., separable by fractionation of the

picrate of the crude preparation into two forms, a- (picrate, m.p. 185°)

and jS- (picrate, m.p. 164-5°). Karrer and Vogt’s Z-anhydrolupinine

furnished a Z-lupinane, b.p. 80-l°/14 mm., [a]^^ — 0*65°, and from
chlorolupinane, obtained by the action of thionyl chloride on lupinine,

by treatment with sodium in alcohol, they prepared a more active Z-lupinane,

b.p. 84“-6°/15 mm., — 9-4°
;
these were both of the a-lupinane type,

picrate, m.p. 185° (e/. Clemo, Raper and Tenniswood ®).
j
8-Lupinane has

b.p. 85~6°/15 mm., or 76-7°/ll mm. and yields the following salts :

—

B . HI . m.p. 261-2°
;
B, HAUCI 4 , m.p. 143-4°

; Bg, HgPtClg, m.p. 215°
;

B . Mel, 241° (Wintcrfeld and Kneuer ; Kondo and Saito).® It is assumed
that in the formation of the two lupinanes one asymmetric centre of

lupinine is destroyed in the production of anhydrolupininc and that in the

reduction of the latter a new asymmetric centre is formed. Throughout
these operations a second asymmetric centre of lupinine remains intact.

If this is indicated by (a) and the new centre by (b) the optical state of the

two epimeric lupinanes may be represented thus

(+ a, + b ;
— fl, — b) and (+ a, — b ;

— a, -f b),

Lupinine is isomeric with a hyj^othctical ethylquinuclidine carbinol

but attempts to correlate the two structures were unsuccessful.^®

Willstatter and Fourneau ’ found the degradation of lupinine by
exhaustive methylation complex, and Karrer, Canal, 2k)hner and Widmer
endeavoured to simplify it by hydrogenation of the unsaturated products

formed at each of the three stages necessary to eliminate the nitrogen as

trimethylamine. The intermediate products are mixtures of structural

isomerides due to more than one of the three A^-linkages being broken at

one operation, and there are also components due to secondary reactions.

The final product, obtained by hydrolysis of tetrahydrodimethyllupinine

methiodide, CioH2iON(CH3 ) 3l, with moist silver oxide followed by distilla-

tion, is a mixture of tetrahydrodimethyllupinine (b.p. 140-8°/10-ll mm.)
and an oil boiling from 81° to 101 °/10~11 mm. The latter was separated

into two main fractions, b.p. 86-96°/10~ll mm. (48 per cent.) and b.p.

100-1 °/10-11 mm. (26-5 per cent.). These had Xj, + 0*385° and + 0*84°

(0*25 dcm. tube), and were water-bright, pleasant smelling liquids, the former

giving analytical results required by the formula, CioHgoO. On oxidation
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first with zinc permanganate and then with chromic anhydride and

sulphuric acid, there was formed a lactone, CgHjgOg, b.p. 258-5®, probably

^-hydroxymethyloetoic acid lactone, CHg . [CH2I 4 . CH(CH2 ) . CHg . CO . O,

indicating the presence of 8-hydroxymethyI-J''-nonene (I) in the mixture

of unsaturated alcohols. On reduction the latter furnished the

corresponding saturated alcohol, CjoHggO, (II), b.p. 95-108°/10--ll mm.,
aj, + 0*82° to + 0-89® (0*25 dem. tube). The validity of this formulation

of the main component (I) of the unsaturated alcohols was estat)lishcd by
the results of a series of reactions represented as follows, the residue

CHg . CHg . CHg . CHg . CHg being indicated by Cglln. Products (I)

to (IV) were optically active, but this property disappeared in the

unsaturated hydrocarbon (V).

(I) C^jj^.CHiCHgOHl.CHg.CHiCHg, by hydrogenation ^

(II) CgHj^j^.CH(GH20H) ,0112 .(3112 .011^, by notion of pbosphorus pentabromide >

an) 0gH^^.0H(0H2Br) .OH2.CH2.OHj, by action of trime thylamlno >

IIV) CgH3j^.CH(0H2Jl(Me3)Bri.CH2.CH2.CH3, by diatillation of bai»e >

(7) GgH^^.CCiGHg) .GHg.CHg.CEj, by oaonlaation ^

(VI) CgH^j^.CO.CHg.CHg.CHj, by oxiaation >

(VII) CgH^^.C( :N0Hi .OHg.CHg.CHj, by Bookmann transformation >

(VIII) CgH^^JJH.CO.CHg.CHg.CHj, by acid hydrolysis y

(IX) CgHj^^NHg HOOC.CHg.CHg.CHg

n«*amylamina n»butyrlo aold

Of the various methods of inserting a nitrogen atom in the saturated

alcohol, CioHggO (II), to form lupinine, the most probable arc represented

by formula? (X) and (XI), of which the latter was preferred.

» >/<

f-CHg—jIH.CHg.OH ^ CH.CH2.OH 9«2-'
1

3H—CH.CHg.OH

—

0
-

f«2

CHp

1 \ i

CH2
{^2

JHg
CHg \ CHg |h2 9«2

CH3 CH^ (X) CHg—K C^2 CHg—N CHg

Although lupinine is thus a comparatively simple alkaloid its detailed

chemistry has been difficult to unravel owing (a) to the presence in its

molecule of two asymmetric carbon atoms as asterisked in (XI), and
(b) the possibility of cis-trans isomerism in certain of its proximate deriva-

tives. Winterfeld and Holschneider have pointed out that a further

complexity arises from the presence in natural Z-lupinine of a structural

isomeride, aZtolupinine for which formula (XII) is suggested. They also

quote Kxeig’s observation that by the action of sodium on a benzene

solution of Z-Iupinine (m.p. 68-9®
t [a]© —* 28*52®), the latter is converted
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into wolupinine (m.p. 76-8°
;

[a]^, + 88-17°), which is also produced by the
reduction of Z-lupininic acid instead of the expected Z-lupinine. They
suggested that lupinine and wolupinine are related to each other as cis- and
Zmm‘-forms respectively, the latter being the more stable.

The same authors have investigated the degradation of lupinane (XIII),

cf. (XIV), by the cyanogen bromide process, the steps and products being
as follows :

—

Lupinine Cj^Eji^gON > anhydrolupinlne, by hydrogenation

Lupinane C^qH^qN, by addition of cyanogen bromide >-

Bromolupinaneoyajioamide , by hydrogenation ^

Luplnanecyanoamlde, by acid hydrolyals — >

Secondary base, ^ oxidation with eilver acetate >

Tertiary pyridine base,

The nature of the base, CioH^gN, varies. When produced from pure

Z-lupininc, m.p. 68-0 °, it furnishes on oxidation only 3-methylpyridine-2-

carboxylic acid (XV) and pyridinc-2 : 3-dicarboxylic acid. If, however,

lupinine, m.p. 63-5°, is used, the resulting pyridine base on oxidation

furnishes in addition 2-n-butylpyridinc-6-carboxylic acid (XVI) and
6-methylpyridin(^-2-carboxyIic acid (XVII). The conclusion is drawn that

lupinine, m.p. 63-5°, is a mixture of Z-lupinine (XI) with aZZolupinine (XII),

each of these components furnishing its own lupinane (XIII and XIV),
and that these two lupinanes contribute to the final degradation product,
“ the tertiary pyridine base, C10H15N,” the two isomerides 2-n-butyl-3-

methylpyridine (XVIII) and 2-n-butyi-6-methylpyridine (XIX) respec-

tively. These interrelationships are shown by the following scheme ;

—

CHg-CH-C;

9H0

CHZ

CH«

CH.
2

CHg-N — GHMa^

Lupiuama
ax

alloluplnlna
TSvJ

Bu.C—CH
I

CH
I

-

CH
I

inx)

Bu.C—CH

CH

CH

CHg—CH—CHg

OHp

CHp—CH—CHMe1*1 1

CHg

k
CHg- N —. CH.CHgOH CHg-N—Ci^

alloLupinina Lupinane
Tffin ex

000H.C-CH

and

H-e.GOOH

(XVI)

CH

I

K—Ola

Omi)

N-CE

(XT)

H—CH

(xnii)
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Confirmation of Karrer’s formula has been provided by the investigation

of special reactions of lupinine and lupininic acid and by syntheses of

norlupinane and j8-lupinane.

norLupinane, is an oil, b.p. 43-5°/0-5 min., giving a picrate,

m.p. 103-4°
;
methiodide, rn.p. 340-3° (dec.)

;
and an aurichloride, m.p.

166-7°. It can be obtained by distilling lupininic acid with soda lime and
hydrogenating the partly unsaturated basic fraction of the resulting oil,

or by a Curtius degradation of lupinine hydrazide.^^ On the basis of

Karrer’s lupinine formula (XI), lupininic* acid is represented by (XX),
anhydrolupinine by (XXI) and norlupinane, which has also been named
octahydropyridocoline,’^® octahydroquinolizine, quinolizidine and 1-

azadicyclo-[0, 4, 4]-decane, by (XXII).

A xjrocess which should have produced norlupinane was worked
tlirough by Clemo and Ramage.^^ They eondensecl ethyl piperidine-2-

carboxylate withy-bromobutyronitrile and, as the resulting y-2-carbcthoxy-

piperidinobutyronitrile could not be cyelised, hydrolysed it with alcoholic

hydrogen chloride to the dicarboxylic ester (XXIII), which by the

Dieckrnann reaction, gave ethyl l-ketooctahydropyridocolme-2-carboxylate

(XXIV). This on boiling with dilute sulphuric acid furnished 1-keto-

GHc

9^
CHs

CH-CH.CO^H
1

CHg-Cai-G:CH„
1

^
1

f
2

1

CHp
1

1

0^2

1^2
CHg

1

^

CHg-N—N— CH„

(XX)

CH„-*2

CHg

CH—OOgEt

(JHg.COgEt

-N-CHg

(XXZll)

CHg—N —CHg

(XH)

CHg—CH—CO

CH,

<|H2

CHg-N

CH.COgEt

“ Cho

(XXtV)

^CHg—

H

-ca.

fz

fz

(XXII)

t
CH„-CH—CO
I
»

CHc CHg

9^
CHg-N—CHg

(XXV)

CH-C—CHg

CHg

CH

I

CH

CHg—CH- CHg

I

0H=N COgSt

CHs,

CH„

CHo

CH^
norLupInane {XXII

)

IKVI)

CHg—NH BrCHg

(xmi)
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octahydropyridocoline (XXV) which was reduced by the Clemmensen
method to a supposed octahydropyridocoline believed to be (XXII). It

gave a picrate, m.p. 213° (dec.), a methiodide, m.p. 283°, and an
aurichloride, m.p. 170°, all different from the corresponding derivatives of

noHupinane (p. 124). This substance has been named norlupinane (B), that

derived from natural lupinine being norlupinane (A). (See also p. 126).

A further synthesis by Clcmo, Ramage and Raper was more successful.

It consisted in subjecting ethyl y-2-pyridylbutyrate (XXVI) to a combined
Bcniveault and nuclear reduction, followed by bromination (XXVII) and
withdrawal of hydrogen bromide. The octahydropyridocoline so formed
was identical with 7?orlupinane (A) (XXII). In the meantime this

substance had also been synthesised by Winterfeld and Holschneider

and by Diels and Alder, and later on a further preparation was accom-
plished by Clemo, Morgan and Raper.^^ norLupinane (A) has also been

prepared by Galinovsky and Stem,^^'"' both by electrolytic reduction and by
catalytic hydrogenation of a-warlupinone (4-ketooctahydropyridocoline),

C^HigON, oil, b.p. 146°/20 mm., obtained by Clemo, Ramage and Raper
by refluxing ethyl y-2-pyridylbutyrate (XXVI,) with hydrochloric acid.

It was also suggested that the relationship of the two forms (A) and
(B) might be that of stereoisomerides of the cis-trans decalin type and a

good deal of work was done to provide experimental evidence for this view

or the alternative that they are structural isomerides. It was also found

that of the methods used to synthesise the pyridocoline system all but

one gave noHupinane (A) on reduction, the exceptional formation of

norlupinane (B) being limited to reduction of the 1-keto compound by the

Clemmensen method.
Prelog and Bozicevic applied to this problem a method for the

preparation of dicyclic bases of this type, which may be represented by
the following summary of generalised formulae.

EtOlCHgJx Br is condense! with ethyl maloiate to —

>

EtOlCHgjx •ClKCOgEt) 2 ,
which by interaction with EtOfCHg)^ Br yields

EtO(CH^)x>^

EtOlCHgjy'
:C(C02Zt)2. This on liydrolysis and decarboxylation gives —

^

£tO(CHp)xv PI
^E.COpH. which by thi Curtius-Schciidt reaction^\ followed by

EtO{CH2)y
treatment with hydrogen bromide yields '

Br(CH2)*

BriCHg)^^
\CH.NHo and this by the action of dilute alkali gives (CHg

.CIK

'fClx (

(

When aj = = 4 the product is norlupinane (A) (XXII) and the

substance obtained gave a picrate, m.p. 196°, a picrolonate, m.p. 249°,

aurichloride, m.p. 167-8°, and platinichloride, m.p. 388° (dec.), in good
agreement with the corresponding derivatives of norlupinane of natural

origin.
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Prelog and Seiwerth also prepared the compound of this type, in

which w = 5 and y = S, viz., l-azadicyelo-[0, S, 5j-decane, which proved

to be identical with mrlupinane (B) yielding a picrate, m.p. 21^5 4®,

picrolonate, m.p. 191-5°, and rnethiodide, m.p. 282-5° to 283° (cf. p. 125).

In tae synthesis of j3-Jupinane (p. 121) effected by Wintcrfeld and

Holschneidcr,^^ a Grignard reagent prepared from ethyl y-bromopropyl

ether was used to convert 2~acetylpyridine (XXVIII) into 2-pyridylmethyl-

y-ethoxypropylcarbinol (XXIX), which was hydrogenated to the corre-

sponding piperidine. The latter, on boiling with hydriodic acid, was
converted into j8-lupinane (XXX), giving a picrate, m.p. 163°, and

aurichloride, m.p. 148-4° (c/. p. 121). Treatment of (XXIX) with phos-

phorus pentabromide also leads to a base, resembling but not identical

with lupinane.

—C.CO .CH-

GH

J

CB

I

oh—h

(XXVIII)

CH=C-C(OH) JJe

CH

1

CB

CHg

CHo

I

*

CH—N CHg.OEt

(XXIX)

—CH.®,

®o

®„
fBg

CHg—N—OHg

i^^Luplnane

(XXX)

A further synthesis of worlupinane and a-r?o?*lupinonc has been effected

by Bockelheide and Rothchild.^^^®^

The results of numerous attempts to find a practicable route to the

synthesis of lupinine are recorded by Clemo and his colleagues. Success

was finally achieved by condensing ethyl pyridyl-2-acetate with y-phenoxy-

w-propyl bromide to give (XXXI), which, on hydrogenation, followed by a

Bouveault reduction, yielded the corresponding e-phcnoxy-^-2-piperidyI-

n-amyl alcohol. This with hydrobromic acid gave mainly the dibromide

(XXXII), which was cyclised by phosphorus pentabromide into

d/-bromolupinane (l-bromomethyloctahydropyridocoline (XXXIII), b.p.

110°/1 mm., of which the picrolonate separated into the two racemic forms,

m.p. 202° (a) and m.p. 169° (6), from which the two bromo-bases were
recovered and converted by ebullition in sodium acetate solution into the

corresponding l-octahydropyridocolylcarbinols, which should be identical

with dZ-lupinine and di-wolupinine (XI) (^tpilupinine) (p. 123) respectively.

The characters of these final products are as follows :

—

(a) Picrolonate, m.p. 202°, gives a bromo-base, b.p. 107°/1 mm., yielding

a rnethiodide, m.p. 216°, a picrate, m.p. 185°, and the corresponding

carbinol, m.p. 59°, picrate, m.p. 127°. This base, m.p. 59°, on crystallisa-

tion as the d-tartrate yielded /-lupinine d-tartrate, m.p. 170°, [aj^ -f-
15*5°

^ 0*5° (c = 1*084 ; EtOH) from which the recovered /-lupinine had
m.p. 69-70°, [aJi) — 20*85° (c = 5*64 ; EtOH) and gave a picrolonate,

m.p. 192° (cf, p. 120).



LUPININ

E

127

<i-Lupinine Z-tartrate, m.p. 167-8°, [a]„ — 15-8° yielded d-lupinine base,

m.p. 68 °, [a]„ + 19-9°.

{b) Picrolonate, m.p. 169°, gives a bromo-base, b.p. 107°/1 mm., yielding

a methiodide, m.p. 186°, picrate, m.p. 144°, and the corresponding carbinol,

m.p. 81°, giving a picrate, m.p. 189°, and a methodide, m.p. 248°.

(XXXI)

Br.CH
2 2

CH«—CH—CH.CHpBr
I M I

^

f8 fs
CHg-M CHg

Luplnine
and

ieoLuplnine—(n)

(XXXII) (XXXIII)

dZ-Lupinine has also been synthesised by Winterfeld and Cosel,^^

starting from 2-pyridyl hydroxymethyl ketone, and using a method
similar to that adopted for ^-lupinane (p. 126). The product was charac-

terised as the picrolonate, m.p. 179° (dec.). Cf. Clemo’s dZ-lupinine (p. 126).

a/ZoLupininc, the stnictural isomeride of lupinine referred to already

(p. 122 ), has been synthesised by Winterfeld and Holsehneider.^^ S-Ethoxy-

y-valerolactone, EtO . CHg • C'H . CHg . CHg . CO . O was condensed with

ethyl pyridine-2-earboxylatc to 2-pyridyl a-(S-ethoxy-y-valerolactonyl)

ketone, EtO . CHg • CH . Cll^

.

CH(CO . O) . CO . C 5H 4N, which with

boiling hydrochloric acid furnished 2-p\Tidyl y-hydroxy- 8-ethoxy-r?-butyl

ketone, EtO . CHg . CHOH . CH^ . C1I^\ CO . C^H^N. This was hydro-

C%0£t
(XZXIV) (XXXV) (XXXVl)

genated to a8-dihydroxy-€-ethoxy-a-2-piperidyl-n-pentane (XXXIV) and
the latter treated with phosphorus tribromide followed by sodium etiioxide,

which produced a mixture of l-bromo-4-ethoxymethyloctahydro- (XXXV)
and 4-ethoxymethyl-XJ^®-hexahydro-pyridocoline (XXXVI) converted
wholly by hydrogenation in presence of calcium carbonate into (XXXVI)
which was dealkylated by hydriodic acid to 4-hydroxymethyloctahydro-
pyridocoline (aZZelupinine (XII), p. 128). The product had m.p. 128-5^ and
gave a mercurichloride B . HgCl2, m.p. 201 ° (d^c.), and reineckate, m.p.
152-8° ; the picrate and aurichloride were oils.
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;

(with Raper), 3190. For a third synthesis see

Clemo, Morgan and Raper, 1935, 1743. (16) Diels and Alder, Annalen, 1932,

498, 21; 1933, 505, 119. (17) J. Chem. Soc., 1932, 2959; 1936, 600,1429; cf.

OcHiAi et al., Ber., 1935, 68, 2291 ; Sugasawa and Lee, J. Pharm. Sac. Jap., 1939, 59,

113. (17a) Ber., 1943, 76B, 1034. (18) Annalen, 1932, 499, 109 ;
Arch. Pharm.. 1935,

273, 305. (19) Clemo et al. refs. (15), (17) and J. Chem. Soc., 1931, 3185
;
1932, 2969 ;

1937, 1518 ; 1938, 1183, 1318. (20) Ber., 1939, 72, 1103. (21) Oesterltn, Angnv.
Chem., 1932, 45, 536. (22) Ber., 1939, 72, 1638. (23) Ibid., 1933, 66, 1751 ;

Arch.

Pharm., 1935, 273, 315. (23a) J. Amer. Chem. Soc., 1947, 69, 3146. (24) J. Chem.
Soc., 1981, 3190; 1937, 965; 1938, 1574. See also Winterfeld and Cosel, Arch.

Pharm., 1940, 278, 70. (25) Ibid., 1939, 277, 192, 221.

Lupanine,^ C15H24ON2. This alkaloid occurs naturally in d-, Z- and
dZ-forms. It may be prepared from the blue lupin seed by the jiroeess

described by Davis, ^ and modified by Raiiedo,^ and can be purified by
distillation, b.p. 185-95^/1 mm., and finally by crystallisation from light

petroleum
;

it forms colourless, prismatic plates, m.p. 98-“9°, is strongly

alkaline and soluble in all ordinary solvents. It behaves as a irionoacidic

base, but does yield a deliquescent dihydrochloride, B . 2HC1 (colourless

prisms, m.p. 185®). The monohydrochloride, B . HCl . 2H2O, also

deliquescent, has m.p. 127-8° {hydrated) or 250-2° {dry)
;

the hydriodide,

B . HI . 2H2O, m.p. 184-5° {dry) ;
the aurichloride, m.p. 177-8° {dec.),

200° (Beckel) ;
and the thiocyanate, m.p. 124°.

d-Lupanine. This form can be obtained from blue lupin seed,^ or

by deracemisation of the dZ- base by crystallisation of the d-camphor-

sulphonate from acetone.® It distils at 185-6°/0'08 mm. and crystallises

on standing, m.p. 40° (44° Davis); + 61-4° (acetone). The hydro-

chloride, B . HCl , 2H2O, has m.p. 127° {dry) ;
the hydriodide, B . HI . 2H2O,

forms colourless prisms, m.p. 189°, [ajj, + 45-5° (HgO) ;
the thiocyanate

softens at 148° (loss ofwater) and melts at 184°. The d-camphorsulphonate

crystallises in colourless prisms, m.p. 112-5°, [aj^ + 42*5° (HgO) and the

picrate ® in needles, m.p. 180°.

l-Lupanirte. After separation of d-lupanine from dZ-lupanine {see above),

the bases are recovered from the mother liquors as Wpanine hydriodide,

from which clean base is regenerated. This, on combination with Z-

camphorsulphonic acid in acetone, yields Z-lupanine Z-camphorsulphonate.
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The base recovered via the hydriodide, B . HI . 2H2O, m.p. 190°, is a

viscous oil, b.p. 186-8°/l nun., [a]j^ — 61*0° (acetone). A mixture of equal

parts of d- and Mupanines has m.p. 98° after recrystallisation from acetone.*

Constitution. Lupanine normally behaves as a monoacidic base, and
only one of the nitrogen atoms present reacts with alkylating agents

;

the methiodide forms stout prisms, m.p. 258-60° {dec.)^ from alcohol, and
on treatment with silver oxide, gives the corresponding methohydroxide,

which, on distillation in vacuOy regenerates luj)anine and methyl alcohol.^

Clemo and Leitch ^ found that the methiodide on distillation with a mixture
of solid potash and soda yielded a mixture of a-mcthyllupanine (m.p. 128°)

and ^-methyllupanine (oily, water-soluble base). Both these products

yield crystalline methiodidcs, but continuation of the degradation with
a-methyllupanine methiodide gave anomalous results. Attempts to

degrade lupanine by means of cyanogen bromide were made by Thoms and
Bergerhoff,^ and by Wintcrfeld and Kneucr,^ who were able to obtain

good yields of bromolupanine cyanoamide, C15H24ON 2 . CNBr (m.p. 123°,

[a]Jf“ + 82*8° (EtOH) ), its amorphous reduction product, lupaninecyano-

amide, and the hydrolytic product of the latter, the secondary base,

CigHgeONg which is also amorphous, but yields a crystalline benzoyl

derivative, m.p. 195°, scission of which could not be effected by phosphorus

pentachloride or pentabromidc. Hofmann degradation of the secondary

base proved unpromising owing to poor yields.

The oxidation of lupanine has been investigated by a number of

workers.® Beekel noted that d-lupanine formed a perbromide, which on
treatment with alcohol yielded ethoxylupanine dihydrobromide,

Ci 5H230N2 . OC 2H5 . 2HBr (colourless needles, m.p. 227-8°, —
129*4°), from which a number of interesting substances were obtained in

yields too small for characterisation.

Clemo and Leitch ^ found that dMupaiiine was oxidised by
permanganate in acetone to oxylupaniiie, Ci 5H2202N2

(b.p. 210°/1 mm.,
m.p. 123°

;
platinichloride, brown prisms, m.p. 232° (dec.) ), a deliquescent

substance, neutral to litmus, having no reactive carbonyl, hydroxyl or

methylene group. The same authors found that deoxylupanine {dl-

sparteine, see below) is oxidised by permanganate to wolupanine,

(colourless plates, m.p. 113°, depressed to 78-80° on admixture with

lupanine
;

methiodide, m.p. 208°). It was shown by Davis ^ that the

oxygen atom of lupanine is not present as hydroxyl or a reactive carbonyl

group. The fact that lupanine, though usually appearing to contain only

one basic nitrogen atom, can act as a diacidic base, does not necessarily

imply the absence of a lactam group and the possibility that lupanine may
be an oxygen derivative of sparteine led Clemo and Leitch to investigate

its reduction. Prolonged heating with fuming hydriodic acid and red

phosphorus furnished a substance provisionally named deoxylupanine,

and which, from a study of its derivatives, was closely related to sparteine.

Identity was established when Clemo, Raper and Tenniswood * applying

the same procedure to the optically active forms of lupanine, obtained

Z-sparteinc from <Z-lupanine and d-sparteine from Z-lupanine. There is a

FLINT ALK, 5
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difference of opinion as to the j)roduct of this reaction, Winterfeld and his

collaborators maintaining that the chief product is ^-lupinane (p. 126).
Galinovsky and Sterii^^"^ have also found recently that d-lupaninc can be
catalytically hydrogenated to /-sparteine

( [a]jf — 16-03° (EtOH)
;
picrate,

m.p. 205-6° {dec.) ). The results of Clemo and his colleagues arc supported
by Ing’s ® discovery that anagyrine, Cj^HgoONg, can be reduced clectro-
lytically to hexahydroanagyrine, CjgHggNg, which is (/-sparteine, and by
catalytic h5^drogenation to tetrahydroanagyrinc, Cj^Hg^ONg (b.p. 186-
100°/1 mm. ;

— 61-45° (acetone)), which proved to be Z-lupanine
(b.p. 186-8°/l mm.

;
[a]|, — 61*0° (acetone)), the close agreement of the

constants of the bases being confirmed by mixed melting-point
determinations with the two hydriodidcs (m.p. 190°) and the two
thiocyanates (m.p. 183-5° after softening at 124°)

;
the perehlorate forms

prisms (m.p. 210°, with softening at 195°) from alcohol.

The first complete formula (I) suggested for lupanine was that of
Thoms and Bergerhoff,^ based mainly on the formation of 2-cthylpyridine
when lupanine was distilled with zinc dust, which seemed to indicate a
similarity between tropane and lupanine.

CHg -CH—CH-

CHi,

*CHp

I

CHg

CHg—N CH CH—N—CH

CHg-CHg CHg-CH-CHg CHg-N— CHg

(I) Thoms and Bergerhoff (II) Winterfeld end Kneuer

In 1931 Winterfeld and Kneuer,^ as a result of their observation that
j8-lupiiiane can be obtained from lupanine, and the formation of 2-methyl-
pyrrolidine by the oxidation of sparteine, combined these two features
in a partial formula (II) for lupanine, which could be developed in various
ways depending on the mode of attachment of the methylpyrrolidine
residue. In view, however, of Ing’s demonstration of the relationship

of anagyrine, Ci^HgoONg, to /-lupanine, Ci 6H240N2 , and d-sparteinc,

CisHgeNg, it was clearly necessary to consider formulae for lupanine
derivable from the two alternatives, which Ing ® had proposed for anagyrine
and which are shown below as (III) and (IV) with the formulae for lupanine
derived from them (V) by Ing and (VI) by Clemo and Raper.^ Sparteine
would be represented by (V) or (VI) with the change CO—> CHg.

Formula (VI) has received support in two ways. The investigations

of Winterfeld ® (with Rdnsberg) on the oxidation of dehydrosparteinc
methoacetate and of a-didehydrosparteine, indicated thatD was a piperidine
ring and this was finally established by Clemo, Morgan and Raper’s
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CH— C“~cai--CH2

GHo N CHMe

I
I

ca— GH
I I

CO— N—CHg GHg—GHg

(III) -Ana^rliie (Ing)

GH

I

CH
I

CH—C — CH~GHft
I

... 2

CH

OH

CH« N GH«

1

E
I

CH— CH GHoIII
CO—N— CHg CHg—CHg

(IV) Anagyrlne (Ing)

CHg—CH— CH-

?H2

-Clip

CHp

CHo N-

CH— CH

CHblo

CO— N — CHg CH — CHg

(V) Lupanlne (Ing)

jCHg-^CT-CH-CHs

CHo
^1 U

„GHp N ;CH«

CB) I (C) I (D)
'

gOI-T.CH9^-7/
I "I

CHo
I4| »

^OO-H— „CH2-,pH2

(VI) Lupanlne (Clemo and
Raper,

synthesis of oxysparteine ® (p. 138). The existence of the piperidone ring

(A) was demonstrated by Winterfeld, Hoffmann and Holschneider’s

scission of this ring by concentrated hydrochloride acid at 150° with

formation of the imino-acid (ethyl ester platinichloride, m.p. 245° (dec.)
)

in which rings (B), (C), (D) are intact and the piperidone ring (A) has been

opened as shown in partial formula (VII). In a further scries of papers

Winterfeld et ah described the preparation and degradation of a series

of alkyl- and aryl-sparteines obtained by the action of Grignard reagents

on lupanine and subsequent treatment as indicated in the partial formulae

(VIII) to (XI) indicating the resulting changes at positions 1, 2, 3 in

formula (VI).

3 2 1

(VI) . CII2 . CO . N ; —> (VII) , CHa . COOH NH : (XI) . CHg . CHR . N

(VIII) . CHa . CR(OMgX) . N : (IX) . ClI^

.

CR(OH) . N: (X) . CH : CR . N :

Hydroxylupanine, CigHgiOgNg (Nos. 9, 11, 14a ;
list, p. 117). This

alkaloid was first isolated by Bergh,^® and was further investigated by
Bcckel.^^ It crystallises in rhombic prisms with 2H2O, m.p. 76-7° or 172-4°

Wd + 64*12°, and yields crystalline but very soluble salts. The
aurichloride, B . HAUCI4, m.p. 205-6°, forms prisms from dry alcohol.

Ueno has demonstrated the presence of a primary alcohol group by the;

preparation of a benzoyl derivative, m.p. 199-199*5°, and oxidation of the

base to an aldehyde, CigHgaOgNg (semicarbazone, m.p. 221--3°, and oxime,

m.p. 217-8°). The alkaloid also yields two methiodides. It is reduced to

d-lupanine by hydriodic acid and is dehydrated by sulphuric acid to an
anhydro-base, which, on catalytic hydrogenation, also yields

d-lupanine.^* Couch suggests it is 15-hydroxylupanine (for numl^ring
see formula (VI)

)
or lO-hydroxylupanine on his alternative numbering

for the sparteine formula (p, 187).

5—2
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Couch has suggested that dilupine and trilupine {see below) are near

relatives of lupanine.

Minor Alkaloids of Lupinm spp.

In the following account the numbers in brackets aft^r the nam(! and
formula of the alkaloid are the numbers of the plants in which it occurs as

given in the list (p. 117).

Monolupine, Ciell220^2 '
(No. 13). Amorphous, b.p. 257-8°/

4 mm.; 1-569, 40*8° (EtOH). Salts. B . 2HC1, 2H2O,

m.p. 115-6°
;
passes on drying into B . HCl, m.p. 280°. B, 2HAUCI 4 , SHgO,

m.p. 167-8°. B . Mel . HgO, m.p. 259°. Monolupine may be a

C-methylanagyrine .
^ ®

Dilupine. CieHgeOgNa (No. 12 ). Oil, [a]fr + 65-6° (H2O). Deriva-

tives have one oxygen less than the base. Methiodide, CigHgflONg, Mel,

m.p. 253°
;
hydrobromide, C^gHgeONg, HBr, m.p. 233-4°. Regarded as

a C-methyllupanine N-oxide.^^

Trilupine. C15H24O 3N2 ,
2H2O (Nos. 12 , 17). Needles, m.p. 127° or

252° (dry) ; [aljf + 63-8° (IlgO). Hydrochloric acid in acetone converts

it into lupanine dihydrochloride, Ci 5H240N2 ,
2HC1, HgO, m.p. 163-4°.

Methyl iodide gives lupanine N-oxide methiodide, C\ 5H2402N2 ,
Mel,

m.p. 127°. B, IlaPtClg. 4H2O, m.p. 224° (dec.); B, 2HA11CI
4 ,

4H2O,

m.p. 188-9° (dec.). The base can be prepared by the action of calcium

peroxide on d-liipanine and is regarded as lupanine di-N-oxide.^^

Tetralupine. CjoHigON (No. 19). M.p. 81-3°
; 1-0194

;

1*5128, -f 4-63°. d-Camphorsulphonate, m.p. 164-5°. Identity

with ^5olupininc uncertain.^®

Pentalupine. CigHg^ONg (No. 19). B.p. 175-1 82°/2 mm. ;

1-5155
;

[a] — 3-197.^^

Hexalupine. CjgHgoONg, (No. 14). M.p. 197-8°
; +

126-1° (EtOH). Salts. B, 2HCI . SHgO, m.p. 116°, passes into B,Hci,
m.p. 304-5°, on slow heating. The aurichloride Bg, 2HAUCI 4 ,

5H2O, melts

at 204° (dec.) and the picrato at 245-6°.^®

Octalupine. CjgHggOgNg (No. 23). M.p. 167-5-169-5°
; b.p. 270-

80°/6 mm.; [a] ff + 52-3° (EtOH). Salts. B, 2HC1, l-SHgO, m.p.

298-9°; [a]ff + 36-3° (HgO). B . HAUCI 4 ,
m.p. 208-9°; B . Mel .,

m.p. 259°. Reduced electrolytically to d-lupanine (p. 128) and Z-sparteine

(p. 133) and regarded as 2 : 10-diketosparteine (formula V or VI, p. 131)

with CHg at CO .).i7

Nonalupine. C15H24ON2 ,
2H2O (Nos. 10

,
22 ). M.p. 91-5-92-5° or

235° (dry) ;
b.p. 260-270°/18 mm.

; [(xjf — 21-3° (EtOH). Aurichloride,

m.p. 177-5-178° (dec.), picrate, m.p. 185-6°. No salts with mineral acids.

No iV-oxide group. Oxidised by permanganate to oxynonalupine,

C15H24O3N2, m.p. 168-5-170-5°
;

aurichloride, m.p. 238-9°.^®

Spathulatine. C32He405N4, 4 -5H2O (Nos. 22, 24). M.p. 227°; [aj^ —
1-88° (CHCI3). The mercuriodide, B, 3Hgl2, m.p. 164°, is characteristic.

The picrate melts at 182-4° and the methiodide at 250*2°. Three oxygen
atoms are stated to be present as Noxide groups. Boiling dilute
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hydrochloric acid converts the base into a substance, C\ 5H 24N2 (perchlorate,

m.p. 216-7°
;

picrate, m.p. 214-6°), which is isomeric with spartyrine.^®
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Sparteine (Lupinidine), (Nos. 1, 2, 4, 5, 6, 12, 17 , 18, 31, 35,

37, 42 ;
list, pp. 116-8). The alkaloid may b(‘ jirepared by concentrating a

dilute sulpliuric acid extract of ground broom tops, adding excess of alkali

and distilling in steam. The distillate is neutralised with hydrochloric

acid, evajxiratcd to dryness and the residue distilled over solid potash
;

the product is purified by distillation in a current of hydrogen, sodium
being used to remove traces of water. Sparteine is a colourless, alkaline

oil, 1-0196, — 16-42° (EtOH), b.p. 188°/18 mm. or 325°/154 mm.
(in hydrogen). It has a bitter taste, a characteristic odour, and is sparingly

soluble in water (1 in 328 at 22°), but readily so in alcohol, chloroform or

ether. The base is monoacidic to litmus or phenolphthalein, but diacidic

to methyl orange. The salts crystallise well
;

the sulphate,

B . H2SO 4 . SHjO, m.p. 159-62° (dry), [a][f° — 27° (H2O), forms columnar
crystals and is the salt used in medicine. The dihydriodide, B . 2HI, has

m.p. 257-8°, the monoperchlorate melts at 171-2°. The platinichloride,

B . HgPtClg . 2H2O, forms rhombic prisms, m.p. 243-5° (dec.), from dilute

hydrochloric acid ;
the aurichloride melts at 193-4° on precipitation, but

after recrystallisation melts at 183-4° and has the composition

Bg . 4HC1

.

3AUCI 3 (Schmidt). The picrate m.p. 208°, forms glancing

yellow needles from boiling alcohol. According to Jorissen,^ sparteine

gives a bulky red precipitate when hydrogen sulphide is passed through a

suspension of sulphur in an ethereal solution of the base. A critical review

of methods for the estimation of sparteine in galenical preparations of

broom has been published by Guillaume and Proeschel.^^®) The polaro-

graphic behaviour has been investigated by Kirkpatrick.^^*^

ComtiitUion: Both nitrogen atpms in sparteine are basic and tertiary,
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neither has a methyl group attached to it, and, since the alkaloid is

unaffected by reducing agents or permanganate, Wackernagel and
Wolffenstein suggested that it was a saturated bicyclic system based on

pyridine and pyrrolidine.^ llie first insight into the constitution of

sparteine is due to Moureu and Valeur’s investigation of the “ exhaustive

mcthylation ” of the alkaloid. It forms two monomethiodides, a — (m.p.

240° {dec.)
;

[aj^ — 22-75°
;

hydriodidc [a]^, — 17-15°) and a' — ([a]i,
--

47*2°
;
hydriodide [a]i, — 40-3°).^ The a-methiodide subsequently prepared

by Schopf and Braun ^ had m.p. 243-4°, [a]}®” — 24-8®. It yields two
metliylsparteines (de“A^-methyls23arteines). The a-dcrivative has m.p.
30-1°, b.p. 178-9°/ll mm., [aj^ ~ 55-4° (M. and V.), 172-5-173°/10 mm.
(S. and B.)

; [ajo — 47-0° (S. and B.), whilst the j8-isomeridc is a liquid

(b.p. 180-2°/16*5 mm., [ajo + 9-9°). Schopf and Braun obtained, in

addition to the a-base, a third methylsparteinc and a base, CigHspONg,
which has the composition of a mcthylsparteine monohydrate, whilst

Clemo and Raper got still another mcthylsparteine (b.p. 135“6°/1 mm. ;

Md — 16*3° (EtOH)
;
methiodide, m.p. 247°).^ a-De-A^-methylsparteinc

by a variety of processes is convertible into f^osparteine, a saturated,

ditertiary base containing no methylimino-group,^ and which in turn

furnishes two methiodides reconvcrtible tlirough their methohydroxides

into a-de-iV-methyls]Darteine.® In the subsequent stages of exhaustive

CH

CHg

\

I

-CHo

P "Methylapartelne

-CH

Sparteine

CH;

CHg

CHo

CH CH C

I I I

CHj CHg CHg
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j

ylhmnleparteilene
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-

Methylsparteine
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.CH
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%
CHMe
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N

IsoSpartelne

Spartellene
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methylation one nitrogen is eliminated as trimethylamine with the

production of a mixture, which contains hemisparteilene, Ci 5H23N.^ A
more definite product is obtained by lieating tetramethylsparteinurn

dihydroxide, C^ 5H24Me 2N(MeOH)2 ,
which decomposes into trimethylamine

and methylhcmisparteilene,® CjeHgsN (liquid, b.p. 160~1°/16 mm., [a]© +
156*5° (EtOH) ). Continuing the process with this material there is

obtained eventually with the elimination of the second nitrogen atom the

hydrocarbon sparteiicne, C^gHgo (b.p. 157-9°/18 mm., [a]]) ± 0 °).® On the

basis of these observations Moureu and Valeur suggested the formula given

on previous page for sparteine, the alternative a-linkage for the conneeting

methylene group being left open for consideration. The derivation of

the various degradation products referred to above is also shown.

The French authors realised that in certain respects this symmetrical
formula, with the two equivalent nitrogen atoms, was difficult to reconcile

with certain of the properties and reactions of the alkaloid.^®

The exhaustive methylation of sparteine was reinvestigated by Karrer,

Shibata, Wettstein and Jacubowitz.^^ At each stage they reduced the

unsaturated product formed and so ended up with a pentadecane, C15H32

(b.p. 242°/729 mm., 0*7740, 1*43351). The object of this work
was to compare this substance Avith the pentadecanes theoretically

derivable by exhaustive methylation from bases represented by formulae

(I) to (IV), which are based on the assumption that sparteine is derived

from lupinine by the addition of a piperidine ring, the lupinine formula

being that of Karrer, Canal, Zohner and Widmer.^^

(I) (ID

CHg- CH—CH—CHg— N CHg—

CHg—

(

1

^ 31.
2

CHp

1

® CH
1

(|h2 CH2 CHj>

1

^ f2

CH — N CH-
1 1

‘
H CH— CHo

1

CHg-N CHg

CH—
1

3H— CH
1

CH—

C

1

m— CH
1

OHg-CJH—CH

—

1
1

CHo
1

1

CHg
1

CHg CH3 f-
fs fz % CH-

1

^

CHg-N CHg CHg— N CHg CHg- N — CHg

-CH—CHg—CHg

-CHg—CH— CHg— CH2

-N CHg— CH2

(IV)

Substances of these formulae should give rise to the following

hydrocarbons :

—

I. 4-Methyl-6-propylundecane. CH3 . [CHaJa . CHMe . CHg . CHP? . [CH2]4 . CH3.

II. and IV. 6-Propyldodecane. CH3
.
[CH*]* . CHP? . [CHal^ . CH3.

III. 6-Methyl-7-ethyldodecane. CH3 . [CHgja . CHMe . CHEt
. [CHal4 . CH3.

The three hydrocarbons were synthesised, but their physical constants

proved to be so similar and so like those of the pentadecane obtained from

sparteine that no definite information as to the constitution of the alkaloid

could be obtained from them.
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By oxidising sparteine sulphate with cliromic acid, Willstatter and
Marx obtained spartyrim, C15H24N2 (m.p. 153-4°, — 25*96°), which
is one of several dehydrosparteines and contains one ethylenic linkage, and
oxysparteine

y
C15H24ON2 (m.p. 87-5°, b.p. 209°/12*5 mrn., [a]Jf“ — 10*04°),

already prepared by Ahrens. They called attention to the similarity of

oxysparteine to lupaninc (p. 128) and suggested that the oxygen atom was
probably present in a bridge form as in cineole. Galinowsky and Stern

have found recently that oxysparteine cannot be catalytically hydrogenated
to sparteine.^ Schopf and Braun showed that oxysparteine is con-

verted by hydrogen peroxide into oxysparteine-A-oxide (m.p. 220 °

;

picrate, m.p, 221 ° (dec.) ). On oxidation of a-de-A-methylsparteine with

permanganate they obtained a glycol, (needles, m.p. 200 °).

Clemo and Raper ^ also prepared oxysparteine and found it to resemble

wolupanine (p. 129) in resistance to reduction, and were able to carry out

a Hofmann degradation up to the stage of dimethyloxysparteine

methiodide, which reacted abnormally, so that it was not possible to

eliminate a nitrogen atom. Spiith and Galinovsky ^ (1938), however,

succeeded in obtaining a hexahydrohemioxysparteilene, C15H27ON, by a

special form of this reaction.

Mention may also be made of Winterfeld’s use of mercuric acetate,

which furnished (a) dehydrosparteine, C15H24N2 ,
which was eventually

degraded to a hydrocarbon and 2-methylpyrrolidine,^^ and (h) a- and

)
3-didehydrosparteincs, each of which on catalytic hydrogenation furnished

a corresponding i>osparteine, of which ^-isoparteine is probably identical

with d-sparteine. Another dehydrosparteine obtained by Wolffenstein

and Reitmann by the oxidation of sparteine with sodium hypobromitc

is referred to later. Using more drastic conditions of oxidation,

Germain obtained oxalic and succinic acids and Karrer and Widmer,^®

by exhaustive oxidation with chromic acid, produced y-aminobutyric acid.

In 1931 Winterfeld and Kneuer put forward formulae (V) and (VI)

for sparteine based mainly on the following considerations. Lupanine

(p. 128) appears to differ from sparteine only in having a carbonyl group
replacing a methylene group, and as this base is monoacidic the carbonyl

group is probably present as a lactam. Clemo and Leitch had shown
tliat dMupanine could be reduced by heating with hydriodic acid at 220 °

in sealed tubes to deoxylupanine, which was believed to be dZ-sparteine, a

belief confirmed later when Clemo, Raper and Tenniswood reduced d-

and Z-lupanines by this method to Z- and d-sparteines respectively.

Winterfeld and Kneuer, however, found that with the same reagents under
different conditions jS-lupinane, ^lo^ieN (p. 126), is formed along with a

by-product giving the pyrrole reaction with pine wood. This reaction

could not be confirmed by Clemo and collaborators,** and the cause of this

difference has not been elucidated. As Winterfeld and Kneuer had
already found that sparteine could be degraded to a-methylpyrrolidine

it seemed that lupanine and sparteine could be represented by formulae

arrived at by combining the formulae of^-lupinane and a-methylpyrrolidine,

and this is done in (V) and (VI).
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In 1933 Ing showed that anagyrine (p. 140), on catalytic

hydrogenation, was converted into Z-tctrahydroanagyrinc,

(which proved to be identical with Mupanine), whilst on electrolytic

reduction it furnished hexahydrodeoxyanagyrine, C15H26N2 ,
identical with

d-sparteirie, with the exception that it had + 10*9°, instead of+ 15*9®,

recorded by Clemo, Raper and Tenniswood. Ing therefore suggested

formula (VII) for sparteine based on his proposed formula for anagyrine.

On this basis the pentadecane (p. 135) obtained by Karrer et al}^ from
sparteine should be 6 : 8-dimcthyltridecane,

Me . (CH2)4 . CIIMe . CHg . CIIMe . (CIl2 ) 4Me

and Schirm and Besendorf have synthesised the latter and identified it

with the sparteine hydrocarbon. Clemo and Raper have modified Ing’s

formula to (VIII). The latter provides an explanation of the fact that

sparteine yields two monomethiodides, which appear to be stereoiso-

merides, but does not yield a dimethiodide. Examination of a space

model of (VIII) shows that if the two octahydropyridocoline systems are

both trans and if the C, — bridge is cis with respect to the hydrogen
atoms attached to C® and the system is fairly rigid and the nitrogen

atoms are so close to each other that the formation of a dimethiodide is

impossible. Couch ** has proposed a new numbering system for the

sparteine formula as shown in (Villa).

Support for (VIII) has been provided by Clemo, Morgan and Raper’s
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synthesis of JZ-oxysparteine (^^alupaninc),^® which is represented by

(VIII : CHg at 10 replaced by CO). EthyIpyridyI-2-acetate was condensed

with ethyl orthoformate to give l-carbethoxy-4-keto-3-(2'-pyridyI)-

pyridocoline (IX), yellow prisms, m.p. 126°. This, on catalytic hydro-

genation, gave l-carbcthoxy-4-keto-3-(2'-piperidyl)-octahydropyridocoline,

an oil, b.p. 200-210 °/! mm., which, on reduction by sodium in alcohol,

gave the corresponding 1 -carbinol (X) {not isolated)^ and this with

phosphorus pentabromide provided the corresponding 1-bromomcthyl

derivative {not isolated), which, when heated in a scaled tube with

anhydrous potassium carbonate, gave riZ-oxysparteine (VIII :

CHg at 10—> CO), m.p. 111 °, identical with the product formed by the

oxidation of deoxylupanine (dZ-sparteine) with alkaline ferricyanidc. The
authors point out that this synthesis establishes the ring structure of

(VIII) as fundamental for the Cjg lupin alkaloids and also for anagyrine

(p. 140) and aphylline (p. 54), and that in one or other of its stereoisomeric

forms it is probably present in matrine (p. 147) and other alkaloids of

Sophora (p. 148). Winterfeld and Sehirm have prepared by the method
of Wolffenstein and Reitmann,^® a dchydrosparteinc, CigllojNg (m.p. 172-3°

Wd — 236° (CIICI
3 )

or — 192° (EtOH)
;

pierate, m.p. 181-2°), which had
already been shown to be reduced to a i/r-sparteine (b.p. 325°

; [a]ff“
—

49*8°
;

pierate, m.p. 201°), not identical with any known Z.90spartcine,

and have oxidised it with nitric acid to succinic acid, and with chromic

acid in sulphuric acid, to a keto-aeid, C15H24O 3N2 (dihydrochloride,

m.p. 248° (dec,) ;
diaurichloride, m.p. 211 ° {dec,). They represent this

dehydrosparteine by (VIII) with an cthylcnic linkage at either C’ — C®

or C® — C®, so that Wolffenstein ’s ^-sparteine must be a stereoisomeride

of sparteine. They propose for spartyrine (p. 136) formula (VIII) with

an ethylenic linkage at C® — C^^, or at C® — C^. The keto-acid C15H24O 3N2

is regarded as (XI) or (XI) with the positions of the carbonyl and carboxyl
7 8 10 9

groups altered thus : CH . COOH and . CHg . CO.
d-Sjparteine, As already stated Z-lupaninc and Z-anagyrine both

yield d-sparteine on reduction. This base was found in Sophora pachycarpa
by Orekhov, who continues to use the name ‘‘ pachycarpine ” for it, and
with Kabatschnik and Kefeli”®^®^ has described experiments with
“ oxypachycarpine,” on the results of which he adopts for this substance

formula (VIII : with CH2
at 10 CO) which makes it identical with

oxysparteine. d-Sparteine has also been recorded from other plants

(Nos. 1
,
2

, 4, 31, list, pp. 116-8).

At least seven other bases have been mentioned as present in the

mother liquors from the manufacture of Z-sparteine sulphate. Valeur
found two, sarothamnine and genisteine, ofwhich Winterfeld and Nitzsche^’

have confirmed genisteine and have themselves added four more, two,

thought to be structural and two, optical isomerides of sparteine, with a
fifth substance of higher boiling point.

Sarothamnine, C15H24N2 . This base forms crystalline additive products
with solvents, e,g,, with chloroform, Ci 5H24N2,^CHCl3 , m.p. 127°, [a]^,

—

88-7°, and with ethyl alcohol, Ci 5H24N2
,|C

2
H50H, m.p, 99®? [a]jj — 25-6°.
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Genisteine, CigHggNg, is a volatile base, ni.p. 60-5°, bp. 139*5-

140-575 mm.
;
forms a hydrate, B . H2O, m.p. 117°, [a]j, — 52-3° (EtOH),

a picrate, B . 2C0H2(NO2)3OH, m.p. 215°, and a platinichloridc,

B . HaPtClfi . 2PI2O.

Ketamine, CigHgeONg (No. 26, table, p. 118). This alkaloid, isolated

by Battandier and Malossc,^® is isomeric with oxysparteine and gives

colour reactions suggesting relationship to sparteine. It is a strongly

alkaline diacidic base, m.p. 168°, [a^,] + 43-15° (EtOH), yields crystalline

salts and derivatives of which Ribas, Sanchez and Primo have prepared
the following : B . HCl, m.p. 272-3°, picrate, m.p. 165-6°

;
acetyl deriva-

tive, hygroscopic, m.p. 60° {approx,), phenylurethane, m.p, 190-1°. It

behaves as a tertiary alcohol on oxidation and when heated under pressure

with hydriodic acid and red phosphorus forms an isomeride. The same
authors suggest for retamine a provisional formula, which is (VIII) of

p. 137, with . C®H .
—> . C®(OH) . and they regard retamine as a hydroxy-

derivative of an isomeride of sparteine. The hydrochloride is stated to

have no action on the frog heart.

Ammodendrine, Ci2ll2o0^2» ^2^ (No. 1, table, p. 116). The base has

m.p. 73-4°, becomes anhydrous at 70-80°, and then melts at 50-60°,

[o^Id ±9°. The salts arc amorphous and deli([uescent except the hydriodide

B . HI, which forms a crystalline precipitate, m.p. 218-20°, from alcohol,

and the perchlorate, m.p. 199-200°. An amorphous A-benzoyl derivative

was obtained. With methyl iodide ammodendrine behaves as a secondary

base, yielding llrst iV-methylainniodendrine hydriodide (a crystalline

precipitate, m.p. 183-5°, from a mixture of alcohol and acetone), and at

the second stage iV-methylammodendrine methiodide, m.p. 163-5°. On
hydrogenation ammodendrine furnishes a dihydro-base, which is

hydrolysed into acetic acid and 2 : 3'-dipiperidyl, C10H20N2 ,
and must

be dZ-A-acetyl-3-a-piperidylpiperidinc. Ammodendrine should therefore

be acetyltetrahydroanabasine and is of biological interest as the first

recorded occurrence of this type of alkaloid in the Leguminosie.^®
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Anagyrine, C15II20ON2 (Nos. 2
,
8

, 16, 29, 37, 39 ;
list, pp. 116-8).

Gerrard’s alkaloid, iilexine,^ from gorse (Uleof’ europcem) was stated by
several workers ^ to be cytisine, but Klein and Farkass ^ were unable to con-

firm this, and Clemo and Raper ^ showed that the alkaloid of gorse is anagy-

rine, sometimes accompanied by a second alkaloid, Ci 5ll2o05N2 (lustrous

plates, m.p. 170°). Anagyrine is best known as a constituent of Anagyris

fcietida seeds from which it was isolated by Partheil and Spasski.^ The early

investigations are due to Klostermann ® and Litterscheid.^ Its preparation

was described by Ing,® who isolated it as the perchlorate, which forms

colourless needles, decomposing at 270° (298-5°
; Briggs and Russell ®).

The base forms a pale yellow glass, darkening on exposure to light, b.p.

210-5°/4 mm. (Ing), 260-270°/12 mm. (Couch 1
®) ;

[ol]j, — 165*3° (Ing),

— 151-7° (Orekhov et — 168° (Couch), — 146-9° (Briggs and Russell).

The hydrochloride B . HC1
,
3H20 has m.p. 235-6° or 295-7° (dry)

;

— 124-2° (Couch) or — 142-5° (Ing). The methiodide, B . Mel, forms

colourless needles, m.p. 264° {dec.). The mercurichloride occurs in three

forms (Litterscheid) but only one, m.p. 221-4°, is usually obtained. The
picrate has m.p. 242-4° according to most authors, but Couch records

169-5°. The platinichloride forms ruby-red needles, B . 2HC1 . PtCl4 ,

I-5H2O, m.p. 250-1°. The aurichloride melts at 167-8°.

Constitution. Anagyrine resembles cystisine in giving a red colour

with ferric chloride and in containing a “ non-reactive ’’ oxygen atom,

Klostermann ® showed that it was a ditertiary base and possibly a butyl-

cytisine. Litterscheid ’ prepared iso- and ^ec-butylcytisines, but owing to

poor yields comparison with anagyrine could not be made. The same
author described anagyrine oxide, Ci50ao02N2 (silky needles, m.p. 195°,

acid to litmus), produced by oxidising the base with permanganate and
showed that the oxygen atoms were not present as hydroxyl, oarbonyl or

N-oxide. This was probably anagyramide, C15HJI 8O2N2 (colourless needles,

m.p. 201-2°) which was obtained by the action of barium permanganate on
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anagyrine and fully investigated by Ing.® It is feebly basic, yields no
methiodide, is stable to acid and alkali, but loses carton dioxide and is

reduced when heated with red phosphorus and hydriodie acid at 235-240°
to anagyramine, Ci 4H2oON2 (crystals, m.p. 98-9°), which yields a mono-
acetyl- (m.p. 134-5°) and a nitroso- (plates, m.p. 127-8°) derivative, and
is therefore a secondary base. On ozonisation anagyrarnide furnishes a
lactam, CnHigOgNg (m.p. 258°), a reaction analogous with the formation
of a lactam, C^II^gON, in Spath and Galinovsky’s ozonisation of tetra-

hydrohemicytisylene (p. 144), and therefore suggests the presence of an
a-p5n*idone ring in anagyrine as in cytisine. The loss of carbon dioxide in
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the hydrolysis of anagyrarnide by hydriodie acid suggests that the second

—CO— group in the latter is in a
j
8-position relative to the pyridone ring

as in AT-methyl-jS-cytisamide (p. 145), Further, the benzenesulphonyl-

derivative of the new lactam loses carbon dioxide on melting, presumably

due to the presence of a malonyl residue. These data with others, such as

the identification of the hydrogenation products referred to below, indicate

that anagyrine and cytisine are simply rejated, and that a formula for

anagyrine may be derived from Ing’s representation of cytisine (I) by
building into the latter C 4H9 as a component of a new piperidine (II) or

methylpyrrolidine (III) ring.

On exhaustive methylation under carefully controlled conditions,

followed by catalytic hydrogenation of the unsaturated product formed at

each of the three stages, hexahydroanagyryline, CigHgaON (pale yellow

oil, b.p, 155-160°/4 mm.), was obtained. This on ozonisation lost C 4H2f

giving a lactam, CnHgiON (oil ; b.p. 140-150°/4 mm.), which on hydrolysis,

followed by oxidation with permanganate, gave an oily acid, CuHgoO^,
the imide of which proved to be a-mcthyl-a'-n-amylglutarimide (c/.

Rydon ®), which may be compared with aa'-dimethylglutaric acid obtained

by Spath and Galinovsky in a similar set of reactions applied to cytisine.
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From cytisine COOH . CHMe . CHg . CHMe . COOH
From anagyrine COOH . CH(C 5H^) . CH^ . CHMe . COOH

Ing also found that anagyrine, on catalytic hydrogenation above 80°,

yielded a tetrahydro-derivative, C16H24ON2 (b.p. 186-190°/! mm.,
— 61*45° (acetone) ), identical with Z-lupanine (V) (b.p, 186-8°/l mm.

;

Ml) — 61*0° (acetone) ), and on electrolytic reduction furnished hexahydro-

anagyrine, C15H26N2 (b.p. 130-5°/l mm., Mi)^° "4“ 10*9°), identical with

d-sparteine (IV) (b.p. 133-5°/l mm.
;

[aj^ + 15*9°), with the exception of a

difference in the degree of rotation. Galinovsky and Stern have con-

firmed, by hydrogenation, the reduction of anagp’ine to d-spartcine,

identified by oxidation to d-oxysparteine, m.p. 87°, Mo + 10*27°, which

with Z-oxysparteinc (p. 136) gave the dZ-form, m.p. 112-3° {cf, p. 138).

They also found that the catalytic hydrogenation of anagyramide led only

to the reduction of the pyridone ring the product being d-oxysparteine.

The interesting relationshi])s between the five most im2:)ortant alkaloids

in this group, which have been made clear by these investigations, are

shown by formuhe (I) to (VI) on p. 141. The synthesis of oxyspartcine

by Clemo, Morgan and Raper (p. 138) supports formula (II) for anagyrine.
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Cytisine (Ulexine, Baptiioxine, Sophorinc), C11H14ON2 (Nos. 2
, 3, 7, 8

, 29,

30, 32, 34, 38, list, pp. 116-8). The preparation of the alkaloid has been
described by Ing.^ It forms rhombic crystals, m.p. 153°, b.p. 218°/2 mm.,

Mi)^° — 119*6° (HgO), is soluble in water, alcohol or chloroform, but nearly

insoluble in ether or benzene. It is a strongly alkaline base and
forms well-crystallised, deliquescent salts : the hydrochloride,

B . HCl . H2O, colourless prisms
; the dihydrochloride, B . 2HC1

.

3H2O,

yellowish needles
;

picrate, m.p. 277°
;

perchlorate, m.p. 296° {dec.)
;

picrolonate, m.p. 270° {dec.) ; aurichloride, B . HAUCI 4 ,
reddish-brown

needles, m.p. 220° {dec.), sparingly soluble in warm water
;
and the nitrate,

B . HNO3 . HgO, needles or leaflets, [a]p — 81*5°. It yields crystalline,

mono-acyl derivatives : acetyl, m.p. 208°; benzoyl, m.p. 116°; nitroso,

m.p. 174°, indicating the presence of a secondary nitrogen atom.^ Cytisine

can be nitrated and the aminocytisine formed by reduction can be diazotised

(Freund).® This and the characteristics of dibromocytisine ^ indicate the

presence of an aromatic nucleus.

Constitution. On electrolytic reduction cytisine yields tetrahydrode-

oxycytisine, an alkaline oil, b.p. 270°, yielding a crystalline

hydrochloride, B . HCJ, m.p. 282°, Me — 10-25°. With phosphorus and
hydriodic acid cytisine furnishes ammonia and cytisoline, CjiHijON,
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needles, m.p. 199®, which is oxidised by chromic acid to cytisinolic acid.

C11H9O3N, and is reduced by sodium in alcohol to a-cytisolidine, CnHigN
(platinichloridc, m.p. 216®)

;
^-cytisolidine, produced along with cytisoline,

gives a platinichloridc, m.p. 234®.® According to Ewins ® a-cytisolidine is

6 : 8-dimethyl-l : 2 : 3 : 4-tetrahydroquinoline and ^-cytisolidine is 6 : 8-

dimethylquinoline. Spath subsequently showed that cytisoline is 2-

hydroxy-6 : 8-dimethyIquinoline and synthesised this product.^ Ewins
first suggested that the cytisine nucleus was formed by the fusion of three

rings, benzene, pyridine and pyrazole as in (I), and on this basis with
modifications as the result of further experimental work, formulte were
subsequently put forward by Freund and Gauff ® (II) and Spath (III),

I (Ewins) II (Freund and Gauff)

CHj CH

CHj.CIIj-^c/NcH
II

CHi yCv jeo

N

I I

NH—CH,

HI (Spath)

the latter stating that cytisine gives van de Moer's reaction with ferric

chloride and hydrogen j)eroxide indicating the presence of an a-pyridone

ring, that the oxygen atom in cytisine is not present as cither a hydroxyl

or a normal carbonyl group, and that, as the alkaloid shows marked
resistance to reduction, the iwv) ctliylcnie linkages must be present as a

conjugated ])air in a single ring.

In 1931 Ing ® pointed out that formulae (II) ancl (III) do not contain

methyl or potential methyl groups in positions 6 and 8 which they occupy

in cytisoline. Further, a ])artially reduced quinoline ought to oxidise

easily to a beiizeneearboxylie acid and so far the only simple oxidation,

products recorded from eylisinc were ammonia, oxalic acid and zVovaleric

acid. Distillation of cytisine with zinc dust or soda-lime yields pyrrole

and pyridine, but no quinoline. On these grounds Ing suggested that

cytisine should be formulated without a quinoline nucleus, and that the

reactions which indicate the presence of an aromatic nucleus in the alkaloid

can be accounted for by an a-pyridonc ring. This a-pyridone nucleus can
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be associated with the chain of carbon atoms necessary to produce, on

reduction, 6 : 8-dimethylquinoline, in two ways represented by nuclear

structures (IV) and (V), of which (V) would lead to (VI) as the formula

which Ing preferred as representing cytisine on this basis.

Partheil ® showed that the alkaloid reacts with methyl iodide to give

methylcytisine (p. 146), from which an amorphous dimethylcytisinc is

obtainable, the methiodide of which when boiled with potassium hydroxide

solution liberates trimethylamine and a resinous substance, CioHiaO^.
On repeating this series of operations, Ing ^ obtained an amorphous
de-A^-dimethylcytisiiie methiodide, which on conversion to base with silver

oxide in methyl alcohol, followed by ebullition in amyl alcohol until

trimethylamine ceased to be evolved, yielded a pale yellow, microcrystalline

substance, C 22H22O 2
N 2 ,

m.p. 300°. The formation of this bimolecular

product was held to be better accounted for by formula (VI), derivable

from type (V), than by any similar formula based on ty})e (IV). Spath

and Galinovsky feund that in the lirst stage of exhaustive mcthylation,

as carried out by Partheil and by Ing, polymerisation occurs, but that if

conducted in a vacuum at or bedow 90°, there is produced unpolymerised

de-A^-dimethylcytisine wliicli was hydrogenated in j)resence of palladised

charcoal to de-A^-diniethyldihydrocytisine CJ 3H20ON 2
(b.p. 150-60°/

0‘001 mm.
;

[a]p^° — 46*94° (MeOII)
;

picrate, m.p. 174-5°). The next

step, carried out under carefully controlled conditions, gave an ammonium
base, decomposing at 100-2l)°/10 mm. into trimethyiarnine and dihydro-

hemicytisylene, CiiHjgON (b.p. 140° (bath temp.)/0-01 mm., [aju — 1-1°

(benzene)
) ;

the latter, on hydrogeniition, gave tetrahydrohcmicytisylene,

C 11H15ON (b.p. 130-40° (bath temp.)/0-001 mm., [a]© — 0-26°), which,

on ozonisation, furnished a lactam, C^Hj^ON, m.p. 70-5°, convertible by
acid hydrolysis into an acid amide, oxidised by permanganate to a mixture

of the fumaroid and malcinoid forms of aa'-dimethylglutaric acid,

COOH—CHMe—CHg—CIIMe—COOH. This lactam must therefore be

represented by formula (VII).

(VII) (VIII) (IX)

From this (VIII), based on Ing’s type formula (IV^), is derivable for

tetrahydrohcmicytisylene, since the latter gives the a-pyridone reaction,

but contains no A^-methylquinolone complex, so that its tertiary nitrogen

atom must belong to two rings. This formula is supported by the fact

that octahydrohemicytisylene, produced by catalytic hydrogenation of the

tetrahydro base, is oxidised by potassiiun permanganate to glutaric

acid, COOH-^Hg—CHg—CH^—COOH, representing the chain

—CH— —CH2—CHj—CO—in the a-piperidone complex of the
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octahydro-base. Glutaric acid is also produced when cytisine is hydro-
genated to tetrahydrocytisine and the latter is oxidised by permanganate.
From (VIII) Spath and Galinowsky derived five formulae for cytisine

depending upon the way in which the imino-group is fitted into the tetra-

hydrohemieytisylcne formula, and of these three are eliminated by Ing’s

observation that when methyleytisine is oxidised with barium
permanganate it is converted into a mixture of two isomeric lactams,

C12H14O2N2, A^-methyl-a-eytisamide (m.p. 214-5^) and iV-methyl-j6-

<ytisamide (m.p. 179-80°), each of which can be hydrolysed to the
corresponding cytisamic acid, Ci2Hig03N2. In these lactams a

—CHg—NMe— group in methyleytisine has been converted into

a —CO—NMe— grouj). Formula (IX) for cytisine would lead to two
lactams, which would be geometrical isomerides, and (X) would give rise

to two structural isomerides, (XI) and (XII), derived from methyleytisine.

CH

CH ^CH
2

1 I

(C)
j|

NH (A) CH„{B) N CH

i\=./

f:

CH CH

CO—CH— ^CH CHo-CIi—C^III II and I
2

I I

CH

NMe CHg N

CHs -CH- -CHo (X)

/
CO

CH NMe CH« N CH

CHg-CH—CHg

CHrt-’OH'-HC

i CH

/

A.C.N

“
I

I

CHg N

CH„

CH„
/

CHg-CB—CHg '(rui)

AC.N OT,

CHg^CHMe
(XIV)

(XI)
|\co/

CO—<XH—CHo

CH**C.CeHn
I I

^

N CH —

3

I II

CH—C.Me
(XV)

r

(XII)

=c.coai

N CH
H II

CH—C.Me
(XVI)

As it is improbable that the two lactams are geometrical isomerides,

and as Spath and Galinovsky had already pointed out that a substance

represented by formula (IX) should yield methylsuccinic acid on oxidation,

formula (X) becomes the most probable for cytisine, and this was confirmed

by Spath and Galinovsky’s degradation of A^-acetyltetrahydrodeoxy-

cytisine (XIII) by exhaustive methylation, with reduction at appropriate

stages, to iV-acetyl-3-methyl-5-n-amyl-piperidine (XIV), which was then

deacetylated and dehydrogenated to the corresponding B-rnethyl-S-n-amyl-

pyridine (XV), and this on oxidation furnished j8-methylnicotinic acid

(XVI). These results also definitely established the point that ring (A)

in cytisine is piperidine and not methylpyrrolidine. In a later paper

(1986) Spath and Galinovsky provided further support for formula (X)

by showing that tetrahydrohemicytisylene (VIII), when heated with

platinum sponge at 270-80®, first loses four atoms of hydrogen from the

piperidine ring, giving 8-keto-2 : 4-dimethyl-^-quinolizine (4-keto-7 : 9-

dimethylpyridocoline), since then synthesised by the same authors (1988),

and then undergoes scission and reduction to 8 : 5-dimethyl-2-propyl-

pyridine. A further degradation of cytisine starting with cytisic acid

was carried out by Lecoq and Polonowski,^^^®^ which ended with the produc-
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tion of wliat was assumed to be m-oetahydropyridocoline, but whicli

agreed in characters with Clemo’s synthetic compound now stated to be

l-azadicyclo-[0
, 3, 5]-deeane or tiorlupinane (B) (p. 126).

Methylcytisine, This base, first prepared by Partheil,^®

was found in the roots of Caulophyllum thalictroides L. by Power and
Salway,^^ and has since then been frequently observed in other plants

(Nos. 2, 8 , 30, 33, 37, 38, 41 ;
list, pp. 116-8). It has m.p. 136-7°, —

221 ° (HgO). The following salts have been described : hydrochloride,

B . 2HC1 . HgO, m.p. 250-5° (dec,) ; hydriodide, m.p. 246° (dec.) ;

perchlorate, m.p. 254° (dec.) ;
aurichloride, m.p. 206° (dec.) ;

picratc,

m.p. 230°; picrolonate, m.p. 224-5° (dec.)
;

the methiodide occurs in two
forms, m.p. 248° and m.p. 267° (276°, Ing).

Calycotomine, CioH 9(OH)(OMe) 2(NH) (Nos. 4, 5 ; list, p. 117).

M.p. 139-141°, Mrf + 21 ° (H2O). B . HCl. m.p. 193°, [alff + 15° (HgO).

B . IICIO 4 ,
176-7°. The mcrcurichloride has m.p. 118-9°, and the

picratc, B . CgH^O^Na, HoO, m.p. 163-6°, after melting at 99-100° and
re-solidifying. The base forms an amorphous nitrosonmine and with

methyl iodide furnishes iV-rncthylcalycotominc hydriodide, m.p. 228-9°.

The dibcnzoyl derivative has m.p. 120-2 °. The base gives no phenolic

reactions, but on demethylation furnishes a product, which could not be

isolated but shows a blue fluorescence in solution and gives an intense

green colour with ferric chloride. The c//-form, isolated as the

hydrochloride, m.p. 193°, occurs only in traces.

Calycotamine, CiiHi5(i 7 )03N, occurs with calycotomine but only in

traces. The hydrochloride has m.p. 206° and [ajo -|- 20 ° (II
2O). The

picrate is an oil
;
the mcrcurichloride crystallises in needles. Two

methoxyl groups are present.

Monspessulanine^ Ci 5H220N2 (No. 5; list, p. 117). The base has

m.p. 101 °, [ajo — 117° (EtOH), and yields a hydrochloride, m.p. 244°,

perchlorate, m.p. 215°, and methiodide, m.p. 247°. It does not give

reactions for a carbonyl group and does not aeylatc. It reduces perman-

ganate and gold chloride. One nitrogen is not basic and is probably in a

lactam group. These characteristics link the alkaloid with the lupanine

series (p. 128) and it is isomeric with aphyllidine (p. 53). On catalytic

hydrogenation, in presence of platinic oxide, it yields a dihydro-derivative,

Ci 5H240N2 , m.p. 99°, [ajo — 10 to — 13°, characterised by a perchlorate,

m.p. 224°.^^
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Virgiline, CigHgeOaNg (No. 30®^
;

list, p. 118). The base melts at 248°,

has fa],) — 46° (EtOH) and forms the following salts : hydrochloride,

m.p. 262°
; methiodide, m.p. 176°, and picrate, m.p. 188-0°. The nitrogen

atoms are tertiary and the base is probably related to sparteine, but
contains an inert carbonyl, a hydroxyl and a C-Me group

;
the mono-

acetyl derivative has m.p. 174°.

Virgilidine, CxoIIa.ON, is isomeric with lupimne, has b.p. 90°/0-01 mm.,

fajj) -f 12° (EtOII) and n}/” 1-5128
; the picrate has m.p. 203° and the

methiodide, m.p. 256-0°.

Matrine, C15H24ON2 (Nos. 27, 28, 30, 33 ; list, p. 118). Tliisisomeride of

lupanine was isolated by Nagai,^ and has been investigated principally by
Kondo and collaborators. ^ Matrine exists in four forms

;
(a) fiat prisms

or needles, m.p. 77°
; {^) rhombs, m.p. 87°

; (y) the freshly distilled base,

a liquid, b.p. 223°/6 mm., 1-088; (S) prisms, m.p. 84°, but only the

a-form is usually found. A solution of the ^-form in light petroleum

deposits a mixture of the a- and S-forms at 22-4°, whilst the jS-form

crystallises from a solution of the a-form at 10 °. It is soluble in cold

water but separates on warming, and is optically active, [oL]]f + 39-11°.

The following salts have been prepared : hydrobromide, m.p. 272-5°,

hydriodide, m.p. 267°, aurichloride, B . nAuCl 4 ,
leaflets, m.p. 199°, the

platinichloridc, B . H2PtClg, decomposes at 229-30°. The picrate melts

indefinitely and the methiodide occurs in two forms, m.p. 250° and m.p.

304°. The base contains no methylimino-group. The molecular refraction

(n|f*‘^'’ = 1-52865) indicates that it is saturated. The nitrogen atoms are

both tertiary, but only one is basic, the other being present as a lactam

group, since on hydrolysis by alcoholic potash, potassium matrinate,

C15H25O2N2K (leaflets, m.p. 239°), is formed. From an aqueous solution

of this salt, ammonium chloride precipitates mafrinie acid, CjgHggOgNg,

which is a secondary-tertiary base, reeonvxrtible to matrine by heat or by
the action of acyl chlorides. With methyl iodide the potassium salt is

converted into methyl A-methylmatrinatc methiodide (slender silky

needles, m.p. 217-9°), which adds on a further molecule of methyl iodide

at 100°, the resulting dimethiodide, Ci5H24Me202N2(CH3l)2, ni.p. 145-6°,

on treatment with potassium carbonate reverts to the monomethiodide,

which is convertible by silver oxide to the methohydroxide. This on
distillation at 210-2°/10 mm. loses a molecule of methyl alcohol and reverts

to methyl A-methylmatrinate.

^^C0,0CH3
CH3*N.C3^H24 ^-N.OH > CH3*n(Ci4 ^4NjcO.OCH3

On reduction with sodium in amyl alcohol deoxymatrine (Ci 5H24N2)2 ,

prisms, m.p. l62°, is produced, which with red phosphorus and hydriodic
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acid at 230-60° is reduced to bismatridine (Ci 5H26N2 )2 ,
needles, m.p. 160°.

On distillation of matrinic acid hydrochloride with zinc dust, a non-basic
substance giving a pyrrole reaction is formed, together with two bases.

The first of these is an oil, CioHi9N, b.p. 87°/20 mm., yielding a crystalline

picrate, m.p. 165°, subsequently identified as jS-lupinane ® (p. 126). The
second, named matridine, CigHgoNg, m.p. 76°, furnishes a crystalline

aurichloride, B . 2HAUCI
4 , m.p. 126°. Distillation of potassium matrinate

with soda -lime yields two isomeric bases, a- and )5-matrinidines, CigHgoNg,
and a fraction, b.p. 55-90°/14 mm., which on catalytic hydrogenation yields
a more stable j^roduct, b.p. 40-70°/6 mm., separable into a secondary base,

a-butylpiperidinc, and a tertiary base, norlupinane, (p. 124). The
recognition of

j
8-lupinane, norlupinane and a-butylpiperidine among the

degradation products of potassium matrinate makes it certain that as in

other alkaloids of this group the tertiary nitrogen atom of matrine is a
component of a liipinane^ nucleus.

a-Matrinidinc, €12^20^2 (^-P* 130-2°/6 mm.), is a secondary-tertiary
base containing an ethylenic linkage and yielding dihydro-a-matrinidine
(m.p. 66 °, b.p. 122-3°/2 mm.

;
picrate, m.p. 251° {dec,)

)
on reduction.

The latter has been degraded to quinolinic acid (pyridine-2 : 3-dicarboxylic
acid) according to the following scheme, in whi(‘h the reactions used are

indicated in brackets.**

Ac0 1yId 1hydro-a-ma tr i n 14 1ne

I

(CNBr addition)

Broiaooyanide A
C^£B2iN(C0.CH3)N.Br.CK

(Hydrogenation, Pd)

C (CO • CI^ }N • CN

I

(Hydrolysis, HCl)

W,00 .CH
3
,NH^—

(Dehydrogenation, Pd)

(Dohydro-
a-matrinidine)

(Oxidation, KUn04)

V
Qiiinollnlo acid

(pyrldine-'2:3-dlcarboxylic acid)

Matrine is isomeric with lupanine (p. 128), and sophocarpine (p. 150)

;

and in common with anagyrine (p. 140), sophocarpine and aphylline

(p. 54), may be supposed to contain a lactam ring, though it differs from
them in the ease with which the lactam group undergoes alkaline hydrolysis

with the formation, e.g., of potassium matrinate, and in the fact that it

cannot be reduced to CigHggNg (sparteine or an isomeride) except by zinc

dust distillation, Lupanine and sparteine can be dehydrogenated to the

Bromocyanide B

I
(Hydrogenation, Pd)

norCyanamlde

I

(Hydrolysis, HCl)

I

(Dehydrogenation, Pd)
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corresponding dehydro-bases by oxidation with mercuric acetate, whereas
matrine requires treatment with platinised asbestos at 280-310° and then
yields two bases, oetadehydromatrine, Ci^HigONg, and C14H20N2. The
former has m.p. 175-7°, shows a greenish fluorescence, gives the pyrrole

pine-shaving reaction, a reddish-violet colour with Ehrlich’s reagent and
the ferric chloride reaction characteristic of a-pyridones. It reduces gold

chloride, and docs not react with methyl iodide or with the usual reagents

for carbonyl groups. The second substance is a basic oil, b.p. 138°/

0*001 rnm., and behaves as a monoacidie, diterliary amine. The picrate

has m.p. 142°, the auriehloride, B . HAUCI4. m.p. 118°, and the methiodide,

B . Mel, m.p. 129°. The methohydroxide on oxidation 'with permanganate
yields butyric acid, which is not similarly obtainable from matrine metho-
hydroxide, so that in this degradation a j>ropyl side-chain has been produced
from the lactam ring of matrine

, which may have the structure (A) or (B).

f

Htl-CO-CHMe

lA) 2 (B)

r-M-CO CHo
I I

®

L -CH-CHg-^Hg

This ring is eliminated in the formation of dihydro-a-matrinidine,

which on the basis of the results summarised in the diagram (p. 148),

particularly the degradation to quinolinic acid, may be represented by (I),

in which the positions of the —^NH— and CHMe groups may be inter-

changed though their relative positions are confirmed by the formation

of a benzylidenc derivative, m.p. 106-7°, from dihydro-a-matrinidine,

assuming that in the formation of a-matrinidine no displacement of a ring

occurs. Formulae for matrine may be derived from (I) by the super-

imposition of the lactam ring (A) or (B). Kondo, Ochiai and Tsuda
(1935),® at first preferred (A) for this purpose, but Tsuda (1936),® finding

that methyl matrinate methiodide (p. 147) on successive treatment with

silver oxide and potassium permanganate gave oxalic, succinic and
glutaric acids, but no pyruvic acid, concluded that matrine, like lupanine

(p. 128) and cytisine (p. 142), must contain an a-piperidone ring, and
therefore represents matrine by (II) or (III). An attempt to decide

between (II) and (III) by Tsuda and Murakami (1937) ® was unsuccessful.

CHp-
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Oxymatrine, C15H24O2N2 . HgO (No. 27; list, p. 118). This base has

m.p. 162-t3‘^ {dec,) or 208^^ + 47*7° (EtOH)
;

yields a picrate,

m.p. 215°
;

aurichloride, m.p. 207° {dec,) ;
hydro bromide, m.p. 215°

;

perchlorate, m.p. 240° {dec.) ; and methochloride aiiriehloride,

B . CH 3CI . A11CI 3 , m.p. 185° {dec,). It eontains one tertiary nitrogen

atom, and a laetam group. According to Oehiai and Ito ^ it is matrine-N-

oxide, and may be prepared by the action of hydrogen peroxide on matrinc.

Minor Alkaloids of Sophora spp. (items 27-34
;

list, p. 118). In addition

to sparteine (]). 133), cytisine (p. 142), methylcytisine (p. 146), anagyrine

(p. 140), matrine (p. 147) and oxymatrine (^y above) the following minor
alkaloids have been recorded in this genus.

Aloperlne, C15II24N2 . M.p. 73-5°, [a]r) + 85*0°. Salts

:

B, HCl,

m.p. 261-3°, [a]i) + 02*4°; B, HAUCI 4 ,
204-6°

;
picrate, m.p. 235° {dec.).

Contains one : NH group and yields with methyl iodidf N-methylaloperine

methiodide hydriodide, m.p. 247-0°. The N-benzoyl derivative has

m.p. 161-2°.fi

Sophocarpme, C15II24ON2 . II2
O (see also item 1 (^) ;

li^t, p. 116). M.p.

54-5°, or 81-2° (dry), [ajo — 20*44°. Salts: B, HCl, m.p. > 300°; B,

HAUCI
4 ,

m.p. 166-70°; Bg, H2PtCle, nuj). 207-12° {dec.); picrate, m.p.

155-7°
; B, Mel, 200-2 °. Electrolytic reduction produces a volatile,

crystalline base, C^gHoeNg, b.p. 153-4°/5 mm., [aj^ — 26*2° (EtOH).

B, Mel, m.p. > 300°. Degradation by the Ilofinann process was
unsuccessful.^

Sophomniine, C15H20ON2 . M.p. 164-5°, [aj^ — 00 *8 °. Salts; B, HCl,

m.p. 247-8° {dec.)
;

B, HI, m.p. 204-5°
;
B, IIAUCI 4 ,

m.p. 183-4°
; Bg,

IlgPtClg, 245-7° {dec.)
;

picrate, m.p. 229-31°.®

Sophoridine, CigllggONg. M.p. 109-110°, [a]n — 63*6° (HgO). Salts

:

B, HCl, deliquescent and very soluble. B, HAUCI 4 , m.p. 180-00°

;

B, Mel, m.p. 234-6°. Is reduced electrolytically to an oily base,

C15II26N2 ,
b.p. 172-^°/4 mm., [aje — 37*1° (EtOH)

; B, Mel, m.p. > 300°.

Hofmann degradation attempt unsuccessful.®

Sophochrysine. Formula uncertain, C13.15H21 . 19O 2N3 ,
amorphous,

m.p. 284-7°; — 113*2° (EtOH); picrate, m.p. > 360°; picrolonate,

m.p. 265*5-7° {dec.)
;

aurichloride, m.p. 190-2° {dec.)^^

Minor Alkaloids of Thermopsis spp. (items Nos. 36, 37, 38 ;
list, p. 118).

In addition to sparteine (p. 133), anagyrine (p. 140), cytisine (p. 142) and
methylcytisine (p. 146), the following alkaloids have been recorded in these

plants^

2'hermopsine, CisHgoONg. M.p. 205-205*5°, — 159*6° (EtOH).
Monoacidic base. Salts: B . HI . HgO, m.p. 306-8° {dec,); picrate,

m.p. 208-9°; 262° (Manske); B . Mel, m.p. 241-2° {dec.). Electrolytic

reduction yields a base, Ci 5H2gON2 , m.p. 112-3°, [ajo + 55*9° (MeOH), in

which the “ indifferent ” oxygen of thermopsine has been converted into a
hydroxyl group and the “ indifferent ” jV-atom into a secondary nitrogen,

probably by the opening of a ring, including a : N—CO— group. On
catalytic hydrogenation thermopsine gives a tetrahydro-base, m.p, 75-6°,

[ajo — 52*2° (EtOH), isomeric with matrine and lupanine and in which the
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oxygen atom is still “ indifferent,” though the second nitrogen atom has

become basic, e,g., in the dihydriodide, B . 2HI . SMeOH, m.p. 296-8° {dec,).

The picrate has m.p. 143-4°, the platinichloride, m.p. 241-2° (dec.), and
the methiodidc, m.p. 261-2°. Thermopsine is not hydrolysed by acids

or alkalis, is unsaturated to permanganate and attempts at degradation

by the Emde, Hofmann or von Braun procedures proved unsuccessful.^^

homoThermopsine, C\7H240N2. M.p. 224-5°, [aJ^j -|- 86*9° (CHCI3).

Crystallises in small needles (Orekhov et aL, 1934).^^

lihoinhifoline

,

Ci 5H 2oQ 2^2 - Amorphous. Salts

:

Perchlorate, m.p.
242°

;
picrate, m.p. 207° (Manske).^^

Rhombinine, C 16H22O 2N2 (sec also item 18(a), list, p. 118). Amorphous.
Salts : Perchlorate, m.p. 313°

;
picrate, m.p. 253° (Manske).^^ Octahydro-

rhomhinine^ C^gH^oGoNo, has b.p. 140°/()-2 mm. and yields a perchlorate,

B, HCIO 4 ,
m.p, 213°, [ali3 40-9'^

(1120).
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PHARMACOLOGICAL ACTION OF THE LUPINANE
ALKALOIDS. None of these alkaloids is of much importance in medicine,

though sparteine sulphate is so used, and in Russia the use of galenical

preparations of Thermopsis lanceolata (No. 37; list, p. 118) as respiratory

and circulatory stimulants has been proposed.^ Several of the plants

concerned are known as the cause of fatal poisoning cases notably laburnum

(Cytisus Laburnum) and Freise ^ has called attention to “ cocobolo ” wood,
derived from Apuleia molaris Benth., as the origin of a chronic poisoning

case due to the presence in the wood of a small proportion of cytisine. In

this connection special interest attaches to the mierochemical detection of

cytisine of which a bibliography has been published by Wagenaar.®

Reference has been made already to the “ de-bittering ” of lupin seeds

for use as a feeding-stuff for cattle and for this purpose Makaro and
Kondratyeva ^ have devised a scheme for the preparation of an alkaloid-

free lupin flour, the recovered alkaloids being used as an insecticide. This

group of alkaloids is attracting some attention in Russia for this purpose

and sophocarpine, obtained from Ammothamnus lehmanni, has been tried

for the destruction of the web mite.®
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According to Georgadze ® the three sophora alkaloids sophocarpine (a),

sophocarpiiine {h) and sophoridine {c) only differ in degree and not in

character of their pharmacological activity
;
thus on intravenous injection

each causcf a rise and then a fall i i blood pressure and their activity in

this direction is in decreasing order (a), (c), (6). In small doses they

stimulate, and in larger doses depress, the isolated heart of either cold- or

warm-blooded animals and then their decreasing order of activity is (e),

(6), (a).

In spite of the interest displayed in recent years in the natural

distribution and the chemistry of anagyrine very little work has been done
on its pharmacology as Smith and Wilson have pointed out

;
its vaso-

constrictive action has been investigated by Tournade and Raymond-
Hamet.®

The lupinane group has not attracted chemists as a primary material

for modification in the hope of developing substances of possible therapeutic

interest. Libcralli ® found lupanine was inactive in avian malaria and
Clemo and Swan state that this is also the case for ll-(e-diethylamino-

j8-pentyl)aminolupinane. Lupinine p-aminobenzoate has been investi-

gated in Russia and shown to possess marked local anaesthetic action.

Sparteine, This alkaloid closely resembles coniine in action but is

less toxic. The lethal dose of the sulphate for the guinea-pig according

to Raymond-Hamet is 63 or 74 mgm. per kilo, depending on the method
adopted for assessing the results of toxicity tests. Sparteine appears to

exert little action on the central nervous system, but paralyses the motor
nerve terminations and the sympathetic ganglia. It also causes greater

depression of heart action than coniine and has a depressant effect on the

circulation. The inhibitive action of sparteine sulphate in experimental

anaphylaxis has been examined by Bertoni,^^ its antagonism to metrazole

by Schnittspahn and its effects on the autonomic nervous system by
Koppanyi and Linegar.^® In stimulant action on the motility of the

isolated rabbit uterus Ligon found lupinine base about one-fifth and
lupanine dihydrochloride and trilupine base about one fifteenth, as effective

as sparteine disulphate. The minimal lethal doses (mgm. per kilo.), on

intraperitoneal injection into guinea-pigs were : lupanine dihydroehloride,

25-29, lupinine base, 28-30, sparteine sulphate, 42-55, and trilupine base,

200-25. Zipf and Triller found a-i^osparteine as toxic and a-didehydro-

sparteine half as toxic as sparteine ; both act like sparteine on the isolated

frog heart and have a peripheral curare-like action on the muscles of frogs

and mice. According to Jack neither has any contra-fibrillatory action

on frog heart though benzyl-lupanol has the same effect as sparteine in this

respect and phenyldehydrosparteine is ten to twenty times as potent as

sparteine.

Delourme-Houd^ found that on conversion to quaternary derivatives

the capacity of sparteine to intensify and prolong the hypertensive action

of adrenaline was increased. Pratesi and Aitieri have investigated the

sparteine-like activity of piperidine derivatives of the type,

C5H10N . CH2 . CHgX where X is NH*, NMe,, NEtg, NMePh or a second
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piperidyl residue ; and Mercier and Mercier have found that large doses

of diethylaminoethanol produce sparteine-like effects in dogs.

Cytisine. This base belongs to thf' same pharmacological group as

nicotine. It is a powerful poison causing nausea, convulsions and death

by failure of respiration. The nicotine-like action is shared by iV-methyl-

cytisine but the latter, according to Scott and Chen,^^ who have made a

detailed study of its action, is weaker and has about one-fortieth the toxicity

of nicotine.
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ALKALOIDS OF THE CACTACE^. Hefftcr ^ has recorded the

presence of alkaloids in a number of cacti, but only those of Anhaloniiim

spp. have been fully investigated. Heyl ^ obtained an amorphous base,

pilocereine, from Pilocereus sargentianns Ore., and Ducloux ^ extracted

from Gyrnnocalycium gihhosum. Haw., basic material which he regarded as a

mixture of the anhalonium bases, anhalonine, lophophorinc and mezcaline.

Anhalonium spp. A number of jdants known by the name “ pellotc ”

and belonging to this genus are used in Mexico to produce intoxication

in the course of religious ceremonies. The l>est-known product of tliis

kind is the flowering heads of A. Lewini i Hennings, which have been

imported into Europe for use in medicine under the name “ mescal or

mezeal buttons.” The following Anhalonium alkaloids are known :

—

Hordenine (Anhaline), C^oHjgON. in A, fismratum Engelm.

Anhalamine. CnHigOgN, in A. Lexvinii.

Anhalidine (A-methylanhalamine), C 12H17O 3N, in A. Lewiniir^^^

Anhalinine(O-methylauhalamine), C12H17O 3N, in A, Letmniir^^^

Mezcaline, CuHi^OgN, A^-methylmczealine, Ci 2lii903N,^^^^, and
N-acetylmczcalinc, Ci 3Hi904N‘^<^^ in A, LewiniL

Anhalonidine, Ci2n4703N, and 0-mcthyl-d*anhaIonidine, in A,

LewiniL
Anhalonine, CigHjgOgN, in A, Lewinii and A. Jourdanianum Lem.
Lophophorinc, C13H17O3N, in A, Lewinii,

Pellotine, C13H19O 3N, in A. Lewinii and A, Williamsii Lem,
Processes for the extraction and separation of the alkaloids are given

by Kauder and Spath and Becke.-^^^

Axihaline, CjoHigON, was isolated by Heffter ^ from A, fissuratum, and
later identified by Spath as hordenine ^ (p. 638).

Atihalamine, C11H15O3N, occurs in microscopic needles, m.p. 187-8°.

The hydrochloride, B . HCl . 2H2O, forms lustrous leaflets, m.p. 256-8°

and the sulphate, Bg . H2SO 4 ,
colourless prisms ; the picrate has m.p.

234-6°. The base contains two methoxyl groups and one hydroxyl group.

A dibenzoyl derivative, m.p. 128-9°, and a monobenzoyl derivative,

m.p. 167*5°, are formed, the latter but not the former being soluble in

alkalis. The methyl ether of anhalamine is identical with anhalinine,

b.p. 180-40°/0-01 mm., m.p. 61-3°, and the iV-methyl derivative is

anhalidine, m.p. 131-3°.

Mezcaline (Mescaline), CiiH„03N, is a colourless alkaline oil, b.p.

180-180*5°/12 mm., which absorbs carbon dioxide from the air, forming a

crystalline carbonate. The sulphate, B2 . H2SO 4 . 2H2O, m.p. 183-6°,

forms brilliant prisms
;
the hydrochloride, m.p. 181°, colourless crystals

;

picrate, m.p. 216-8°
; and the platinichloride (B . HC 1

) 2 . BtCl4 ,
m.p.

164
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187-8°, bright yellow needles. The alkaloid contains three methoxyl
groups. With methyl iodide in methyl alcohol it forms a methiodide,
m.p. 174° and dimethylmezcaline methiodide, pale yellow plates, m.p.
224-5°. 1^-Methylmezcaline has been found in mescal buttons and
synthesised.-^^) It has b.p. 130-140°/! mm. and yields a picrate, m.p.
177-5—178-5°. Spilth and Bruck (1938) have recorded 'S-acetylmezcaline,

m.p. 93-4°, from the same source.-^^) Benzoylmezcaline forms lustrous

needles, m.j). 120 °. On oxidation mezealine yields 3:4: 5-trimethoxy-

benzoie acid. Wanag and Veinbergs have condensed mezealine with
phthalic anhydride in presence- of acetic acid, to the phthalyl derivative,

(MeO )3 . CeHs . CHa . CIIjj . N(C0)2 . m.p. ]65°, and Hahn and
sjlumpf^^^^ have shown that on dcmethylation by hydrochloric acid at

130-50°, mezealine yields the corresponding trihyciroxyphenylethylamine,

as hydrochloride, m.p. 213*5°, which condenses with pyruvic acid under
“ physiological conditions ” (atmospheric temperature and pH, 7 -0

)
to

6:7: 8-trihydroxy-1-methyl-1 : 2 : 3 : 4 :-te1rahydrowoquinoline-l-

carboxylic acid {dec, 250°), and with other a-ketonic acids to give analogous

i^oquinoline derivatives.

The alkaloid gives a lemon-yellow coloration with sulphuric acid,

passing into violet on warming or on adding a small fragment of sucrose

or sodium nitrate. A similar reaction is given by all the alkaloids of this

group except hordenine. Microchemical methods for the detection of

mezealine have been described by Rosenthaler ^ and by Ducloux.^

Anhalonidine, CjaHi^OgN, crystallises in small octahedra, m.p. 160-1°.

The hydrochloride, B . HCl, forms prisms, but the platinum and gold salts

are amorj^hous
;
the picrate has m.p. 201-8 °. The alkaloid contains two

methoxyl groups, yields a monobenzoyl derivative, m.p. 189° and with

methyl iodide forms JV-methylanhalonidine hydriodide (pellotine

hydriodide), yellow prisms, m.p. 125-130°.

0-Methyl-c?-Aiihalonidine, CjaHigOgN. From a selected fraction of

bases in the mother liquors from the working up of “ mescal buttons ”

Spath and Bruck (1939) isolated this base as the crystalline d-tartratc.

It is an oil, b.p. 140°/0-05 mm. (bath temp.), [a]}®° 20*7° (MeOH),
characterised by the 2:4: 6-trinitrobenzoyl derivative, m.p. 259-260°,

+ 39 -7 ° (MeOH) and identified by comparison with the dextro-

rotatory component from the resolution of the synthetic 0-methyl ether

of d/-anhalonidine, synthesised by Spath.^^ The Z-isomeride had [aj^

— 20 *1 ° (MeOH) and gave a 2 : 4 : 6-trinitrobenzoyl derivative, m.p.

259-260°, [oiff — 43*7° (CHCI3).

Anhalonine, Ci2Hi503N, crystallises from light petroleum in needles,

m.p. 85*5°, [a]r) — 56*3° (CHCI3). The hydrochloride, B . HCl, forms

colourless prisms, [a]}/”—41-9 (H2O); the platinichloride, (B.HCl)2 .PtCl 4 ,

golden-yellow needles. Anhalonine contains one methoxyl group and a

methylenedioxy group. It is a secondary base, forms a nitroso-derivative,

and reacts with methyl iodide, forming iV-methylanhalonine (lophophorine)

which in turn jgives a methiodide, Ci2Hi403N(CH3 ) . CH3I, identical with

lophophorine methiodide, m.p, 228° (dZ-form m.p. 289-241°),
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Lophophodne, C13H17O3N, is a colourless syrup, [ajo— 47*0® (CHCI3),

insoluble in wnter, but readily soluble in organic solvents. The hydro-

chloride, B . HCI, crystallises in small colourless needles, — 9-47°

(HgO)
;
picrate, m.p. lC2-3°. The base contains one methoxyl group and

a methylenedioxy group. Methiodide {see under anhalonine above).

Pellotine, C13H19O3N, crystallises from alcohol in tablets, m.p. 111-2 °.

The hydrochloride, B . HCI, forms rhombic prisms
;

the aurichloride

melts at 147-8° and tlic picrate at 166-8°. The alkaloid contains a

methylimino ffroup, two methoxyl groups and a phenolic hydroxyl group.

The methiodide, B . CH 3 I . HgO, crystallises in small prisms, m.p. 198-9°.

Constitution of the Anhalonium Alkaloids. From Heffter’s results it

was possible to extend the formulae assigned to six of the seven anhaloniuillt

alkaloids then known as follows :

—

Anlialaniine, C»H-(OMe)a(OII)(NH) Anhalonine, (\iHii02(OMe)(NH)
Mezcaline, C8ll2(OMc)3(CH2 . NHMe)(3 : 4 : 5 : 1). Lophophorinc, Ci2Hi402N(0Me).
Anhaloiiidinc, C\oHe(6Me)2(OH)(NH). Pellotine, CioU2(OMe)2(011)(NMe).

Mezcaline. Heffter proved tha mezcaline was not identical with the

base having the formula shown above, which he synthesised for this

purpose,® and it was not until Spath began work on these alkaloids that

their relationships were cleared up. In his first paper ® this author showed
that anhaline was identical with hordenine (^-p-hydroxyphenylethyl-

dimethylaminc, HO . C 3H 4 . CH2 . CHg . NMcg, p. 633), and described the

synthesis of mezcaline by the following series of reactions. Galloyl chloride

(3:4: 5-trimcthoxybenzoyl chloride) was reduced by Rosenmund’s
method ® to 3 : 4 : 5-trimethoxybenzaldehyde, which was condensed with

nitromethane to aj-nitro-3 : 4 : 5-trimethoxystyrenc,

CgHg . (0]VIe)3 . CH : CH . NOg.

This, on reduction with zinc dust and acetic acid, yielded the corresjKHiding

oxime, which was further reduced by sodium amalgam to ^-3 : 4 : 5-

trimethoxyphenylethylamine, C 3H2(OMe)3 . CHg . CHg . NHg, and this

proved to 1^ identical with mezcaline (I). Like the latter, it behaves on
analysis as if it contained the grouping—NHMe but this had already been

disproved by Heffter.® Interest in the remarkable physiological properties

attributed to mezcaline has led to many syntheses of this alkaloid and of

its isomerides and analogues.’

Anhalamine. Wlien mezcaline is condensed with formaldehyde it

yields 6:7: 8-trimethoxy-l : 2 : 3 : 4-tetrahydroe>aquinoline and the

quaternary iodide obtained from this is identical with dimethylanhalamine

methiodide,® It follows that 0-methylanhalamine must be 6:7:8-
trimethoxy-1 : 2 ; 3 ; 4-tetrahydroi^oquinoline. The free hydroxyl group

was shown to be at C® by SpSth and Becke,® who found that the product

(II : R = Et), formed by 0-ethylation of anhalamine, gave 4 : 5-

dimethoxy-8-ethoxyphthalic acid anhydride, m.p. 106-7°, on oxidation

with potassium permanganate. Anhalamine is therefore 8-hydroxy-6 : 7-

dimethoxy-1 : 2 : 8 ; 4-tetrahydroi^uinaline (II : R = H). Anhalidine

is JV-methylanhalamine and anhalinine the 0-methyl ether (II : Me)
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of anhalamine.^^^^ The structure of anhalamine had already been estab-

lished by the synthesis of the alkaloid from 5-hydroxy-3 : 4-dimethoxy-
bcnzaldehyde, which was converted into jS-5-hydroxy-3 : 4-dimethoxy-
plienylelhylamine, and the latter condensed with formaldehyde, the

hydroxyl group being protected by ethylcarbonation or benzylation up to

the last stage.^®

Pellotine and Anhalonidine, The A^-acetyl derivative of mezcaline

(I : NHg—> NHAc), on treatment with pliosphoric oxide, yields 6:7:8-
trimethoxy-l -methyl -3 : 4-dihydro^5oquinoline (picrate, m.p. 181-2°),

which, on successive catalytic hydrogenation and treatment with methyl
sulphate, yields 6:7: 8-trimethoxy-l : 2-dimeth>l-l : 2 : 3 : 4-tetrahydro-

zVoquinoline identical with 0-methylpeIiotine (picrate, m.p, 167-8°),

whence it appears that pellotine must be a dimethyl ether of 6:7:8-
trihydroxy-1 : 2-dimethyl-l : 2 : 3 : 4»tctrHhydrou‘oquinoline. Pellotine

and anhalonidine on complete^ methylation yield the same product, and as

anahalonidine is a secondary base and differs from pellotine by containing

—CHg less, it must be a dimethyl ether of 6 : 7 : 8-trihydroxy-l-methyl-

1:2:3: 4-tetrahydrowoquinoline,^^ and pellotine should be iV-methyl-

anahalonidine.

The position of the free hydroxyl group in these two alkaloids is either

C® or C®, since Spath has shown that the OA^-diacetyl derivative of ^-5-

hydroxy-3 : 4-dimethoxyphcnylethylaminc, when heated in toluene

solution with phosphoric oxide, yields a product which must be cither

6-acetoxy-7 : 8-dimethoxy-, or 8-acetoxy-6 : 7-dimethoxy-l-methyl-3 : 4-

dihydroitvoquincline. On reduction with tin and hydrochloric acid it is

converted into anhalonidine, which must therefore be 6-hydroxy-7

;

8-dimcthoxy- (or 8-hydroxy-6 : 7-dimethoxy-)-l-methyl-1 : 2 : 3 : 4-

tetrahydroiVoquinoline. Similarly the methiodide of the acetoxy-com-

pound on reduction yields, by loss of acetic acid and addition of two

hydrogen atoms, pellotine, proving the latter to be A^-methylanhalonidine.^*

The position of the free hydroxyl group was finally shown by Spath to
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be at C®, as in anhalamine, by converting pellotine into the 0-ethy] ether,

b.p, 130-140°/! mm., which on oxidation with potassium permanganate
yielded 4 : 5-dimethoxy-3-cthoxyphthalic acid, whence pellotine must be

(IV), and as pellotine is the iV-methyl derivative of anhalonidine, the latter

must be represented by (III).

This was confirmed by an independent analytical method by Spath
and Boschan,^^ and by a synthesis of pellotine by Spath and Becke,^®

starting from the benzyl ether of 2-hydroxy-3 : 4-dimethoxyacetophenone,

which was converted by aminoacetal into the SehifTs base (V). This, on
treatment with sulphuric acid (73 per cent.), followed by warm water, gave

S-hydroxy-G : 7-dimethoxy-l-methylt6*oquinoline (VI), of which the

methiodide, m.p. 188-189-5°, on reduction furnishes pellotine (IV). From
dZ-pellotine so formed Spath and Kesztler,^® by a special process of frac-

tionation, isolated Z-pellotinc having [a]J/° — 15-2° (CHCI3), for which
optical homogeneity was not claimed, owing to the ease with which
racemisation occurs, slowly in aqueous solution at 15-20°, and rapidly in

alkaline solution, but less readily in presence of acid. Natural pellotine

is optically inactive, probably due to racemisation during isolation.

Anhalonvie and Lophophorin^. Spath and Gangl showed that each

of these alkaloids contains a methylenedioxy group and that the quarter-

nary iodide prepared from dZ-anhalonine is identical with lophophorine

methiodide so that lophophorine n>ust be N'-methylanhalonine. Anhalonine
was synthesised from 3 : 4-methyIenedioxy-5-methoxybenzaldehyde by
condensation with nitromethane, reduction of the product to the corre-

sponding ^-ethylamine, the acetyl derivative (VII) of which, on treatment

with phosphoric anhydride, condensed to C-methoxy-7 : 8-methylenedioxy-

l-methyl-3 : 4-dihydroi9oquinolinc, m.p. 60-2°. This, on reduction,

furnished the corresponding tetrahydroZ^oquinoline, which proved to be

anhalonine (VIII), and on conversion to the quaternary methiodide the

latter was found to be lophophorine (IX) methiodide. The possible

alternative, 8-methoxy-6 : 7-methylenedioxy-l : 2-dimethyl-l : 2 : 3 : 4-

tetrahydroz.yoquinoline, was prepared by Freund’s method and the

methiodide shown not to be identical with lophophorine methiodide.

(X) Carnejglno
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Confii'inatiori of this constitution was provided by Spath and Becke,^^*^

who identilicd 5-methoxy-3

:

4-incthylcnedioxy-o-phthalic acid as an

oxidation product of anhalonine. The synthetic d/-anhalonine was

resolved by crystallisation of the Z-tartratc from methyl alcohol, into

Z-anhaloninc, m.p. 85 6°, — 56*3° (CHCI 3 )
and its optical antipode,

Z-Anhalonine was methylated by formaldehyde and formic acid to iV-

methyl-Z-anhalonine, — 47-0 (CIICI 3 ) ;
picrate, m.p. 162-3”, which

proved identical with lophophorine.^®

The following alkaloids are included in this section as simple 2>oquinoline

bases : only one of them, carnegine, has been obtained from a cactus

species (Cereus).

Carnegine, CiglligOgN. From Carnegia gigantea (Engelm.) Britt, and

Rose (Monimiaeea ), Heyl isolated this base as an alkaline oil, yielding

crystalline salts. It was stated to contain two methoxyl groups and to

resemble lophoj)horine in physiological action. These results were con-

firmed and extended by Spath, who showed that carnegine is 6:7-

dirnethoxy-l : 2-dimelhyI-l : 2 : 3 : 4-tetrahydrofA0(iuinoline (X) by

comparison of the following salts of the two bases : hydrochloride, m.p.

210-1 ”; picrate, m.p. 212 -3 ” (dec,); methiodide, m.p. 210-1 ° (vac.).

S})ath and Kuffner subseepiently showed that pectetiine, isolated by

lleyl from Cereus pecten aboriginum, is identical with carnegine.

Alkaloids of Salsola Richter i. This member of the botanical family

Chenopodiaceic has beem shown by Orekhov and Proskurnina to contain

three alkaloids of which two are closely related to the typical cactus

alkaloids.

Salsoline, C11II15O 2N. The base has m.p. 218-221°. It yields a hydro-

chloride, B . HCl . 1 -5H20 ,
m.p. 141-152°

;
OA^-dibenzoyl derivative,

m.p. 166-8°
;

iV-benzoyl derivative, m.p. 172-4°. With diazomethane

it furnishes 0-mcthylsalsoline, the Z-form of which was shown to be identical

with salsolidine

,

which also occurs in S. Richteri in Z- and cZZ-forms. The

0-methyl ether on treatment with formaldehyde and formic acid becomes

fully methylated to CiolIio(OMe) 2
(NMe), the product being carnegine (X)

(see above). On exhaustive methylation, 0-methylsalsoline yields

eventually 3 : 4-dimethoxy-l : 2-divinylbenzene, m.p. 37-9°, which is

oxidised by permanganate to metahemipinic acid. The position of the

hydroxyl group in salsoline was settled by Spath, Orekhov and Kuffner,^

who synthesised 6-hydroxy-7-methoxy-l-nicthyhl : 2 : 3 : 4-tetrahydro-

i90(iuinoline (XI), m.p. 223-4°, and showed it to be identical with salsoline.

The latter, as isolated from the plant, is a mixture of <Z- and dZ-forms, from

which Proskurnina and Orekhov (1937) isolated, as the d-tartrate, the

d-form, m.p. 215-6°, giving a hydrochloride, m.p. 171-2°, [a]© + 4.0a

°

(1120 ). The mother-liquors yielded the Z-form (m.p. 215-6°
; B . HCl,

m.p. 171-3°, [a]D — 39 *2 °), convertible by diazomethane into 0-methyl-Z-

salsolinc, identical with salsolidine, Ci2^i 7
^2^» 2H2O, which has the

following characteristics : m.p. 60-1°, or 71-3° (dry)

;

[a]D 52*9 ;

hydrochloride, m.p. 233-5°
;

[ajo — 26*5°
;

picrate, 194-5°

;

picrolonate, m.p. 220-1° and N-benzoyl derivative, m.p. 124-5°.
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The (i/-form of this substance, 6 : T-dimethoxy-l-methyl-1 : 2 : 3 :
4-

tetrahydrof^oQuinoliiie, which had already been synthesised by Schopf
and Bayerle,®® in the course of their biogcnetic work on ^jfoquinoline

alkaloids, wa^ prepared by Spath and Dengel and resolved into the d-

and /-forms. They recorded for the d/-form, m.p. 53-58-5°, and for the

/-form, m.p. 47-5°-48*5°, and la]}f" — 59-7° (EtOH), which differ somewhat
from the figures first recorded for natural /-salsolidine. Proskurnina and
Orekhov (1939) explained these differences by showing that d- and
/-salsolidine each occurs in two forms, m.p. 41-5° and 71-3° (dry) produced
respectively by distillation in vacuo and crystallisation from water.

The third alkaloid, salsamine^ has m.p. 155-7° {dec,)
;
the hydrochloride,

m.p. 255-260° {dec,) ;
picrate, m.p. 213-4°

; and picrolonate, m.p. 220-1°.

Corypalline, CnHisOgN (Corydalis spp. Nos. 9, 22
;

list, p. 170). This

phenolic base, m.p. 168°, picrate, m.p. 178°, contains one methoxyl group

and on methylation yields 2-methyl-G : 7-dimethoxytetrahydrowoquinoline,

CJ2H17O2N, m.p. 82°, and on ethylation, 2-methyl-6-methoxy-7-ethoxy-

tetrahydro/^oquinoline, m.p. 65°, whence the free hydroxyl appears to be

at C’ and this has been confirmed by the synthesis of corypalline by a

method analogous with that used by Spath, Orekhov and Kuffner.^^

Corypalline is therefore hydrohydrastinine (XII) with the methylenedioxy

group replaced by MeO at C® and . OH at (Manske).^^^®^

Other simple naturally occ^arring methylfetrahydro/^aquinolines are

hydrohydrastinine (XII), (p. 164) found, like corypalline, in Corydalis spp.,

and hydrocotarnine found in opium (p. 201 ).

Pharmacology, Interest in the anhalonium alkaloids dates from the

investigations of Lewin ^ and Heffter.^ The general pharmacological

actions of mezcaline, anhalonine, anhalonidine and lophophorine show
certain qualitative similarities.^® In the frog mezcaline depresses the

central nervous system. This effect is also observed in mammals
; death

is due to respiratory paralysis. The effect on the blood pressure varies

with the dose and the animal. In the chloralosed dog it is mainly

depressant : in the decapitated cat it has a pressor effect. 3 : 5-

Dimethoxy-4-ethoxyphenylethyiamine and 3 : 4-diethoxy-5-methoxy-

phenylethylamine have a similar action to mezcaline, but are more toxic.^’

A series of methoxyphenylethylamines has been examined by Epstein,

Gunn and Virden.*®

Anhalonine produces increased reflex excitability in the frog after a

phase of paresis (Heffter,^ 1898). The symptoms in the rabbit are

analogous, but the transitory paresis is less marked. The lethal dose of

the hydrochloride for rabbits is 0-16-0-2 gm. per kilo, body weight.

Anhalonidine is not so active and resembles pellotine in action. Ixi

frogs it produces a type of narcosis or paresis, followed by a phase of

increased excitability. Larger doses have a curare action. On mammals
the action is slight,

Lophophorine is the most toxic of the group. No preliminary paresis is

observed in either the frog or rabbit ;
15-20 mg. per kilo, body weight is

fatal in rabbits.
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Pellotine is a convulsant in the frog and cat. Clerc, Janot and Paris,

state that the intravenous lethal dose in dogs is 10 mgm./kilo. In
chloralosed dogs 5 mgm./kilo slowed the heart and caused a fall in blood
pressure ; the effects lasted for a few minutes and resembled those due to

acetylcholine : they were inhibited by atropine and increased by yohimbine
and ergotamine. A few injections of this dose at short intervals produced
convulsions and this effect was inhibited by phenobarbitone.

According to Slotta and Muller, mezcaline is excreted in urine in the

form of trimethoxyphenylacetic acid.^®

The best-known action of “ pellote ” or “ mescal buttons ” is the

production of visual colour hallucinations. These are usually accompanied
by bradycardia, dilatation of the pupil, loss of accurate time sense, nausea,

faintness and headache. In the early stages there may also be a certain

amount of euphoria. According to Heffter, mezcaline is the substance

responsible for these symptoms ; neither anhalonidine in equivalent doses

nor anhalonine and lophophorine in smaller doses had this effect. Dixon
also considered mezcaline the most effective of the alkaloids in this respect,

but some doubt has been cast on the purity of his alkaloids.^® Lewin
attributes a certain hallucinating power to anhalonine. For a more
detailed survey of the action of mezcaline and a history of mescal Beringer’s

monograph should be consulted. The use of this intoxicant has spread

among the Indians in the reservations north of the Mexican border, even
to the establishment of a peyote church, and the drug has been stated to

have engaged the attention of the Paris police. The production of

experimental hallucinations promises to be of use in the analysis of certain

personality disorders.

The pharmacological action of bases from Cereus coryne Solm,®®

Pachycereus marginatus,^^ Trichocereus terscheki, Britton and Rose,^’ and
T, candicans B. and R.,^® has also been recorded. T, terscheki is stated to

contain trichocereine (A-dimethylmezcaline) and 3 ; 4-dihydroxyphenyl-

ethyltrimethylammonium hydroxide. The latter is probably also present

in Cereus coryne, T, candicans is stated to contain hordenine (anhaline)

and p-hydroxyphenylethyltrimethylammonium hydroxide (candicine).

According to Gvishiani, in experiments on cats and mice salsoline

resembles papaverine in its effects on blood circulation and hydrastinine

in its action on smooth muscle.®® Its use in Russia for the treatment

of hypertension has been reported.^®
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ALKALOIDS OF HYDRASTIS CANADENSIS L. The rhizomes

of this North American plant (Ranunculaceae) contain three alkaloids, of

which one, hydrastine, is, for convenience, dealt with here though the

sub-group, phthalidet^oquinolines, to which it belongs is typically deve-

loped in the botanical order Rhocadales (pp. 169 and 200) ; the other two,

berberine and canadine, are described under Berberis alkaloids (p. 828).

The drug is no longer official in the British or United States Pharmacopoeia.

The British Pharmaceutical Codex states that it contains hydrastine about

2 per cent, and berberine about 2*5 per cent., though lower and higher

figures are frequently quoted.^ A phytochemical investigation of

alkaloidal production and distribution in the plant has been made by
Gillis and Langenhan.^ Processes for the isolation of the total alkaloids

and for the separation and .purification of hydrastine have been published

by Power,* Schmidt and Wilhelm,^ Freund and Will * and Schmidt.® As
hydrastine is a potent alkaloid, much attention has been given to its

estimation in hyi’astis and its galenical preparations. Processes of this

kind were published in the British Pharmacopoeia of 1914, and the United

States Pharmacopoeia, 10th Revision, 1926. Assay methods for the liquid

and solid extracts are included in the British Pharmaceutical Codex, 1984,

and for the crude drug, extracts and tincture, in the United States National

Formulary VIII.’ A process for the estimation of berberine in Hydrastis

tincture has been described by Awe.^

Hydrastine, CjiHjiOeN. This alkaloid was isolated by Perrins,® and
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subsequently investigated by Mahia ® and Power.® The present fornaula

is due to Freund and Will,^® and Eykman.^^ Hydrastiiie forms
colourless, rhombic prisms, m.p. 132°, from alcohol, has a bitter taste, is

alkaline to litmus, almost insoluble in water, easily soluble in chloroform

(1 in 14 at 25°) or benzene, and less so in alcohol (1 in 170 at 25°) or ether

(1 in 175 at 25°). In chloroform it has (a]D — 07*8°, but, according to Carr

and Reynolds, the value in dry alcohol is — 40*8°, and in 50 per cent,

alcohol 115°.^® The salts are unstable in water, and generally not well

crystallised
; the hydrochloride, B . HCl, is a microcrystalline powder

m.p. 116°, [a]£).+ 127-3° (dil. HCl), obtained by passing hydrogen chloride

into a solution of the base in ether ; the platiniehloride, Bg . HgPtClg, is

an amorphous, yellow precipitate, but the picrate, B . CgH2(N02)30H . HgO,
forms yellow needles, m.p. 184°. The acid oxalate and acid tartrate,

B . H2C4H40g . 4H2O, crystallise readily from hot water. The alkaloid

gives ill-defined metallic derivathes. Hydrastine in sulphuric acid gives

with ammonium molybdate an olive-green colour. A solution in dilute

sulphuric acid develops a blue lluoreseence with an aqueous solution of

permanganate. Iodine solution precipitates the characteristic periodide

B . HI . I5, as a dark-brown powder. A series of identification tests is

given by Keenan.^

2

Constitution, Hydrastine contains two methoxyl groups and a

methylenedioxy-group,^® and behaves as a tertiary base. The first insight

into the inner structure of the base was obtained when Freund and Will

showed that with dilute nitric acid it undergoes hydrolytic oxidation,

yielding opianic acid and a new base hydrastinine, CiiHj303N. This

reaction is analogous with the similar hydrolytic oxidation of narcotine

(p. 201) to opianic acid and cotarnine and hydrastinine is allied to

cotarnine and can be prepared from it.

Hydrastinine, CnHigOgN, crystallises from light petroleum in

colourless needles, [ajo ± 0°, m.p. llG-7°, is soluble without colour in

non-ionising organic solvents, but dissolves in alcohol and sparingly in

water, yielding fluorescent, yellow solutions. It forms salts with mineral

acids, losing at the same time a molecule of water. The chloride,

the salt used in medicine, occurs in pale yellowish needles,

has a bitter taste, melts at 212°, is very soluble in water or alcohol, less so

in chloroform, or ether. Its aqueous solution shows a blue fluorescence,

especially when dilute, is neutral to litmus, and is not precipitated by
ammonia solution, but dilute sodium hydroxide solution added drop by
drop causes turbidity, which disappears on shaking, and the liquid then

deposits crystalline hydrastinine. Bromine water gives, with an aqueous

solution of the salt, a yellow precipitate, which is soluble in ammonia
solution.^® The iodide has m.p. 283-4°, A colorimetric method for the

estimation of hydrastinine has been described by Steenberg and its

polarographic determination is dealt with by Kirkpatrick.^®

Hydrastinine contains a methyl group linked to nitrogen ;
it reacts

with hydroxylamine, forming an oxime, m.p. 145-6°, and with acetic

anhydride and benzoyl chloride, forming acetylhydrastinine and benzoyl-

6—

2
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hydrastinine respectively. AVlien treated with caustic alkali it yields

oxyhydrasti7ivi€y CuHnOgN, rosettes of needles, m.p. 97-8°, b.p. above

350°, and hydrohydrastitmw, ^6°.^® These reactions and

the loss of a molecule of water in forming salts indicate that hydrastinine

(1) is a secondary amine ; (2) contains an aldehyde group ; and (3) has two

side-chains between which water is readily eliminated on addition of an

acid. Its conversion into oxyhydrastinine and hydrohydrastinine by the

action of potassium hydroxide is analogous with the conversion of aromatic

aldehydes into a mixture of the corresponding alcohol and acid, and may
be represented thus, using Roser’s formulation for the base and its salts.

C H 0^
7 4 2

CHO

^CHg.CHg.NHlie

y'
CH : NMeCl

'Cl .CH
2 2

Hydrastinine

I
.CHgOH

Hydrastinine chloride

coon

(I) C^H^cr and (II)

'^CHg.CHg.NHMe

I

CH .CH .NIftie
2 2

SV2

,CH„.NMe

/ "
I

;

\

CO . We

CH^.CH
2 2

Hydrohydrastinine Oxyhydrastinine

The intermediate products (I) and (II) lose water, forming hydro-

hydrastinine and oxyhydrastinine respectively.^® Alkaline permanganate

converts oxyhydrastinine into hydrastinic acid (III), CiiH^OqN, needles,

m.p. 164°
;

this in turn is oxidised by dilute nitric acid to hydras! ic acid

methylimide (IV), C10H7O4N, m.p. 227-8°, which, when warmed with

potassium hydroxide solution, furnishes methylamine and hydrastic

acid (V).

^CO.NHMe
CHO
7 4 E"\C0.C00H

(III) Hydraatinio
acid

CnH. 0. NIda

^COOH

COQH

(IV) Hydrastic acid (V) Hydrastic acid
methylimide

^

C7H^0,
^CHO CEO

^^CHg.CHg.megl

(VT) Mathyllurdraa^lnlna
methiodlde

(711) BrOraftai
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This acid also results from oxidation of the nitrogen-free product of

the exhaustive methylation of hydrastinine, which as a secondary amine
gives with methyl iodide a mixture of hydrastinine iodide and methyl-

hydrastinine methiodide (VI) ;
the latter, on distillation with alkali, yields

an aldehyde, hydrastal (VII).* This on oxidation furnishes hydrastic acid

(V), CgHgOg, needles, m.p. 175° {dec.), a dibasic acid, which on melting

passes into an anhydride, and when fused with potassium hydroxide

furnishes a mixture of protocatcchuic acid and catechol. On heating with

strong nitric acid, the methylene ether of dinitrocatecliol is formed, whilst

phosphorus pentachloride converts it into a dichloride (oil), which with

water yields riorm^/ahemipinic acid,

C^HeOe [(OH),(COOH)2 -1:2:4: 5],

rhombic prisms, forming an anhydride and melting at 247-5°.^® These

observations show that hydrastic acid is 4 : 5-methylenedioxyphthalic

acid,^® Freund and Lachrnan formulated these degradation products of

hydrastinine thus :

—

Hydrastic acid
methylImide

Hydrastlnlo add

whence the following formulae are arrived at for hydrohydrastininc,

oxyhydrastinine, hydrastinine and hydrastinine chloride, based on those

suggested by Roser as a result of his work on the closely allied substance,

cotarnine.

^ CHp.NMe

Hydrohydrast Inlne

CHO

^ &

Hydrastinine

•CO. NMe

Oxyhydrastinine

CH
6

-CH : NMeCl

2\o
.Hydrastinine chloride

CHg.CHg

This formula for hydrastinine was first confirmed by Fritsch’s

synthesis of this base by condensing piperonal (4 : 5-methylenedioxy-

benzaldehyde) with aminoacetal, NH2 . CHg . CH(OC2H 5 )2 ,
and treating

the piperonylideneaminoacetal (VIII) so produced with sulphuric acid,

thereby converting it into methylenedioxyi^oquinoline, the methiodide

(IX) of which 'on reduction furnished hydrohydrastininc (X) as the

hydriodide
; from this hydrastinine is obtainable by oxidation with
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chromic acid or iodine in presence of potassium acetate. The steps in

this synthesis may be represented thus :

—

CH(CSt}g

(Tin)

Dobbie and Tinkler suggested that, since hydrastinine in solution in

ether or chloroform has an absorption spectrum almost identical with that

of hydrohydrastinine, whilst the absorption spectra of its solutions in water

or alcohol resemble those of the salts, it may exist in two forms, represented

by formula I (solid state or dissolved in ether or chloroform), and II (dissolved

in water or alcohol)
;
these conclusions have been conlirrned by Steincr.^^

No evidence lor the existence of Roser’s aldehydic form was obtained.

^CH(0H).N.CH2

'-CHx CHp

Hydrastinine I (carbinol form)

; U(CH3).0H

Hydrastinine II (ammonium form)

Hydrastinine is used in medicine, and its manufacture by more or less

complete synthesis, or from alkaloids such as berberine or narcotine has

been investigated. For its })reparation from hydrastine the method
originally used by Freund and Will,^^ depending on hydrolytic oxidation

with dilute nitric acid, is available. Using narcotiiie, it is necessary to

prepare from this, cotarnine by oxidation with nitric acid, reduce the

cotarniiie to hydrocotarnine, and then convert the latter by Pyman and

Remfry’s method into hydrastinine. With berberine as a starting

material, a process has been devised proceeding through benzyltetrahydro-

berberine, and the various essential steps liave been covered by patents.

Decker has devoted much attention to processes for the preparation of

hydrastinine from simpler materials, thus he has shown that formyl/iomo-

piperonylamine, CHg : O 2 : CgH 3CH2 . CHg . NH . CHO, obtained by
heating ^omopiperonylamine formate at 160-70°, when heated with

phosphoric oxide in toluene, yields 6 : 7-methylenedioxy-3 : 4-dihydro i6'o-

quinoline, which with methyl iodide is converted into hydrastinine iodide.^®

The combination of the formulae for hydrastinine and opianic acid to

represent hydrastine, may be made in several ways. Freund, noting

that the two products of hydrolysis each contained an aldehyde group,

whilst hydrastine itself had none, suggested that combination occurs by
condensation between these two groups, and so arrived at formula (III).



HYDRA8TINE 167

This represents hydrastine as a secondary amine and a free acid,

though the alkaloid reacts with alkyl iodides on the whole as a tertiary

amine and forms salts with alkalis rather as a lactone than as a free acid.

These and other considerations led Freund and Rosenberg to suggest the

alternative formula (IV), based on Roser’s formula for narcotine (p. 204).

In 1912 Hope and Robinson,^® by boiling together in alcohol nitro-

meconin and hydrastinine, obtained a d/-nitrohydrastine (IV : R = NOg),

which was converted via the hydrazino-derivative to an optically inactive

hydrastine, m.p. 137°, assumed to be one of the two dZ-hydrastines possible,

since there are two centres of asymmetry in formula (TV). This substance

was further examined by Hope, Pyman, Remfry and Robinson and
shown to be a mixture, which was resolved at the amino-stage into dZ-

aminohydrastine-a, m.p. 216-7°, and dZ-aminohydrastine-b, m.p. 196-7°,

from which dZ-hydrastine-a, m.p. 137°
;

picrate, m.p. 219° (dec.), and
dZ-hydrastine-b, m.p. 150-1°, were respectively obtained, the former in

good and the latter in poor yield, owing to the formation of a by-product,

didehydrohydrastine, CgiHi^OgN, colourless matted needles, m.p. 183°,

regarded as a phenanthrene derivative. In a later paper Marshall, Pyman
and Robinson showed that natural Z-hydrastine, on boiling with methyl-

alcoholic potassimn hydroxide, produced an equilibrium mixture by partial

conversion into an isomcridc of higher Isevorotation, — 163°, than that of

the natural base, — 68-3°, due to racemisation at one of the asymmetric
centres, presumably that in the phthalide group.

The new Z-hydrastine is considered to be Z-a-hydrastine and natural

hydrastine to be Z-)3-hydrastine, which implies (1) that the latter differs

from natural narcotine (Z-a-narcotine) in stereochemical configuration ;

(2) that since a-gnoscopine, but not )3-gnoscopine, can be resolved, the

synthesis of natural hydrastine will involve the deracemisation of hydra-

stine-b, to Z-a-hydrastine, which can be epimerised to natural hydrastine

(Z-jS-hydrastine) by boiling with methyl-alcoholic potassium hydroxide.

Pharmacological Action. In the frog hydrastine produces

strychnine-like convulsions, which may be succeeded by paralysis when
large doses are given. In mammals the bulbar and spinal centres are

stimulated, convulsions ensue, and here again large doses cause paralysis.

The blood pressure is raised as a result of the central action of the drug ;

respiration is deepened and accelerated with stimulatory doses. The
myocardium is depressed and the uterus contracts. In its earlier stages

the action of hydrastine on the central nervous system in mammals shows
certain analogies with narcotine and thebaine, but approximates more to

thebaine. It appears to be excreted in the urine unchanged. Hydrastine

has been used as an internal styptic in uterine haemorrhage.

Hydrastinine causes little nervous disturbance except in large doses,

when it paralyses the nervous system. The pressor effect is greater than

that obtained with hydrastine, because of the increased cardiac efficiency

and greater peripheral constrictor action induced by moderate doses.

The uterus is stimulated to activity by suitable doses, and the main use

of hydrastinine in medicine is as an oxytocic styptic. When applied to
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the eye in 10 per cent, solutions it causes dilatation of the pupil. In the

dog some of the drug is excreted in bile as well as in the urine (Bernardbcig

and Caujobe).^^
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ALKALOIDS OF THE RH(EADALES
The natural order Rhoeadales includes the two botanical families

Papaveraceae and Fumariaceie, which between them yield a great variety

of alkaloids belonging to several types, but all, so far as they have been
investigated, derivable from t^oquinoline. Some of the alkaloids, notably

protopine, occur frequently in genera of both families and the alkaloidal

types common to both are numerous enough to make it convenient to

deal with the alkaloids of both families in one section. In the following

distribution list the more important alkaloids are described later, but
brief descriptions are given of the minor alkaloids. A considerable

number of the alkaloids in this section have been recorded as new and
subsequently found to be already known. In such cases the names of

the known alkaloids are given in brackets or vice versa, as may be more
convenient for the text.

(1) Adlunvia fungosa Greene {A, cirrhosa Rap). Adlumidine, d-adlumine,

bicuculline, protopine. ^ According to Schlotterbeck, ^ cx.-allo-

cryptopine and a base, m.p. 176-7*^, are also present.

(2 )
Argemone alba Lestib. Berberine ; base, picrate, m.p. 232-5°.^

(3) A» hispida. Bases, (a) Ci 7Hi 3(ic)N(OH)(OMe)o, m.p. 238°, [a]?/*

—77 * 5°(CHCl 3 ), phenolic, benzoyl derivative, m.p. 124-5°.

(b) Ci 7
H, 3N(OMe) 4 , m.p. 152*5-153°, 214*2° (EtOH) or

— 187*9° (CHCI 3 ), picrate, m.p. 242*5°; styphnate, m.p. 247-9°;

methiodide, m.p. 273-4° {dec.)
;

non-phenolic. (c) Amorphous,
ether-soluble, {d) Amorphous, ether-insoluble.

(3a) A. mexicana L. Berberine, protopine (argemoninc).^

(4) Bocconia arborea Wats. Chelerythrinc, a//ocryptopine, protopine
;

Base, P61, Ci 8Hio03(OMe)2(NMe), m.p. 210 °, isomeric with and
closely related to chelerythrinc

;
also three neutral, nitrogenous

substances : A, CgoHj^O^N, m.p. 302°
;
B, C20H15O 4N, m.p. 191°

;

C, C 3iH3305N, m.p. 332°. (Manske.) ^

(
5

)
R. cordata Willd. Chelerythrinc, a-ai/ecryptopine, protopine, san-

guinarine

(6 )
B. frutescens L. Chelerythrinc (?), a- and

j
8-aZZocryptopine.

protopine.^^*^

( ) B. pearcei Hecht. Chelerythrinc. One per cent, in bark
;
none in

tissues.®^®^

( )
Ceratocapnos spp. Protopine (Battandier,^^^^ 1891).

(7) Chelidonium majus L. This much investigated plant ® contains

alkaloids of two main types
;

(a) chelerythrinc, chelidonine,

a-homochelidonine, oxychelidonine, methoxychelidonine and
sanguinarine

; (
6

)
a- and )S-aZZocryptopine, and protopine. In

addition, berberine ’ and sparteine ® have been recorded and a
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base^ CigH240N2 , m.p. 198-9°, [a]D~40*7, diauricbloride, m.p.

122-4°, phenolic, both nitrogens tertiary.®

(8)

ConjdcUs amhigua Cham, and Sch. CorybuJbine, cojydaline, dehydro-

cor^^daline, protopine. Bases :— (I). A quaternary chloride,

C 2oHig04NCl . 2H2O ;
red needles ; reducible to a tertiary, tetra-

hydro-base, C20H21O 4N, greyish needles, m.p. 218-9°. (II) Greyish-

white needles, m.p. 197-9° (Makoshi).^®

Chou ei have isolated thirteen alkaloids of which the following

ten appear to be new :

B C20H23O 4N, m.p. 148-9°, [aji) iL 0°.

D CigHie04N, m.p. 204°, — 295°.

E Silky needles, m.p. 219°.

F C20H23O 4N, m.p. 237°, [a]|^° — 250° : J-corypalmine (?).

H B . HBr, yellow prisms, m.p. 285°, [alo h 0 °.

I M.p. 104°, [oiff + 112*5°.

J C 3oH 3 g05N2 ,
prismatic needles, m.p. 118°

; + 125°.

K C21H25O 4N, m.p. 225°, [a]i) — 250°.

L CigH 2i04N, m.p. 236°
;

[a]|^' - 325°.

M C21H24O 3
N, m.p. 161°, [aji) zL 0 ° (^-homochelidonine ?).”

According to Huang-Minlon,^^ Makoshi’s base (I) is coptisine,

while Chou’s base, B, is d/-tetrahydropalmatine and D and E are

?- and dZ-tetrahydroeoptisine respectively.

(9)

r. aurea Willd. Huang-Minlon has suggested that Heyl’s base,

m.p. 148-9°, is dZ-tetrahydropalmatine. Manske has recorded

the following : aurotensine (d- and dZ-scoulerine), bicucine,

bicuculline, capauridine, capaurine, cordrastine, corydaline, oL-allo-

cryptopine, protopine, Z- and dZ-tetrahydropalmatine, and bases :

F
‘

24
, Ci 6Hi 3N(OH)(OMe) 3 , m.p. 138°

; F 28, Ci 5Hi2N(OH)(OMe) 2 ,

m.p. 135°, F 57 (see C. montana) ;
seeds contain corypalline.

(10) C. caseana A. Gray. Bicuculline, caseanine (Z-tetrahydropalmatine),

corypalmine, Z- and dZ-?^ocorypalmine, casealutine (Z-uacory-

palmine), a-aZZocryptopine, protopine, Z-scoulerine and bases :

F 33, Ci 7Hi502N(MeO)2, m.p. 257°, phenolic ; F 85,

Ci 7Hi 3N(OH)(OMe) 3 , m.p. 145°
; methyl ether, m.p. 186°.^^

(11) C. cheilaniheifolia Hemsl. Berberine, Z-canadine, Z-cheilanthifoline,

Z-corypalmine, aZZocryptopine, protopine, Z- and cZZ-stylopine and a

neutral, nitrogenous substance, C2iHi80gN2 , m.p. > 860°, no
methoxyl.^®

(12) C. claviculata (L.) DC. Cularine, protopine, Z- and dZ-stylopine and
hase^ F 52, amorphous, phenolic, methylated to cularine (Manske).^®

(12a) C. corniUa Royle. Protopine, stylopine and two unidentified bases
;

acetyornithine is also present.^®^®^

(18) C. crysiallina Engelm. Bicuculline, capnoidine, protopine.

(14) C. decumbens Pers. According to Asahina and Motigase the tubers

from which Makoshi ^® isolated dehydrocorydaline and protopine

were those of C. decumbem and not C. Vernyi, as that author
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suppK)sed. Osada isolated bulbocapnine, protopine d-tetra-

hydropalrnatine, and two bases
j

{a) phenolic, m.p. 205°, and
(5) non-phenolic, m.p. 228-230°. A further phenolic base, m.p. 175°,

was recorded by Asahina, which Manske suggests may be bicu-

culline.^®

(15) r. luiea (L).DC. ^5oCorydine (luteanine), Z-^.90co^ypalmine, ochro-

birine, protopine, Z-stylopine, Z-tetrahydropalmatine.^^

(16) r. micrantha (Engelm.) Gray. Capauridine, capaurine, protopine,

scoulerine, Z-tetrahydropalmatine bases, F 41, m.p. 177°
; F 42,

m.p. 239°
; F 43, Ci 7Hi40N(OMe) 3, m.p. 230° {dec,), all phenolic.

(17) C, montana (Engelm.) Britton. Capauridine, capaurirnine, capaurine,

corydaline, protopine, scon Tine, rZZ-tetrahydropalmatine : bases,

F 56, Ci^Hi502N(0Me; 4 , li.p. 207°
; F 57, reduction product

of a quaternary, amorphous base; Ci 5fIi2N(OMe) 3 , m.p. 129°

(Manske *2).

(18) C. nobilis Pers. Bicuculline, eorluiaiiie, d-uocorypalmine, cory-

tuberine, cryptopine, protopine, stylopine (tetrahydrocoptisine),

d- and dZ-tetrahydropalmatine
;
bases, F 53, Ci 7Hi704N, m.p. 183°

;

F 54, Ci 7Hi703N(OMe) 2 , m.p. 143°, phenolic
;
F 55, m.p. 209°,

phenolic.

(19) C. ochotensis Turez. Aurotensine (d- and dZ-scoulerine), cryptocavine,

ochotensimine, ochotensine, protopine : base F 49, Ci 8H2o03N(OMe),
m.p. 228° (dec.), phenolic. Acetylornithine is also present. 2*

(
20

)
C. ochroleuca Koch. Bicuculline, Z-corypalmine, Z-iVocorypalmine,
* ochrobirine, protopine, Z-tetrahydropalmatine : base, F 45,

CgoHijOgN, m.p. 268° {dec,), phenolic, no methoxyl groups
; F 46,

C11H 9O2N, 1/2 HgO, m.p. 227°, not phenolic, contains a dioxy-

methylene but no methoxyl group.

(
21

)
C. ophiocarpa^ook, Z-Adlumine, berberine, Z-canadine, Z-corypalmine,

cryptocavine, a-aZZocryptopine, ophiocarpine, protopine : base,

F 40, m.p. 196°. 20

(22 )
C. pallida Pers. Capauridine, capaurirnine, capaurine, cory-

palline, protopine, d- and dZ-tetrahydropalmatine : base, F 51,

Ci 7Hi 3N(OH)(OMe) 3 , m.p. 171°
;

methylates to dZ-tetrahydro-

palmatine.^^

(23) C. platycarpa Makino. Aurotensine (d- and dZ-scoulerine), bicuculline,

corybulbine, f^ocorydine, corydaline, Z-Z^ocorypalmine, protopine,

dZ-stylopine (tetrahydrocoptisine), Z-tetrahydropalmatine, also a

netural nitrogenous substance, CgHgON, m.p. 172°.2®

(24) C. scouleri HK. Z-Adlumine, bicuculline, capnoidine, cheilanthifoline,

corlumidine, corlumine, cryptopine, a-aZZocryptopine, protopine,

scoulerine.*®

(25) C. sempervirens (L) Pers. Z-Adlumine, bicuculline, capnoidine,

cryptopine, protopine ;
base, F 20, CiaHaaOgN, m.p. 221 °, no

methoxyl.*®

(26) C. sibirica Pers. Bicuculline, cheilanthifoline, corlumine, cryptopine,

ochotensine, ochrobirine, protopine, scoulerine. Bases : F 15,
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<^\ 7Hi303N(Me0 ) 2 ,
m.p. 212^^

; F 16, CieHii03N(Me0 ) 2 , m.p, 236°.*^

Acetylornithine is also present.

(27) C, solida Sm. Bulbocapnine, protopine. Bases : (a) m.p. 145°
;

(5) m.p. 132°.^“

(28) r. ternata Nakai. Z-Canadine, Z-corydine, zVocorydine, aZZocryptopine,

glaucine, protopine, tetrahydrocoptisine.^^

(29) C, thalicirifolia Franeh. Adlumidine, Z-corypalmine, protopinc,

d-stylopine (tetrahydroeoptisine), d-thalictrifoline and dehydro-
thalictrifoline. Bases : F 59, Cj 3ll 2o03N(MeO), m.}). 176°, solidify-

ing and rc-melting at 192-200°; F 60, Ci3Hi802N(Me0), m.p. 123°

(dry)y and three amorphous
; (1) methylated to Ci 8Hi 502N(0Me )2

m.p. 163°
; (2) methylated to (F 60) ; (3) methylated to

^\ 8Hi602N(OMe) 2 ,
m.p. 167°,^^^“^ but not identical with (1).

(31) C. tuberosa DC. (T. cava Schwg.). Bulbocapnine, a-canadinc,®^

corybulbinc, ^.socorybulbine,^^ corycavaminc,^’ corycavidine,^®

corycavine, corydine,®^ coryd^line,^® dehydrocorydaline, d'

corypalrninc, corytubcrine,^® 2 : 9-dihydroxy-3 : 10-dimethoxy-

tetrahydro^jro/oberberine (scoulerine), glaucine,^° hydrohydra-

stinine, protopine, d-tetrahydrocolumbamine.'*'* tetrahydro-

coptisine, tetrahydropalmatine.^*^ Bases : [a) C 21II 23O 5N, m.p. 121 °,

non-phenolic
; (5) CgiHgiOgN, m.p. 230°, -- 112 * 8 °, no

methoxyl groups; (e) Ci 8Hi 4(i 6)05(NMe)(0Me) 2 , m.p. 137*5°,

+ 96*8° {d) C\
7
Hj 3N(CH202 ) 2 >

corydaline type.'*®

(32) Bociylicapfws macrocajmos Hutchinson, aZZoCryptoi)ine, protopine,

Z- and dZ-stylopine.**® •

(33) iJicentra canadensis Walp. Bulbocapnine, corydine, ?6’ocorydinc,

protopine. Base F 22
, C37H40O10N2 , m.p. 237-8°, yields a quater-

nary chloride, C 34H 3oOeN2Cl(OMe) 3 ,
m.p. 286°.®®

(34) I), chrysantha Walp. Bicucullinc, chrycentrine, cryptocavine,

cryptopine, protopine. Base F 25, Ci 8Hi403(NMe), m.p. 230°,

phenolic and lactonic.^^

(35) 1), cucullaria (L) Bernh. Bicuculline, corlumine, cryptopine,

a-aZZocryptopine, cularidine, cularine, ochotensine, protopine.

Manske was unable to confirm from his specimen the presence of

cucullarine recorded by Black et aL^^

(36) I), eximia (Ker) Torr. d-Corydine, cularine, cZ-dicentrine, eximidine,

glaucentrine, cZ-glaucine, protopine. Bases : F 21
, Ci 3Hi30N(0Me) 4 ,

m.p. 80°, B . HCl, m.p. 256°
;
F 29, Ci 7Hi 3N(OH) 2(OMe) 2 , m.p. 262°,

dimethyl ether, m.p. 177°, B . HCl. m.p. 236-7°
; F 30,

Ci3H320N(OMe)2, m.p. 102 °, is probably iV-demethylcularine.®®

Manske has identified his “ eximine as d-corydine and that of

Eggleston et aL as d-dicentrine.

(37) D. formosa Walp. d-Corydine, corytuberine, cularine, dicentrine

glaucentrine, d-glaucine, protopine.®^

(88) D, ochrokuca Engelm. Bicuculline, cryptopine, protopine.®^

(89) D. oregana Eastwood. Corydine, Z-corypalmine, a-oZZocryptopine,

cularine, dicentrine, glaucentrine, glaucine, protopine.®®
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(40) D, pusilla Sieb. and Zucc. Dicentrine, protopine.®®

(41) D. spectabilis L. Protopine only (Manske).®^ Base, m.p. 142-5° and
possibly sanguinarine and chelerytlirine.®’

(42) Dicranostigma franchetianum fPrain) Fedde. Chelidonine, protopinc,

dZ-stylopine (tetrahydrocoptisine) . ®

®

Dielytra, see Dicentra.

(43) Eschscholtzia californica Cham. Chelerythrine, a- and j8-aZZocrypto-

pine, protopine, sanguinarine. Bases : (a) m.p. 242-3°
;

{h)

m.p. 217°.®® In roots from Brittany only ionidine, C19H25O 4N 4 ,

m.p. 154-5°.®®

(44) Fumaria officinalis L. Aurotensinc (d- and dZ-scoulerine), crypto-

cavine, protopinc, Z- and d/-sinactine, dZ-tetrahydrocoptisine.

Bases : F 37, Cj 9lIi703N(Mc0 )2 , m.p. 177°
;
F 38, C 2oHi 805N(OH),

m.p. 256°
;
phenolic, probably a phthalidew-oquinoline.®^

(45) Glaticium corniculatum Curt. Protoj)ine.®“

(46) G, fimhrilligeruw. Chelerythrine, corydine, aZZocryptopine, protopine,

sanguinarine.®®

(47) G. jiavum Crautz. Aurotensinc (Z- and dZ-scoulerine), ^>oco^ydine

(luteanine), glaucinc, protopine. Base, F 47, m.p. about 280°,

Manske was unable to confirm the presence of chelerythrine or

sanguinarine.®^

(48) G, serpieri Heldr. Aurotensinc (Z- and dZ-scoulerine), isrocorydine,

glaucine, protopine. Base, partly converted to dZ-sinactine by
diazornethane (Manske).®®

(49) Hunnemannia fumaruvfolia Sweet. aZZoCryptopine, hunnemannine,
protopine. Base, F 58, C2oH4503N(MeO) 2 , m.p. 174° (Manske).®®

(50) Hypecourn procumhens L. Protopine (Schmidt).®^

(50a) H, erecium var. typicum. Unspecified alkaloids, 0-18 per cent.®^^®^

(51) Papaver armeniacum, Armepavine.®^

(52) P. dubium L. Aporeidine and aporeine.®®

(53) P. jloribundum. Armepavine, floribundine, floripavidine and flori-

pavine.®®

(54) P. hybridum L. Rhoeadine.'^®

(55) P. lateritium L. Amorphous, phenolic bases.

(56) P. orientate L. Glaucidine, protopine, thebaine, Z^othebaine

;

oripavine.®'^

(57) P. Rhceas L. Rhoeadine.’®

(58) P. somniferum L. Opium poppy (see list, p. 178).

(58a). Petrocapnos spp. Protopine (Battandicr,®^^) 1891).

(59) Roemeria refracta D.C. Ephedrine, d-^-ephedrine, roemerine.'^®

(60) Sanguinaria canadensis L. Chelerythrine, a- and j8-aZZocryptopine,

protopine, sanguinarine, oxysanguinarine,’^

(60a). Sarcocapnos spp. Protopine (Battandier,®^^) 1891).

(61) Stylophorum diphyllum Nutt. Chelidonine, protopine, Z-stylopine.

Schlotterbeck and Watkins also recorded diphylline, m.p. 216°,

which Manske suggests is dZ-stylopine (tetrahydrocoptisine), and
sanguinarine, which Manske could not confirm.^®
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ALKALOIDS OF OPIUM

Opium is the sun-dried latex of the unripe capsules of the opium
poppy Papaver somniferum, L. It is produced in many tropical and sub-

tropical countries, but only on a large scale in India, China, Iran, Yugo-
slavia, Bulgaria, Soviet Russia and Turkey. That used in medicine is

mostly the Turkish and European varieties, but Indian and Iranian

opiums are imported for extraction of the alkaloids. For various reasons,

but mainly as the result of international efforts, centred in the League of

Nations, to limit the production of opium and its alkaloids to the quantities

required for legitimate use in medicine,^ much interest has been shown
in recent years in the details of the cultivation and utilisation of the

opium poppy, apparently in the hope of securing more efficient control

of this trade. As examples of this kind of activity reference may be made
to the account given by Vrgoc of the production of opium in Macedonia,

Machiguchi’s description of opium preparation in Japan, ^ and information

on the modern form of “ druggists’ ” opium produced in the Turkish

Government Factory.® Experiments in the cultivation of the opium poppy
and the production of opium have often been made in Northern and
Central Europe of which an account has been published by Thorns.^

A description of experiments in England about 1821-'2 has also appeared.

Recent examples have been described in Denmark, Italy and Rumania,®

the results of which show there is no difficulty in producing opium of

satisfactory morphine content in the temperate zone, though opium
production in the traditional fashion is not likely to be economically

possible in such areas.

A good deal of local information has also been published regarding

the quality, as. measured by morphine and codeine content, of the opium
available in some of the producing countiies, e.g., India, Iran and Mem-
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churia.® Opium as prepared for smoking is also receiving the attention of

local analysts, and methods of distinguishing between the various forms

are being evolved.’

More interesting, as regards future developments, are the efforts now
being made to dispense with opium as an intermediate in the production

of morphine. The early history of experiments in the direct extraction

of the alkaloid from poppy capsules and poppy straw has been recounted

by Goris ® and by Wi'iest and Frey.®

In most European countries the opium poppy is grown either for the

production of poppy-seed, to be used as a foodstuff, or, as in England,

for the capsules (poppy heads) which are dried and used as domestic

remedies. Though cultivation for seed is usually on a small scale in Central

Europe, it is widespread and the total production is considerable. The
capsules and the straw were usually burnt but in 1933 Kabay,® in Hungary,
devised a process for utilising this waste material for the extraction of

morphine and other alkaloids. He examined material from Hungarian,

Polish and Yugo-Slavian poppies and found the following ranges for

content of morphine : straw 0 07 to 0*19, stems 0 01 to 0 03, leaves 0*06

to 0*07, capsules 0*23 to 0*41 per cent.

Wiiest and Frey ® have pointed out that poppy straw has disadvantages

in low yield of morphine and in bulkiness, and prefer poppy heads as a

primary material. Many samples of capsules from seven countries were

examined by them and found to yield from 0*18 to 0*9 per cent, of

morphine, and they conclude that it should be possible to get ripe, dry

capsules containing on the average 0*3 to 0*5 per cent, of morphine.

Their paper includes a description of a process of analysis, which was found

speedy and accurate.

Experiments in the selection of poppies for morphine production have

also been made in Germany by Kiissner.^® The yields from capsules of

two selections, over two years, were morphine 0*257 to 0*544 per cent, and
codeine 0*011 to 0*029 per cent. From seven commercial varieties grown
in plots of 50 square metres, the yields in grammes per square metre were :

seeds 141 to 200, capsules 65 to 116, morphine 0*123 to 0*471 and non-

phenolic bases (codeine, thebaine, papaverine, narcotine, etc.) 0*043 to

0*131.

In the experiments in Australia, described by Barnard and Finnemore,

the average yield of morphine from capsules of two varieties of poppy,

ranged from 0*29 to 0*39 and from 0*26 to 0*30 and from the whole plant

from 0*09 to 0*16 and from 0*12 to 0*18 per cent.

For use in medicine, opium is dried, powdered and standardised to a

definite content of morphine, which the British Pharmacopoeia 1932 places

at 10 per cent, (limits .* 9*5 and 10*5), and the United States Pharma-
copoeia (XIII) at not less than 10 or more than 10*5 per cent.

Estimation of Morphine in Opium. The problem of determining with
reasonable accuracy the percentage of morphine in opium is of importance

for the standardisation of medicinal opium, as a means of fixing the price

of crude opium, and of controlling factory operations in the extraction of
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opium alkaloids
;

it has a special interest in connection with efforts to

suppress illegitimate trade in opium and its alkaloids. These varied

interests have naturally led to a copious literature on the analysis of

opium, which begins with a paper by Guillermond in 1828 .^^ In the

intervening century two principal methods have been developed due to

Dieterich (Helfenbcrg process) and to Debourdeaux (lime-water

method). Most of the literature deals with modifications designed to

improve one or otlier of these two methods, but processes new in principle

have also been developed, such as that of Mannich.^^^®^ A useful short

and critical summary of modern methods has been published by Griffiths

and Whalley.^^ For all ordinary purposes the assay processes described

in the British (1932) and United States (XIII) Pharmacopoeias and by
the Commission of FiXperts appointed by the Health Organisation of the

League of Nations are adequate. A list of references is given to papers

published during the last twenty years on the estimation of morphine,
arranged under the following heads : 14 (g) opium, 14 {h) galenical pre-

parations of opium, (14 c) poppy plants (poppy straw and poppy-heads),

14 (d) preparations of morphine, 14 (e) biological materials. These five

categories overlap to some extent. The lists do not purport to be exhaus-

tive, but they include papers which provide bibliographies, critical com-
parisons, novel suggestions, or are otherwise likely to be of special interest

to research workers.

Estimation of Other Alkaloids in Opium, Of the other alkaloids the

most important is codeine, and processes for its estimation in opium have
been described by Cpspari,^^ Andrews,^® and Annett and co-workers;

methods for its assay in admixture with other drugs in tablets and other

products are also available.^® The estimation of papaverine has been

described by Issekutz,^^ and of narcotine by Snesarov.^o As to methods
for the separation and estimation of two or more of these subsidiary

alkaloids, codeine and narcotine have been dealt with by van der

Widen, narcotine and papaverine by Annett and Bose,^h&) and the

brominatioii of codeine and narceine has been studied by Vaisberg

€t al, with a view to estimation by this means.

The first scheme for the separation of the six chief alkaloids of opium,

viz,y morphine, codeine, thebaine, papaverine, narcotine and narceine, is

probably that of Plugge. Much later Kljatschkina investigated for

each of these six bases the properties by means of which isolation and
estimation could probably be effected and, on the basis of the results,

devised a plan for such analyses.^^^^^ More recently Anneler has published

a detailed account of a scheme with the same objective.^’ Attention

had already been given to complex, systematic analyses of this kind, in

connection with examination of the mixtures of opium alkaloids, which
have long been in use in medicine

;
in these at first only morphine and

“ other alkaloids ” were determined, but in the more recent schemes

provision is made for the estimation of each alkaloid.^^^^^

Mention may also be made here of some recent investigations in which

comparison of physical properties of the chief opium alkaloids has been
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made with a view to devising methods of separation or detection. Levi

and Castelli 22 have described the procedure and the results obtained

in a chromatographic separation of morphine, codeine, narcotine and
papaverine. Kocsis and Hollo have used observation in ultra-violet

light to examine the effects of capillary analysis on mixtures of opium
alkaloids, and state that only papaverine gives a sufficiently distinctive

colour for detection. Csokan has recorded extinction curves and tabu-

lated absorption band maxima for the principal opium alkaloids, and
Martini 2^ has provided a review, with photomicrographs of crystals, of

the possibilities of identifying these alkaloids by the use of microchemical

reagents. The optimal conditions for polarographic determination of

each of the chief opium alkaloids rnd of some derivatives of morphine
have been investigated by Kirkpatrick and a polarographic method
for morphine has been developed by Rasmussen, Hahn and liver.

The large scale on which morphine is manufactured has made it

possible to conduct investigations on practically unlimited supplies of

factory residues, with the result that many alkaloids have been isolated

from opium, of which at present twenty-five are known. In the following

table, giving their names and formulae, they have been divided into five

groups :

—

(1) Teirahydroisoquinoline Derivatives, Hydiocotarnine, f'12Hi503N.

(2) Benzylisoquinolim Derivatives,

Papaverine, C20H21O4N
Xanthaline, ^20^19O5N
dZ-Laudanine, C20H26O4N
Laudanidine, C20H25O4N
Codamine,

Laudanosine, C21H27O4N

Xanthaline has been shown to be papaveraldine (p. 182 ). The alkaloid

tritopine is identical with laudanidine, now known to be Z-laudanine.

Gnoscopine is dZ-narcotine. Merck’s ^sendopapaverine is papaverine.

(8) Cryptopine type. Protopine, CgoHj^OgN. Cryptopine, CgiHgaO^N.

(4 )
Morphine type

Morphine, C17H19O3N ^-Morphine, (Ci7Hi803N)2
Codeine, C18H21O3N Thebaine,

Neopine, C18H21O3N Porphyroxine, C19H23O4N

(
5

)
Alkaloids of Vnknozvn Constitution,

Aporeine, CigHj^OgN Papaveramine, ^21^2608^
Rhoeadine, C21H21O3N Lanthopine, ^28^2604N
Meconidine,

The amount of morphine in commercial opium varies from 8 to 25 per
cent. In Macedonian and “ Turkey opiums the percentage is usually

15 to 21, and in the Persian drug 10 to 12. Indian opium, as prepared
for smoking, may contain 4 to 6 per cent., but as exported for the manu-

Narcotoline, C21H21O7N
Z-Narcotine, C22H23O7N
Gnoscopine, C22H23O7N
Oxynarcotine, C22H23O8N
Narceine, C22H27O8N
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facture of alkaloids, the amount may be as high as 12 per cent. The
percentage of narcotine vaiies from 2 to 12 per cent., the Indian and
Persian varieties being richest in this alkaloid. Codeine may be present

to the extent of 0*5 to 4 per cent., Indian opium being the best source of

this alkaloid and “ Turkey ” opium the poorest. The minor alkaloids

are usually found in much smaller quantities : narceine 0*2, thebaine 0*4,

papaverine 0-8, and the others each less than 0*1 per cent.

The processes used in the manufacture of morphine are believed to

be still based on that described by the Scottish chemist Gregory, in 1833,

with improvements devised by Anderson. A description has been
published by Schwyzer,^*^ who also deals with the manufacture of codeine,

narcotine, cotarnine, and the commercially important morphine derivatives,

diamorphine (diacetylmorphJne), and ethylmorphine (morphine ethyl

ether). More recently Ilarbier has given an account of processes,

based on long experienv'C in the preparation of alkaloids from opium.
Kanewskaja has described a process for morphine, narcotine, codeine,

thebaine and papaverine, and the same bases are dealt with by
Chemnitius,^® with the addition of narceine, by Busse and Busse,®® and by
Dott.^^ It is of interest to note that a number of processes for the

extraction and separation of opium alkaloids have been protected by
patent in Soeiet Russia.**®

Apart from these methods of producing the opium alkaloids of com-
mercial importance, processes for the minor bases have been published

by Merck,®® Hesse, Plugge and Lohmann-Siedler.®^

As regards general methods for distinguishing between the alkaloids

of opium, mention may be made of the following : Kofler and Kofler’s

study of the micro-sublimation of these alkaloids and the characters of

the micro-sublimates ;
the comparison by Maplethorpe and Evers of

the picrates of a series of opium bases, comparison of the colour reactions

of a series of opium alkaloids,®^ and their behaviour with specific reagents

and precipitants.*®®

Karrer and Schmid have examined the water-soluble constituents in

poppy “ straw ” after extraction of the alkaloids, and have recorded the

presence of p-hydroxybenzaldehyde, vanillin, p-hydroxystyrene, meconin

and the following acids : fumaric, dWactic, benzoic, p-hydroxycinnamic,

p-hydroxybenzoic, 2-hydroxycinchoninic, vanillic, phthalic, hemipinic

and w-hemipinic, with a more highly unsaturated, carboxylic acid “ J,”

b.p. 170-5°/0*02 mm., and three unidentified substances : Fx, m.p. 271-2®

;

Wir, m.p. 310® {dec,) and Q, m.p. 200®
; the two latter are free from nitrogen

and contain no methoxyl.
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BENZYL/SOQUINOLINE SUB-GROUP

Papaverine, C20H21O4N. This alkaloid, first obtained by Merck, ^

occurs in the mixture precipitated by ammonia from the mother liquors

of opium extract from which morphine and codeine have been separated

in Gregory’s process, and methods for its isolation from this mixture have
been published by Hesse and others. 2 The alkaloid may be purified by
conversion into the acid oxalate, B . HgCgO^, m.p. 196° ® or 201* 5-202°,^

which is nearly insoluble in alcohol.

Papaverine crystallises in rhombic prisms or needles, m.p. 147 °,

[a]j, db 0°, is insoluble in water, soluble in hot alcohol or chloroform,

and slightly so in cold alcohol or ether. It is a weak base for which, accord-

ing to Wales, there is no satisfactory indicator, though bromophenol-blue
has its coloiu* change at the right point for this alkaloid.^ The hydro-

chloride, B . HCl, forms monoclinic plates, m.p. 225 -6 °, sparingly soluble

in water (1 in 87 at 18 °). The picrate forms quadratic plates, m.p. 186°.^

Some of the colour reactions formerly ascribed to papaverine were

due to cryptopine present as an impurity,^ but the following test is said

to be given even by synthetic papaverine. With pure cold sulphuric acid

it dissolves to a colourless solution, which becomes rose-red at 110°,

darkening to violet at 200°, the colour being discharged on adding water.

According to Foster,^ if as little as 0‘2 per cent, of cryptopine is present

a colour is produced on solution in cold sulphuric acid. Warren ® states

that Marquis’s reagent (sulphuric acid and formaldehyde) gives with

papaverine ferricyanide a blue colour, changing to violet, green and brown.

Constitution. Knowledge of the structure of papaverine is principally

due to the work of Goldschmiedt and collaborators.'^ It behaves as a

tertiary amine, and gives a methiodide, B . CH31 . 4H2O, m.p. 60-5 ° or

195 ° (dry). On treatment with hydriodic acid and red phosphorus the

alkaloid furnishes four molecular proportions of methyl iodide, and yields

papaveroline, Ci3H9(OH)4N . 2H2O, m.p. 260 ° (dec.) (see Kitasato and
Robinson ’). When oxidised with potassium permanganate under varying

conditions it yields papaveraldine and papaverinic acid, and as

simpler products of these two substances, 6 : 7-dimethoxyi^oquinoline-

carboxylic acid, and m-hemipinic, veratric and pyridine-2 : 8 : 4-tri-

carboxylic acids.

Papaveraldine (Xanthaline)^ C20H19O5N. This substance forms colourless

scales, m.p. 210°, yields well-crystallised yellow salts, which are dissociated

in water, and reacts as a tertiary base, forming a methiodide, m.p. 188-5 °.

It gives an oxime existing in two stereoisomeric forms, and contains four

methoxyl groups. The demethylated product, papaveraldoline,

Ci9H70N(0H)4, has been prepared by Oberlin.® Miss Dobson and W. H.
Perkin have shown that the alkaloid, Xanthaline, isolated from opium
by T. and H. Smith, is identical with papaveraldine.® On reduction with

182
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zinc dust in acetic acid, papaveraldine yields the secondary alcohol,

papaverinol, colourless, monoclinic needles, m.p. 137°, which in turn can

be converted into papaverine by treatment with hydrogen bromide in

acetic acid followed by reduction with zinc dust.^®

In this, the first serious and successful work on the structure of a

complex alkaloid, there was naturally at first some confusion between

r.9oquinoline and the better-known quinoline. The 6 : 7-dimethoxy-

?>oquinolinecarboxylic acid was thought to be a dimethoxycinchoninic

acid. It was known, however, that quinoline benzylchloride on oxidation

furnished formylbenzylanthranilic acid, CgH 4(COOH)—N(C 7H 7 )—CHO,^^
whereas various papaverine alkyl halides gave what were presumed to be

alkylhemipinuoimides,

and the supposed dimethoxyquinoline from papaverine, on oxidation

yielded cinchomeromc acid and what was supposed to be hemipinic acid

(3 : 4-dimethoxyphthalic acid), but which proved to be an isomeride, viz,^

4 : 5-dimethoxyphthalic acid, and was named 77?e<ahemipinic acid.^^

These results indicated that the supposed dimethoxyquinoline must be

6 : 7-dimethoxy/.9oquinoline, as shown below :

—

N C-COOH
I I ^
CH C-COOH

\ ^
^CH

Cinchomeronic acid

XH CH
/ \ / \N c c-oca*

I II I

^
CH C C-

\ /\ ^
XH CH

Dimethoxyisoquinoline

OCH3

COOH
II

COOH-C

yCE

./\
p-OCB^

CH

mcfaHemipinic acid

The position in which the veratryl residue is attached to this ?\9oquinoline

nucleus in papaveraldine and papaverine is determined by the formation

of pyridine-2 : 3 ; 4-tricarboxylic acid in the oxidation of papaverine by
hot permanganate. On the basis of these results, Goldschmiedt assigned

the following formula to papaveraldine ;

—

OCH^-C

/

f

-CO-

CK
I

CH

\ /'C^OCI^

CH

/
,CH

CH
Papaveraldine

>c/\,
.C-OCH^

HOOC-C,
/ \

^
C-COOH

CH C-COOH

Pyridine—2 : 3 : 4

—

tricarboxylic acid

Papaverinic acid, CjgHijOyN . HgO, crystallises in small tablets,

m.p. 283°. It is dibasic, readily forms an anhydride, furnishes an oxime
and a phenylhydrazone, contains two methoxyl groups,^® and on oxidation

yields veratric and pyTidine-2 : 8 ; 4-tricarboxylic acids, and hence is

represented by the following formula ;

—
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Mannich and Walther 20 found that the methyl ethers of such alcohols,

R—CH(OMe)—CHg—NH— CO—R', as prepared by Rosenmund’s
method, undergo a similar change when boiled in xylene with phosphorus
oxychloride

; and both they and Rosenmund 2 2 used this method for the

synthesis of papaverine and allied substances.

When Pictet and Finkelstein condensed /iomoveratrylamine with

/iowoveratroyl chloride and effected ring closure in the product, they

obtained 3 : 4-dihydropapavcrine (VII) but were unable to oxidise this to

papaverine. This final step was achieved by Spath and Burger 2^ by the

use of platinised asbestos at 200 ° in presence of air, and these authors

found that tetrahydropapaverine (X) can be dehydrogenated to papaverine

under similar conditions.

In an attempted synthes:s of papaverine based on Rugheimer’s 24

preparation of 6 : T-dimethoxyi^oquinoline from veratrylaminoacetal

(MeO)
2—CqHj—NH CH2

(OEt) 2 , Allen and Buck 2^ reduced deoxy-
veratroin oxime, (MeO) 2—Cglla ~-C(NOH}—CHg—CeH 3(OMe) 2 ,

to aj3-di-

(3 : 4-dimethoxy)-phenylethyIamine,

(MeO)
2
—CeH3~~CH(NH2)—CH2—CeH3(OMe)2,

but the condensation product between this amine and bromoacetal

decomposed in attempts to convert it into papaverine.

In an effort to prepare 1 : 2-dihydropapaverine, Buck 28 dehydrated

co-Ziomoveratroylaminoacetoveratrone (III) with phosphoryl chloride, and
subjected the product (V) to catalytic reduction, followed by the action

of phosphorus pentachloride in the cold. The final product was assumed
to be 1 : 2-dihydropapaverine ; but Young and Robinson 2^ interpret this

synthesis differently, and their formulae (V) and (VI) are given above,

the final product being 3 : 4-dihydropapaverine (VII), which Buck thus

prepared for the first time in a crystalline condition, m.p. 97-8°
;

picrate,

m.p. 151°
;

perchlorate, m.p. 238° (dec,).

A synthesis of possible biological significance was effected by Spath
and Berger, 2® who ozonised eugenol methyl ether to 8 : 4-dimethoxyphenyl-

acetaldehyde (Villa), which was then condensed with 8 : 4-dimethoxy-

phenylethylamine (Vlllb), and the resulting Schiff’s base (IX) treated

with hot 19 per cent, hydrochloric acid, whereby it was transformed into
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dZ-tetrahydropapaverine (X) (picrate, m.p. 157-9°)
; the yield was small

owing to the instability of the aldehyde and of the Schiff’s base.

Interest is added to this mode of preparation by the observation of

Hahn and Schales that not only ^-phenylethylamines containing a

hydroxyl group in the nucleus, but also those with methoxyl or methylene-

dioxy-groups, condense with phenylacetaldehydes or phenylpyruvic acids

to tetrahydrowoquinolines, under conditions which could occur in a plant.

The first stage in the condensation, viz,y the formation of the A^-substituted

aldehyde ammonia, e.g,, R—CHg—CHg—NH—CH(OH)—R' or the

Schiff’s base R—CHg—CHg—N—CHR' takes place to greatest advantage

at pH 5 and temperature 25°
; the second stage, intramolecular condensa-

tion to the tetrahydrowoquinoline, only occurs to the extent of 5 per cent.

Other syntheses of products allied to papaverine have been described

by Buck, Haworth and Perkin,^® Slotta and Haberlandt,^^ Kindler,®^

Keimatsu and Sugasawa.®^ Among recent contributions of interest in

this connection may be mentioned
(
1

)
the study by Bide and Wilkinson

of the preparation of Aomoveratronitrile, (MeO)2CgH 3 . CHg . CN, and its

conversion into Aomoveratrylamine and Aowoveratric acid, two inter-

mediates required for the synthesis of papaverine and
(
2

)
the preparation

by Clemo and Turnbull of a series of 3-methyH.9oquinolines, substituted

in position 1 by Me, Ph, . CHgPh or . CH2 . C 3H 3(OMe)2(3 : 4). One
member of the series, viz.y 7-hydroxy-6-methoxy-l-veratryl-3-methyl-

uoquinoline, C20H21O4N, m.p. 173-4° is isomeric with papaverine. Reference

may also be made to the conversion by Pfeiffer, Breitbach and Scholl of

the natural pigments, brasilin and ha*matoxylin, into alkaloid-like

substances, e,g,^ trimethylbrasilonol oxime, on treatment with alkali, is

stated to yield 6 : 7-dimethoxy-l-(2'-hydroxy-4'-methoxyphenyl)-3-methyl-

^>oquinoline-2-oxide, m.p. 243°, which is reduced by sulphUr dioxide to the

corresponding i^oquinoline, m.p. 188-9°, yielding a picrate, m.p. 224-5°,

a methiodide, m.p. 227-8°, and a 2'-methyl ether, m.p. 110 °. A new kind

of papaverine analogue is the quinazoline type synthesised by Fetscher and
Bogert of which 6 : 7-dimethoxy-2-benzyl-4-quinazolone, m.p. 269° is

an example.

Special Reactions of Papaverine. Papaverine undergoes a number of

reactions, which are of interest as providing methods of synthesis for

other alkaloids, of which examples will be found under laudanosine,

laudanine, laudanidine, codamine (pp. 187-195), berberine (p. 331),

corydaline (p. 284), and glaucine (p. 311).

Goldschmiedt stated that papaverine, on reduction by tin and hydro-

chloric acid, yielded tetrahydropapaverine, m.p. 200-1°, together with an
amorphous base.®® Freund and Beck by electrolytic reduction of papa-

veraldine obtained an amorphous i^otetrahydropapaverine yielding a

crystalline hydriodide.®® On reinvestigating these products, Pyman
found that Goldschmiedt’s amorphous base was identical with Freund and
Beck’s ijpotetrahydropapaverine, and that the product was a true tetra-

hydropapaverine, which is also formed by electrolytic reduction' of
papaverine.*®



LAVDAN08INE 187

Goldschmiedt’s supposed tetrahydropapaverine proved to have the

composition of a new dihydropapaverine, C20H23O 4N, which Pyman
named pavine, and to which he eventually assigned the formula shown
below, on the grounds that

(
1 )

it behaves as a secondary base
; (

2 ) as it is

stable to oxidising and reducing agents the reduced pyridine ring cannot
contain a double bond ; and

(
3

)
the nature of the products formed when

the base is degraded by Hofmann’s method.

0-Papaverine, C 2iH 2 i04N. Hesse’s alkaloid of this name and formula
was re-examined by Spath and Polgar and shown to be papaverine.

Laudanosine, C 21H 27O4N. This alkaloid occurs in the liquor from
which thebaine is precipitated, and can be isolated by Hesse’s method.^
The crude alkaloid is purified by extraction with small quantities of ether,

in which laudanosine is soluble, and finally by precipitation with potassium

iodide. The free base crystallises from hot benzene in needles, m.p. 89®,

+ 103-28° (EtOH), is soluble in alcohol, chloroform, hot benzene or

ether (1 in 19-3 at 16°), but insoluble in water or alkalis. The solution in

alcohol is alkaline, and the alkaloid and its salts are bitter. The hydriodide,

B . HI . I/2H2O, forms small prisms readily soluble in alcohol, sparingly

so in water, and the acid oxalate, B . H2C2O 4 . SHgO, prisms, easily soluble

in water. Laudanosine is not coloured by ferric chloride, but with ferric

oxide and sulphuric acid, gives a brown colour, changing to green when
warmed at 150°. With sulphuric acid alone it gives a rose-red coloration,

changing to deep reddish-violet on warming to 150°.

Laudanosine contains four methoxyl groups. By exhaustive methyla-

tion it yields trimethylamine and laudanosene (tetramethoxy-o-vinyl-

stilbene), CHa^CH—CeH2(OCH 8 )2
—CH=CH—CeH 3(OCH 3)o.*" On oxida-

tion with manganese dioxide and sulphuric acid it furnishes, in

addition to the interesting by-product 2:3:6: 7-tetramethoxy-9 : 10-

dihydroanthracene, veratraldehyde and 4 ; 5-dimethoxy-2 : /5-methyl-

aminoethylbenzaldehyde,^ subsequently named laudaline, prismatic

needles, m.p^ 128-4°. This with acids forms salts of 6 : 7-dimethoxy-2-

methyl-8 : 4-dihydrowoquinolinium hydroxidfe, thus behaving similarly to

cotarnine and hydrastinine ;
the chloride, Ci0Hi0(OMe) 2NCl • S^HaO,

forms primrose needles, m.p. 61-2° or 186° (dkc., dry) from water.
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The constitution of laudanosine was determined by Pictet and
Atlianasescu,^® who prepared it by reducing papaverine mcthochloride

with tin aiid hydrochloric acid and deracemising the dZ-laudanosine

(iV-methyltetrahydropapaverine) so obtained, by fractional crystallisation

of the quinate. Laudanosine must, therefore, be represented by formula

(IV)

Racemic laudanosine, so prepared, crystallises in needles, m.p. 115°. The
hydriodide has m.p. 201-3°

;
the platinichloride, m.p. 160°, and the

pierate, m.p. 174°, are crystalline.

A complete synthesis of laudanosine was effected by Pictet and
Finkelstein by the condensation of /lomoveratrylamine (I) with homo-

veratroyl chloride (II), giving AowoveratroylAo/Tioveratrylaminc, whi(‘h

with phosphoric oxide undergoes cyclisation to 3 : 4-dihydropapaverine

(III), which ivas converted into the mcthochloride and reduced to

laudanosine (IV).

Hydroxylaudanosines. King, I’Ecuyer and Pyman have shown that

papaverinol mcthochloride prisms, m.p. 211-2° (corr.), on catalytic

hydrogenation yields two hydroxylaudanosines,

CeIl3(OMe)2—CHOH—CgH,(OMe)2NMe.
The a-isomeride has m.p. 138°, yields a hydrochloride, m.p. 135° {approx,

y

dec.), and a pierate, m.p. 198°. The ^-form occurs in minute needles,

m.p. 108-9° (dry), and yields a pierate, m.p. 178-9°. These substances are

of interest since their methiodides and methochlorides on treatment with

silver oxide or aqueous sodium hydroxide behave abnormally, breaking

up into veratraldehyde and 4 : 5-dimethoxy-2-vinylbenzyldimethylamine

(oil
;

pierate, m.p. 158-9°
;
methiodide, m.p. 197-8°) thus :

—
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A c^Z“6'-hydroxylaudanosine has been described by Gadamer,^® who
resolved it into d- and Z-forms, m.p. 188-190*5®, [a]j) zb •'>0®,

Laudanosoline and DehydrolaudanosoUne. When laudanosine is de-

methylated it yields laudanosoline, C17H19O 4N, first prepared by Oberlin,^’

and subsequently by Robinson and Kitasato,^® and by Schopf and
Thierfeldei According to the latter authors, the base can be obtained

in colourless prisms, m.p. 192-4®, with sintering from 188-190°, by pouring
an aqueous solution of the hydrobromide into enough sodium hydroxide

solution to make the reaction mixture just alkaline to litmus. The whole
is then warmed, boiled for a few minutes and the precipitate rubbed with
a glass rod. The hydrochloride, R . HCl, forms colourless prisms, m.p. 244°,

and in aqueous solution gives a blue-green coloration with ferric chloride.

The sulphate, Bg . H2SO 4, crystallises from dilute sulphuric acid in

colourless prisms, softens at 260® and melts at 267° {dec,). The hydro-

bromide, B . HBr . SHgO, has m.p. 230-2®. The tetrabenzoyl derivative

is amorphous, but yields a crystalline hydrochloride, m.p. 190° (dry), and
picrate, m.p. 212 °.^® The tetracetyl derivative is characterised by the

picrate, m.p. 178-9° (sintering at 163°), and picrolonate, m.p. 224° (sinter-

ing at 220°).^^ Robinson and Sugasawa found that laudanosoline (V)

was readily oxidisable, but failed to isolate any well-defined oxidation

product until the}' applied tetrachloroquinone (chloranil) in alcohol in

presence of potassium acetate, when they obtained a dehydrolaudanosoline,

which was isolated as the chloride, Ci^lIigCtiNCl, HgO, faintly grey micro-

scopic prisms, m.p. 303-5°, of which a dilute solution in alcohol gives an
intensely green colour with ferric chloride, changing to deep reddish-violet

on addition of sodium carbonate. The same substance was isolated from
solutions of laudanosoline hydrochloride to which sodium carbonate or

potassium acetate had been added and the preparation exposed to the

air for two months, and it can be obtained by other mild oxidising agencies.^®

Dehydrolaudanosoline yields a normal tetracetyl-derivative (picrolo-

nate, m.p. 207°), when treated with acetic anhydride in pyridine in the

cold,^® but when acetylated hot it yields two tetracetyl compounds.®®

One has the formula CigHn04N(Ac) 4, and crystallises from alcohol in

colourless, feathery needles, m.p. 148°, with sintering from 144®. A
methyl group has apparently been lost from the parent substance during

acetylation. The second product separates from ethyl acetate in pale

amber-coloured prisms, m.p. 215°, and has the formula CieH904N(Ac) 4 .

In this case a methyl group and two hydrogen atoms have been lost.

On treatment with methyl sulphate in an atmosphere of hydrogen,

dehydrolaudanosoline yields a tetramethoxymethosulphate, m.p. 222-6 °,

from which the related iodide, Ci 7Hi 3N(MeI)(OMe) 4, 3 ‘ 5H20 , colourless

prisms, m.p. 242-3° {dec.) was prepared. The corresponding chloride,

m.p. 225® {dec.), on heating at 215-25®, is converted into two substances.

The first, presumably Ci 7H3 8N(0Me) 4, on treatment with methyl iodide

regenerates the methiodide, m.p. 242-3° {dec.), described above. The
second, Ci 7HiiN(pMe) 4 ,

crystallises from methyl alcohol in yellow plates,

m.p. 201--8 °. These two substances evidently stand in the same relation
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to each other as the two acetyl derivatives, the first having lost a methyl
group and the second a methyl group and two atoms of hydrogen. In each

case the simple demethylated product gives a weak indole reaction with

Ehrlich’s reagent, whereas the demethylated and dehydrogenated substance

gives an intense indole reaction with this reagent. Further, the tetracetyl

derivative, m.p. 148°, on hydrolysis followed by methylation, yields the

methiodide, m.p. 242-3°, described above.

To dehydrolaudanosoline chloride Robinson and Siigasawa,^® and
indep)endently Schopf and Thierfelder ascribe formula (VI), which makes
it 2 : 8 : 11 ; 12-tetrahydroxy-8-methyldibenzotetrahydropyrrocolinium

chloride. The primary tetracetyl-derivative, m.p. 148°, is represented by
(VII : R = acetyl) and the second acetyl derivative, m.p. 215°, by
(VII : R = acetyl) with an ethylenic linkage between carbon atoms 15

and 16. Similarly, the initial tetramethoxy-derivative is to be represented

by (VI) with the four hydroxyl groups replaced by methoxyl groups ; the

primary product formed on heating, by loss of methyl chloride, will be

represented by (VII : R = OMe), and the second product, m.p. 201-3°,

of the reaction will be represented by (VII ; R = OMe), with an ethylenic

linkage between Cig and Cig.

Proof of formula (VI) for dehydrolaudanosoline salts was provided by

a study of its exhaustive methylation, the products at the first and second

stages of the application of this process being 5 : 6-dimethoxy-2-(8' :
4'-

dimethoxy-6'-vinylphenyl)-l-niethyldihydroindole (VIII) and 6-dimethyl-

amino-3 ; 4 ;
3'

; 4'-tetramethoxy-6'-vinylstilbene (IX) respectively.

Nitrogen cannot be eliminated from the latter by further methylation,

but (VIII) on catalytic hydrogenation has its vinyl group converted into

ethyl and the product, on methylation followed by reduction with sodium
amalgam,®^ yields 6-dimethylamino-8 : 4 : 8' : 4'-tetramethoxy-6'-ethyl-aj8-

diphenylethane (X), and this, on repetition of the methylation, and reduc-
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tion by sodium amalgam, gives trimethylamine and 8:4:3': 4'-tetra-

methoxy-6'>ethyl-aj8-diphenylethane (XI). This substance was prepared
independently by subjecting laudanosine to a two-stage Hofmann
degradation, when it furnished tetramethoxyvinylstilbene (laudanosene

:

XII), which crystallises from warm alcohol in large needles, m.p. 94-5*^,

and had already been prepared by Decker and Galatty.®^ On hydro-
genation in presence of Adams’s platinic catalyst it gave (XI).

The foregoing account is based mainly on Robinson and Sugasawa’s
paper, but substantially the same ground is covered by Schopf and
Thierfelder,^® who give additional details, some of which are referred to

above. Among other f)oints dealt with by these authors is the ozonisation

of (IX), which gave rise to w-opianic acid, m-hemipinic acid, 6-dimethyl-

aminoveratraldehyde and 6-dimethyiamino-6'-aldehydo-3 : 4 : 3' : 4'-tetra-

rnethoxystilbene, (MeO)a- -CeH^*NMe) 2 -CH : CH-—

C

6H2(CHO)(OMe) 2 ,

m.p. 144-6'^.

In extension of this work, Sugasawa and Yoshikawa have shown
that d/-^omolaudanosoline (XIII), on oxidation by chloranil in presence of

acetic acid, also gives rise to a dehydro-product, which on methylation
furnishes 2:3:11 : 12-tetramethoxy-8-methyl-6 : 7 : 15 : 16-tetrahydro-

5 : 18 : 9 : 14-dibenzopyridocolinium salts (XIV).

Reference may also be made to the synthesis of various alkylated

laudanosolines by Schopf, Jackh and Perrey,®^ e.g., laudanosoline 6:7: 8 '-

tribenzyl-4'-methyl ether and laudanosoline 4'-methyl ether, to the

preparation of the 3'
: 7-dimethyl ether by Schopf and Thierfelder (1989),

and to Robinson and Sugasawa’s synthesis of j^ro/osinomenine
(4 '

: 7-

dimethyl ether of laudanosoline).

Laudanine, C20H25O4N, was isolated by Hesse. The crude alkaloid

is purified by recrystallisation from dilute alcohol for the removal of small

quantities of cryptopine, or it may be dissolved in acetic acid and the

solution poured into dilute caustic soda, when this impurity Is precipitated

and laudanine may be recovered from the filtrkte by addition ofammonium
chloride. It still contains its isomeride laudanidine, which may be separated

by repeated crystallisation of the hydrochlorides,®’ laudanidine accumu-

lating in the aqueous mother liquors. The base crystallises from dilute

alcohol, or from a mixture of alcohol and chloroform in rhombic prisms,®®

m.p. 166°, [a]i) ± 0°. It dissolves in solutions of alkali hydroxides,

forming metallic derivatives, which are precipitated by excess of alkali,

but is nearly insoluble in solution of ammonia. The salts crystallise well ;
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the hydrobromide, B . HBr, SHgO, has m.p. 76 -7°; the hydriodidc,

B . HI . HgO, is sparingly soluble in water (1 in 500 at 15°) ; the acid tartrate,

B . C^HgOg . SHgO, forms prisms, m.p. 100°; the picrate has m.p. 176-7°.

With ferric chloride laudanine gives a green coloration, and with sulphuric

acid a faint rose-red colour changing to reddish-violet on warming.
Laudanine contains one hydroxyl and three methoxyl groups, and on

oxidation with permanganate furnishes w-hemipinic acid (4 : 5-dimethoxy-

phthalic acid), which implies the presence of a dimethoxyi^oquinoline

nucleus.®® This was made evident by Hesse,®® who, on treating laudanine

with methyl iodide, obtained laudanine methiodide and a small yield of

d/-laudanosine, an observation confirmed by Spath,®® who also showed
that the phenolic hydroxyl group must be present in the benzyl residue,

since the 0-ethylated base yields 4-methoxy-3-ethoxybenzoic acid on
oxidation, and similarly ethylcarbonatolaudanine was oxidised to 4-

methoxy-3-ethylcarbonatobenzoic acid. On these grounds, Spath
assigned formula (I) to laudanine, and in the following year Spiith

and Lang synthesised laudanine by condensing ^-aminoethyl-3 :
4-

dimethoxybenzene w^ith ethylcarbonato /^omc>^6.•^)vanilIoyl chloride and
submitting the product (II) to cyclisation by means of phosphoric

oxide in toluene, giving l-[ethylcarbonatoi>ovanillyl-|-6 : 7-dimethoxy-

3 ; 4-dihydroisoquinoline (III). This, on conversion into the methyl-

?^oquinolinium chloride, folldwed by reduction with tin and hydrochloric

acid, gave a mixture of laudanine (I) and ethylcarbonatolaudanine (I with

O—COgEt replacing—OH). A second synthesis of laudanine was effected

by Spath and Burger, who prepared d/-laudanosinc, by electrolytic

reduction of papaverine methosulphate, obtaining a 70 per cent, yield of

the racemic base, which was then partially demethylated by heating in a

sealed tube with hydrochloric acid (sp. gr. 1' 19). On extraction with sodium
hydroxide solution, a mixture of phenolic bases was obtained from which
laudanine was isolated (e/. Schopf.^®). On applying the same method to

/-laudanosine, /-laudanine, [a] ,7° — 94*8°, identical with laudanidine was ob-

tained, while d-laudanosine furnished d-Iaudanine, + 93* 5°. A mixture

of /- and d-laudanine had all the properties of natural laudanine. Natural

laudanine has not been deracemised, nor has /-laudanine been racemised.®^

It seems clear therefore that dZ-laudanine must be regarded as one of the

rare instances of the natural occurrence of the racemic form of an alkaloid.
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Laudanidine (Z-laudaninc, tritopine), C20H 25O4N. As already stated,

this alkaloid was obtained from the mother liquors of partially purified

laudanine by Hesse, who suggested that it was a Isevorotatory form of that

alkaloid. It resembles laudanine in physical properties and gives the same
colour reactions. It melts at 184-5°, and the following specific rotations

have been recorded : — 87*8°
;
— 90*6°

;
— 94*8°

;
— 100*6°

; the

second value was given to tritopine, isolated by Kauder,®^ which Spath
and Seka proved to be laudanidine. The salts of the latter resemble

those of laudanine, but the hydrochloride is more soluble in water and is

utilised for the separation of the two alkaloids. The acetyl derivative,

C 2oH2404N(C2HaO) . HgO, has m.p. 98°.®’

The constitution of laudanidine was determined by Spath and
Bernhauer,®® who showed that with diazomethane it yields Z-laudanosine,

m.p. 87-8°, and, the reversal uf this process, viz., partial demethylation

of synthetic Z-laudanosine by Spath and Burger provided a complete
synthesis of Z-laudanine, which is laudanidine.

Leithe has made the interesting observation that a-phenylethylamine

(IV), which is laevorotatory, can be converted by a complicated series of

reactions into alanine, identical with natural dextrorotatory alanine,

which, however, is known to be laevorotatory in configuration, and may be

written thus Z{ +)-alanine, whence the initial a-phenylethylamine may be

written Z(-)-a-phenylethylamine. Similar degradation of laudanosine and
allied bases has not been effected, but by a careful comparison of the effects

of salt formation and of solvent on the sign and magnitude of their observed

rotations, it is possible to deduce to which series of simple amino-acids

they belong. This comparison is justifiable, since the following formulae

indicate that compounds (V) to (VII) can be regarded as substituted

'

a-phenylethylamines, and the same applies to the natural forms of the

following alkaloids, to which Leithe assigns the configurations (Z) or (d) as

indicated, their observed rotations being recorded as (+) or (~),
Z( +)-laudanosine, Z(-j-)-codamine, d(—)-laudanidme :

—

PZaHX A£X.

I VII)

7
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Synthetic Isomerides of Laudanine. In 1903 Pictet and Krarners,^'^

in an attempt to synthesise laudanine, reduced trimethylpapaveroline

methochloride (jt?ro^opapaverine methochloride, p. 195) with tin and
hydrochloric acid and obtained a base, m.p. 76°, not identical with

laudanine, and which was named ^’^alaudanine. On repeating this work
Spath and Epstein obtained dZ-codamine and the reactions involv^ed are

discussed under codamine below.

In a similar attempt, Decker and Eichler reduced iV-methyb^ar-

papaverinium phenolbetainc (VIII) with tin and hydrochloric acid and
obtained 0-laudanine, m.p. 112°, picrate, m.p. 162-3°, which was subse-

quently investigated by Spath and Epstein, who showed that on
methylation it furnished dZ-laudanosine and that the ethyl ether on energetic

oxidation yielded veratric acid (3 : 4-dimethoxybenzoic acid) and the

methyl ethyl ether of wor-ra-hemipinic acid. This clearly indicated that

the free hydroxyl group was in the Z^oquinoline nucleus, and its position

was determined by the fact that on mild oxidation 7-methoxy-6-ethoxy-

l-keto-2-methyl-l : 2 : 3 : 4-tetrahydrowoquinoline, m.p. 95 6 °, was pro-

duced, and on this basis these authors assigned formula (IX : R ^ H
R' = CH 3 )

to i/»-laudanine.

K-liTethylnorpapayorinliia
betaine

'vk* -Laudanine
R = H: fT^ Mo

Codamine
R « Me* H

pr o toPapaverl^e
R - li

Codamine, C 20H25O4N. The crude alkaloid obtained in Hessen’s nu*thod

of separation ^ is purified by boiling with dilute sulphuric acid to remove
meconidine, and is then regenerated by adding ammonia solution. It

crystallises in hexagonal prisms, m.p. 126°
; the salts are mostly

amorphous, but the hydriodide, B . HI . 1 - SHgO, is crystalline and
sparingly soluble in water; the acid tartrate forms colourless needles.

Codamine is alkaline, moderately soluble in water, soluble in alcohol and
in alkalis. Nitric acid dissolves it, forming a dark-green liquid

;
a solution

in sulphuric acid is colourless, but becomes green and reddish-violet on
warming. Aqueous solutions are coloured green by ferric chloride.

Codamine contains one hydroxyl and three methoxyl groups. On
methylation it furnishes d-laudanosine. The position of the free hydroxyl
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group was determined by Spath and Epstein,®® who found that codamine
ethyl ether on oxidation with potassium permanganate yielded veratric

acid, so that the free hydroxyl group must be in the 7.9oquinoline nucleus,

and therefore in position 6 or 7. When the same oxidising agent is applied

under carefully controlled conditions in faintly alkaline solution, the

ethyl ether yields 6-methoxy-7-ethoxy-l-keto-2-methyl-l : 2 : 3 : 4-tetra-

hydroiVoquinoliiie, m.p. 120-1'^, which was identified by comparison with

the synthetic product, thus establishing formula (IX : R—Me ;
R'=C 2H 5 )

for ethylcodamine, and with the ethoxyl replaced by a hydroxyl group,

for codamine (IX : R Me
; R' = H), so that codamine is 0-laudanine

with the positions of the hydroxyl and methoxyl groups in the ii'oquinoline

nucleus interchanged. As a primary material for the synthesis of codamine,

Spiith and Epstein ®® used ^ro^apapaverine, Ci 7lIi302N(0Me) 2 ,
prepared

and so named by Hesse,® aTid by Pictet and Kramers,®’ who called it

trimethylpapavcroline. It is formed along with other products when
papaverine hydrochloride is heated to 235 , a molecule of methyl chloride

being evolved. It separates from alcohol in colourless tablets, decom-
posing at 240° (P. and K.), in yellowish leaflets, decomposing at 260° (H.),

or in yellowish crystals, rn.p. 279--80° (dee.), according to Spath and
Epstein. The hydrochloride, B . HCl . SHgO, has m.p. 66-7° or 200° (dry)

;

the acid oxalate, B . HgCgO^ . 5H2O, forms octahedral yellow crystals,

m.p. 138° (dry)
;

the picrate melts at 206-5°. Sodium and potassium

derivatives have been prepared. Spath and Epstein ®® showed that j^ro^o-

papaverine is not a partially demcthylated papaverine, since it is not

reconverted to papaverine by diazomethane and it contains only two
methoxyl groups, the third methyl group of papaverine being now attached

to nitrogen. On reduction with tin and hydrochloric acid and treatment

of the reduced product with diazomethane, dMaudanosine is formed. On
oxidation with permanganate it furnishes veratric acid, so that the

veratryl group of papaverine is still intact, and the free hydroxyl

group, must be in the uoquinoline nucleus. This view is confirmed by
the fact that on treatment with diazomethane it yields iV-methylnor-

papaverinium phenolbetaine (VIII), which is one of the by-products in

the formation of j^ro^opapaverine from papaverine hydrochloride. On
the basis of this experimental evidence, Spath and Epstein assigned

formula (X : R = H) to proiopapaverine. On treatment with methyl

iodide it is converted into 7-hydroxy-6-methoxy-3' : 4'-dimethoxybenzyl-

i^oquinoline methiodide, m.p. 63-4°, which was transformed to the metho-

chloride, m.p. 70-1°, and this, on reduction with tin and hydrochloric

acid, yielded dZ-codamine (IX : R = Me ; R' == H), identified as the

picrate, m.p. 187-8°, by its methylation to dZ-laudanosine and by the

oxidation of its ethyl ether to 6-methoxy-7-ethoxy-l-keto-2-methyl-

1 :2:8: 4-tetrahydro?>oquinoline. Like dZ-laudanine, dZ-codamine has not

been deracemised.

Armepavine, Ci 6Hi 3(NMe)(OH)(OMe)2 ,
HgO. (Items 51, 53 ;

list,

p. 173.) M.p. .100° {approx,) or 148-9° {dry), [ajo — 118-7° (CHCI3), gives

a hydrochloride, m.p. 151-2°, oxalate, m.p. 211-12°, and methiodide,
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MeO

Armepavine

m.p. 199-200°. Diazomethane converts it into 0-methylarmepavine, m.p.
68-4°, [a]i) — 84*48° (CHCI3), which, after boiling with acetic anhydride,

is oxidised by nitric acid to anisic acid. With methyl iodide and sodium
methoxide in methanol it yields 0-methylarmepavine methiodide, m.p.

135-6°. This with potassium hydroxide in

methanol forms de-OA'-dimethylarmepavine,

m.p. 86-7°, (B . HCl, m.p. 229-30°) of which
the methiodide, m.p. 238-4°, on treatment with

alkali decomposes into trimethylamine and

a -p-anisyl-j3-(3 ; 4-dimethoxy - 6 - vinylphenyl) -

ethylene, m.p. 79°. The latter is oxidised by
permanganate in acetone to anisic and w-hemipinic acids. With ethyl

sulphate and alkali, armepavine gives O-ethylarmepavine, an oil, which
permanganate oxidises to p-ethoxybenzoic acid. Armepavine is similarly

oxidised to p-hydroxybenzoic acid and l-keto-6 : 7-dimethoxy-2-methyl-

1:2:3: 4-tetiahydro/j?oquinoline and is therefore 6 ; 7-dimethoxy-l-

p-hydroxybenzyl-2-methyl-l : 2 : 3 : 4-tetrahydroi5oquinoIine, i.e., it is

laudanosine (p. 187) with MeO. at C®' replaced by H and MeO at

changed to HO.’®
In addition to the foregoing benzyl?,<?oquinoline alkaloids all derived

from Papaver spp, two other members of the group, coclaurine and iso-

coclaurine are described in the* bisbenzyh'^oquinoline group (p. 349) wuth

which they are naturally associated.

Pharmacological Action, In the series of opium alkaloids papaverine

in its general effects stands between morphine and codeine. In compara-
tively small doses it produces light sleep, which does not become deeper

when the dose is raised, but with larger doses reflex irritability is increased

and some tetanising action may ensue. It has more tendency to slow the

heart than either morphine or codeine and its use as a substitute for

quinidine in the treatment of coronary cardiac disease has been discussed.’^

The modern use of papaverine in medicine is due primarily to Pal’s observa-

tion of the paralysing action of the alkaloid on the smooth muscle of the

intestines and blood vessels. This was confirmed and extended by Macht
and attributed to the influence of the benzyl group and led to the use of

benzyl benzoate and similar esters as spasmolytic drugs, later to the

synthesis and pharmacological investigation of many variants on papa-

verine,’^ and eventually to the preparation of effective drugs showing

considerable divergence from the structure of papaverine, such as

)3-diethylaminoethyl fluorene-9-carboxylate hydrochloride

I >C.h/
CH . CO . O . CH, . CH, . NEt, . HCl.

It has been stated already (atropine, p. 112) that there are two types

of spasmolytic drug, the neurotropic, typified by atropine, and the musculo-

tropic or myotropic to which papaverine belongs. In laboratory work the

two types are usually tested against spasm induced by acetylcholine and
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barium salts respectively. The
trend of recent work has been to

search for substances, which will

provide both kinds of spasmolytic

action and arising, partly out of

this development and partly from
the occasional use of histamine

in the testing of these drugs, a
new group of spasmolytic agents

has arisen sometimes called anti-

histamine drugs (p. 644) which
are designed to counteract the

effects of histamine liberation.

Though the group of spas-

molytic drugs has arisen from
knowledge of the structure of

three natural alkahnds exerting

this action, mz., atropine, papa-

verine and ephedrine, the litera-

ture relating to them is far too

voluminous to be dealt with here

,
but an indication of the kind of

development that is taking place

may be obtained from some re-

sults published recently by Loew,
Macmillan and Kaiser,’® who
made a limited comparison of six

spasmolytic drugs by determin-

ing the minimal dilution of each

required to inhibit the spasmo-

genic effects of histamine, barium
and acetylcholine on isolated

guinea-pig ileum. The results

are summarised in the annexed
table.

Reviews of recent work on
spasmolytic drugs have been pub-

lished by Raymond ” and by
Blicke,’® and a detailed account

of the. action of papaverine

and its derivatives, including

laudanosine and laudanine with

numerous references to literature

is given by Krueger, Eddy and
Sumwalt.’®

According to Zunz,®® the six

principal alkaloids of opium

In

this

table

Type

{a)

is

musculotropic.

No.

1
is

papaverine

hydrochloride

;
No.

2
is

the

/3-diethylaminoethyI

ester

of

fluorene-9-

carboxylic

acid

hydrochloride.

Ty]^

(6)

is

neurotropic.

No.

8
is

atropine

sulphate

;
No.

4
is

the

/5-diethylaminoethyl

ester

of

diphenylacetic

acid

hydrochloride.

Type

(c)

is

“

anti-histamine.”

No.

5
is

jS-dimethylaminoethyl

benzhydryl

ether

hydrochloride

;
No.

6
is

N^-phenyl-N-ethyl-iV'-diethyl

ethylenediamine

hydrochloride.
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arrange tlieinselves in the following descending order as analgesics, the

same order being reversed for convulsant action : morphine, papaverine,

codeine, narcotine, thebaine, laudanosine. This makes laudanosinc the

most active convulsant of the series. Laudanosine and laudanine are

stated to resemble thebaine in action, but according to Delphaut

and Paret, though laudanosine is predominantly a convulsant poison,

it shows some resemblance to papaverine in its action on the heart and
respiration, but is less active as a spasmolytic agent.

REFERENCES

(1) Aunalcn, 1848, 66, 12,> ; 1849. 72, 50. (2) Ibid., 1870, 153, 47 ; ibid., SuppL,
1872, 8, 201 ;

(as modified by Kauukk), Arch. Pharm., 1890, 228, 419 ;
for other

methods see Plugge, ibid., 1887, 225, 343 ;
Kanewskaja, J. pr. Chern., 1924, 108,

247. (3) Cf. Pictet and Kramers, Ber., 1910, 43, 1329 ; Fos per, Analyst, 1946,

71, 139. (4) Spatii and Polgar, ibid., 1920, 59, 2787. (5) .7. Ind. Eng. Chem., 1920,

18, 390. (0) Cf. Hesse, J. pr. Chem., 1903, 68, 190; Pyman and Reynolds, 1910,

97, 1323 (footnote)
;
Warren, J, Amcr. Chem. Soc., 1915, 37, 2402. For other colour

reactions or comments upon them see Wagenaar, Pharm. Weekbl., 1927, 64, 1085 ;

Kkkert, Pharm. Zent., 1933, 74, 24; Kubli, Pharm. Acta Helv., 1935, 10, 156;
Hozkboom, Pharm. Weekbl., 1935, 72, 498; Awe, Pharm. Zent., 1930, 77, 157.

(7) Manats., 1883. 4, 704 ; 1885, 6, 372, 007, 950 ; 1880, 7, 488 ; 1887, 8, 510 ; 1888,

9, 42, 327, 349, 079, 702, 778 ; 1889, 10, 073, 092 ; 1898, 19, 324. Papaveroline and
derivatives, se^ Kitasato and Robinson, J. Chem. Soc., 1932, 785. (7a) Cf. Menon,
Proc. Ind. Acad. Sd.. 1911, 19A, 21, for oxidation by selenium dioxide. (8) Arch.

Pharm., 1927, 265, 250. (9) Pharm. J., 1893, [iii], 52, 793 ;
Hobson and Perkin,

J. Chem. Soc., 1911, 99, 135; and Mason and Perkin, ibid., 1914, 105, 2013.

(10) Stuculik, Monats., 1900, 21, 813; Buck, Perkin and Stevens, J. Chem. Soc.,

1925, 127, 1400; cf. Gadamiui, Arch. Pharm., 1915, 253, 274. (11) Goldscumiedt,
Monats., 1885, 6, 954 ; 1880, 7, 485 ; 1887, 8, 510. (12) Claus, Ber., 1883, 16, 1284.

(13) Goldscumiedt, Monat'i., 1888, 9, 327. (14) Goldscumiedt and Ostersetzer,
ibid., 1888, 9, 702; Rossin, ibid., 1891, 12, 480. (15) Cf. Goldscumiedt and
Honigscumid, Monats., 1903, 24, 081. (10) Goldscumiedt, ibid., 1888, 9, 778 ; cf.

Konigs, Ber., 1899, 32, 3612. (17) Annalen, 1903, 329, 37. (18) Compt. rend., 1909,

149, 210. (19) Cf. Pictet and Finkelstein, Ber., 1909, 42, 1979; Compt. rend.,

1909, 148, 925. (20) Arch. Pharm., 1927, 265, 1 ; Mannich and Falber, ibid., 1929,

267, 001. (21) Ber., 1913, 46, 1034, (22) (with Nothnagel and Riesenfeldt), ibid.,

1927, 60, 392. (23) Ibid,, 1927, 60, 704. (24) (with Scuon), ibid., 1908, 41, 17 ; 1909,

42, 2374. (25) J. Amer. Chem. Soc., 1930, 52, 310. (26) Ibid., 1930, 52, 3610. (27) J.

Chem. Soc., 1933, 274. (28) Ber., 1930, 63, 2098. (29) Ibid., 1935, 68, 24, 1310;
1930, 69, 622 ; see, however, SpAtu (with Kuffner), ibid., 1935, 68, 496, 1744 ;

(with

Kuffner and I^stzler), 1936, 69, 378. (30) J. Chem. Soc., 1924, 125, 2176. (31) Angew,
Chem., 1933, 46, 766. (32) (with Peschke), Arch. Pharm., 1934, 272, 60, 236 ;

(with

Gehlhaar), ibid., 1936, 274, 377. (33) J. Pharm. Soc. Japan, 1933, 53, 223 (German
text). (34) Ibid., 1935, 55, 58; (with Tsuda), 194; (with Kakemi), 244 (Fnglish

text). (35) J. Soc. Chem. Ind., 1945, 64, 84. (36) J. Chem. Soc., 1940, 701. (37) J.

pr. Chem., 1940, [ii], 154, 157. (37a) J. Org. Chem., 1939, 4, 71. (38) Monats., 1886,

7, 485 ; 1898, 19, 324 ; (39) Ber., 1904, 37, 3321. (40) J. Chem. Soc., 1909, 95, 1610 ;

1915, 107, 170; cf. Pyman and Reynolds, ibid., 1910, 97, 1320. (41) J. pr. Chem.
1903, [ii], 68, 190. (42) Ber., 1926, 59, 2787. (43) Decker and Galaity, ibid., 1909,

42, 1179. (44) Pyman, J. Chem. Soc., 1909, 95, 1267
;

(with Bhagwat and Moore),
ibid., 1931, 443; cf. Gadamer, Arch. Pharm., 1915, 253, 274. (45) Ber., 1900, 33,

2340; cf. Pyman and Reynolds, J. Chem. Soc., 1910, 97, 1323. (46) ./. Chem. Soc.,

1030, 731 ; King and l’Ecuyer, ibid., 1937, 427; Gadamer, Arch. Pharm., 1911,

249, 680. (47) Ibid., 1927, 265, 256. (48) J. Chem. Soc., 1932, 785. (40) Annalen,
1932, 497, 22 ; 1939, 537, 143 (cf, Thierfeldkr, Inaug. Diss, Munich, 1931). (50) J,



PHARMACOLOGICAL ACTION 199

Chem. Soc., 1932, 789. (51) Emde, Arch. Pharm., 1912, 391, 88. (52) Ber., 1909,

42, 1179. (53) ./. Chem. Soc.y 1933, 1583 ; for further syntheses see J. Pharm. Soc.

Japan, 1937, 57, 290; Ber., 1938, 71, 1800; Proc. Imp. Acad. Tokio, 1941, 17, 102.

(54) Annalen, 1932, 497, 47, 59. (55) J, Chem. Soc., 1933, 280. (56) Annalen, 1870,

153, 47 ; Ber., 1871, 4, 093. (57) Hesse, ibid., 1894, 282, 209. (58) Goldschmiedt,
Manats., 1892, 13, 091. (59) J. pr. Chem., 1902, [ii], 65, 42. (60) Manats., 1920, 41,

297 ; cf. Decker and I'hcuLER, Annalen, 1013, 395, 377 ; Hess and Weltzien, Ber.,

1920, 53, 119. (01) Monats., 1921, 42, 273. (02) Ibid., 1926, 47, 733. (63) Ber.,

1925,58,200. (04) Arch. Pharm., lHm,22S, 419. (65) /ler., 1925, 58, 1272. (66) Ibid.,

1930, 63, 1498, 2343; 1931, 64, 2827; 1934, 67, 1261. For the principles involved

see Freudenberg, ibid., 1914, 47, 2027 ; Wohl and Freudenberg, ibid., 1923, 56,

309 ;
Clough, J. Chem. Soc., 1918, 113, 526. (67) Arch. Sci. phys. nat., 1903, [iv],

15, 121. (68) Annalen, 1913, 395, 377; cf. Decker and Duntant, ibid., 1908, 358,

288. (00) Spath and JSpsTEm, her., 1920, 59, 2791 ; 1928, 61, 334; cf. Schopf.^®

(70) Konovalova, Junusov and Orekhov, Ber., 1935, 68, 2158; J. Gen. Chem.
Buss., 1940, 10, 641. (71) Katz (with Lindner), Arner. J. Physiol., 1941, 133, 155 ;

(with Elek), j. Pharm. exp. Ther., 1942, 74, 335 ;
J. Amer. Med. Assoc., 1942, 120,

434; 1943, 122, 190; Wegria and Nickerson, J. Pharm. exp. Ther., 1942, 75, 50;

McEachern, Smith and Manning, Anur. Heart J., 1941, 21, 25. (72) Zent. Physiol.,

1902, 16, 68 ;
Med. Klin., 1913, 9, [ii], 1796 ;

Popper and Franke, Deut, Med. Woch.,

1912, 38, 1318. (73) J. Pharm. exp. Ther., 1917, 9, 121, 197; 1918, 11, 389, 419.

(74) See, for example, Kreitmair. Arch. exp. Path. Pharm., 1932, 164, 509; (with

Wolfes), Deui. med. Woch., 1930, 1703 ;
Langecker and Starkenstein, Klin.

Woch, 1931, 10, 2257 : von Issekutz et al.. Arch. exp. Path. Pharm., 1932, 164, 158,

173 ; 1936, 182, 390 ;
Edit., Brit. Med. J., 1934, i, 812 ; Samaan, Quart J. Pharm.,

1930, 9, 23; Bruckner and Fodor, Ber., 1938, 71, 541 ;
Kulz and Hosenmund,

ibid.. 1939, 72, 19, 2101. (75) Heilbron ct al.,J. Chem. Soc., 1943, 401, 404, 406, 413,

417, 419; Lespagnol, Ponthieu and Vanlerenberghe, C. R. Soc. Biol., 1944,

138, 528 ;
Siielten and van Campen, U.S. Pat. 2,379,381 ;

Burtnicr and Cusic,

J. .imer. Chem. Soc., 1943, 65, 262, 1582 ;
Blicke (with Grier), ibid., p. 1725 ;

(with

Tsao), ibid., 1944, 66, 1045; Lehmann, J. Pharm. exp. Ther., 1945, 83, 86; (with

Young), ibid., p. 90 ;
(with Knoefel), ibid., 1944, 80, 335 ;

(with Chase and Yonkman),
ibid., 1944, 81, 174 ; cf. Coleman and Bywaters, J. Amer, Chew,. Soc., 1944, 66, 1821,

and Rowe, J. Amer. Pharm. Assoc., 1942, 31, 57 ; Richards, Everett and Kuetf:r,

J. Pharm. exp. Ther., 1945, 84, 387 ; Stern, Arch. exp. Path. Pharm., 1942, 199, 251 ;

cf. Genuit and KObel, ibid., 1943, 202, 110. (70) J. Pharm. exp, Ther., 1946, 86,

230 ; for another laboratory comparison see Richards et (77) J. Amer. Pharm.
Assoc., 1943, 32, 249. (78) Ann. Rev. Biochem., 1944, 13, 549. (79) ‘‘The Pharma-
cology of the Opium Alkaloids,” Part 2, p. 1007, laiidanosine, p. 1042, laudanine,

p. 1044. Supplement 165, U.S. Public Health Reports, Washington, 1943. (80) “ Ele-

ments de Pharmacodynamie sp^ciale,” Paris, Masson & Co., 1932, Tome I, p. 178.

(81) Babel, quoted by Pictet and Atiianasescu,^* also Rev. Mid. Suisse Roman.

1899, 19, 657. (82) Starkenstein, Ilejfter's Uandbuch der Pharrnukol., 1924, 2, 2, 1007.

(83) C. R. Soc. Biol, 1935, 119, 107.



PHTHALIDE/^SOQUINOLINE SUB-GROUP

Narcotine, C22H23O7N. Tliis alkaloid, probably found by Derosne in

1803 , was first definitely isolated by Robiquet,^ who gave it the formula,

C23H25O7N, which was changed by Matthiessen and Foster 2 to that now
in use. In the extraction of morphine and codeine narcotine remains
in the water-insoluble residue, from which it may be extracted by dilute

hydrochloric acid, re-precipitated by sodium bicarbonate and recrystallised

from boiling alcohol. It crystallises from alcohol in needles, m.p. 176 °,

[a]j — 207 * 35 ° (EtOH), [ajp — 198 *0° (CIICI3), + 50 ° (1 per cent, hydro-

chloric acid) 3
;

it is nearly insoluble in water, sparingly so in cold 85 per

cent, alcohol or ether, readily in benzene, acetone or ethyl acetate

;

insoluble in cold alkalis or ammonia, but soluble in hot alkalis or “ milk

of lime.” With acids it forms unstable salts that are dissociated by water,

and the alkaloid can often be extracted by indifferent solvents from its

solutions in dilute acids. The salts are dextrorotatory. The hydrochloride,

B . HCl, crystallises with 0*5 to 4*0 HgO, is very soluble in water, decom-
posing into basic salts on standing in solution

;
platinichloride

;
amor-

phous ;
oxalate, B . H2C2O4, m.p. 174 °, -f 39 * 5 ° (HgO)

;
phthalate,

B . C8H6O4, m.p. 160 °, 115° (CHCI3)
;

sesquisulphate,^

B4 . 3H2SO4 . 6H2O
;

picrate, m.p. 175 °.^

The alkaloid dissolves in sulphuric acid with a greenish colour, changing

to red and reddish-violet on warming or long standing. With sulphuric

acid containing a trace of nitric acid a deep red colour is produced.

According to Labat,® a solution of narcotine in sulphuric acid gives, on
warming with gallic acid, a deep blue coloration, due to the liberation of

opianic acid. This reaction is also given by hydrastine. Duqudnois and
Ellert have described several complex salts of narcotine of which they

recommend the silicotungstate for the estimation of the alkaloid.

Constitution, Narcotine is a weak, monoacidic, tertiary base. It con-

tains a methylimino-group and three methoxyl groups, and, when heated in

closed tubes with dilute hydrochloric acid, furnishes a series of demethylated
derivatives ^

; dimethylnornarcotine, C19H14O4N , OH(00113)2, niethyl-

nomarcotine, Ci9Hi404N(0H)2 . OCH3, nornarcotine, Ci0Hi4O4N(OH)8.
When the alkaloid is heated with water at 150 °, or boiled with dilute

acids, it is hydrolysed into hydrocotarnine, and opianic acid. Similar

decompositions are induced by acid oxidation or acid reduction, thus :

(1) dilute nitric acid furnishes opianic acid, CioHi^Og, and cotarnine,

C12H15O4N ; (2) zinc and hydrochloric acid produce meconin,

and hydrocotarnine, C12H15O3N.

Meconin^ O10H10O4, was isolated from opium in 1832 by Dublanc,
and also occurs in Hydrastis canadensis. It crystallises from water in

prisms, m.p. 102°, and dissolves in alkaline solutions, forming unstable
salts of meconinic acid, of which it is the lactone. It was

200
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synthesised by Fritsch ^ from guaiacol. Edwards, Perkin and Stoyle ®

deviled a simpler method, based on the condensation of o>veratric acid

with formaldehyde, and, since opianic acid results from the oxidation of

meconin, and hemipinic acid from the further oxidation of opianic acid,

this process provides syntheses of these three degradation products.

^C.COOH

^|.C00H

C.OCHg

Hwniplnlo aold

CHO

C.COCH

c.oca-

\ /
Opianic acid

yC • CHo • 0

OK C—CO

C.OCHg

CCOCH,

Meconin

Hydrocotamine^ CigHigO^N . iHgO. This basic hydrolytic product
of narcotine occurs in opium.** It crystallises from light petroleum in

colourless plates, m.p. 55*5-56*5®, and yields well-crystallised salts of

which the hydrobromide, B . HBr, m.p. 236-7®, is sparingly soluble in

water. On oxidation, hydrocotarnine is converted into cotarnine, and on
reduction by sodium in alcohol it yields hydrohydrastinine (p. 164) by loss

of a methoxyl group.

Cotarnine, C 12H15O 4N. This base, first obtained by Wohler, is

conveniently jirepared by the action of dilute nitric acid on narcotine.

It crystallises in small needles, has m.p. 132-3® {dec.), or 125® {dec.) when
freshly crystallised from benzene, or 100® when dried on a water-bath

(Dott),^^ is readily soluble in alcohol or ether, sparingly in cold water and
forms salts with mineral acids, losing a molecule of water : thus the

chloride has the composition HCl, 2H2O, m.p. 197® {dec.) or

192® (Dott) and crystallises in pale yellow, silky needles. Specifications

for this salt are given in the British Pharmaceutical Codex (1934) and the

U.S. National Formulary, VIII. Cotarnine phthalate is also used in

medicine. The product used in Great Britain is the acid phthalate,

C12H13O 3N, C 3H 3O 4,
HgO, m.p. 113-5® or 140®((in/)

;
the neutral phthalate

has m.p. 102-5®. Cotarnine aurichloride forms golden-yellow plates,

m.p. 186-7®
;

the picrate crystallises in yellow needles, m.p. 143®. A
method of assay for cotarnine has been described by Steenberg.^^^®^

Cotarnine contains one methoxyl group, and the presence of a methy-

lenedioxy-group was established by the oxidation of cotarnine by potassium

permanganate to cotarnic acid,^® C 8He03(C02lI)2 »
plates, m.p. 178®,

which still contains the methoxyl group and in which the two carboxyl

groups must be in the or^o-position to each other, since the acid readily

forms an anhydride, m.p. 161-2®. With hydriodic acid and red phosphorus

at 150-60®, cotarnic acid yields gallic acid (3:4: 5-trihydroxybenzoic

acid).^* These and other observations show that cotarnic acid is the

methyl methylene ether of a 8:4: 5-trihydroxyphthalic acid and is

therefore a methoxy-derivative of hydrastic acid (p. 164).^® The relative

position of the methoxyl- and methylenedioxy-groups were indicated by

Freund and Becker, who showed that when cotarnineanil (II) reacts with

methyl iodide it yields cotarnine methine methiodide anil (III), wliich
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with excess of methyl iodide and subsequent warming with dilute hydro-

chloric acid, is converted into ??orcotarnine mcthinc methiodide (IV^) and

this, on treatment with alkali, decomposes into r?orcotarnone (V) and

trimethylamine. This loss of methyl from a metlioxyl group also occurs

with the anil of o-metlioxybenzaldehyde, which on similar treatment

yielded o-hydroxybenzaldehyde, whence it was argued that in cotamine

the methox^d group and the aldehyde group, the presence of the latter in

cotamine being indicated by the formation of cotarninc-oxime, m.p. 165-8°,

were in the o-position to each other.

Cotarnic acid may therefore be represented by (VI), and this was

confirmed by Perkin, Robinson and Thomas/® who synthesised cotarnic

acid, starting from 5 : 6-niethylenedioxy-l-hydrindone (VII) which was

nitrated in position 7, the nitro-group converted in tlie usual way to a

hydroxyl group, the latter methylated, and the condensation product (VIII)

with piperonal, oxidised yielding cotarnic acid (VI).

Cotamine with methyl iodide furnishes cotarnine hydriodide and
cotarnine methine methiodide, CnHn04NMe3l (IX), which is decomposed
by alkalis into trimethylamine and cotarnone (X), CiiHio04 , rhombic
plates, m.p. 78°. The latter yields an oxime, m.p. 130-2°, and is oxidised

by potassium permanganate to a mixture of cotarnic acid (VI) and
cotamlactone, CnHioO^ (XI), brilliant leaflets, m.p. 154°, which is

convertible into the corresponding acid, cotarnonelactone acid, leaflets,

m.p. 90-100° {dec.). The lactone on further oxidation yields cotarnic acid.^®
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The formation of cotarnone from cotarnine mcthine methiodide by
the action of potash (IX—X) led Roser to represent cotarnine and its

salts by the following formuhe/® the loss of a molecule of water in the

formation of cotarnine salts being explained by the production of a
partially reduced pyridine ring, which is fully hydrogenated in the reduction
of cotarnine lo hydrocotarninc. In the reverse process, oxidation of

hydrocotarninc to cotarnine, Roser assumed the scission of the ring at

the point indicated, with the formation of a hydration product, and
oxidation of the latter to cotarnine thus :

—

sHcOalCHaOH) . ClI^ . CII 2 . NIIMe~>C8H603(CH0) . CHg . CH2 . NHMe

Hydroootarnine

Decker pointed out* 20 tliat it was improbable that a secondary amine

group and the aldehyde group could co-exist in the same molecule, and

suggested that the reactions of cotarnine could be better accounted for by
a bieyclic formula. Hantzsch and Kalb showed that the electrical

conductivities of solutions of cotarnine indicated the existence in such

solutions of an equilibrium mixture of two or possibly three forms, one

having Roser's formula, another Decker’s formula («/f-cotarnine), and a

third having the formula of the ammonium base {see below) corresponding

to that used by Roser for cotarnine salts. Dobbie, Lauder and Tinkler,

by comparison of the ultra-violet absorption spectra of solutions of

cotarnine, found that the solid alkaloid probably possesses the constitution

proposed by Decker, whilst in solution in dissociating solvents it possesses,

at least in part, the structure assigned by Roser to the salts.

^o.c
H c I

2 \o.c,

0CH»x

.CHOH.N.CH
3

.CHg—

Cotftrnla^ (Decker)

vC I IIo-\

Cotarnine In dlsaoclatlng solvents

Among other evidence lending support to Decker’s formula for

cotarnine, may be mentioned the oxidation of cotarnine to apophyllenic

acid,^^ [the methylbetaine of cinchomeronic acid (pyridine-3 : 4-dicar-

boxylic acid) ]
which, along with its oxidation to cotarnic acid, implies

that cotarnine is an isoquinoline derivative. In discussing the large number

of condensation reactions with cotarnine which have been described, Hope
and Robinson point out that, on the basis of Lapworth’s explanation of

the Knoevenagel reaction, in a structure, such as the ammonium form of

cotarnine (type (c) ), the positive ion can unite with the negative residue of
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a substance H . X, where X may be any group, such as CN,^® . CHg .

CHg . C,H 3(N02 )2 ,

2^
. CH(C02Et)2 ,

2« CHg . COPh,^’ to produce a complex
of type (d), and this, being unstable, passes into type (e), which represents

derivatives of hydrocotarnine.

(a) R . Clio NHR'R"-~>(6) R . CHOH . NR'R"
(c) R , CH : N(0H;R'R"
(d) R . CH : N(X)R'R''->f^?) R . CH(X) . NR'R"

On this basis the formation of 1-alkylhydrocotarnines by the action of

Grignard reagents on cotarnine, investigated by Freund and collaborators,*®

is represented as taking place in the following way :

—

CH CH CHMe

QSg CH3 CHg

Utilising the formuhe assigned to the two products of hydrolysis of

narcotine, viz,, hydrocotarnine and opianic acid, Roscr constructed a

formula for the alkaloid which has been coniirmed by Perkin and
Robinson’s synthesis of narcotipc from meconin and cotarnine.*®

A synthesis of narcotine was attempted by Liebermann,®® who, by
condensing opianic acid and hydrocotarnine, in presence of cold 78 per

cent, sulphuric acid, obtained f.9onarcotine, distinguished from narcotine

by its melting-point, 194'', instead of 176®, and by the fact that it gives a

red instead of a green coloration wilh suphuric acid. According to Jones,

Perkin and Robinson.®® ivonarcotine is related to narcotine, as shown by
the following formula' :

—

The synthesis of meconin has been referred to already (p. 201). Cotar-

nine has been synthesised by Salway from myristicin (I) as a starting-

point. This was transformed into j8-3-methoxy-4 : 5-methylenedioxy-

phenylpropionic acid (II), the amide of which was converted by Hofmann’s

reaction into j3-8-methoxy-4 ; 5-methylenedioxyphenylethylamine, and the

phenylacetyl derivative (III) of this condensed, by heating it in xylene

solution with phosphoric oxide, giving rise to the two possible dihydrouo-

quinoline derivatives. The first of these substances, 8-methoxy-0 : 7-

methylenedioxy-l-benzyl-8*: 4-dihydroi^oqumoline (IV), on conversion

into the methochloride and reduction with tin and hydrochloric acid, gave
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l-benzylhydrocotarnine, and this, on oxidation with manganese dioxide

and sulphuric acid, yielded cotarnine (V). The second, produced by ring

closure at positions 1 and 5 on like treatment, furnished an is(^eride, which
was named u^ocotarnine (VI), colourless prisms, rn.p. 124'^ (dec.).

The syntheses of meconin and cotarnine having been effected, Perkin
and Robinson completed this work by condensing these two substances in

presence of potassium carbonate or by simply boiling them together in

alcoholic solution.^® The product obtained proved to be the alkaloid

GNOscopiNE, an inactive isomeride of narcotine obtained from opium by
T. and H. Smith, who also showed that this substance is formed when
narcotine is boiled in acetic acid solution, and that it gives the same colour

reactions as narcotine, and, like this alkaloid, is oxidised to opianic acid

and cotarnine. Rabe and MacMillan, found that when narcotine is

racemised to gnoscopinc, the latter is partly decomposed into m?rnarceine

(p. 208), cotarnine and meconin. Perkin and Robinson deracemised their

synthetic gnoscopine and also natural gnoscopinc by crystallisation of

the d- and Z-bromocamphorsulphonates. The three isomerides thus

obtained had the following characters :

—

dl-Narcotirie (gmscopine). Colourless needles, m.p. 229° or 232-^°

(R. and M.)
;

picrate, yellow prisms, m.p. 188-9°
; methiodide,

B . CHal . 2H2O, prisms, m.p. 210-2 ° (dry).

d-Narcoiim. Colourless needles, m.p. 175°, [ocJd + 199*92° (CHCI 3).

l-Narcotine (natural narcotine). Colourless needles, m.p. 175°, [aj©

199*85° (CHCla).

Hope and Robinson found that nitro- and mono-halogenated

meconins condensed even more readily than meconin itself with cotarnine

to yield the corresponding substituted gnoscopines, but whilst iodomeconin

yielded in this way the iodo-derivative of natural gnoscopine (a-gnoscopine),

nitromeconin furnished the nitro-derivative of an isomeric base, jS-gnosco-

pine, which is a stereoisomeride of the a-form yielding the same oxidation

products, and; like it, convertible into narceine. jS-Gnoscopine has not

been resolved into optically active forms, but Marshall, Pyman and
Robinson ^ have shown that natural i-narcotine (now more conveniently
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named Z-a-narcotine), when boiled with methyl-alcoholic potash, is partially

coverted into Z-jS-narcotino, and d-a-narcotine is similarly converted into

d-j8-narcotint
;

a mixture of equal parts of the tw^o jS-forms has the

characters of j8-gnoscopine and shows no depression of melting-point (180°)

on admixture with it.

It is considered that in these new forms racemisation or reversible

inversion has occurred at the centre of asymmetry in the phthalide group,

and that the centre of asymmetry in the ?6‘oquinoline nucleus is unaffected.

The melting-point, 176°, of each new isomeride is depressed by addition of

the corresponding a-narcotine and the specific rotation of Z-j3-narcotine,

W 546
— 59-2° (N . IICl), that of Z-a-narcotine, under

the same conditions being — 246° and + 50-4° respectively.

Among interesting transition products of narcotine may be men-
tioned narceine (described p. 207) and the “ tareonines.” The latter

are derivatives of 6 : 7-mcthylenedioxy-8-hydroxy/.yoquinoline betaine,

and have played some part in the discussion of the constitution of

cotarnine.^®

Narcotoline, alkaloid, isolatc'd from opium-poj)py

capsules by Wrede,^’ crystallises from dilute methyl alcohol in rods,

m.p. 202° {dec.). - 189° (CHCI3) or + 5-8° (N/10 . HCl). The acid

tartrate, B . CJIgOg . O-SHgO, forms needles, decomposing at 200°. The
monoacetyl derivative was isolated as the hydrochloride, CgiHgoO^N . Ac .

HCI .I-I
2O, m.p. 230-3° (dec.), + 94-8° (HgO). On treatment with

diazomethane, narcotoline is converted into narcotine, m.p. 173°,

[0^]]!^ + 47*6° (N/10 . HCl). The phenolic hydroxyl group in narcotoline

must replace the methoxyl group at C® in narcotine, since narcotoline

yields meconin (p. 200) on heating with 20 per cent, acetic acid in sealed

tubes at 100-5°.

REFERENCES

(1) Ann. Chim. Phys., 1817, [ii], 5, 275. (2) J. Chem. Soc., 1863, 16, 342;
Matthiessen, Proc. Pay. Sac.. 1870, 17, 337. (3) Annett, Analyst, 1923, 48, 53;
Trans. Chem. Soc., 1923, 123, 378; cf. Pariselle, Coinpt. rend., 1934, 198, 928.

(4) Dott, Pharm. J., 1928, 120, 292, 301. (5) Maplethorpe and Evers, ibid., 1925,

115, 137. (5a) VoLMAR et al., Compt. rend., 1939, 208, 2000. (6) Pull, Sac. chim.,

1909, [iv], 5, 742, 743. (6a) Bull. Soc. chim . , 1 939, [v], 6, 1 582. For other colour reactions

see Reichard, Pharm. Zent., 1907, 48, 44. (7) Annalen, 1898, 301, 351. (8) J. Chem.

Soc., 1925, 127, 195. (9) Hesse, Annalen, Suppl., 1872, 8, 826. (10) I^man and
Remfrey, j. Chem. Soc., 1912, 101, 1595; cf. Kondo and Nai^azato, J. Pharm.
Soc. Japan, 1924, No. 507, 826 ;

Tanaka, Midzuno and Okami, ibid., 1930, 89 ; and
Toptschiev, j. Appl. Chim. Russ., 1938, 6, 529. (11) Annalen, 1844, 50, 19.

(12) Anderson, ibid., 1853, 86, 187; cf. Roser, ibid., 1888, 249, 156. (13) Dott,
P/iam. J., 1907, [iv], 24, 78. (14) J62d., 1924, 113, 688 ; 1931,127,520. (14>a) Svensk.

Farm, fi^kr., 1940, 44, 309. (15) Roser, Annalen, 1888, 249, 156 ; cf. Freund and
WuLFF, Per., 1902, 35, 1787 ; and Gaebel, Arch. Pharm., 1910, 248, 207. (16) Roser,
Annalen, 1889, 254, 384, 359. (17) Per., 1903, 36, 1521 ; cf. SpAth, Schmid and
Sternberg, ibid., 1934, 67, 2095. (18) J. Chem. Soc., 1909, 95, 1977; for a
later synthesis see SpAth e/ a/.^’ (19) Annalen, 1888, 245, 811 ; 247, 167; 1888,

249, 156, 168 ; 1889, 254, 334, 859 ; cf. Freund and Backer.^^ (20) J. pr. Chem.,

1893, [ii,] 47, 222. (21) Ber., 1899, 32, 3109 ; 1900,33,2201; c/. Freund and Bamberg,
ibid., 1902, 35, 178p. (22) J. Chem. Soc., 1903, 93, 598 ; |904, 85, |21. (2?)



NARCEINE 207

RiCHTEN, Ber., 1880, 13, 1635; Annalen, 1881, 210, 79; (synthesis) Roser, ihid,^

1886, 234, 116. (24) J. Ckem. Soc., 1911, 99, 1153, 2114. (25) Freund and Preuss,
7ier., 1900, 33, 380 ; Decker, ibid., p. 2273 ; IIantzscxi, ibid., 1899, 32, 3109 ; 1900,

33, 2201. (26) Liebermann (with Kropf), ibid., 1904, 37, 21 1 ;
(with Glawe), f). 2738 ;

Kropf, ibid., p. 2744. (27) Hope and Robinson, J. Chctn. Soc., 1913, 103, 361.

(28) Rer.,1903, 36, 4257; 1904,37,3334; (with Reitz), 1900, 39, 2219 ;
(with Bode),

1909, 42, 1740; (with Lederer), 1911, 44, 2353. (29) J. Chem. Soc., 1911, 99, 775
(30) Ber,, 1896, 29, 183, 2040 ; cf. Kersten, 1898, 31, 2098 ;

and Jones, Perkin and
Robinson, J. Chem. Soc., 1912, 101, 258. (31) J. Chem. Soc., 1910, 97, 1208; cf.

Decker and Becker, Annalen, 1913, 395, 328. For a more recent synthesis see

Kindler and Peschke, Arch. Pharrn., 1932, 270, 353. (32) Pharm. 1878, [iii,]

9,82; 1893, [iii,] 23, 794. (33) Tier., 1907, 40, 3280 ; Aniialen, 1010, 377, 221}. (34) J.

Chem. Soc., 1914, 105, 2085 ;
see also ibid., 1911, 99, 1153, 2114 ; 1913, 103, 361 ;

1914, 105, 1456; Grejsnwood and Robinson, 1932, 1370. (35) Ibid., 1934, 1315.

(36) Jorgensen, Ber., 1869, 2, 460 ; Wright, J. Chem. Soc., 1877, 32, 525 ; Vonge-
RicuTEN, Annalen, 1881, 210, 70; ?882, 212, 165; Roser, ibid.. 1SS8, 245, 311;
1889, 254, 359. P'reund and Li:derer, Ber., 1911, 44, 2353. (37) Arch. csp. Path.
Pharm,., 1937, 184, 331.

Natceine, CggllaTOgN . ^HgO. This jilkaloid was obtained by Pelldicr

in 1832, and was subsequently eliaracterised by Couerbe and by Ander>on.^

The latter assigned to it the formula, C23II29O 9N, which was accepted until

Freund ^ observed that the base crystallised with 3 mols of water, of which
only two are lost at 100 °. Anderson’s base therefore was C23H27OQN . HgO.

Narceine remains dissolved in opium extract after the removal of the

chief alkaloids and may be isolated as described by Anderson.^ It is

usually prepared from narcotine {see below). It forms slenddr needles or

prisms, m.p, 170° or 140-5° {drij), [a]p dz 0°. It dissolves in alkaline

liquids, including ammonia, forming metallic derivatives, which crystallise

from alcohol on addition of ether with 1 mol. of the solvent, the general

formula being €231126^ 8
^ • • CgH^OH, where M represents a monovalent

metal. Narceine behaves as a feeble, monoacidic, tertiary base and yields

well-crystallised salts. The hydrochloride, B . HCl, crystallises from
dilute hydrochloric acid, with 5JH2O in the cold, or with 3H2O from hot

solutions. If a methyl alcohol solution of hydrogen chloride is used, the

salt crystallises with 1 mol. of methyl alcohol, B . HCl . CH3OII, m.p. 190-2.

The picrate has m.p. 195°, and the aurichloride forms reddish-yellow

needles, m.p. 130°, Narceine gives a characteristic blood-red colour with

chlorine water followed by addition of ammonia. Weak iodine solution

colours solid narceine blue
;

the blue product forms a colourless solution

in boiling water and is re-precipitated on cooling.^

The alkaloid can be prepared ^ by blowing steam through narcotine

methochloride previously mixed with the , equivalent quantity of sodium

hydroxide. The identity of the product, at first called 0-narceine, with

narceine was established by Roser,^ and has been confirmed by Addinall

and Major.^ /iomoNarceine, C24H29O 8N . 3H 2O, m.p. 173° {dec.) is similarly

made from narcotine ethochloride.

Narceine contains three methoxyl and two methyl-groups attached to

nitrogen, reacts with phenylhydrazine or hydroxylamine, furnishing

phenylhydra2Jone or oxime anhydrides and esterifies with alcohols in

presence of hydrogen chloride. From a study of these reactions, and in
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particular the formation of narceine from narcotine, Freund and
Frankfortcr 2 represented narceine (III) as produced xM (II) from narcotine
methochloride (I), and this has been conlirmed by Freund and Oppen-
heiiner’s ^ observation that narceine reacts with ethyl nitrite to form an
oximino-derivative (IV), which, on exhaustive methylation, gives
trimethylaniine, hemipinic acid (VI) and 2-cyano-3-methoxy-4 ; 5-

methylenedioxy-l-vinylbenzene (V), a substance first obtained by Roser
from cotamine ® and named eotarnonitrile.

As stated already, on heating in acetic acid solution, i-narcotine yields

dZ-narcotine (gnoscopine), and some nomarceine (VII), C22H250gN . SHgO
(felted needles, m.p. 146"^ or 228° (dry) ), This change is analogous with
that of cinchonine into cinchonicine.’
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Oxynarcotine, C22H23O 8
N. This alkaloid was separated by Mayer,

^

and later by Beckett and Wright,^ from crude narceine. It crystallises

from hot alcohol in small needles. Its close relationship to narcotine is

shown by the formation of cotarnine, C12H15O 4N (p. 201 ), and hemipinic

acid when it is oxidised by ferric chloride
;

narcotine under these

circumstances furnishing cotarnine and opianic acid. Rabe and McMillan ®

regard oxynarcotine and nornarceine as identical.
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In addition to the foregoing five phthalidei.9oquinoline alkaloids

obtained from opium, Manske has isolated from genera of the Rhoeadales
six more alkaloids definitely assigned to, and three, including base F88
(p. 173), which he eonvsiders may belong to this group. Hydrastine, already

dealt with (p. 162), is also a phthalide/^oquinoline derivative.

Bicuculline, CgoHi^OgN. (Ifems 1 , 9, 10
, 13, 14. 18, 20 , 2.3-26, 34, 35,

88 ;
list, p. 169). This alkaloid exists in two forms, m.p. 177° and m.p. 196°,

and has + 130-5° (CHClg). The hydrochloride has m.p. 259° (dec.) and
from the methiodide, A^-methylbicuculline, plates, m.p. 246°, has been

prepared. Bicuculline contains no methoxyl groups : it behaves as a

lactone and is convertible by alkalis into bicucine, which is possibly the

corresponding hydroxy-acid (see below). It simulates hydrastine in its

reactions and differs from that base by CH 4 ,
indicating that a methylene-

dioxy group replaces two methoxyl groups, and this view is supported by
comparison of the products of oxidative hydrolysis of the two alkaloids.

Both yield hydrastinine (p. 168) as the basic product, but while hydrastine

provides as the second product, opianic acid,

CeH2
(CHO : COOH : OMe : OMe = 1 : 2 : 8 : 4),

bicuculline gives 2-carboxy-8 : 4-methylenedioxybenzaldehyde,

C 6H 2(CH0 : COOH : - O . CHg . O - = 1 : 2 : 3 : 4), m.p.l55°.i The
identity of the latter was established by conversion into 8 : 4-methylene-

dioxy-.^-ethylphthalimide, m.p. 130°, and by reduction of the aldehydo-

acid to 3 ; 4-methylenedioxyphthalide,^ m.p. 232-3°. On this basis Manske
proposed formula (I : R = H) for bicuculline, which was confirmed by
Groenewoud and Robinson’s synthesis of the alkaloid (p. 210).

Bicucine, C20H19O 7N, HgO. This alkaloid ® has m.^^. 222° (dec.) and
— 115-4° (N/10 ,

KHO) but in N/HCl it shows mutarotation — 145°

to — 100 °, due to the formation of an equilibrium mixture of bicucine and
bicuculline. Alkaline permanganate oxidises it to 8 : 4-methylene-

dioxyphthalic acid, isolated as the ethylimide. In view of its formation

from bicuculline by the action of alkali, Manske has suggested for its formula

(II) or (III), the former representing it as the nornarceine (p. 208) analogue

of bicuculline, whilst (III) makes it the hydroxy-acid corresponding to

the lactone, bicJuculline and is preferred.
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Adlumine and Adlumidine. (Items 1
,
21

, 24, 25, 2 ^»
;

list, p. 169).

From Adlumia cArrliosa Rap. Schlotterbeck ^ isolated two alkaloids,

adlumine, C 37H 3409N(01 I)(0Me)2 , m.p. 188^, [aj^ + 39*88°, and adiuniidine,

C 80H 29O 9N, m.p. 234°. Manske ^ used these two names for alkaloids

isolated from A, fimgosa Greene, stated to be identical with A, cirrhosa

Rap., and suggested (I) that Schlotterbeck’s adlumine was probably

bicuculline with some adlumine and (II) that the two adlumidines are

identical.

Adlumine, C 2iH2i06N* This alkaloid has m.p. 180°, [a]f““ dz

42*5°(CHCl3)
;
the dl- form has m.p. 175°. Adlumine has two methoxyl

groups and a tertiary nitrogen atom. Nitric acid oxidises it to two
products : (a) 2-carboxy-3 : 4-methylenedioxybenzaldehyde (c/. bicuculline,

p. 209) and (b) Pyrnan’s 4 : 5-dimethoxy-2^-methylaminocthylbenzalde-

hyde,® which was isolated as the carbinol form (VI). On this basis Manske
suggested for adlumine formula (I, with . O . CH2 . O . at 6 and 7 replaced

by two methoxyl groups and R = H). Adlumine is therefore hydrastine

with the positions of the dioxymethylene group and the two methoxyl
groups interchanged, or bicuculline with the dioxymethylene group at

6 and 7 replaced by two methoxyl groups.

Adlumidine, C19H15O 3N (items 1
, 29 ;

list, p. 169). This alkaloid

crystallises in rhombic plates, m.p. 238°; no methoxyl groups are

present.

Synthesis of bicuculline and nitroadluniine, Groenewoud and Robinson ’

synthesised bicuculline by the general method devised by Hope and
Robinson,® the initial products in this case being 6-nitrO“3 : 4-methylene-

dioxyphthalide (IV) prepared by a new method from normeconin, and
hydrastinine (V). The condensation product, called nitro-iT-bicuculline

(the X indicating that the d/-product cannot yet be allocated to the a- or

j
8-stereoisomeric series

; cf synthesis of hydrastine, p. 167), forms minute
yellow needles, sinters at 176° and decomposes at 179°. It was reduced to

amino-oj-bicuculline (I ; R = NHg), yellow prisms, m.p. 208-4°, the latter
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converted to iodo-^-bicuciilline, prisms, m.p. 208-9°, and this in turn

reduced to ir-bicucullinc (I
;
R = H), which was obtained in colourless

elongated plates, m.p. 215°, and behaving like the natural d-base with

alkalis and with sulphuric acid.

In like manner lodal (VI), on condensation with 6-nitro-3 : 4-methylene-

dioxyphthalide (IV^) yields nitro-<?7-adlumine (I
;
R ~ NOg

;
. O . CHg . O .

at C® and C’ replaced by 20Me), which crystallises from chloroform-

methyl alcohol in orange, rectangular plates, m.p. 180-1° (dec.), and on
reduction yields the corresponding amino-dcrivative, bundles of minute

needles, m.p. 218-9°.

Corlumine, C 2iIl 2iOeN. (Items 18, 24, 20, 35 ;
list, p. 171). This

alkaloid has m.p. 159°, + 77° (CHCljj) zh 0° (EtOH), and is Lnevorota-

tory in acid. It yields on oxidative hydrolysis the same products as

adlumine (p. 210) with which it is stereoisomeric but not enantiomorphic.^

Corlumidine, (Item 24 ;
list. p. 171). crystallises in

prisms, m.p. 236°, 4- 80°, conbiins one hydroxyl group and on
methylation yields corlumine ® (see above). The free hydroxyl is probably

at in the ?.9oquinoline nucleus of adlumine, ?.<?., corlumidine is repre-

sented by formula (I) where R = H and the dioxyrnethylenc group at C®

and is replaced by OMe at C® and Oil at C’.

Cordrastin^, Ci 8lIi302N(0Me) 4 . (Item 9 ;
list, p. 170). Colourless

needles, m.p. 196°. Its composition and reactions suggest that it belongs

to the phthalide/^oquinoline group and is represented by formula (I)

(with R == H and the two dioxymethylene groups replaced by four

methoxyl groups).^®

Capnoidine, CigHjgOgN. (Items 24, 25; list, p. 171.) M.p. 238°,

gives a crystalline hydrochloride, m.p. 244°. It contains no methoxyl
groups, is isomeric with adlumine and possibly belongs to the phthalide-

?5oquinoline group. See also base F 38 (Item 44 ;
list, p. 173).

Pharmacology. According to Zunz narcotine comes between codeine

and thebaine in convulsant and analgesic activity and is said generally

to resemble codeine in action, but to be less depressant, and is less

toxic than either morphine or codeine. Its action on plain muscle

resembles that of papaverine. It was at one time used in India for the

treatment of malaria but has long been superseded by quinine. It is

obtainable in large quantity in working up Indian or Persian opium for

morphine and codeine, but though a number of pharmacological investiga-

tions have been made, no practical use has been found for it except as a

source of cotarnine. The action of narcotoline is similar to that of narcotine

but weaker.

Cotarnine resembles hydrastinine (p. 167) in its pharmacological effects,

but its action on the uterus is less marked. It does not constrict the

arterioles and appears to have a depressant action on the heart. Magidson

and Gorbovizki have shown that the Schiff’s bases formed by the

condensation of aldehydes with l-aminomethylanhydrocotarnine have a
marked local anaesthetic action but are irritant.

Narceine has been used as a sedative and hypnotic but is believed to
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have little action when pure, probably owing to the instability of its salts

and the sparing solubility of the free base.

BiciMJullnu\ hicucine and adlumine have been compared pharmaco-
logically with hydrastine by Welch and Henderson.^® Bicuculline resembles

hydrastine in action, but is about 100 times as active as a convulsant.

Bicucine induces convulsions in rabbits in about the same dose as hydra-

stine. Adlumine is a weaker convulsant than any of the other three but

acts more powerfully on the uterus than either bicuculline or hydrastine.

According to Rice,^® corlumine lies between bicuculline and adlumine as a

convulsant and its action on isolated rabbit intestine and guinea-pig uterus

is similar to that of other members of the group. An extensive series of

Manske’s alkaloids of the Fumariaceoe has been examined by Anderson
and Chen,^^ including adlumidine and capnoidine

;
all the bases are stated

to stimulate isolated guinea-pig or rabbit uterus and capnoidine inhibited

isolated rabbit intestine. Capnoidine was also exceptional in resembling

i-wocorypalmine (p. 291) in inducing catalepsy in young monkeys. Though
cularine (p. 313) has not been suggested as a member of cither the benzyl-

or phthalide/^oquinoline group it has been compared pharmacologically by
Reynolds with papaverine and hydrastine. As a convulsant, cularine

was about one-tenth as potent as hydrastine. Like papaverine, and more
dehnitely than hydrastine, a 1 per cent, solution produced anaesthesia of

the rabbit cornea. Intravenous injection in the rabbit induced a temporary
fall in blood pressuie. Unlike hydrastine, it diminished the contractility

and tonus of isolated rabbit intestine, but like hydrastine it augmented
contraction and tone of isolated guinea-pig or rabbit uterus. In the

perfused frog heart cularine produced an increase in contractility and tone,

while hydrastine decreased contraction but augmented tone.
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Morphine, In 1803 D rosne/ an apothecary practising in

Paris, observed the separation of a crystalline substance, when a syrupy
aqueous extract of opium was diluted with water. This crystalline

material was probably narcotine, or a mixture of that alkaloid with

morphine. Seguin, in 1804<, read to the Institute of France a paper in

which he described the isolation of morphine, although he did not recognise

its basic character. This paper was not published till 1814, and, in the

meantime, Serturner had obtained both morphine and meconic acid from
opium, and pointed out that the former was the lirst member of a new
class of substances, “ the vegetable alkalis.” ^ The composition of the

alkaloid was first determined by Liebig in 1831, who represented it by the

formula, €3411350 which was reduced by Laurent ® in 1847 to the

simple formula now in use.

Morphine crystallises from dilute alcohol in colourless, trimetric

prisms containing iHgO, becomes anhydrous at 100 °, and then melts at

254° (dec,). It is bitter to the taste and sparingly soluble in most solvents.

The solubilities given by different observers vary somewhat (e,g,^ boiling

alcohol 1 in 30 to 1 in 36, in cold alcohol 1 in 210 to 1 in 300).* Muller *

gives the following figures : water (1 in 3,533), ether (1 in 7,632), benzene

(1 in 1,599), chloroform (1 in 1,525), ethyl acetate (1 in 537), According

to Florio, the solubility in amyl alcohol is about 1 in 50 at 78°. Muller’s

figure for solubility in benzene is unusually high, and though Prescott ®

states that freshly precipitated morphine dissolves in 1,997 parts of

benzene, whilst the crystallised alkaloid dissolves in 8,930 parts, the

alkaloid is generally stated to be “ insoluble ” in benzene. Morphine is

soluble in limewater (1 in 100 at 25°), or in alkali hydroxide solutions, but

less so in ammonia solution (1 in 117, sp. gr. 0*97, Duflos). The base is

Ifievorotatory, — 130*9° (MeOH), —
- 70° in excess of alkali. It is a

monoacidic base, and its salts, which are usually well-crystallised, are

neutral to litmus and methyl orange. The average pH of morphine salts

is 4*68, and methyl red has been suggested as a suitable indicator for

titration of the base.® The salts chiefly used in medicine are the sulphate,

hydrochloride and acetate, though the tartrate, bimeconate and others

have also been employed. The sulphate, Bjj . H2SO 4 . 5H2O, forms small

silky crystals or cubical masses from water, is soluble in water (1 in 15*5 at

25°, or 1 in 0*7 at 80°), or alcohol (1 in 565 at 25°, or 1 in 240 at 60°), It

chars at 250°, but does not melt. It is lasvorotatory, [a]},^“ — 100*47°+ 0*96c

(HgO). The hydrochloride, B . HCl . 8H2O, forms colourless silky needles

from water, [a]},®'’ — 100‘67° + 1*14(? in water (Hesse), or — 111*5° at 25°

in dry alcohol (Schryver and Lees), is soluble in water (1 in 17*2 at 25°,

or 1 in 0*5 at 80°^, or alcohol (1 in 42 at 25°, or 1 in 85*5 at 60°). The
218
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hydrobromide, B . HBr . 2HjjO, and the hydriodide, B . HI . 2H2
O, form

long needles. The acetate, B . CH3COOH . SHgO, is a crystalline

colourless powder, m.p. 200° {dec.), [ajo ~ 77° (HgO), — 100-4° (EtOH).
It is very soluble in water (1 in 2-25 at 25°), less so in aleohol (1 in 21-6 at

25°), and sparingly so in chloroform (1 in 4S0 at 25°). The tartrate,

Bg . C 4HgOg . 3H 2O, occurs in minute needles and eflloresces in air. It is

soluble in 11 parts of water and sparingly soluble in alcohol. The picrate

has m.p. 163-5°, and is soluble in 450 parts of water.

Detection. Morphine is at most coloured faintly pink by cold sulphuric

acid, but becomes dirty green and then brown on warming. With nitric

acid it gives an orange-red coloration. With dilute sulphuric acid and
potassium iodate it yields a brown coloration, which darkens on addition

of ammonia solution. Sulphuric acid containing a little formaldehyde
produces a reddish-violet colour, and sulphuric acid containing selenious

acid, blue, changing to green, then brown. Morphine salts in solution,

with potassium ferricyanide solution containing a little neutral ferric

chloride, give a blue coloration. A few drops of neutral ferric chloride

solution added to a solution of a morphine salt produce a blue coloration

which disappears on warming or on addition of an acid or alcohol.’ For
methods of estimation, sec p. 176.

apoMorphine, When morphine or its h^^drochloride is

heated in scaled tubes with hydrochloric acid at 140°, opomorphine hydro-

chloride is formed by the loss of a molecule of water from the parent

alkaloid.® Various other methods have been described ® of which special

interest attaches to that of Small, Faris and Mallonee ® for apocodeine.

apoMorphine is separated from any unchanged morphine by adding excess

of sodium bicarbonate to the mixture and extracting with ether or chloro-

form. From the latter it may be crystallised in the absence of oxygen,

or it may be isolated as the hydrochloride,

apoMorphinc forms colourless prisms from ether with 1 mol. of solvent,

but is usually seen as an amorphous white substance which becomes green

on exposure to air, a change which occurs even more readily in solution.

Unlike morphine, it is readily soluble in cliloroform or ether. The hydro-

chloride, B . HCl
.
^H20, the salt generally used in medicine, forms minute

colourless crystals, which become greenish on exposure to light and air.

It is soluble in water (1 in 50 at 25°), or alcohol (1 in 50 at 25°), is neutral to

litmus and has — 30-5° (HgO). The taste is slightly bitter. When
a solution of the hydrochloride is shaken with chloroform, and again after

addition of sodium hydroxide, the chloroform is coloured blue and the

aqueous layer reddish-violet. These colour changes are due to oxidation

products formed in presence of alkali. Such oxidation products may also

be present in opomorphine hydrochloride, which has been exposed to air

and light and are indicated by its forming an immediate green solution

in water or a reddish colour in ether when the dry salt is shaken with that

solvent. apoMorphine gives a crimson tint with nitric acid. With
mercuric cldoride and sodium acetate in aqueous solution, it produces 011

boiling a blue colour soluble in amyl alcohol ;
this reaction is said to be
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obtainable with 1 in 100,000 of the alkaloid.^® When 0*05 gm. of the

hydrochloride is shaken with 0-5 per cent, ferrous sulphate solution, the

latter becomes blue, then black, the blue colour being restored fay

alcohol. A colorimetric method of estimation has been described

by Cole .10

On methylation apomorphine yields apo-iff-co^wA^v. (j/r-apocodcine,

apocodeine, apomorphinc methyl ether), CigHigOgN . C 2H 5 . Oil, crystal-

lising in brilliant plates, m.p. 104* 5-106* 5°, or 122*5-124*5° (dry),

[a]]f" — 90° (EtOII), which is also produced when codeine or ^-codeine is

heated with oxalic acid ^1 or phosphoric acid.^ It stands in the same
relation to codeine as apomorphine to morphine,

0-Morphine (lysvndoMorphme, oxydimorphine, dehydromoiphine, oxy-

morphine), C 34H 36O 6N 2 . SlTgO. This alkaloid was isolated from opium
by Pelletier and later by Hesse.i^ The formation of a similar substance

by the action of mild oxidising agents on morphine was observed by
Schiitzenberger,!^ Polstorff 1 ^ and others. The alkaloid is best prepared

by gentle oxidation of morphine by permanganate or ferricyanide in

presence of sodium bicarbonate, but a variety of oxidising agents and
mildly lalkaline media have been used, c.g., hydrogen peroxide in presence

of potassium cuprous cyanide, 1 ^ or potassium persulphate in alkaline

solution. 1“^ The crude alkaloid, precipitated as the reaction proceeds,

may be collected, redissolved in sodium hydroxide solution and repre-

cipitated by the passage of carbon dioxide, and finally purified through
the hydrochloride. It forms crusts of minute, colourless needles, becomes
anhydrous at 150°, and then has m.p. 327° (dec.). It is Levorotatory in

acid solution (a = — 2*16° in N/HCl, c = 0*85, I = 22 cm.
;
Bertrand and

Meyer, 1909). The optical activity in alkaline solution varies. The
base is insoluble in water or ordinary organic solvents, but dissolves to

some extent in warm aqueous or alcoholic ammonia, in aqueous alkali

hydroxide solutions and in aniline, pyridine or various phenols. The
hydrochloride, B . 2HC1, crystallises with 2

, 4 or CHoO, has [a]n> 103*13°

(dry salt : HgO) and decomposes about 350°. 0-Morphine gives a dark
blue colour with ferric chloride, liberates iodine from iodic acid, gives a

green colour with sulphuric acid and formaldehyde and with sulphuric

acid and acetic anhydride. The last-mentioned reaction has been used

by Drevon as a basis for a colorimetric method of estimation. The
suggestion that some conversion of morphine into the comparatively

inactive 0-morphine may occur during sterilisation by heat,^® and the

possible like transformation in the body lends special interest to methods
of detecting and estimating either alkaloid in presence of the other

; Ball’s

method depends on the precipitation of 0-morphine by silicotungstic

acid at pH 7*8 and that of Dietzel and Huss on observation of absorption

spectra.

Small and Faris have prepared the isomeric 0-morphines by the

gentle oxidation of a-, j8- and y-i^omorphines (p. 218). They can all be
represented by * the formula, C34H33O 6N2 . SHgO, and their chief

characteristics are as follows ;

—



216 MORPHINE SUB^OROUP

a-^“i9omorphine, m.p. 276^ + 6 - 2 ° (iV/HCl)

j8-0-i^omorphine, m.p. 272°, — 77*0° (iV/HCl)

y-0-w*omorphine, m.p. 282“3°, [a] 44*8° (A^/HCl)

(For the constitution of j/r-morphine, see p. 255.)

Codeine, CiftllgiOgN. This alkaloid was isolated from opium by
Robiquet in 1833. It occurs in opium to the extent of 0*1 to 3 per cent.,

and is isolated therefrom as the hydrochloride along with morphine
hydrochloride in the first stage of Gregory’s process. It is a methyl
ether of morphine and is usually made from the latter by methylation,^^

for which there are numerous patents. An extensive series of ethers of

morphine and its isomerides, including ethers of the alcoholic hydroxyl

group (heterocodemes) has been prepared by Paris and Small.

Properties, Codeine crystallises with iHgO from water in large

translucent, orthorhombic prisms,^ m.p. 155° {dry), [a]i) *— 187*7^ (EtOH)
or — 111*5° (CHCI3), and is generally seen in this form, but it separates

from dry ether in small anhydrous prisms. Its taste is slightly bitter.

Codeine is moderately soluble in water (1 in 120 at 25°, 1 in 59 at 80°), or

ammonia solution (1 in 68 at 15*5°), more so in ether (1 in 75 at 15*5° or

50 at 25°), and readily so in alcohol (1 in 2 at 25°, 1 in 0*92 at 60°) or

chloroform (1 in 0*5 at 25°). It differs from morphine in being fairly soluble

in anisole (1 in 6*5 at 16°) or cold benzene (1 in 18) and in its sparing

solubility in aqueous solutions of alkali hydroxides.

Codeine is a strong, monoacidic base, forming salts which are neutral

to litmus or methyl orange. The neutral point of the hydrochloride is at

pH 4*98, and methyl red is therefore a suitable indicator for the titration

of the base. 2« The free base and also the sulphate and phosphate are

used in medicine. The hydrochloride, B . HCl . 2H2O, forms short needles

soluble in water (1 in 28*5 at 15*5°), 108*2° (HgO), m.p. 264°

(dry salt) ; the salt effloresces in air and loses its water completely at 120 °.

The sulphate, Bg . H2SO 4 . 5H2O, forms rhombic prisms, m.p. 278° {dec,),

1^]]^ ”” 101 * 2 ° (HgO), which readily lose 2H2O on exposure to air, are

completely dehydrated at 100° and regain 8H 2O on exposure to air. It is

soluble in water (1 in 80 at 25°), sparingly so in alcohol (1 in 1280 at 25°),

insoluble in ether. The phosphate, B . H 3PO4 . 1 , Ij or 2H 2O, forms

needle-shaped crystals, m.p. 285° (dec,), and is soluble in water (1 in 2*5

at 25°), less so in alcohol (1 in 825 at 25°). The picrate crystallises from

50 per cent, alcohol and has m.p. 196-7°. On treatment with sulphoacetic

acid,^®^®^ codeine is converted into 6-acetyl- 1-acetodeine,

CH3 . CO . CieHi50N(CH . O . CO . CH3)(OCH 3 )

which occurs in two forms, m.p. 146-7° and 125-126*5°, both having
— 207° (CHCI 3), and is hydrolysed by sodium ethoxide in alcohol to

1-acetocodeine, CHg . CO . CigHi50N(CH0H)(0CH 3 ) . HgO, m.p. 149-

150°, [a]p — 141°, which forms an oxime, m.p. 100 ° (dec,). On hydrogenation

with palladium as catalyst acetocodeine yields 1-acetodihydrocodeine and
with platinum as the activating agent l-(l-hydroxyethyl)-dihydrocodeine

and 1-ethyldihydrocodeine. (For notation see formula XXXV, p. 241.)

Detection, Codeine is distinguished from morphine by the differences
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in solubility recorded above, by giving no coloration with ferric chloride

solution, and a yellow, not a reddish, solution with nitric aid. A solution

of codeine in sulphuric acid, on addition of a drop of ferric chloride solution,

or of ammonium molybdate solution, and then gently warmed, develops a

bluish-violet colour, changed to red on addition of a drop of dilute nitric

acid. Sulphuric acid containing a trace of selenious acid produces a

green coloration, changing to blue and back again to green. For the

detection of morphine in codeine the British Pharmacopoeia, 1932,

prcNScribes a special form of the nitrite test and the use of the ferricyanide

test for this pur})ose is discnissed by van GifTe'n.^®

“
<7jooCodeine,” obtiiined by the action of zinc chloride on codeine is,

according to Dott,^® a mixture of chlorocodide, ap 9inorphine, amorphous
bases and unchanged codeine, but Folkers points out that apocodeine

is the name in general use for the methyl ether of apomorphine, for which
Knorr and Roth suggested the name ^-apocodcine (see p. 215).

A number of homologues of codeine have been prepared by the alkyla-

tion of morphine
; for example, ethylmorphine, which is used in medicine

in the form of the hydrochloride, C19H23O 3N . HCl . 2H2O (colourless,

bitter, microcryslalline powder, m.p. 122-5°), and benzylmorphine,

Ci 7Hi802N(0 . CH2 . CgHg), also used as the hydrochloride, B . HCl . H,0,
a colourless, crystalline powder.

Isomerides ofMorpJiim and Codeine. When morphine is treated with

thionyl chloride, phosphorus trichloride or tribromide, the alcoholic

hydroxyl group is replaced by the halogen, forming a-chloromorphide and
bromomorphide respectively. The former on treatment with concentrated

hydrochloric acid is converted into j3-cliloromorphide. Schopf and Hirsch

have provided evidence that the two are structural isomerides. With
the same reagents codeine yields a parallel set of compounds, viz., a- and
jS-chlorocodides, and bromocodide. The chief characteristics of these

products may be summarised thus :

—

Subetanoe 1 Ponmila M* p • Salta

a-Chloromorphide Ci^HieOeNCi 193® -375.2®
(MeOH)

B.HCl.[a]D-315.3°;
m.p. 207®

Chloromorphide OiyHieOgJJCl 108® -5®

(ItoOH)
B.Uel, ia.p.210°( deo)

Bromomorphide 169-170® 65*9°
(ItaOH)

B.Uel, m.p. 200®

o^Chlorooodlde 15E-8® -381’ 2®

(ifecm)
B.Uel, m.p. 168®;

[^Ohlorooodlde

Bromooodide

156-7®

162®

(TtOH,
V

56.8®
j

(ZtOB)

B*MeZ, m.peizidefl* .

jQite;[a]2)+4*6®
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The three halogenocodides can also be prepared by mcthylation of

the corresponding halogenomorphidcs. The latter, when boiled with

dilute acetic acid, yield a mixture of isomerides of morphine, viz., a-, jS-

and y-?>oirorphines
;

the last-mentioned isomeride has also been called

n<?oi,yomorphine. In like manner there are formed from the tliree halogeno-

codides, a-, jS- and y-?5ocodeines, which can also be obtained by inethylation

of the corresponding ?6*omorphines and are better known under the names
isocodeine, allo-i/f-codeine and ?/r-codeine ( neowocodeine) respectively.

There are therefore four morphines and four codeines. The four isomerides

consist in each case of two stereoisomeric pairs, and the pairs differ from

each other in the position of the alcoholic hydroxyl group, this being at 6

(see formulie, p. 251) in the parent alkaloids and the a-isomerides, and at

8 in the jS- and y-forms. These isomerides in turn give rise to a series of

four methylmorphimethines, also existing in two pairs, which are struc-

turally different, and the two members of the first pair are each convertible

into a second form by the action of alcoholic potash, a- into j8-, and y-

into S-. The principal facts about these three series of isomerides

are assembled in the table below.

^-Codeine corresponding to j3-methylmorphimethine is neopine
;

that

similarly related to the 8-mcthine is still unknown.

Morphine, a-isomorphine. j3-ivomorphitie. y-womorphine.
M.p. 254° 247° 182° 278°

[aj„ —130-9° 1 o — 216° - 94°

Metliylation product Codeine. isoCodeine. a//o-0'Codcine ^-Codeine.

M.p. . 155° 172° 116-117° 181°

[a]n -13:i° - 155° - 235-4° — 94°

Oxidation product . Codeinone. ^-Codeinone.
M.p. 187° 174°

[<1]d ... — 205° - 25°

Exhaustive methy- 3 : 4 : 6-trimethoxy- 3:4: 8-trimethoxy-
latioii product. phenanthrene. phenanthrene.

Mcthylation of the Codeine, i>o-Codeinc, «//o-^-Codeine, ^-Codeine,
isomeric codeines a-isomcr. y-isomer. ^-isomer. c-isomer.

gives the primary m.p. 119° m.p. 1«6° oil m.p. . 130°

methylmorphime- [a]„ . ~ 214° [a],. 4- 65° [a]„ - 178° Ho - 120°

thines. (both stable to alkali)

which by action
of alcoholic
potash yield the f r

secondary me- fl-isomer, 5-isomer,
thylmorphime- m.p. 134° m.p. 113° — —
thines. [a],. -f 438° [a]., + 284°

Neopine, CigH2i03N. This alkaloid was discovered by T. and H.
Smith in the final mother liquors obtained in the extraction of opium
alkaloids, and was examined by Dobbie and Lauder, and Istter by van
Duin, Robinson and Smith, who cystallised the base, found it isomeric

with codeine and showed that it is j8-codeine (p. 251). The base crystallises

from light petroleum in needles, m*p. 127-127*5°. In aqueous solution
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it is optically inactive, but has + 18-85° in dilute hydrochloric acid

or — 2S-1° (CHCI3). The salts crystallise well, the hydrobromide being

sparingly soluble in water, from which it separates in prismatic crystals,

[a]tr + 17*32° (HgO), m.p. 282-3° (dec,).

Ncopine contains one rnethoxyl and one methylimino-group and
furnishes an amorphous acetyl derivative, of which the methiodide,

CigH2o03N(Ae)(MeI), crystallises from methyl alcohol in long glistening

needles, m.p. 250-7° (dec,). On catalytic hydrogenation neopine is con-

verted into dihydrocodcine, CigH2303N . 2H2O,®® m.p. 51-^° or 112-3°

(dry), identical with that obtained by the hydrogenation of codeine.

Neopine methosulphate is a deliquescent gum. On boiling its aqueous
solution, after addition of potassium hydroxide, jS-methylmorphimethine
is produced. This crystallises from alcohol in rhombohedral prisms,

m.p. 135°, and gives a methiodide®^ crystallising in glistening needles,

m.p. 291° (dec,), 24M° (e == 0-506 : McOH) or + 262° (c = 0-3 :

EtOH, 90%). Neopine, therefore, stands to jS-methylmorphimethine in

the same relation as codeine does to a-methylmorphimethine (see table,

p. 218). These observations have been conhrmed and extended by
Lyndon Small,®® who has shown that neopine on treatment with hydro-

brornie acid in acetic acid is demethylated and forms 6-acetyWomorphine,

C18H21O 4N, 1-5 Il^O, m.p. 243-51° (dec,), + 27*6° (EtOH), which
with acetic anhydride in pyridine yields diacetyln^omorphine,

m.p. 127-127-5°, + 17-5°, and is hydrolysed by boiling 2N“Caustic

soda solution to 7i(?omorphine, which separates from chlorofoim as

C17H13O 3N, CHCI 3 , m.p. 107°, [ajf”” — 18*2° (CHClg), and as solvent-

free base, has m.p. 240-1° (dec,), and gives a bluish-green colour with

ferric eliloride solution and reddish-violet with Marquis’s reagent
;

the

hydrochloride has m.p. 295-8° (dec,) and + 22 - 6 ° (HgO), 6-Acetyl-

7/^t^morphine on hydrogenation forms 6-acetyldihydromorphine, m.p. 245°,

— 117° (EtOH) which on hydrolysis, by hot 3N-sodium hydroxide

solution, gave dihydromorphine, characterised by its double melting-

point 135° and 207° on slow heating or 155-7° when heated rapidly.

Thebaine, C19H21O3N. This base, which occurs in opium to the extent

of 01 to 1 per cent., was first obtained by Pelletier and Thiboumery,®®

who regarded it as isomeric with morphine, and named it “ paramorphine.”

It was examined by Kane,®® who first called it “ thebaine,” and by
Anderson,®'^ who described a method of isolation and provided the formula

given above. It remains in the mother liquor after the removal of morphine

and codeine hydrochlorides in Gregory’s process, and in Hesse’s method ®®

of isolating it from this source is obtained as the acid tartrate. This is

crystallised from hot water, and the alkaloid regenerated from it is

recrystallised from dilute alcohol, from which it separates in leaflets, or

from dry alcohol in prisms, m.p. 193°, — 218-6° (EtOH) or — 229-5°

(CHCI 3).
It is readily soluble in alcohol, chloroform or benzene, less so in

ether, and almost insoluble in cold water, but sparingly so in ammonia or

lime-water. Thebaine behaves as a monoacidic base. The hydrochloride,

B . HCl . HgO, forms large rhombic prisms, [ajj — (168-32° — 2 -88c),
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soluble in 15*8 parts of water at 10 °. The salicylate is sparingly soluble in

water, and may be used for the separation of thebaine from other opium
alkaloids. The picrate has m.p. 217°. Thebaine gives a blood-red

coloration with sulphuric acid, which turns orange-yellow, and eventually

olive-green on warming,^® and with nitric acid it is at first colourless but

becomes yellow in a few minutes.

Porphyroxine, C19H 23O4N. In 1837 Merck isolated from opium a

product to which he gave this name, and which Hesse subsequently

found to be a mixture of alkaloids, including rhoeadine and meconidine.

A similar substance was obtained by Dey in 1882, both these preparations

having the property of forming purple-coloured solutions with dilute acids.

Rakshit has examined the material dissolved by ether from an extract

obtained by triturating a mixture of Indian opium and lime with water,

and has isolated from it a substance to which he assigns the above name
and formula. It is described as crystallising from light petroleum in pale

yellow or colourless, tiansparent prisms, m.p. 134-5°, — 139-9°

(CHClg), soluble in w^ater, dilute acids, acetone, chloroform and moderately

so in alcohol, benzene, sparingly in ether or light petroleum and almost

insoluble in lime water or alkalis. Solutions in dilute acids become red on
exposure to air. The alkaloid gives a red colour with sulphuric acid.

The salts are mostly crystalline, B . HCl, m.p. 155°, — 118-8° (HgO),

prismatic needles
;

nitrate,
^
B . HNO3, m.p. 122 °, feathery tablets,

— 115-4° (HoO) ;
the platinichloride, m.p. 204° (dec.), and picrate,

B . C 9H 3O 7N 3 , m.p. 198°, (dec,) are crystalline powders.

In a later paper Rakshit showed that porphyroxine behaves as a

tertiary base, yielding a methiodide, m.p. 150-2°, and a methosulphate,

m.p. 205° (dec.). The presence of a hydroxyl group was indicated by the

formation of a monoacetyl derivative, m.p. 125°, [(x]d
— 187*2° (EtOH),

and this group must be non-phenolic as the base is insoluble in alkali.

Porphyroxine also forms a crystalline oxime, m.p. 198° (dec.), and a

semicarbazone, m.p. 244° (dec.). It contains one methoxyl group, and the

methylmethosulphate, on treatment with potassium hydroxide in methyl

alcohol, yields methylporphyroxine, C20H25O 4N. The methylmetho-
sulphate, on reduction with sodium amalgam in dilute sulphuric acid,

furnishes methyltetrahydroporphyroxine, C 20H29O 4N, colourless plates,

m.p. 150°, but the parent base could not be hydrogenated. On distillation

with zinc dust porphyroxine furnishes phenanthrene, ammonia and
trimethylamine, and when heated with potassium hydroxide solution

(2 per cent.) and hydrogen peroxide, codeine and formic acid are produced,

thus :

—

C18H28O 3N : CO -f KHO -f H2O2 = CigHgiOgN H . CO • OK + 2Hp.

On the basis of these results, Rakshit represents porphyroxine as codeine

with a—CO— group as a bridge in the aromatic ring in Pschorr’s codeine

formula (see p. 234). Machiguchi isolated from Japanese opium a
product identical in melting-point and other characteristics with porphy-
roxine, which on examination proved to be a mixture of codamine, lauda-
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nine and meconidine, and Rajagopalan was unable to find porphyroxine

in Indian opium and suggested that Rakshit’s alkaloid was impure
codeine. Bamford found that the porphyroxine test is not distinctive

for Indian opium, and that a substance giving this test also occurs in

Turkish opium.^®
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CONSTITUTION OF ALKALOIDS OF THE MORPHINE
SUB-GROUP. Morphine has been tlie subject of investigation almost

continuously since its discovery in 1804, with the result that the experi-

mental data available for a discussion of its constitution are too voluminous

to permit of a full account being given in a general text-book on alkaloids

and it is necessary to coniine attention to a few lines of investigation

illustrating the more striking peculiarities of the group.

The three alkaloids concerned, morphine, codeine and thebainc, all

behave as tertiary bases. Morphine contains two hydroxyl groups of

which one is phenolic and Ahc other a secondary alcohol group. On
methylation of the phenolic hydroxyl codeine results. On oxidation,

codeine is transformed into codeinone by conversion of the secondary

alcohol group into a carbonyl group, and when thebaine is boiled with

N-sulphuric acid for a few minutes, it is hydrolysed into codeinone and
methyl sulphate, and in other ways thebaine has been shown to contain

two methoxyl groups. That the relationship between the three alkaloids

is close may be illustrated by the following slightly extended formulae :

—

CHgO's..^ CHgOv.

CHOH^ CHOH^

Morphine Codeine Codeinone

Codeine is therefore a methyl ether of morphine, whilst thebaine is a

methyl ether of an enolic form of codeinone. There has been much
discussion as to the function of the third or “ indifferent ” oxygen in the

three alkaloids, and its nature has only been disclosed by a study of

degradation products.

The three alkaloids all yield characteristic products on treatment

with hydrochloric acid. In this way morphine yields a;?omprphine,

apparently by loss of water ; codeine also yields ajjomorphine, accom-
panied by other products, but thebaine yields, with dilute hydrochloric

acid, thebenine, and with strong hydrochloric acid, morphothebaine.

These two are respectively secondary and tertiary bases, so that in the

formation of thebenine a heterocyclic ring has been opened and a tertiary

CHgO

CHixO • C

Thebaine
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nitrogen eonvcTted into a secondary nitrogen =: NCHg into —
- NHCHg.

Further, thebeniiie and morphothebaine are both isomeric with codeinone,

and, as the latter can be converted into thebeniiie and morphothebaine by
the action of hydrochloric acid under appropriate conditions, it seems
clear that in the action of hydrochloric acid on thebaine, the latter loses

methyl chloride and produces codeinone, which is then by further action

of the acid transformed into thebenine and morjihothebaine. Since the-

bainc can he converted into codeinone in various ways,^ and the latter

can be reduced to codeine, it is possible to piss from thebaine to codeine.

The relationships thus far established may be summarised thus :

—

HO-'C

HO.HO

HO-C

HO.C
yisHjsHt-

2H30**C\
C15H16OH

Morphine apoMorphlae Codeine

CHgO-C \
3130*0''

O15H15OM -

CHaO-Ox

00

CKgO.C^

HO-C^
C15H15ON or

CH-»0*b
®

. S0i5Hi40 (JIH)

HO-0'^

Jhobalne Godainona Morphotlve\)eine Thebenine

It is known that the third oxygen atom in morphothebaine and
thebenine is present as a hydroxyl group

;
it must therefore be present in

the three parent alkaloids in a torm which will permit of ready transforma-

tion to this group. The conversion of thebaine into two isomeric bases,

one secondary (thebenine) and one tertiary (morphothebaine), each
containing one nielhoxyl group and two hydroxyl groups, is an example
of change due to intramolecular migration, common in this group. It is

noticeable in the methyl morphimcthiiies, of which six arc known.
When a-methylmorphimethine, C19H23O3N, resulting from the action

of boiling sodium In droxide solution on codeine rnethiodide, is boiled with
acetic anhydride, it is partly converted into the ^-isomeride and partly

decomposed into ethanoldimethylamine and methylmorphol,^ thus :

—

C!H30*C\ CHsO'Cn.
GH20H*CH2*U(Grl3)2.

When hydrogen chloride at 180° is used in place of acetic anhydride, the

dcmcthylated product, morphol, is obtained. Consideration

of its reactions led Vongerichien ^ to formulate methylmorphol as 3-

mcthoxy-4-hydro\yphenant}irene. identical with the product synthesised

by Pschorr and Sumuleanu.^

When the Hofmann process of exhaustive methylation is followed and

)3-methylmorphimethine methohydroxide is heated in water, a decom-

position similar to the foregoing takes place with the production of

methylmorphenol, trimethylamine and ethylene thus ® :

—

4Hi20 -lUGli3 ) 2 ,CH30H .CH30 *CiaH70 + ir{GK3)3+0gK4+2H20

The methyl ether of morphenol thus obtained differs from methylmorphol

by two atoms of hydrogen, and contains no hydroxyl group. On fusion
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with potash, morphenol is converted into 8:4: 5-trihydroxyphenanthrene,*

the constitution of which was established by its conversion into the

trimethyl ether, identical with 8:4: 5-trimetlioxyphenanthrene, synthe-

sised by Pschorr."^ The presence of an ether-oxide linkage in morphenol
appears from the fact that on reduction with sodium in alcohol it adds on
two atoms of hydrogen, forming morphol,® which contains two phenolic

hydroxyl groups, both in one benzene ring, since morphol, but not

morphenol, can be oxidised to phthalic acid.® Oxidation of acetylmorphenol

with chromic oxide in acetic acid gives rise to a phenanthraquinone, in

which the ether-oxide linkage is still intact ^
;

positions 9 and 10 in the

phenanthrenc nucleus of morphenol must therefore be free ;
this leaves

virtually only an oxygen bridge between carbon atoms 4 and 5 to account

for the experimental data summarised above and morphenol is, therefore,

represented by the formula given on p. 226.

A similar reaction takes place with codeinone, the ketone corre-

sponding to the secondary alcohol codeine. This, with ac*etic anhy-

dride, yields ethanolmcthylamine and the diacetyl derivative of a

dihydroxymethoxyphenanthrone, which on replacement of the two
acetoxy-groups by methoxyl groups yields methylthebaol,^^^®! which
Pschorr, Seydel and Stdhrer had shown to be 8:4: 6-trimethoxy-

phenanthrene. These are typical cases of a kind of reaction which has

proved useful in ascertaining the orientation of the side-chains of the

phenanthrene skeleton common to all three alkaloids and their near rela-

tives. The phenanthrene derivatives produced by the degradation of the

more important members of the group are recorded in the following table :

—

Alkaloid Phenanthrene degradation product

Type I.

Morphine^

Codeinej
Thehaine

3-Methoxy-4-hvdroxyphenanthrene, or
S-methoxy-i 4:5) -oxyphenanthrene •

3 : 6-Diiaethoxy-4-hydroxyphenanthrene

.

apoMbrphlne 3;4-Dlmethoxy-8-vinylphenanthPene
Type II.

Morphothehaine 3:4: 6-Trimethoxy-8-Tinylphenanthren6

Type III.

y- ieoMorphine

y* -Codeine

yr-OodeifnoneJ
3-Methoxy-4: e-dihydroxyphenanthreneP

Type IV. Thehenine 3:4:8-Trimethoxy-5-yinylpheaanthrene.^^

The basic product in these reactions varies with the nature of the
initial substance and the character of the degradation process, as the
following selected instances show :

—
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Degradation produets
( a) Baalo . jh] Meutral #

(a) Ethanoldimethylaraine

,

HO’CHg* CIi2*2J{CH3)2*

(b) 3-M0thoxy-4-aoetoxy-
"" phenanthrene

.

(a) Dlznethylaminoethyl ether,
"" CgH^O* CSHg* CE[2*H((H3)g«

(b) 3-Methoxy-4-hydroxy-
*“ phenanthrene.'*^

(a) Trimethylainlne

.

(b) 3-lHpthoxy-(4;6)-
“ oxyphenanthrene.'^

( a ) Ethanolmethylamlne

,

~ HO-CH2'CHg«BHCH3.

(b) 3-Methoxy-4: 6-diacetoxy-
““ phenanthrene. **^-

(a) Dlmethylaminoethyl ether,
C2H50-CH2-GH2^]J(CH3)2.

( b ) 3-Methoxy-4 : 6-d ihydroxy-
phenanthrene.**

(a) Dlmethylaminoethyl ether,
CgHgO* GHg • CHg • JSr( CH3

)
2

.

(b) 3-Methoxy-4:8-dihydroxy-
“ phenanthrene

.

( a ) Ethanolmethylamlne

,

" H0*CH2«CH2*iaHlte.

(b) 3;6-Dlmethoxy-4-
"" benzoxyphenanthrene.^®

The nature of the basic product formed in these reactions was important
in connection with the earliest attempts to devise a constitutional formula
for morphine, when it was assumed that the oxygenated basic pro-

ducts, resulted from the hydrolysis of an oxazine ring containing the
“ indifferent ” third oxygen atom of morphine. Knorr, the author of

various “ o?c:azine ” formulae for morphine, disposed of it by providing

two other explanations. He showed that by the action of hydrogen chloride

on a-methylmorphimethane, a mixture of ethanoldimethylamine and
tetramethylethylenediamine is obtained, produced, he suggested, from the

initial extrusion product, chloroethyldimethylamine by the action of the

alkali used in working up the reaction mixture. Similarly, by the action

of sodium ethoxide in alcohol on a-methylmorphimethine or on codeinone

methiodide, dimethylaminoethyl ether, accompanied by some dimethyl-

amine in the case of codeinone, is formed, as it is also in the action of

alcohol at 160° on the methiodide of either thebaine or codeinone. In

these cases Knorr assumed that the initial product is vinyldimethylamine,

which reacts with (1) alcohol, to give dimethylaminoethyl ether
; (2) with

FIiANT ALK. 8

Sabstanoe

a- or e-Methylmorphi-
methine

Degrading
Agent

Acetic anhydride

3-Uethylmorphlmethine Sodium ethoxide

a-Methylmorphlmethine
methiodide

Hofmann prooeea

Codeinone Acetic anhydride

Codeinone methiodide Alcohol at 160^

Codeinone methiodide ft « If

Thebaine Benzoyl chloride
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acetic acid (in the case of acetic anhydiide degradations) to give the

hydramine acetate ; and (8) with dimethylamine to give tetramethyl-

ethylenediamine,^® as shown in the following equations :

—

U) (CH^)gN-.CH=CHg + CgHg-OH = (

(2) (CH2)gN-CE=CHg + CHg-COOH = ( CH^
)

gN-CHg-CHg-^-CO-CH^

(3) (CH3)2N-CH;=:CH2 + NH(CH3)2= I CHg )2N-CH2-CH2-N( CHj )2

It proved impossible to test the validity of this hypothesis because

vinyldimethylamine could not be prepared.

It follows from the evidence thus obtained that morphine, and
consequently codeine and thebaine, must be built up from the complex
—CH2—CHg—N—CHg, and a phenanthrene skeleton capable of yielding

such derivatives as the following :

—

Morphol

CH

c !c

A
Hcr ;c-oH

yC 4C-0H

h/v^Hi II
I 0

“\Ap. "V\/
“V“ “s /“

CH CH

Morphenol

,A-^
1

'

II
I

HC C

I V.'
HC. ^C-OHV

Ur/ 'C-OCH,
I

II

’
c .C-OH

HC,! i

Y>
HC C-OCHV

3~Metlioxy-^ : 6~dl"» Thebaol
hydroiyphanantbrane
from codelnone .

Referring to the table on p. 224, it will be seen that in type I positions 3

and 4 are always occupied by methoxyl or hydroxyl, and in the cases of

codeinone methiodide and thebaine position 6 is similarly occupied.

There can be little doubt, therefore, that so far as the oxygen atoms are

concerned in the alkaloids of type I, the phenolic hydroxyl in morphine
is at position 3, the indifferent oxygen forms an oxygen bridge between
positions 4 and 5, and the alcoholic hydroxyl is at 6. Codeine differs from
morphine in having a methoxyl at 3, and codeinone from codeine by the

conversion of a —CHOH group into —CO— at 6, whilst thebaine differs

from codeinone by the replacement of CO at 6 by C

—

OCH3. Comparing
this type with III, it will be seen that y-i^omorphine and ^-codeine, and
consequently 0-codeinone, which is related to them in the same way as

codeinone to morphine and codeine, differ from their isomerides of type I

by the wandering of the alcoholic hydroxyl group from position 6 to

position 8. In the remaining t5q)es II and IV it has been possible to obtain

as degradation products substituted vinylphenanthrenes, and thus to

secure direct evidence of the point of attachment of the carbon end of
the ethanamine chain to the phenanthrene nucleus.

Before discussion of the numerous formuhe that have been suggested
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for the three primary bases, morphine, codeine and thebaine, it will be
convenient to deal with those now generally accepted for a:/?omorphine,

morphothebaine and thebenine, since in these derivatives the protean

changes characteristic of the parent alkaloids are no longer possible. To
these may be added ^^othebaine, which is of special interest since it is found
in Papaver orientale (p. 173).

apoMorphine, Cj^Hi^OgN. This alkaloid has been deseiibed already

(p. 214) but the constitutional formula to be assigned to it remains to be
dealt with. Though opomorphine differs in empirical composition from
morphine only by 1 mol. of watei, it results from a much more profound

change in the morphine nucleus than is implied by that difference. The
following particulars are taken mainly from papers by Pschorr et

apoMorphine contains one methylimino-group, and the presence of two
hydroxyl groups is indicated by the formation of a dibenzoyl derivative,

colourless prisms, m.p. 150-8°, [a]}/* + 48*4° (CHClg), a monomethyl ether

(^-apocodeine, p. 215), and a dimethyl ether, oil, — 148° (EtOH).^^

The latter forms a cr3^stalline hydriodidc, m.p. 220°, [a]}f° — 49° (EtOH),
and a methiodide, m.p. 195°, — 46° (EtOH),^^ which, on treatment

with alkali, furnishes dimethylapomorphimethine, of which the methiodide,

m.p. 242-4°, on boiling foi twenty minutes with dilute potassium hydroxide

solution, decomposes into tiimethylamine and a dimethoxyvinyl-

phenanthrene, Ci 4H 7(OMe)2—CH==CH2, rhombic tablets, m.p. 80° (picrate,

violet needles, m.p. 128°). This, on oxidation with permanganate, gives a

8 : 4-dimethoxyphenanthrenecarboxylie acid, m.p. 196°, which was
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converted by the Curtius method into 8:4: 8-trimethoxyphenanthrene,

m.p. 138°, identical with the product synthesised by Pschori and Busch.

This leaves no doubt that the neutral product of the Hofmann degradation

of apomorphine is 3 : 4-dimethoxy-8-vinylphenanthrene,^^ and provides

proof of the formula (1 : 2 -OMe replaced by 2 -OH groups), suggested for

apomorphine by Pschorr in 1902.^^ In this alkaloid, therefore, the carbon

end of the ethanamine chain is attached at carbon atom 8 . This formula-

tion of apomorphine gave support to the view that the third “ indifferent
”

oxygen of morphine could not form part of an oxazine ring, also invobdiig

the ethanamine chain, but was present in a 4 to 5-oxygen bridge as in

Vongcrichten’s morphenol.® Confirmation of this formula was provided

by the syntheses in 1929 of dZ-opomorphine dimethyl ether by Avenarius.

Pschorr and Herz,^^ and by Spath and Hromatka.^^ The former authors

condensed 2-nitro-3 : 4-dimethoxyphenylacetonitrile with l-hydroxy-2-

methyl-1 ; 2 : 3 : 4-tetrahydroi.9oquinoline in presence of sodium ethoxide

to form the nitrile (II), which, after removal of the cyano-group by
hydrolysis and decarboxylation, followed by reduction of the nitio-

group, gave l-(2'-amino-3' : 4'-dimethoxybenzyl)-2-methyltet^ahyd^o^>o-

quinoline (III). This, on diazotisation in presence of copper powder,

underwent the Pschorr phenanthrene ring closure to apomorphine dimethyl

ether (I), which was identified as the methiodide, m.p. 195°, and the

methine base hydrochloride, m.p. 220-1 °, derived from the latter. Gulland

and Virden have called attention to various reactions in this synthesis,

which are at variance with their experience in syntheses of this type, and
which they suggest need further elucidation.

The synthesis by Spath and Hromatka was based on the Bischler-

Napieralski i^oquinoline synthesis, a method already tried without success,

for the solution of this particular problem, by Kay and Pictet and
Gulland, Haworth, Virden and Callow.^^ Nitro/iow.overatryl-j8-phenyl-

ethylamide (IV), prepared by Kay and Pictet’s method, was treated with

phosphoric oxide in boiling toluene, producing a non-basic substance,

C18H18O 4N2 ,
m.p. 124-6°, probably identical with that described by Kay

and Pictet 2® and the desired product l-(2'-nitro-3' : 4'-dimethoxybenzyl)-

3 : 4-dihydroi5oquinoline, m.p. 129°. This, in the form of the metho-
chloride (V), was reduced by tin and hydrochloric acid to the amino-

tetrahydro-base, which, on treatment with nitrous acid and copper

powder, gave dZ-opomorphine dimethyl ether (I). As Z-opomorphine

dimethyl ether, obtained from morphine, could not be racemised for

comparison with the synthetic product, comparison was made by boiling

each with benzoyl chloride to form the scission product (VI), m.p. 164-5-

165°, in which there is no asymmetric carbon atom, and which proved to

be identical from both sources. A relationship between apomorphine and
^pistephanine (p. 361) has been suggested.

Thebenine, CigHigOgN. This secondary amine, which differs by CHg
in empirical composition from thebaine, is formed by the action of hot
dilute hydrochloric acid on thebaine 2® or codeinone,^® but not ^-codeinone,

which does, however, yield triacetylthebenine and ethanolmethylamine
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when boiled with acetic anhydride.^®. The alkaloid is amorphous, insoluble

in ether, sparingly in hot alcohol, insoluble in ammonia, but readily

soluble in alkalis, in which it oxidises rapidly. Thebenine dissolves in

sulphuric acid, giving a blue solution, which is decolorised on addition of

water. The hydrochloride, B . HCl . SHgO, forms pale yellow crystals,

m.p. 231-5^ (dec.), and the sulphate Bg . H 2SO 4 . HgO, yellow leaflets,

m.p. 209-210'^ (dec.), sparingly soluble in water. A series of thebenine

ethers has been prepared.®^ Thebenine-8-methyl ether (methebenine) has

m.p. 165-7"^, and, according to Pschorr and Massiacu,®^ still contains one

free hydroxyl group, since it is soluble in alkali, yields a diacetyl derivative

(leaflets, m.p. 179"^), and can be further 0-methylated, when the secondary

nitrogen has been converted into a quaternary form, as in dimethebenine-

methinc methiodide, Cignio(OMe) 8 . NMcgl (needles, m.p. 247°). The
latter substance is produced in two stages : methebenine, C19H 21O 3N, is

treated with excess of methyl iodide to produce methebeninemethine

methiodide, Ci 8Hio(OMe) 2(OH)—NMcjI (microscopic prisms, m.p. 215°),

which is in turn treated in aqueous solution with the calculated quantity of

alkali hydroxide and dimethyl sulphate to produce dimethebeninemethine

methosulphate, Ci 6lIio{OMe)3 . NMe 3 . S04Me. This crystallises in colour-

less needles, m.p. 277°, and is readily converted into the corresponding

methiodide by double decomposition with potassium iodide. Either of

these quaternary salts on warming in dilute aqueous solution with potas-

sium hydroxide produces trimethylamine and a trimethoxyvinylphen-

antlirene, m.p. 122-5°, which, on oxidation with permanganate, furnishes

a trirnethoxyphenanthrenecarboxylic acid, m.p. 219-221°. This acid, on

decarboxylation, gives 3:4: 8-trimcthoxyphenanthrene, and thus indicates

the positions of the three oxygenated substituents in the phenanthrenc

nucleus. The original methoxyl group must be at 3, since thebenine is

obtainable from codeinone and the latter is known to contain a methoxyl

group at 3 Confirmation of the hydroxyl group at 8 is found in the

degradation of thebenine ethyl ether (ethebenine) to 3 : 4-dimethoxy-8-

ethoxyphenanthrene,^^ m.p. 100°, identical with the synthetic product.^^

The position of the vinyl group, representing the original ethanamine

chain, is indicated by the fact that the trimethoxyviiiylphenanthrene,

when boiled in acetic acid, is converted into methebenol,^^ m.p. 133-4°,

first obtained by Freund and Holthof by treating methebeninemethine

methiodide, Ci 0Hio(OMe) 2
(OH) . NMcgl, with a solution of potassium

hydroxide, hydrogen iodide and trimethylamine being eliminated.

Thebenol, C17H14O 3, m.p. 186-8°, the phenol corresponding to methebenol,

was prepared by Freund by -the action of caustic soda solution on

thebeninemethine methiodide. It gives a monoacetyl derivative and, on

distillation with zinc dust, is converted into pyrene, CiqHjoj implying the

formation of a ring between and C®. On the assumption that in the

formation of methebenol from 3:4: 8-trimethoxyvinylphenanthrene the

vinyl group reacts with the neighbouring hydroxyl group in position 4,

formula (VII) was assigned to thebenol,^® which implies position 5 for the

ethanamine chain in thebenine as adopted by Pschorr in his formula
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(IX) for this alkaloid. Definite proof of this location was first provided by
Gulland and Virden,^® who suggest formula (VIII) for thebenol in view
of the ease of formation and stability of six-membered oxide rings. These
authors showed that the neutral product formed by the exhaustive

methylationofthebeninemust beS : 4 : 8-trimethoxy-5-vinylphenanthrene,

since it furnished on catalytic reduction 8:4: 8-trimethoxy-5-ethyl-

phenanthrene (XJjf), m.p. 165-6°, identical with this material synthesised

for comparison. The synthesis was effected by condensing 2-nitro

veratraldehyde and sodium 6-methoxy-3-ethylphenylacetate to trans-

a-(6'-methoxy-8'-ethylphenyl)-2-nitio-8 : 4-dimethoxycinnamic acid (X),

reducing this to the corresponding amine (XI), which by the diazo-reaction

in presence of copper powder, cyclised to 8 : 4 : 8-trimethoxy-5-ethylphen-

anthrene-9-carboxylic acid, which, by elimination of carbon dioxide, gave
the required substance (XII).

'^CH

Cook and Thomson have prepared 1-azapyrene, C15H9N, m.p. 157-9°,

which they suggest is identical with thebenidine, CjgHgN, m.p. 144-8°,

obtained by Vongerichten along with pyrene by distilling thebenine

with zinc dust.

Morphothebaine, CigHigOgN. This tertiary base results from the

action of hydrochloric acid on thebaine at 80-90° in closed vessels,®’ or in

a similar manner from codeinone.®® It forms colourless crystals, which

become tinted green or blue when kept, m.p. 197° (dec.), [a]})®” — 180°

(EtOH). The base furnishes a characteristic acid hydrochloride, B2 . 8HC1,

colourless needles, m.p. 254-5°, which is converted by water or alcohol to

the normal hydrochloride, B . HCl, minute needles, m.p. 256-60°.
.

The



CONSTITUTION 231

methiodide, B . Mel, crystallises from acetic acid and has m.p. 221-2 ®.

With diazomethane it yields a dimethyl ether, which has not been
crystallised, [a]D — 184*8° (Klee or — 172*7° (Gulland and Haworth
but gives a crystalline d-acid tartrate, needles, m.p. 208-9° [dec,), [a]p — 75°

(HgO). Morphothebaine is not coloured by sulphuric acid, but with nitric

acid it gives a red colour changing to reddish brown. Erdmann’s reagent

(sulphuric and nitric acids) produces a green colour changing to dirty

bluish-violet, and Frohde’s reagent (sulphomolybdic acid) bluish-green

changing to dull violet.^® A relationship of morphothebaine to 0-eprstepha-

nine (p. 861) has been suggested.

The alkaloid behaves like trpornorphine when boiled with benzoyl

chloride, forming a tribenzoyl derivative, m.p. 184°, in which two benzoyl

radicles enter hydroxyl groups, and a third induces scission of a saturated

heterocyclic ring.®® The product, on oxidation with chromic acid in acetic

acid, yields tribenzoylmorphothebainequinone, isolated as a phenyl-

hydrazone, C 45ll 3 £,07N 3 , crystallising in red needles, m.p. 227°, and forming
with o-phcnylenediaminc an azinc, C 45H330gN3 , m.p. 201 °. On hydrolysis

with alkali, the two 0-benzoyl-groups of the tribenzoyl-derivative are

removed and A-benzoylmorjjhothebainequinone, C 25H 21O 3N, brown
prisms, m.p. 267°, is obtained, which yields a phenylhydrazone, reddish-

brown needles, m.p. 271°, and an azine, C 3iH2504N3 , brownish prisms,

m.p. 274-5°.^® Knorr and Pschorr had already shown that the alkaloid

on treatment with sodium methoxide and methyl iodide m methyl alcohol

at 100 ° is converted into a methinemethiodide, C22H 2 g03NI, m.p. 266-8°,

which on treatment with alkali decomposes into a trimethoxyvinylphen-

anthrene, m.p. 60-1°, yielding on oxidation a trimethoxyphenanthrene-

carboxylic acid, m.p. 201 °. This acid was shown by Pschorr and Rettberg
to yield via the Curtius procedure a tetramethoxyphenanthrene, m.p.
108-9°, which in the following year Pschorr and Knoffler synthesised

and showed to be 3:4:6; 8-tetramethoxyphenanthrene (XIV), thus

confirming formula (XIII) suggested by Pschorr and Halle in 1907 for

morphothebaine, and from which tribenzoylmorphothebaine may be
written as (XV). Pschorr and Halle’s formula has been confirmed by
Gulland and Haworth’s synthesis of morphothebaine dimethyl ether,®®

effected by the conversion of 2'-nitro-3' : 4'-dimethoxyphenylaceto-j8-3-

methoxyphenylethylamide (XVI) by the action of phosphorus penta-

chloride in chloroform at atmospheric temperature into 2 '-nitro-6 : 8 ': 4 '-

tiimethoxy- 1 -benzyl-3 ; 4-dihydro/soquinoline (XVII), which crystallised

from methyl alcohol in faintly yellow prisms, m.p. 121-3°, and yielded a

methiodide, yellow needles, m.p. 220° [dec,). The latter on reduction with

zinc dust and hydrochloric acid was converted into 2'-amino-6 : 3 '
: 4 '-

trimethoxy-l-benzyl-2-methyltetrahydroi5oquinoline (XVIII) which was
transformed into dZ-morphothebaine methyl ether (XIII : 2 -OH replaced

by 2 -OMe) by diazotisation and heating. The dZ-base is an oil yielding a

crystalline hydriodide, colourless needles, m.p. 227° [dec,). It was derace-

mised by crystallisation of the acid d-tartrate, the Z-base hydrogen d-tartrate

separating first in stellate groups of colourless needles, m.p. 208-9° (dec,),
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[a]o — 74-8° from which the oily Z-base, [aj^ — 178-5° (CHCI3) was
recovered. The methiodide crystallised from alcohol in colourless needles,

m.p. 195'', [a]D — 87-1° (H 2O). The corresponding figures found for the
dimethyl ether of Z-morphothebaine prepared from thebaine were hydrogen
d-tartrate, m.p. 208-9° (dec,), [a]© — 75° (Klee gives — 74 - 3 °)

;
base

(x)b — 172-7° (Klee gives — 184-8°)
; methiodide, m.p. 195°, [a]n — 88 - 2 °.

The following results were found for the d-isomeride isolated from
the mother liquors of the Z-base hydrogen d-tartrate and purified by con-
version into and crystallisation as the hydrogen Z-tartrate. Base, oil,

Wd + 174-2° (CHCI3)
; hydrogen Z-tartrate, m.p. 208-9° (dec,), [ajn

+ 75-5° (H2O).

Mechanisms for the change of thebaine into thebenine have been

suggested by Freund and Speyer,^^^®^ Gulland and Robinson and SchOpf

and Borkowsky and for the conversion of thebaine (or codeinone) into

morphothebaine by the same authors and in addition by Gulland and
Robinson and Wieland and Kotake.^^^^^

isoThebaine, C19H21O3N. This alkaloid, like apomorphine and
morphothebaine, belongs to the aporphine sub-group (p. 306), but as it is

obtained from a Papaver sp, viz,, P. orientale, in which it occurs with

thebaine, and is closely related to morphothebaine, it is convenient to

deal with it in this section, though it is not a morphine derivative. It was

first obtained as an unnamed phenolic base by Gadamer and Klee and was
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subsequently named i^othebaine and examined in detail by Klee.^’ The
base forms highly refractive crystals, m.p. 203-4° [a]},®'* + 285-1° (EtOH).
The sulphate, m.p. 120-1° (dec.)^ and the hydrochloride, nitrate and
hydrogen-Z-tartrate are crystalline. The alkaloid is not coloured by
sulphuric acid, but turns pale yellow with Erdmann’s reagent, and with

Erohde’s reagent gives a play of colours in the order blue, green, dark
olive-green, and finally pale green. With nitric acid it gives a dark violet

colour, which enables traces of it to be detected in presence of thebaine.

i^oThebaine is methylated with difficulty by the use of diazomethane in

amyl ether, giving wothebaine methyl ether, as an oil, [ajo + 234*5°

(CHCI3) yielding a hydrogen Z-tartrate, m.p. 226-7° (dec.), [a]D + 143°

(HgO). The alkaloid contains one methylimino-group and two methoxyl
groups. When the sodium derivative of thebaine in water is treated

with methyl sulphate it is converted into i.9othebaine methyl ether metho-
sulphate, C2oH2303NMe . SO4MC,, glistening needles, m.p. 237-8°, [ajp

+ 158*1° (HgO), which is decomposed by alkali yielding two methine bases,

(a) m.p. 104-5°, [ajo — 283*9° (ether), colourless needles, (b) amorphous
and optically inactive. The mixture, as produced, reacts with methyl
sulphate to form z.9othebainemethine methyl ether dimethosulphate,

CigHigOaNMcg . S04Me, needles, m.p. 195-6°, which is decomposed by
alkali into trimethylamine and a trimethoxyvinylphenanthrene. The
latter, on oxidation by potassium permanganate yields a trimethoxy-

phenanthrenecarboxylic acid, m.p. 170-1°, crystallising in yellowish

needles or leaflets, and this on heating in glacial acetic acid at 220° under
pressure, is decarboxylated to a trimethoxyphenanthrene, giving a picrate,

m.p. 160°, dark red needles, which is regarded as identical with 3:4:5-
trimethoxyphenanthrene picrate,^ m.p. 166°. On this assumption,

formula (III) was proposed by Klee for isothebaine methyl ether, with

the suggestion that in ^^othebaine the hydroxyl group might be at 4 or 5,

the former being considered the more probable. Attempts were made by
Callow, Gulland and Haworth to confirm this formula by synthesis, as

indicated by formulie (I) to (HI), and for this purpose 2'-nitro-3' :
4'-

dimethoxyphenylaceto-j3-4-methoxyphenylethylamide (I) was prepared

but could not be induced to undergo ring closure to the required substituted

dihydroi^oquinoline (II), presumably owing to the absence of a para-

directive substituent at 3, and attempts to provide a suitable substituent

were unsuccessful.
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Morphine Formulce, Omitting early attempts to produce constitutional

formulae for morphine before the difficulties of the problem were fully

realised, the first structure which need be considered is the oxazine formula

proposed by Knorr in 1889 and modified in various ways, the last form
being (XXII) as suggested in 1903.^® This was based on the view that the

liberation of such bases as ethanolmethylamine and ethanoldimethylamine

in the degradation of the alkaloids was due to the rupture of an oxygen
linkage, and the later assumption 2® that the formation of the various

simple oxygenated bases produced in these reactions arose from the

initial liberation of vinyldimethylamine, which then reacted with the

reagents used, or with by-products such as dimethylamine, made it possible

to consider other methods of attachment of the ethanamine chain to the

phenfanthrene nucleus.

'vln the meantime, Pschorr^ Jaeckel and Fecht had suggested their

pyridine formula in a paper concerned mainly with the constitution of

apomorphine. They pointed out that their apomorphine formula (p. 227)

implies, in the formation of apomorphine from morphine, constituted on
the lines Knorr suggested, the scission of an oxazine ring and its recon-

stitution as a reduced pyridine ring. Taking this into account, as well as

Vongerichten’s representation of morphenol (p. 226), in which the third
“ indifferent ” oxygen of morphine is still retained, '^hey proposed to

represent morphine by (XXIII), though they recognised the difficulty

involved in the hydrolysis of a carbon to carbon linkage, to yield such

nitrogen-free products as morphol, along with the basic ethanamine chain

resultants.'' This type of structure has the biological interest of bringing

(zpomorphine and morphine into close relationship with the benzylm-
quinoline group of opium alkaloids.

(XZZll) Psohorr
( 190£}

In the following year Ach and Knorr found that in the oxidation of

codeine by chromic acid there is produced a hydroxycodeine, Ci8H2i04N,
m.p. 207--8°, which contains two hydroxyl groups (diacetyl derivative,

m.p. 160-1®) and degrades by Hofmann’s method, followed by treatment

of the resulting hydroxymethylmorphimethine, Ci9H2804N, with acetic

anhydride, to ethanoldimethylamine and a diacetyl derivative (m.p. 201®)

of a methoxydihydroxyphenanthrene,^^ indicating that a hydroxyl group
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has been inserted, the position of which must be at 9 or 10 in the phen-
anthrene nucleus, since on oxidation by chromic acid the diacetyl deriva-

tive, CigHigOg, loses an acetoxy-group and is converted into methylacetyl-
morpholquinone, C17H12O 5 , m.p. 206-9 which had already been
synthesised by Pschorr and Vogtherr and shown to be 8-methoxy-4 -

acetoxy-phenanthrene-9 : 10-quinone. The conclusion was drawn from
these results that, as the new hydroxyl group in hydroxycodeine is alcoholic,

not phenolic, in character, the two possible positions for it, viz,^ C® and
must be hydrogenated in codeine. The presumed “ hydroxymethylmorphi-
methine,” which is amorphous, but forms crystals, C19H23O4N . (C3H 3 )30 ,

m.p. 50-60°, with 1 mol. of ether, and yields a series of crystalline salts,

proved on further investigation to be a ketone (oxime hydrochloride,

m.p. 279°
; semicarbazone, m.p. 106-7°

; monoacetyl derivative, m.p. 81°),

and it was therefore re-named ketodihydromethylmorphimethine. These
changes were explained by Pschorr and Einbeck as due to the formation
of a double linkage between and as a result of the opening of the

reduced pyridine ring, hence the nitrogen of the ethanamine chain must
be attached at C® (or in codeine. This sequence of changes may be
illustrated by the following partial formulae derived from (XXIII) :

—

The location of the nitrogen end of the ethanamine chain in the

phenanthrene nucleus has been discussed recently by Holmes et and
experimental work is in progress to obtain more direct evidence on this

poiid;.

'Knorr and Horlein at first took the view that a modified form

(XXIV) of Pschorr’s formula would account more easily for the production

of ketodihydromethylmorphimethine from hydroxycodeine (now generally

accepted as 9-hydroxycodeine), but in the same year these authors put

forward a new constitution for morphine. In dealing with this it will be

convenient to use the system of numbering indicated in the general

formula (XXV : R = OH or OMe). On this basis carbon atom 15 (the

carbon end of the ethanamine chain) is joined to carbon atom 8 in Pschorr’s

formula (XXIII). Knorr and Horlein pointed out that of the four known
morphines, morphine and a-i^omorphine yield on methylation codeine and

isocodeine respectively, and these two codeines oxidise to the same

codeinone, which degrades to 8:4: 6-trimethoxyphenanthrene
;

jS- and

y-womorphines-on methylation give allo-^-codeine and ^-codeine respec-
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lively, and these two codeines oxidise to 0-codeinone, which degrades to

8:4: 8-trimethoxyphenanthrene. Both codeine and ^-codeine yield the

same deoxycodeine (now distinguished as deoxycodeine-A, p. 252), and

(2XV) (XXVI) Knorr-«orlein (1907)

this was taken as proof that the sole difference between the two must be
in the positions 6 and 8 of the —CHOH group, and in the two eodeinones

of the —CO—group. To permit of this wandering, positions 6 and 8 must
be free from other substituents, and neither can be the point of attachment
of the carbon end of the ethanamine chain. Further, as ^,-codeinone and
codeinone give the Willstatter reaction with benzenediazonium chloride,

and 0-codeinone, in addition, undergoes the Claisen condensation with

aldehydes, it was argued that there must be a methylene group at position 7,

the latter being thereby also excluded as a point of attachment. Finally,

since in thebenine (IX), in which the cyclic nucleus is completely aromatic,

the ethanamine chain is still attached to ring III, points 13 and 14 seemed
also to be excluded, which left only 5 as a possible position. Formula
(XXVI) is based on these considerations.

Though the Knorr-IIorlein formula was generally accepted until

1923, difficulties were frequently encountered in explaining reactions of

the morphine alkaloids by it, and in some cases led to suggestions for its

modification. Knorr and Horlcin adopted an ethylenic linkage at C® to

because (1) positions C® and must, for the reasons given above, be
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fully hydrogenated, and (2) the shift of this linkage from to

provided an explanation of the changes a— and y—>8 in the methyl-

morphimethines. Exception was taken to the ethylenic linkage in

either of these positions by von Braun, on the ground that a double
bond in the ^y-position with respect to a nitrogen generally involves

scission of the ring in reaction with cyanogen bromide, whilst in its absence

replacement of methyl in the methylimino-group by cyanogen takes place.

Applying this method, he concluded that ring III probably contained an
ethylenic linkage in thebaine, but not in codeine or morphine, and on this

basis suggested formula (XXVII) with a bridge of for morphine.

The salient changes involved in the conversion of morphine to a-methyl-

morphimethine are shown in partial formula (XXVIII), in which the

methoxyl group at 3 and the ethanamine chain, . CHg . CHg . NMcg,
attached by the carbon end at 5, are omitted for the sake of clearness,

von Braun’s formula explains a number of typical morphine reactions,

particularly the intra-molecular migrations from C® to C®, but does not

account easily for the reversible change codeine to codeinone,®^ and fails to

explain the reduction products of a- and j8-mcthylmorphimethines.®®

The latter are represented on the basis of von Braun’s formula by the

partial formulae (a) and (b), in which for simplicity the ethanamine chain

is omitted. On reduction by sodium in alcohol they both yield the same
product, dihydro-jS-methylmorphimethine (oil : methiodide, m.p. 263°),

in which the ethylenic linkage C® to has been saturated (d). On
catalytic hydrogenation (nickel catalyst), /S-methylmorphimethine (b)

again yields (d), whilst a-methylmorphimethine (a) gives the isomeric

dihydro-a-methylmorphimethine (c), which is identical with the first

degradation product of dihydrocodeine methiodide, viz., de-A'-methyldi-

hydrocodeine (oil
:

perchlorate, m.p. 201°
; methiodide^ B . Mel . HgO,

m.p. 176° or 223-5° {dry) ). On complete hydrogenation both isomerides

yield the same tetrahydromethylmorphimethine (e) (C19H27O3N ;
oil,
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b.p. 280-40715 mm. ;
methiodide, m.p. 220-1°). These results are

incompatible with the representation of a- and ^-methyl-morphimethines

by (a) and (b) respectively, and, as a result of this investigation, von
Braun and Cahn came to the conclusion that morphine must contain an
ethylenic linkage at C’—C® instead of the bridge C®—C® originally suggested

by von Braun. In 1905 Freund suggested formulae for thebaine (XXIX)
and morphine (XXX), based on the results of his study of the action of

magnesium phenyl bromide on thebaine. The phenyldihydrothebaine,

C26H27O3N, produced is crystalline, m.p. 60-5°, yields a series of well-

crystallised salts, B . HCl . CgHgOH, m.p. 145-7°, methiodide,

B . CH3I, m.p. 280-1°, contains a phenolic hydroxyl group (methyl ether,

m.p. 70°
;

acetyl derivative, m.p. 92°, after sintering from 65°) and
behaves as a tertiary base, being degraded in two stages to trimethylamine

and phenyldihydrothebenol, C23H20O3, m.p. 148-9°. The latter contains

—dig— less than is required by the expected degradation product, due
to the formation of a five-membered oxide ring by interaction of the

ethanamine chain residue with the methoxyl group in position 6. In

comparison with thebaine, phenyldihydrothebaine is remarkably stable

to acids, alkalis, reducing agents and ozone,®’ and this led Freund and
Speyer ®® to introduce new formula* in 1916 for thebaine (XXXI) and
morphine (XXXII), in which the nitrogen end of the ethanamine chain

was linked to carbon atom d in accordance with Knorr and Pschorr’s

results in the degradation of 9-hydroxycodeine,®® and ethylenic linkages

were avoided in ring III. Though phenyldihydrothebaine is difficult to

reduce, it can be hydrogenated in presence of colloidal palladium and then

yields phenyltetrahydrothebaimine, C25H2e03N, leaflets, m.p. 122°,

27*6°, which is a secondary base, so that reduction is only effected

by rupture of the heterocyclic ring.®®

A recent study by Small et of the action of Grignard reagents on
alkaloids of the morphine group, has shown that the reaction involves

opening of the oxide ring with the formation of a phenolic hydroxyl

group, and insertion of the alkyl or aryl group of the Grignard reagent in

ring III and that it only occurs when the alicyclic ethylenic linkage of

ring III is at C®—C’, as in deoxycodeine-C, 0-codeine methyl ether,

0-codeinone, thebaine, dihydrothebaine, dihydrocodeinone enol acetate and
acetyldihydrocodeinone enol acetate. The constitutional problems

presentea by Freund’s phen;y Idihydrothebaine and the complex character

of the products of the action of magnesium methyl iodide on thebaine are

fully discussed in the 1989 paper, and in a paper just published (1947) ®®

Small, Sargent and Bralley have shown that phenyldihydrothebaine,

C25H27O3N, as first formed is a mixture of the ( -f )a- and the (+)8 forms,

each of which partly rearranges, under heat treatment, producing the

(— )S- and the ( —)a-form respectively. The (4-)a- and (—)a-isomers

are glassy solids having [ajp ± 10-0® (EtOH), and the (+)8- and (—)8-
forms are crystalline solids, m.p. 148°, ana have [a]D ± 181° (acetone).

These two pairs of oppositely, optically active isomers parallel those

found by Small and Fry for the methyldihydrothebaines, and are similarly
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constituted as described above. On Hofmann degradation each isomeride
gives rise to an i^omethine, C26H29O3N, which also arrange themselves m
two pairs of equally and oppositely active stereoisomerides. The ( +)a-
and (—)a-pbenyldihydrothebaines give rise to the (+)a- and (— )a

i^omethines, which have m.p. 101 °, and — 280° (EtOH) and + 281°

(EtOH) respectively, in the change to the zVomethine the direction of

rotation is inverted. Similarly the (+)S- and (—

)

8-forms of pbenyl-

dihydrothebaine give rise to a pair of i^omethines, m.p. 117-9° and having

+ 158° and — 154° (EtOH) respectively, the directions of rotation

in this case remaining unchanged. In the formation of the t^omethines

scission occurs between N and the NMcg group remaining attached to

C®, while and remain as a vinyl group attached to C^®. (For the

normal methine formation in tlm morphine series, see p. 251.) In the next

step of the degradation the (+)a- and the (^-)S-^^omethines give rise to

the ( +)-form, while the
(
— )a-i5omethine produces the ( —)-form of

vinylphenyldihydrothebaol, C24H22O 3 ; these two nitrogen-free products

have m.p. 149-150*' and [a]^* ± 47*1° (ethyl acetate) and form a racemate,

m.p. 149*5°, [a]D ±0°.
The phenyldihydrothebaines are resistant to reduction but can be

hydrogenated under special conditions, taking up one mole of hydrogen
with reductive scission between the N-atom and C®, formation of a double

bond from to C®, retention of the ethanamine chain . CHg . CHg . NHMe,
at C^®, and the elimination of asymmetry at C®, so that the ( -t-)a- and
(-(-) 8-phenylclihydrothebaines yield the same (-f )-phenyltetrahydrothe

bainiine, C26H29O 3N, whilst the (--)a- and (—

)

8-forms give the optical

antipode ;
the two phenyltetrahydrothebaimines have m.p. 121 ° and [ajf®**

— 85° and + 85*5° respectively, the direction of rotation being changed in

this operation, and form a racemate, m.p. 184°, zh 0° (acetone).

Since the foregoing summary was prepared a preliminary account of an
ingenious explanation of these results, involving a molecular rearrangement

of a new type, has been published by Robinson ®® which cannot be adequately

dealt with here and for which the reader must be referred to the original.

In 1917 Faltis,®® after making a critical survey of the formulae up to

that time, suggested for morphine and thebaine structures which embodied

von Braun’s views as to ethylenic linkages in ring III and included an
oxygen bridge from to C® in morphine (XXXIV) which was regarded

as strained, this condition being enhanced in thebaine (XXXIII) by the

{xmiD Thebaine (Faltis, 1917) { XXXIV) Morphine
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second ethylenic linkage, and so accounting for the smaller stability of

i^his alkaloid as compared with morphine. This formula is of considerable
interest, since it accounts for the C®—C® migration in the change, codeine
to ^-codeine, but, apart from the difficulties it introduces in the explanation
of a number of typical reactions of these alkaloids, there is strong evidence
for the oxygen bridge at C^-C®, and, in spite of intensive investigation no
experimental data have been found to indicate necessity for its replacement.

Among other formulae which must be mentioned are those of Vis,®®

which represents morphine as a benzyl/^oquinoline, Vongerichten,®^
Bucherer,®2 Gadamer and Klee,^® devised to account for the possible natural
formation in P. oriejitale of i^othebaine from thebaine, and the vinyl
formula of Wieland and Kappelrneier.®®

Gulland and Robinson,®^ having reviewed the evidence available

regarding the structure of morphine and codeine, came to the conclusion
that the data on which Pschorr’s formula was based have been too lightly

dismissed, and suggested that the ethanamine chain is associated with
the phenanthrene skeleton by the bridge 8—15—13 (a) or 8—15—14 (b),

of which they preferred (a).

OT CH„ NMe^.\y.o.2/
HC^ Y

MeO-Ct C'2 /V/ \.3/Vc c XcH

I I

0 CH 7CHV/ 2

,CH me
/ \ /

HC C CH CHo
I II I /

^^eO-C C I4C /V
-HC 7CH„

(&} Codeine (Gulland and Robinson, 1923) (b) Codeine (Gulland and
liobinson, 1923).

The principal reason adduced for the essential new feature in this

formula is that the linkage to carbon atom 13 explains why in morphine
and its allies the formation of phenanthrene derivatives and an amino-
ethanol derivative always takes place simultaneously. Such a change
cannot occur except under conditions which will add a hydrogen atom
or a hydroxyl group at position 13. Thus the conversion of a-methyl-
morphimethine into acetylmethyJmorphol and acetoxyethyldimethylamine
is regarded as taking place in the following way :

—
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In this formula for codeine the linkage (XXXV = (a) in a
different form) was a concession to the view emphasised in Freund and
Speyer’s 1916 formuhe (XXXI) and (XXXII) that ethylenic linkages do
not exist in ring III. In 1925 Gulland and Robinson rednvestigatcd the

hydroxycodeinone formed by the oxidation of thebaine with hydrogen
peroxide,®* and came to the conclusion that it is a y-hydroxyketone, the

hydroxyl group being at position 14 (XXXVIII), and that it does not

contain the group — CO—CHg— , but that its reduction product dihydro-

hydroxycodeinone docs. This implies the presence of the chain

—CO—CH=CH—C(OH)— in 14-hydroxycodeinone, and therefore of

—C(OMe)=CH—CH~C in thebaine, and on these data they modified the

1923 formula for codeine to (XXXVI) and of thebaine to (XXXVII).

I

C" CH CH„

./V—
II

I r"-cH »i

HC2 C4 sCE 7CH«

\, /\ /\6/

{.7007 )
mdeija (

Kobinson,

CH-OH

(Gulland and
1923)

Formula (XXXVI) contains an ethylenic linkage at C^ to C®, and in

this respect meets von Braun’s requirement (p. 237), but is not in accordance

with Knorr and Horlein’s view (p. 236) that position 7 must be occupied

by a —CHg— group, though Gulland and Robinson ®’^ in a discussion of

this point make it clear that the evidence for this view is not conclusive.

That ring III does contain an ethylenic linkage seems to be clearly

established by such observations as (1) the hydrogenation of codeine to

dihydrocodeine ®® (CigHgaOgN . HgO, m.p. 112-3° (dry); monoacetyl

derivative, m.p. 120°)
; (2) the hydrogenation of codeinone to dihydro-

codeinone ®® (p. 245), and (3) the oxidation of codeine in very dilute solution

by potassium permanganate to dihydroxydihydrocodeine (CigHggOsN ;

m.p. 208-9°, triacetyl derivative, m.p. 200°). Its location at C’ to C®,

with which Wieland and Kotake agree, has the advantage that it provides

an explanation of the transition, codeine —> ^-codeine, by the analogous

transition of geraniol to linalool

Me,C==CH—(CHa)^—CMe=CH—CHjjOH
MeaC=CH—{CHjj)^—CMe(OH)—CH-CHa
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and the difficulty that 0-codeinone reacts with aldehydes as if it contained

the group —CHg—CO— , whereas it should contain =CH—CH=CH—CO,
is removed by recognising the following system of tautomeridcs :

—
=CH -CH^CH—CO ^ --C-:CH~-CH-C(OH)~

—̂C-CH—CHg—CO.
While Wieland and Kotake agree that the ethylenic linkage is at C^

to C®, they differ in attaching the carbon end of the ethanamine chain at

position 5 (formula XXXIX for codeine), and adopt for thebaine a bridge

C^® to C® (XL) in place of Gulland and Robinson’s second ethylenic linkage.

This device was adopted to account for the difficulty of hydrogenating

thebaine beyond dihydrothebaine, which seemed to indicate the presence

of only one ethylenic linkage.

The reduction of thebaine has been repeatedly investigated. Freund,

Speyer and Guttmann (192f()), using spongy platinum in cold A^-hydro-

chloric acid, obtained non-phenolic dihydrothebaine. Using colloidal

palladium, the product was dihydrothebainone (p. 250). Skita et

obtained dihydrothebaine by hydrogenation of thebaine hydrochloride in

aqueous solution in presence of colloidal palladium, whereas with colloidal

platinum the products were tetrahydrothebaine and dihydrothebainone,

the latter being further reduced in aqueous acid solution in presence of

colloidal platinum to a dihydrothebainol, different from the usual product

of that name. Schopf and Winterhalder in their investigation of this

reaction, also isolated dihydrothebaine, tetrahydrothebaine and dihydro-

thebainone and provided explanatory mechanisms for the formation of

these substances. Wieland and Kotake’® obtained a 50 to 60 per cent,

yield of dihydrothebainone by hydrogenation of thebaine hydrochloride

in presence of palladous chloride and gum arabic, but in neutral, alcoholic

solution the product was an oil yielding dihydrothebainone on treatment

with acids. Small and Browning have repeated this experiment and
resolved the oil into three crystalline components : {a) dihydrothebainone-

J-5 : 6-methyl enolate : this is the chief product and had already been

suggested by Wieland and Kotake as the constitution of their oil, using,

however, a bridged-ring formula instead of the ethylenic linkage at C®—C®.

(5) Tetrahydrothebainone.

{c) Dihydrothebainol-6-methyl ether.

Small and Browning agree with Schopf and Winterhalder that

thebainone methyl enolate (formed by 1 : 6 addition in which the oxygen
bridge is ruptured and ethylenic linkages produced at C®—C® and C’—C®)

may be the primary intermediate in this reaction since it is hydrogenated
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in alcohol in presence of platinic oxide to dihydrothebainone-J-5 : 6-

methyl enolate, from which it differs only in having an additional ethylenic

linkage —C®).

The formulae and chief characteristics of these reduction products are

as follows :

—

Dihydrothebaine, CjgHggOjN, prismatic plates, m.p. 162-3°, [a]?,®’

— 266-8° (Cgllg)
;

picrate, m.p. 235°
;

methiodide, m.p. 257°. To be

distinguished from phenolic dihydrothebaine, m.p. 154°^^ prepared by
reduction of thebaine with sodium in alcohol.

TetrahydrothebainCy C19H25O 3N (dihydromorphine dimethyl ether),

m.p. 88 °, [a]}f° — 152-7° (EtOH) ; B . HCl . 3H2O, m.p. 115-6°
;

picrate,

m.p. 220 °
; B . Mel, m.p. 115-6°, re-melt-s 212 °.’i

Dihydrothebainone (see p. 250).

Dihydrothehainol (Skita).®^ CjgHgsOjN, m.p. 165°
;

— 36-5°

(EtOH)
;

methiodide, m.p. 273°. To be distinguished from the better-

known dihydrothebainol, m.p. 138-142°, — 46-2°, prepared by
reducing dihydrothebainone with sodium amalgam (Speyer and Siebert®*).

Dihydrothebainone-A-5 : 6-methyl enolate, C19H25O 3N, m.p. 164-165-5°,

““ 115-7° (EtOH). Cold N/HCl converts it into dihydrothebainone

hydrochloride,’^ The isomeric dihydrothebainone-J-6 ; 7-methyl enolate

is formed on catalytic hydrogenation of phenolic dihydrothebaine. It has

m.p. 127-8°, [oL]^r (EtOH) and yields dihydrothebainone on acid

hydrolysis.’®

Thebainone methyl enolate. C19H23O 3N. This possible intermediate in

the hydrogenation of thebaine to dihydrothebainone-J-5 .- 6-methyl enolate

.

{see above) has m.p. 154-6°, [a]p^“ + 9-6° (EtOH).’®

Dihydrothehainol’6-niethyl ether. C19H27O 3N, m.p. 140*5-142°,

— 28*4° (EtOH) ;
fumarate, m.p. 198-201° (d<?c.).’®

The 4-methyl ether is a liquid, but all attempts to prepare dimethyl

ethers of the two known dihydrothebainols failed
;

the relationship
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between the latter and this new dihydrothebainol-6-methyl ether has not

yet been determined.

Schopf and Winterhalder suggested that in the hydrogenation of

thebaine a molecule of hydrogen is first added at C®— producing

dihydrothebaine, which under energetic hydrogenation suffers disruption

of the oxygen bridge, forming dihydrothebainone. Ifi dihydrothebaine,

the chain . O . CH . C(OMe) : CH . resembles in certain respects a system
of conjugated double linkages and it seems likely that in the formation of

dihydrothebainone, addition of hydrogen occurs at the ends of this chain

forming the intermediate, which Small and Browning have now isolated,

viz.^ dihydrothebainone-id-5 : 6-methyl enolate.

Most of the dihydrothebainone produced from thebaine is formed
under mild conditions of hydrogenation and probably not vid dihydro-

thebaine, but by way of thebainone methyl enolate and dihydrothebainone-

J-5 : 6-methyl enolate as described above.

When addition of hydrogen takes place simultaneously at C®— and
C®—C’ tetrahydrothebaine is formed and it is argued that formation of the

tetrahydro-base supports Gulland and Robinson’s formula, since Wieland
and Kotake’s —C® bridge (XL) would not be reduced under the mild

conditions used.

Schopf has also obtained direct evidence for the location of the

carbon end of the ethanamine’ chain by submitting dihydrocodeinoneoxime

to a Beckmann rearrangement. This process, the steps in which are

illustrated by partial formulae for ring III, should provide an aldehyde

(XLVc) if the oxime is correctly represented by the Gulland and Robinson
formula (XLVb) and a ketone (XLVIc) if it has the structure (XLVIb)
required by the Wieland and Kotake formula.

When cold thionyl chloride is allowed to act on dihydrocodeinoneoxime,

there is formed a substance (m.p. 196-8°, picrate, m.p. 207-8°
;

acetyl

derivative, m.p. 225°
;
oxime, m.p. 218-9°), from which the required

(ILViO (b)

|\aig£.
o(^

I I

c c

OHC-"IV NC
CH,^ CHJ-

NC *CH NC “CH
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information had to be obtained indirectly. Its oxime methyl ether with
cold thionyl chloride yields a dinitrile Ci9H2302N 3 (methiodide, m.p. 207®

(dec.), with sintering from 200°), presumably represented by (XLVd),
which, on degradation by the Hofmann method, suffers no loss of carbon
atoms, implying that in the dinitrile the nitrogen ring is still intact, as shown
in (XLVe), and that in codeine, carbon atom 15 is linked to carbon atom 13,

as in the Gulland and Robinson formula. Any attempt to dehydrate a

ketoxime derived from (XLVic) would lead to scission of the heterocyclic

ring. The formation of the aldehyde (XLVe) also implies that the

oxygen bridge from must end at or since only under this

condition can the Beckmann transformation take place, and of these

C® is indicated on steric considerations, which rules out the Faltis formula

(p. 289).

KETONES OF THE MORPHINE GROUP. As these substances

have played an important part in the discussion of constitutional formulae

for the morphine group and the allied alkaloids, it is desirable to describe

the more important of them.

Codeinone, CigHj^OgN. This ketone (XLVII) corresponds to the

secondary alcohol codeine and its stereoisomeride wocodeine. It may
be prepared by oxidising codeine with potassium permanganate in

acetone or with potassium dichromatc in dilute sulphuric acid and in

various other ways.*^*^ Codeinone can be reduced to codeine electrolytically

or by chemical methods. ^ It crystallises from alcohol in prisms, m.p. 185-G,

— 205® (EtOH). The hydrochloride, B . HCl . HgO, has m.p.

ITO-SO®, picrate, m.p. 205®, methiodide, B . CH31 . 2H 2O, m.p. 180°.

The oxime, CigHgoOgNa . C2H 5OH, has m.p. 212 ° and — 499°

(EtOH). On catalytic hydrogenation, codeinone is reduced to dihydro-

codeinone.®® ^
Dihydrocodeinone, C^gHgiOgN. This substance is formed by the hydro-

genation of codeinone, oxidation of dihydrocodeine or the methylation

of dihydromorphinone but is best prepared by the hydrolysis of

dihydrothebaine.®® The presence of a —CO . CHg— group is shown by
the formation of dianhydro-6-aminopiperonaldihydrocodeinone,’® m.p.
270-1-5®. Dihydrocodeinone is represented by (LIII, p. 246). It has

m.p. 197-8®, yields a hydrochloride, B . HCl , HgO, m.p. 82° or 125® (dry,

dec,)
;

methiodide, m.p. 250-5®
;

oxime, m.p. 264®, and monoacetyl

derivative, m.p. 154-5° For the formation of d-dihydrocodeinone from

sinomenine via d-dihydrothebainone, see p. 270.

As the carbonyl group of the morphine ketones is inert towards the

Grignard reagent, Small and Rapoport replaced it by organolithium

compounds and with mcthyllithium in ether on dihydrocodeinone obtained

the corresponding 6-tertiary alcohol, 6-methyldihydrocodeine, C19H25O 3N,

m.p. 116°, [x]^f — 189° (EtOH). In this the tertiary 6-hydroxyl group

was acetylated by a modified Houben process, giving 6-methyl-6-acetyl-

dihydrocodeine, C21H27O 4N, m.p. 124-5-125-6°, [a]ff -85*1° (EtOH)
but it could not be replaced by halogen, the product of the action of

thionyl chloride being 6-methyldeoxycodeine-C, CjjHgaOgN, m.p. 178-4°,
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~ 242° (EtOH). (Cf. deoxycodeine-C, formula II, p. 253.) 6-Methyl-

dihydrocodeine could not be demethylated to the corresponding 6-methyl-

dihydromorphine (see below) but it was degraded via 6-methyldihydro-

methylmorphimethine, isolated as the hydrochloride, C2oH2g03NCl,
m.p. 241-8°, — 6*7° (EtOH), to the nitrogen-free product, 6-methyl-

6-hydroxy-18-vinylhexahydromorphenol, C18H20O 8 , which sublimes at

10070-1 mm. and has -f 24*4° (EtOH).

Dihydromorphinone, C17H19O 3N, and derivatives. Dihydromorphinone
(LIII ; MeO —> HO) is formed when morphine in solution is treated with

relatively large quantities of platinum or palladium catalyst under various

conditions. It melts at 262-3° and yields an oxime, m.p. > 284°.

The hydrochloride is the drug known as “ dilaudid.” On 0-methyla-

tion dihydromorphinone yields dihydrocodeinone {see above), and when
dissolved in ether and treated with methyllithium the corresponding

tertiary alcohol, 6-methyldihydromorphine, CigHasOgN, m.p. 209-211°,

— 147° (EtOH), is formed. This on methylation with diazo-

methane gives 6-methyldihydrocodeine as described above (Small and
Rapoport

Methyldihydroinorphinone, CigHgiOgN, was prepared by Small, Fitch and
Smith by the action of magnesium methyl iodide on dihydrothebaine,

the resulting phenolic methyldihydrothebainone (LI with Me at C®

or C^, p. 248), m.p. 192-3°, 20*5° (EtOH) being converted

by the Schopf process to methyldihydrocodeinone (LIII with Me
at C® or C’), m.p. 144-144*5°, [oi]^f — 146*9° (EtOH), which is demethy-

lated by boiling with hydrobromic acid to methyldihydromorphinone,

m.p. 248-5° (vac,), — 140*7° (EtOH) yielding a hydrochloride,

m.p. 315-8° (vac. dec.), [a]?,'*'* — 104*8° (HgO). The essential intermediate

in this process, methyldihydrothebainone, can also be obtained by the

action of the Grignard reagent on dihydrocodeinone enol acetate, m.p, 152-

153*5°, itself produced by catalytic rearrangement of codeine (XXXVI,
p. 241) to dihydrocodeinone (LIII), and treatment of the latter with acetic

anhydride and sodium acetate. The location, C® or C’, of the entering

methyl group in these compounds is discussed by Small et al.^^ in the

1938-89 papers,

l4i-Hydroxycodeinone, C18H12O 4N, may be prepared by the action of

hydrogen peroxide on thebaine in glacial acetic acid, or by the oxidation

of either codeine or thebaine with sodium dichromate.®® Certain of its

reactions bearing on the constitution of codeine have been mentioned

already ®® (XXXVIII, p. 241). It crystahises in plates, m.p. 275-6° (vac.),

° acetic acid) and yields a hydrochloride, B . HCl . 2H|6,
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m.p, 272-4® {vac,), — 89® (HgO), hydriodide B . HI . H2O, m.p. 255-
60® (vac,), oxime decomposing at 279-80® and acetyl derivative,

m.p. 185®, [a]f/“ +21® (dil. acetic acid). On catalytic hydrogenation

it is converted into dihydrohydroxycodeinone (LIII, with , OH at C^^),

m.p. 218®, [a]?,®'’ — 97® (dil. acetic acid), of which the hydrochloride,

B . HCl, 2*5 HgO, has m.p. 270-2® (dec,) and [aj‘ff° — 123® (HgO). The
further reduction products of 1 4-hydroxycodeinone have been investigated

by Lutz and Small.®®

^-Codeinone (i^o-Codeinone). This isomeride of codeinone is produced
by the oxidation of 0-codeine or the stereoisomeric aZ/o-0-codeine (p. 218).’®

It crystallises from alcohol, has m.p. 174-5®, [a]}/'’ — 25° (EtOH), gives

a crystalline methiodide, m.p. 220® [a]}®*’ — 12® (H2O), and a crystalline

semicarbazone, m.p. 180®. In contrast with codeinone, it condenses with

benzaldehyde to form benzylidene-0-codeinone (oil), of which the

methiodide has m.p. 250®. It* also forms an amorphous i.9onitroso-0-

codeinone, which decomposes at 200®. Reference has been made already

to the principal reactions of 0-codeinone on the results of which formula

(XLVIII) is assigned to it, for which Lutz and Small ®® have produced

confirmatory evidence in the course of their reduction experiments with

this substance.

Thebainone and meteiThebaino7ie, CigHgiOgN. When thebaine is

treated with stannous chloride in strong hydrochloric acid, it yields as

principal product a substance, which was named thebainone by Psohorr,

Pfaff and Herrschmann.” It is produced by hydrolysis of the C—OCH3
group at position 6 in thebaine, followed by reductive rupture of the C^-C®

oxygen bridge, and is also obtainable by a similar method from codeinone

(Knorr ”). As the oxygen bridge has been broken, thebainone is a

misleading name, but the more appropriate name, dihydrothebainone, had
already been applied to an isomeric substance obtained by the catalytic

hydrogenation of thebaine.’® Further, Schopf has produced evidence for

the view that in Pschorr’s thebainone the carbon end of the ethanamine

chain is not at as in thebaine, but at and on that ground has

suggested that the name should be changed to rwefathebainone, the old

name thebainone being reserved for an isomeride {see below) with the

carbon end of the ethanamine chain at C^®, which, in conjunction with

Hirsch, he has also isolated from the complex mixture of products formed

by the action of stannous chloride in hydrochloric acid on thebaine, but

which was first prepared by Pschorr during a study of jS-ethylthiocodide

under the name “ S-free ketone,” and has been re-obtained by that method
by Morris and Small ®® in the course of work on ethylthiocodides.

A further anomaly in nomenclature is thebamol, the name applied to

the substance formed by the alkaline reduction of Tnefathebainone, and
which was at first believed to be formed by reduction of the carbonyl

group, but which Gulland and Robinson proved to be a ketone. It is

isomeric with dihydrothebainone referred to above, and has been re-named

dihydrom^^athebainone (SchSpf). The interrelationships of these sub-

stances are shown by the following formulae :

—
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CH2 CH

MeO.C CO

fill) mqtaThebalnone (Sohopf)

MeO-C

,
(L) Dihydroinetathc'belnone ( Sohopf)

Thebalnol (pachorr)

GHg CH

^Ahe

LleO-C C*OMe

Thebalne f G and R

)

MeO-C CO

fXLIX) Thebalpone (Schbpf)

MeO-C

Thebalzone ( W and S) (LI) Dlhydrothebalnone f Sohopf)

metsiThebainone (Schopf), Thebainom (Pschorr), CijjH2i03N. This

substance is usually prepared from thebaine by the action of stannous

chloride in hydrochloric acid at 100® for from fifteen to twenty minutes.’^

It crystallises with 1*5 mols. of water, has m.p. 88-90°, or with 1*0 mol. of

methyl alcohol, m.p, 115-8°
j has phenolic properties (sodium derivative,

orange plates) and gives a picrate, m.p. 250-3° (corr.), a methiodide,

m.p. 255-6°, an oxime, m.p. 200-1° (corr.), a semicarbazone, m.p. 227°

(corr,), and a methyl ether, m.p. 156° (corr.). Of the three oxygen atoms
in m^fathebainone, one is present as a carbonyl group, one is phenolic and
the third occurs in a methoxyl group. Since m^fothebainone is formed by
reduction of codeinone, the methoxyl and carbonyl groups must occupy
positions 3 and 6 respectively and the hydroxyl group must be located at

position 4. As methylm^^athebainonemethine, when boiled with acetic

anhydride, gives ethanoldimethylamine and 3 : 4-dimethoxyphenanthrene

(dimethylmorphol), m^/uthebainone was at first regarded as represented

by (XLIX). This representation did not account for the fact that
‘‘ thebainol ” (L) and dihydrothebainone (LI), both produced by the

reduction of “ thebainone ” and both still retaining the carbonyl group, are

isomeric but different substances. Schopf and Winterhalder found that in

the catalytic hydrogenation of thebaine there is produced ^jpidihydrothe-

bainone, regarded as epimeric with dihydrothebainone about repre-

sented by (LI), since it is assumed to be produced like dihydrothebainone

by the mechanism already described (p. 247), and is different from

‘‘thebainol” (L). That seemed to imply a structural difference between

m^athebainone (still called thebainone at that time) and the dihydrothe-

bainones, apart from the mere saturation of the ethylenic linkage C^-C®.

m^toThebainone shows marked halochromy in hydrochloric acid solution,

due it is assumed to conjugation between the carbonyl group in 6 and an
ethylenic linkage, (see LII). This assumption implies a change in
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attachment of the carbon end of the ethanamine chain at and of the

possible new points is regarded as the most probable. On this basis

w^^athebainone is represented by (LII). This representation is in harmony
with the fact that Gulland obtained only a monobenzylidene (m.p. 233°)

and a monopiperonylidene (m.p. 176°) derivative from m^^athebainone.

Further, Schopf and Perrey,®^ in applying the method of constructing

iMtaThebalaone Dlbydrometacodelnona

an oxygen bridge from C^-C®, obtained from mefathebainone by
treating the 1 : 5-dibromo-derivative with alkali, 1-bromodihydrom^/a-

codeinone, which, on catalytic hydrogenation, furnishes dihydro?neia-

codeinone (needles, m.p. 196-201°, from methyl alcohol
; oxime, m.p. 176-

80°). This, on reduction with sodium amalgam, is reconverted to

dihydrom^fathebainone (L)
; a series of reactions parallel with those involved

in the conversion of dihydrothebainone into dihydrocodeinone {see

p. 250).

Thebainol (Pschorr ’’), DihydrometRthebainone (Schopf®^), CigHgsOgN,
is obtained by the reduction of me^athebainone, with sodium amalgam in

dilute alkali. Crystallised from methyl alcohol, it melts at 54-5° and
re-melts at 76-8°, but after crystallisation from dry ether it has m.p. 135-6°

and + 67*05° (EtOH). The oxime has m.p. 217-8° and [a]}®" + 104-2°

(acetic acid, 10%). The benzylidene derivative forms yellow needles,

m.p. 100-2°.^® An amorphous dipiperonylidene derivative has been

described by Gulland and Robinson.®^ The methyl ether is amorphous, but

yields a crystalline methiodide, m.p. 245°. Thebainol is represented as

(L), produced by saturation of the ethylenic (C®-C^®) linkage in meia-

thebainone (LII).

Thebainone (Schopf), CigHgiOgN. This substance, which must be

distinguished from Pschorr’s thebainone (mefathebainone of Schopf {see

p. 248) ), is formed, along with the latter in the reduction of thebaine by
stannous chloride in hydrochloric acid, and was isolated by Schopf and

Hirsch.®^ Its prior isolation by Pschorr,’® as confirmed by Morris and

Small,®® has been referred to already. It crystallises with 0-5 HgO, has

m.p. 151-2°, yields a hydriodide, m.p. 258-9°, methiodide, m.p. 223°, and

an oxime, m.p. 185-6°. On catalytic hydrogenation it yields dihydrothe-

bainone (LI), and can be degraded to 8:4; 6-triacetoxyphenanthrene,

m.p. 165-7°. On this basis formula (XLIX) is assigned to it. The mecha-

nism of the formation of codeinone, thebainone and m^^athebainone from

thebaine is discussed by Schopf and Hirsch.®^
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Dihydroihebainone^ CigHgaOgN, produced by the hydrogenation of

thebaine in acetic acid in presence of palladium as catalyst, has m.p. 188-

48°, Mp®*" — 72*5° (Schopf)
;

gives a hydriodide, m.p. 262-8° (Freund)
;

methiodide, m.p. 116° (Skita) or 150° (Freund) ; oxime, m.p. 250° or

258-5° (Freund) ; semicarbazone, m.p. 226-7° (G. and R.) ;
and a

piperonylidene derivative, m.p. 174-5°. The methyl ether is amorphous,

but gives a crystalline methiodide, m.p. 257-8° (dec.).

Since dihydrothebainone is also formed by hydrogenation of thebainone

(Schopf and Hirsch ®i), and as Schopf and Pfeifer have shown that

1 : 5-dibromodihydrothebainone, on treatment with alkali, is converted

into 1-bromodihydrocodeinone by formation of the C^-C^ oxygen bridge,®®

and this, on catalytic hydrogenation, yields dihydrocodeinone (LIII,

p. 246), the constitution of which has been demonstrated by Schopf

(p. 244), there can be little doubt that dihydrothebainone is represented

by (LI). Schopf and Winterhalder ®® have also isolated as an oxime
(m.p. 228°, [a]i®“ — 115*8°) an ^pidihydrothebainone, which is regarded

as the epimeride of dihydrothebainone.

Thebaizone, C19H21O5N. This substance, produced by the action of

ozone on thebaine hydrochloride in water, forms pale yellow crystals from
ether, has m.p. 125-6° and yields a hydriodide, m.p. 185-7°, a methiodide,

B . Mel, m.p. 250-5° (dec.) and a semicarbazone, m.p. 202 ° (corr,). On
hydrolysis it furnishes thebaizonic acid, CigHj^OgN, m.p. 285°, and on
oxidation with hydrogen peroxide is converted into thebaizonedicarboxylic

acid, CigHigOgN, HgO, m.p. 189-90° (dec.), by simultaneous oxidation of

the aldehyde group and hydrolysis of the methyl ester group. On catalytic

hydrogenation, the oxygen bridge is ruptured and phenolic dihydrothebaizoney

C19H23O 5N, m.p. 140°, is formed. Thebaizone was first prepared by
Pschorr and Einbeck®®^®^ and the formula assigned (p. 248) is due to

Wieland and Small.

Methylmorphimethines. The principal characters of these deriva-

tives of the four known morphines ®^ have been given already (p. 218).

Below are shown formulae for the two stereoisomeric pairs of morphines

and the three stereoisomeric pairs of methylmorphimethines. j8-Methyl-

morphimethine is also neopinemethine (p. 219), and for that reason the

formula of neopine is added.

The stereoisomeric pair, morphine and a-^ccmorphine, on methylation

of the phenolic hydroxyl at C®, give rise to codeine and icocodeine respec-

tively, and similarly jS- and y-i^omorphines produce 0-codeine and allo-ijt-

codeine respectively.

The a- and j3-methylmorphimethines cannot be demethylated to

morphimethines and the only known member of the latter class is jS-

morphimethine or, according to Mosettig,®^^®^ its monoacetyl derivative,

m.p. 183-5°, which Vongerichten obtained by the action of acetic

anhydride on morphine methohydroxide. On methylation it yielded

j5-methylmorphimethine. The latter, on reduction by sodium amalgam
in alcohol, gives the dihydro-derivative usually represented by (I) though
according to Mosettig the ethylene linkage is as likely to be at C®— as
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Morphine : a->lsoMorphine p- & Y"“^>s°Morphine

at C®— It has m.p. 86--88*5° and gives a methiodide, m.p. 253-8° (dec,)*

On demethylation by boiling in acetic acid containing hydrogen bromide
6-acetyldihydromorphimethine, m.p. 200-~202'5° + 118-4° (CHCI3),
is produced, which is readily hydrolysed to a dihydromorphimethine,'
m.p. 174-6°, [a]f®" + 92-8° (CHCI3). The latter on methylation yields a
new^ dihydromethylmorphimethine : oil, B . HCl, m.p. 227-^30° (vac,),

Wi/ + 47-0° (HgO) (Mosettig The location of the ethylenic linkage

has not been ascertained for this substance but it, like jS-dihydromethyl-
morphimethine, can be hydrogenated catalytically to tetrahydro-a^
methylmorphimethine (II) isolated as the hydrochloride, B . HCl, m.p, 229-
81° {vac,)

;

— 82-8° {H,0), in which unsaturation in rings II and III,
the source of structural isomerism in the initial products, has disappeared

.
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This tetrahydro-derivative, on demethylation by boiling in acetic acid

containing hydrogen bromide, yields 6-acetyltetrahydro-a-morphiinethine,

in.p. 240-2° [vac,), which is hydrolysed by boiling normal soda solution to

tetrahydro-a-morphimethine (II . MeO —>HO), m.p. 206-8° {vac,)

;

B . HCl,

m.p. 243-9° [vac,), — 29-6° (HgO) (Mosettig

On catalytic hydrogenation a-methylmorphimethine yields first a

dihydro-derivative oil, B . HCl, m.p. 133°, identical with Freund’s

dc-iV-methyldihydrocodeine, in which the ethylenic linkage at —C®

is saturated and finally the tetrahydro-a-methylmorphimethine (II),

described above.

The y- and 8-methylmorphimethines on catalytic hydrogenation both

yield a tetrahydro-derivative, m.p. 115°, [a]}>®“ — 29*2° (dilute acetic acid),

which may be a stereoisomeridc of tetrahydro-a-rnethylmorphimethine (II).

The € and ^-methylmorphimethines (formula, p. 251) are catalytically

hydrogenated to hexahydro-derivatives by saturation of the two ethylenic

linkages and opening of the oxide ring. The one from the €-form has

m.p. 1 55° and that given by the ^-form, m.p. 174-5° (Speyer and Koulen®^^^^).

Deoxycodeines, C^gHgiOgN. As the name implies, these substances

contain one atom of oxygen less than the codeines, viz, the oxygen atom
at C® in codeine or at C® in 0-codeine. They are of two types, phenolic as

in formula I, or non-phenolic as in formula II, and are distinguished by
the letters A, B, C, D. Deoxycodeine-A is phenolic (I)

;
the supposed

deoxycodeine-B has been shown by Small and Morris (1933) to be an

anhydrous form of deoxycodeinc-A, which is the only representative of

the phenolic type. Formula II represents deoxycodeine-C, and deoxy-

codeine-D (deoxyneopine), differs from this only in having the ethylenic

linkage at C®-C^^ instead of at C®-C^ (Small and Mallonec,^^ 1940). They
are formed by the reduction of the chlorocodides (p. 217) in various ways,

or by the elimination of hydrogen chloride from chlorodihydrocodide, and
are themselves reducible to dihydrodeoxycodeines of which five, distin-

guished as A, B, C, D, E, were recorded, until Small and Lutz (1934)

showed that the apparently, well-established dihydrodeoxycodeine-A was
a mixture in the ratio 1 : 3 of dihydrodeoxycodeines B and C, the same
mixture being produced by the reduction of oc-chlorocodide, deoxycodeine-

A, or 0-codeine with sodium in alcohol. Of the four remaining dihydro-

deoxycodeines, D (formula III) is non-phenolic and B and C are phenolic.

The former is represented by IV and C differs from it in having the ethylenic

linkage at C®—C® instead of at C®—O’". Dihydrodeoxycodeine-E was
prepared by Speyer and Sarre by electrolytic reduction of bromo-
codeinone and is of the phenolic type. All the deoxycodeines and dihydro-

deoxycodeines can be reduced to the same tetrahydrodeoxycodeine (V)

which seems to indicate the same configuration at throughout the

series. This tetrahydro-base is identical with the dehydroxytetrahydro-

codeine of Mannich and Lowenheim,®® the dihydrothebacodine of Speyer

and Subert and the dihydrothebainan of Kondo and Ochiai.®^ It is

also produced by the catalytic hydrogenation of jS-chlorocodide (p. 217),

The clearing-up of the complex and confusing details of the chemistry of
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the deoxycodcincs and dcoxymorphines is largely due to Lyndon Small
and his collaborators, who have also shown that the a-dihydrodeoxycodeine
of Freund et al is a bimolecular product and have re-named it bisdihydro-

deoxycodeine.

7. Tetrahydrodeoxyoodalna lY. Dihydrodeoxycodeine-B III. Dlhydrodeoxyoodelno-D

The chief characteristics of these substances are given in the following

table :

—

Substance 'rypsmi uji, Salts

Dsoxyoodelne-A^ I '12*® 118*1® B.HCl, m.p. -270®, [uId^B?® ;B.HI.
m.p. 265°; B.Mel. m.p. 219-221®

Deoxycodeine-

C

II 106® -197*4® B.HCl; m.p. 114®, [ak-l^S*?®.
B.HI, m.p.160-5® .{a]jj-131*e^^

Deoxyoodelne-D i; liquid - B.HCl, m. p. 234-50, [a]|®®-12*l®;
B.HgC204 . m.p. 220-1®

Dlhydrodeoxyoodeine-B^ IV 128-131® -106*9® B.HCl, m.p.l54-6®(deo) ;[a]jj-76*4®;

B.HI, m.p. 255*6°, [a]jj-79*3®

Dihydrodeoxycodeine-C IV 109-III® 5.6® B.HCl, m.p. 241-2®, [a] 10.8°;
B.HI. 242-3®. [a]jj+2*2®

"

Dlhydrodeoxyoodelne-D III 107® -82-5® B.HI, ra.p. 250-1°; B.Mel, m.p. 286-7®

Dlhydrodeoxyoodelne-S IV 139® 58.1® B . Mel ,
m. p. 199® ; salicylate ,m. p.l98®

3
Tetrahydrodeoxyoodelne V 145-7® -32.4° B.HI,m.r.241®,[a]T,-24*2®; B.Mel,

m.p.263®,[a]jj -33^3®

!• There are two hemlhydratee, m.p. 124-6® end 151-2®; the anhydrous hase has
m.p. 159-161®.

2* After sublimation has m.p. 173®.

3. There hre two anhydrous forms; unstable, m.p. 124-5® and stable, m.p. 156-7®.

De03cymorphines, These substances bear the same relation

to morphine as the deoxycodeines do to codeine. The series is less exten-

sive than the deoxycodeines, but each deox^miorphine known can be
methylated to the corresponding known deoxycodeine (Small et

and is represente'd by the same formula {see deoxycodeine formulae, above,

with at C®, MeO —>OH).
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Deoxymorphine-A (I : MeO —>HO) can be obtained by the electrolytic

reduction of a-chlorornorphide or bromornorphide, or, along with ^-iso-

morphine, by the reduction of either of these halogenomorphides with zinc-

amalgam in 6A^-hydrochloric acid, but reduction with tin and concen-

trated hydrochloric acid produces an amorphous base giving a hydro-

chloride, m.p, 263*5°, [a]j/“ — 78*1° (H2^) (^/* Schryver and Lees,®^ 1900 ).

Deoxymorphine-A has m.p. 260-2°, [a]ff° + 106° (10% AcOII) and yields

a benzoate, m.p. 240-5°, + 82° (EtOH)
;
diazomethane converts it

to deoxycodeine-A (p. 253). On hydrogenation in presence of platinic

oxide it yields tetrahydrodeoxymorphinc, C17H23O 2N (V; MeO
which can also be prepared by the demethylation of tetraliydrodeoxy-

codeine (p. 253). This sublimes at 150°/0*3 m.m., has m.p. 241-3°,

— 77*5° dz 5" (MeOAc) and yields the following salts : B . HCl, m.p. 260-2°,

47*0° (EtOH)
; B . HI, m.p. 268-71°

;
salicylate, m.p. 238-

40°
; it can be methylated to tetrahydrodeoxycodeine (V, p. 253).

Deoxymorphine-C, Ci 7Hi902N, 0*5 HgO (II; MeO—> HO), is obtained

by thfe action of sodium in methyl alcohol at 140° on chlorodihydromor-

phide : it has m.p. 189-90°, [a]i% — 155*7° (EtOH) and forms the

following salts : B . HCl, 1*5 HgO, m.p. 240-5°, changing to 291-4° on

keeping, — 147° (HgO)
; B . HI, m.p. 292-4°

;
B . McI, 260-4°,

(MeOH) and on methylation forms deoxycodcinc-C (II). It is

hydrogenated, as the base m acetic acid, to a mixture of dihydrodeoxy-

morphine-D (see below) with tetrahydrodeoxymorphine (see above)y but the

latter only is formed when the hydrochloride in water is used.

Deoxymorphine-Dy m.p. 254-5° (vac,), occurs as a by-product in the

preparation of deoxycodeine-D (p. 253) and can be methylated to the

latter (Small and Mallonee ®^).

Dihydrodeoxymorphine’jy is obtained by the hydrogenation in presence

of palladised barium sulphate of a- or ^-chloromorphide or bromornorphide,

or deoxymorphine-C (see above) or by the demethylation of dihydrodeoxy-

codeine-D (p. 253). It has m.p. 188-9° and — 76*8° (MeOH), or as

the hemihydrate, m.p. 162-4°, — 78*6° (EtOAc). The following

specific rotations for salts in water are recorded: B . HCl, —66*8°;

B . HI, — 48*4°
;
B . Mel, — 46*6°. A process for the preparation of this

substance has been patented in which morphine is warmed at 60° with

concentrated hydrochloric acid and the resulting dichloro-compound
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hydrogenated in dilute acid or neutral solution. From information
supplied by Dr. Warnat and the results of their own experiments, Small,
Faris and Mallonee

(
1940

)
show that in this process, as indicated by the

following formulae (I to VI), morphine (I) is probably first converted into

^-chloromorphide (II), and the latter into dichlorodihydrodeoxymorphine
(III), in which ring closure of the oxygen bridge is easily effected to

produce dihydrodeoxymorphine (IV). The same authors also suggest that

j8-chloromorphide (II), and the dichloro-compound (III) are intermediates

in the conversion of morphine into ^pomorphine (VI, p. 214), probably
via (V).

^-Morphine and Allied Substances. ij/^-Morphine has been described

already (p. 215), and mention may now be made of its suggested constitu-

tional relationship to morphine. Goto and Kitasato found that,

on boiling with acetic aniiydride, basic ^-morphine methiodide,

. CH3I . CII3OH, obtained by gentle oxidation of morphine
methiodide, yields a substance, m.p. 255®, described as his-^ : 2'-(3 : 4-

diacetylmorphol), which, on hydrolysis and methylation, furnishes

his-2 : 2'-(3 : 4-dimethylmorphol). On these grounds 0-morphine is

regarded as 2 :
2 '-dimorphine, which, using the Gulland and Robinson

morphine formula, may be represented as follows :

—

ny>-Morphlne (G. and K.

)

The points of junction are taken as 2:2'- by analogy with the 2 ;
2'-

junction in j8-dinaphthol. Small and Faris have recorded a number of

observations on 0-morphine, for which this formula does not account. In

favour of the formula is the fact that 2-bromomorphine cannot be oxidised

to a similar bimolecular product. On the other hand, 0-morphine forms

only a monomethyl ether, which is devoid of phenolic character, indicating

the presence of only one phenolic hydroxyl group. Further, though the

formula is symmetrical, the two nitrogen atoms show different characters ;

thus, on methylation, a monomethyl ether methiodide is produced, and a

dimethiodide can only be obtained by gentle oxidation of morphine

methiodide to the so-called basic 0-morphine methiodide methohydroxide,

convertible to the dimethiodide by dilute hydriodic acid. The same authors

have prepared y-0-morphine by similar oxidation of y-mmorphine, and
this product closely resembles 0-morphine in properties being bimolecular

in structure, as indicated by molecular weight determinations, and forming

a tetracetyl derivative and a monomethyl ether methiodide. Hydro-
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genation of y-0-morphine produces tetrahydro-y-j/r-morphinc, in which the

ether oxide linkage in each half of the molecule is still intact, since the

same suostance is formed by oxidation of dihydro-y- 2>omorphine, whose
relationship to dihydro-^-codeine has been clearly established.®® Simi-

larly, y5f-morphine yields tetrahydro-^-morphine, identical with that formed

by oxidation of dihydromorphine. Bimolecular products have also been

obtained by oxidation of (a) heierocodem^ (morphine 6-methyl ether) to

ijj-heteroctodt\ne (6 : 6'-dimethyl ether of 0-morphine), and {h) an equi-

molecular mixture of morphine and y-i^omorphine, giving morphine-y-

womorphine.®^

These bimolecular substances are of interest in connection with the

chemistry of disinomenine (p. 271), and Goto and his colleagues have

prepared several of them from members of the morphine group of alkaloids.

Among these are dim^/athebainone and dithebainone.®® The latter is

represented as bis-1 : I'-thebainone (CigH2o03N )2 (see formula, p. 255),

and is formed by the gentle oxidation of thebainone (p. 249). It crystallises

in prisms, sinters from 210° and decomposes at 265°, has [aj}p° — 218*0°

(CHCI 3 )
and gives a methiodide (Ci 9H230 3Nl) 2 ,

prisms, m.p, 250° (dec.),

and an amorphous oxime (Ci 8H2203N2 )2 * On catalytic hydrogenation it

furnishes bis-l :
1 '-dihydrothebainone (Ci 8H2203N)2 ,

which can also be

obtained by oxidation of "dihydrothebainone (p. 250) with silver nitrate.

It crystallises in prisms, sinters from 210 ° and decomposes at 258°, and has

[ajj/'* — 159*8°. The optical antipode of this substance is obtained by
demethoxylating tetrahydrodisinomenine or by the gentle oxidation of

demethoxydihydrosinomenine (p. 268).

In these dithebainone products the j?ara-position with reference to the

hydroxyl group in ring I is assumed to be the point of junction (see

dithebainone formula, p. 255), but an isomeride, bis-S : 8 '-dihydrothe-

bainone, is obtained when thebainone is reduced with sodium amalgam
(Goto and Ogawa ®®).
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Skiiw e/ al.,

ibid., 1921, 54, 15G0. (79) Annalai, 1910, 373, 1, 15. (80) J. Amer. Chem. Soc., 1931,

56, 2159. (81) The following papers deal with the constitution of “ thebainone

:

PsenoRR, 1*FAFF and IIi:rrschmann, Ber., 1905, 38, 31 GO ;
Gulland and Robinson,

,/. Chem. Soc., 1923, 998 ;
Caiin, ibid., 1933, 1038 ;

Kondo and Ociiiai, Annalai,

1929, 470
, 224; Sciiopf (with Winterualdkr), ibid., 1927, 452 , 232; (with

Borkowsky), 1927, 458 , 153 ;
(with Pfeifer), 1930, 483 , 157

;
(with Perrey),

19.30, 483 , 1G9 ;
(with Hirsch), 1931, 489 , 224. For a study of the reduction products

of me/athebainone see Small and Mi:itzner, J. Amer. Chem. Soc., 1933, 55 , 4G02.

(82) For papers on dihydrothebainonc see Freiend, Speyicr and Guttmann, Ber.,

1920, 53 , 2250 ;
Skita et al., ibid., 1921, 54

, 1500 ;
Gulland and Bobinson, J. Chem.

Soc., 1923, 998 ; Schopf (with Winteriialder), Annalai, 1927, 452
, 232; Small,

Fitcu and Smith, ./. Amer. Chem. Soc., 1936, 58
,
1457. (83) For another method of

oxygen bridge formation in alkaloids of the thehainone type see Kondo and Ikawa,
Ber., 1932, 65 , 1214. (8.3«) Pschorr and Einbeck, Ber., 1907, 40 , 3652; Faltis,

Monais., 1922, 43 , 382 ;
Wieland and Small. For other papers on tlie ozonisation

of alkaloids of this group see Speyer, Ber., 1929, 62 , 209 ;
(with Popp), ibid., 192G, 59,

390
;
(with Roell), 1930, 63 , 539 ; (with Koulen), 1931

,

65
, 2815. (84) For the results

of a study of the reduction jiroducts of a-, jS-, and •y-LSornorphines and of ^//^-codeinc

and a//o-i//-codeine see Smai.i. (with Lutz), J. Amer. Chem. Soc., 1928, 50
,
24GG; 1932,

54
, 4715 ;

1934
,
56 , 1741 ; 1935, 57 , 361 , 2651 ;

(with P'aris), 1935, 57
, 303. (84n) Vonge-

RiCHTEN, Ber., 1899, 32, 3278 ; cf. MosF/rTiG, J. Org. Chan., 1940, 5 , 401, and von
Braun and Cahn, Annalen, 1920, 451 , 55. (b) Freund ct al., J. pr. Chem., 1920,

101 , 1 ; Wieland (with Koralek), Annalen, 1923, 433
,
2G7

;
(with Kotake), 1925,

444 , G9 ; Speyer and Koulen {ibid., 1 924, 438 , 34). (85) Hoffman-la Roche and Co.,

B.P. 451,203; 454,747; U.S.P. 2,087,134. (80) Goto and Kitasato, Annalen,

1930, 481
,
81. For early papers relating to the chemistry of ^/^-morphine see Vongk-

RICHTEN, ibid., 1396, 294 , 200 ; 1897, 297, 213 ; Polstorff, Ber., 1880, 13 ,
*86, 93 ;
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188(>, 19, 1700; Bi:RrR\Nn and M}:yrr, null. Soc. chiui., 1900, [i\], 5, 004; Atirt.

Chim. Phys.^ 1000, [viiij, 17, 501 ;
Compt. reud.^ 1000, 148, 1081. (87; Smai.l and

Faris, Amer. Cltrm. Soc., 1004, 56, 1000. (88) Smai.l and Li^r/, dnd., 1001, 56,

1028. (80) Co JO and Ocawa, A?inulcti, 1001, 511, 202. For oilier eoiiif-ounds of this

tyjie see ihid., 1005, 515, 207 ; Pull. Cftcni. Soc. Jujuni, 1020, 4, 107 ; 1005, 10, 252.

Ojyium Alkaloids of Unknown Consliiulion

Papaveramine, C2iT[25^g^* Tliis alkaloid, obtained liy Hesse^^ as a

by-product in the purification of papaverine, (Tystallises in prisms, m.p.
128-9°, is a weak base and gives a bluish-violet eoloration with sulphurie

acid. The hydrochloride is erystalline, the aeid oxalate very soluble in

water, and the platinichloride, (I^ . llCllg . PtC]4 . SHgO, amorphous.
Lantliopine, €2311250^N, was of)taifcal by Hesse ^ in working out his

scheme for the isolation of ^ht' ouoor alkaloids of opium. It erystallises

in mieroscopic prisms, m.p. 200' (dec.). According to Maehiguehi,^ who
isolated it from Jajianese o}>ium, it has m.p. 141-5°. It is a weak base

and possibly phenf>lic as, although precipitated from solutions of its salts

by alkalis, it is soluble in exerts and is again precipitated by addition of

ammonium ehloriile. It gives no eoloration with ferric chloride, and when
pure its solution in sulphurie aeid is colourless. The salts tend to gelatinise,

but the svl])hate crystallises in needles, the aeid tartrate forms ])risms,

and the platinicliloride is a erystalline powder (B . IIC1)2 . PtCl4 . II2O.

Mcconidinc, C2ill2/)4N. This alkaloid was jirc pared by Hesse ^ and
its existence in Japanese opium was eonfirmed by Maehiguehi.^ It is a

brownish-yellow, amorjihous substance, m.p. 58°, easily soluble in alcohol,

most organic solvents and in alkalis. It gives a green solution with

sulphuric aeid. The salts arc amorplious. Mcconidinc is said to exhibit

a slight tetanising action.
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PiiAiiM vcH^noCriCAU AcTiON OF TiTU MoRimiXE Gkox^p

A characteristic feature of the action of the opium alkaloids is their

simultaneous depressing and exciting action on the central nervous system.

In this respect there is no clear line of demarcation between the morphine

group—morphine, codeine and thebaine—and the papaverine-narcotinc

group, and as the series is ascended in the order, morphine, papaverine,

codeine, narcotinc, thebaine, narcotic action diminishes and power of reflex

stimulation increases until in thebaine a strychnine-like effect is exhibited.

Morphine. This alkaloid exerts both a de]jressing and a stimulating

action on the central nervous system, the depression aff'eeting the brain

especially the sensation of pain and the respiration : the cerebral motor

functions arc less afi'ected. The stimulant action in the cord is best seen

in the cold-blooded animals, wdien it may develop into tonic convulsions.

In higher animals, but rarely in man, there may be some indication of this

stimulant action. In cats it may also involve the motor areas, and they
9—2
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may show an acute maniacal condition. Horses, too, are very restive

under morphine. In fish, morphine is a pure convulsant. Man is the

most sensitive animal to morphine, and the depressant action is the

characteristic effect. The res[)iration is slowed and deepened, but the

respiratory volume is rediu‘ed and death is caused by respiratory arrest.

The alkaloid has little direct effect on the circulation or on the peripheral

muscles and nerves. The passage of food through the alimentary canal

is markedly slowed. The pupil is contracted as a result of the central

action of the drug until asphyxia sets in, when it becomes widely dilated.

Morphine is usually fatal to man in doses of 0-2 to 0*3 gm. Continued use

of the drug may lead to increased tolerance and to the danger of addiction.®

Numerous derivatives of morphine have been devised for use

in medicine including acyl derivatives, of which diaeetylmorphine

(C 17H 17O 3N, Aca, m.p. 173", [a]]r - 160° (MeOII)
; B . IICI . 2H2O,

m.p. 231-2°) is tlie best known, alkyl and other ethers such as the ethyl-

and benz^d-morphines, dihydro- and dihydrokelo-compounds such as

dihydromorphine, dihydroeodeine, dihydromorphinone, dihydroeodeinone

and hydroxydihydrocodcinone, and the deoxy-eompounds, e.g., dihydro-

deoxyrnorphine and methyldihydrodeoxymorphine.

Vahlen ^ has attributed the characteristic action of morphine to the

phenanthrene group, and Bergell and Pschorr ^ have pointed out that

whilst phenanthrene itself has no action on rabbits, the 2-, 8 - and 9-

hydroxyphenanthrenes cause tetanic convulsions, but no narcotic effect.

Loeb and Oldenburg state lhat, whilst dihydromorphine and dihydro-

codeine resemble the parent alkaloids in action, tetrahydrothebaine no

longer causes tetanus, and they connect this property with the presence

of an ethylenic linkage, supposing that dihydromorphine, but not tetra-

hydrothebaine, may be reoxidised in the body to the parent base.®

According to von jiraun and Kindler, the special properties of morphine

and codeine must be associated with the bridged hexamethylenc ring, the

position of the N-atom in relation thereto, and to a less extent the position

of the alcoholic hydroxyl group.

^

These early observations on the correlation of structure and pharma-
cological action in the morphine group have been greatly extended as a

result of chemical, pharmacological and clinical work done under the

auspices of the American National Committee on Drug Addiction. In

addition to numerous papers, contributed by experts serving this Com-
mittee, to chemical and pharmacological journals, two important reports

have been published :

—

(
1

)
“The Pharmacology of the Opium Alkaloids,” by Krueger, Eddy

and Sumwalt,® which covers the period 1800 to 1942, and gives a com-
prehensive survey of pharmacological observations on the alkaloids of

opium and their derivatives, with an exhaustive bibliography of over

10,000 titles.

(2)
“ Studies on Drug Addiction, with special reference to Chemical

Structure of Opium Derivatives and Allied Synthetic Substances and
their Physiological Action,” by Small, Eddy, Mosettig and Himmelsbach.^
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This second report deals with 125 morphine derivatives and a large

number of synthetic substances. The latter have nuclei akin to that of

morphine, viz,, phenanthrene, phenanthrylene oxide, dibcnzofiiran,

phenanthridine or carbazole, and are provided with side-chains, whose
nature and location were suggested by the results of observation of the

efiects of sueii groups in morphine. The conclusions arrived at in this

notable research cannot be summarised with the brevity ne(;essary for

the present purpose, but the mode of work adopted may be illustrated

by the following tabhj of pharmacological results recorded for a few of

the morpiiine derivatives investigated. The hgures given are doses

(milligrammes per kilogramme) necessary to produce the effect named at

the head of the column in which they occur. These numerical estimates

have the following signihcance :
-

Toxicity, L.I)^50, subcutaneoasi\ in mice.

Convulsant fic-tion. The niitiimal dose causing convulsions during

determination of L,D/50.

General depression. The minimal dose preventing immediate righting

of at least 15 out of 20 rats, thirty minutes after intraperitoncal injection.

Analgesia, Intramuscular dose necessary in 4 out of 5 cats, to require

an increase of pressure on the ti]) of the tail to evoke a response.

ExciiUig effect. The minimal dose inducing signs of exciting action in

at least 2 out of 5 cats.

Morphine 531 531

Diaoetylmorphlne 262 196

Codeine 841 161

Benzylmorphlne 35 35

Dihydromorphine 133 (0)

Dlbydrooodelne 825 168

Blhydromorphinone 84 67

Bihydrooodeinone 86 47

Hydroxydihydrooodelnone 486 426

D ihydrodeozymorphine-D 104 104

Dihydroxydeoxyoodeine-D 131 65

Ihebalno 31 31

Thebalnone 94 71

DIhydrothebalnone 1
161 124

(a) With 20'ragm. dose, three rats had convulsions and two died. Smaller doses

did not depress the righting reflex.

(b) Doses up to 20 mgm. had no significant effect on respiratory rate or minule
volume.

(r) Convulsions infrequent with fatal doses.

(d) No emetic effect up to 1*0 mgm.
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Emetic action. TJie niiiiinial dose eausiog a eat to vomit or show signs

of nausea.

Resjpiiaiorij effect. The minimal, elTeetive, depressant dose as measured
by Wrighi and liarbour’s method.’

The objeetive of the Committee is to lind an analgcsie as effective as

morphine but without the disadvantagtmis, secondary effeets of the latter

and particularly the danger of addiction, which its use inv^olves. In 1041

the Committee issued a report ® on the results of their work during 1920 41,

in whi(*h they call attention to two morphine derivatives in which parti-

cular features of the action of morphine have been notably modiffed,

dihydrodeox} morphine-1) (p. 254) and methyldihydromorphinone

(p. 24G). In the latter, analgesic action is stated to have been increased

more than narcotic and euphoric effects, emetic action is sup})rcssed and
there is a signilicant decrease in addiction liability and the rate of dc\ (‘lop-

ment of tolerance. It seems therelbre that it is possible to a ary select i\ely

the individual components of the total pharmacological effect, by chemical

modilication of the structure of the morphine molecule. iV-allvh?o/-

niorphine is an example of a large pharmacological change due to a

relatively small structural modification ; it is stated ^ to retain the

analgesic potency of morphine, but to be antagonistic to morphine in most

other respects, such as effect on respiration and on intestinal movement.
These general results ha\e entailed much detailed chemical and

pharmacological work on the influence of structural changes on })articular

items in the pharmacological action of morphine, c.g., its effect on

respiration.^®

According to Wright, an enzyme occurs in rat, rabliit atul man,
which hydrolyses diaeetyhnorphine, the two aeetoxy groups being dealt

with at different rates. Some evidence was also obtained that the (iizyme,

which hydrolyses atropine, also catalyses hydrolysis at the 6-acetoxy

group in the mono- and di-acet}^lmorphines. Oberst stales that in man
diaeetylmorphine is completely hydrolysed to morphine, which is ( xercted

mainly in the conjugated form. The mdion of the enzyme is said to be

inhibited by physostigmine and several other observations liave been

made connecting the action of morphine with those (p. 540) of physostig-

mine, prostigminc, acetylcholine and choline-esterase. It has been found

that the analgesic action of morphine is potentiated by prostigminc,

especially in addicts. According to Dastugue, the action of acetylcholine,

but not that of barium salts or of nicotine, on leech muscle is sensitised by
hydroxydihydrocodeinone, which in this respect is as potent as physo-

stigmine, though it is less potent than the latter in inhibiting the activity

of choline-esterase. The sensitising action is not shown towards the

action of acetylcholine on frog abdominal muscle or isolated rabbit

intestine. It has also been stated that the activity of choline-esterase is

inhibited by morphine, and by dihydromorphinone, but most strongly

by dihydrodeoxymorphine-D. The degree of inactivation by codeine

varies with the source of the enzyme.^®

Apart from the study of drug addiction in its clinical aspects, much
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aitciition has been devoted to the biologieal and biochemical condition of
addicts/® and a rnetliod has been devised for ascertaining what may be
called the “ addiction-risk involved in the medical use of analgesics
(Report/

2)p. 114 129). It depends on the treatment of addicts, already
stabilised to morphine, b}^ the substitution of the experimental drug for

morphine, under standardised conditions of observation. In such a
comparison of four morphine derivatives, dihydromorphine, dihydro-
deoxymorp)iinc-D and dihydrodeoxyeodeine-D are classed as giving

nearly complete, and methyldihydromorphinone incomplete, addiction

satisfaction. The structural changes in morphine, which influence
“ addiction-risk,"’ have been discussed by Ilimmelsbach (1941) and the

possibility of se]7arating euphoric, analgesic and physical dependence
effects of analgesic drugs vas d( alt witli by a symposium in 1943.

This work on the jn<>dit:''atu>n of the morphine molecule and its

])harmacological effects has attracted a good deal of attention and several

interesting interim summands and commentaries upon it have been

published.^^

Considerable progress has also been made with the alternative line of

work, the search for a synthetic analgesic as clfective as mor})hine and
without its disadvantages. The wx^rk of the American Committee has

shown that it is possible to produce analgesics with a dibenzofuran or

carbazolc nucleus in place of the phenanthrene or ])henanthrylene oxide

nucleus of m()r})hine and it is stated ® that synthetic* products whth analgesic

potency equal to that of codeine* have been prepared. In the 1938 report ®

moderate analgesic potency w^as recorded for preparation No. 421, 9-

methyl-2-(l-hydroxy-3-diethylamino)-propylcarbazole at 10 mgm. by
injection.

In 1943 Dodds, Lawson and Williams ,
22 having in mind that stilbene

derivatives, such as stilboestrol, can replace in medicine the naturally

occurring a'strogcns, made a similar approach to the problem of finding

an effective substitute for morphine, based on a^-diphenylethylamine,

Ph . CTINII 2 . CHg . Ph, of which a series of derivatives was made and

put through pharmacological tests for {a) depression of the righting

rellex in rats, (h) rise in blood sugar in rabbits, and (c) effects of intra-

muscular injection in cats. Five preparations survived these screening

tests and were tried clinically in patients suffering from pain due to

malignant disease and who were receiving morphine at intervals of four

hours. The drugs were administered orally in substitution for morphine ;

a^-diphenylethylenediamine, Ph . CHNIIg . CHNIIg . Ph, dirnethylamino-

benzyl phenyl ketone, Ph . CIINMcg . CO . Ph, and a-c?/cZohexyl-^-phenyl-

cthylamine, . CHNIIg . dig . Ph, proved unsuccessful
;
ajS-diphenyl-

ethylamine, in doses of 200 mgm. at intervals of three hours, relieved pain

but induced mental confusion after about one hour. The most promising of

the series was j3-hydroxy-aj3-diphenylcthylamine, Ph . CHOH . CHNHg . Ph,

which gave relief of pain without ensuing mental confusion or other

undesirable after effects, but further clinical investigation showed that

compounds of this series only relieved pain associated with nerve pressure,
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and were ineffective on pain due to indammatory and similar conditions.

Albert and Lauriat,^^ who have also conducted clinical trials with this drug
suggested that itvS range of activity might be somewhat wider. This

substance, m.p. B . IICI, m.p. 194 5"", is one of the two externally

compensated forms of /]-hydroxy-aj9-diphenylcthylamine. The other,

distinguished as tlie iso-form, m.p. 129"^ and B . HCl, m.p. 201 - 2 °, is

reported by MePhee and Erickson to have no analgesic action. The
latter authors have prepared a series of dipheiiylethylamine derivatives of

which the most effective analgesics are a-phenyl-jS-(*Emethoxy-4-hydroxy-

phcnyl)-ethvlamine, (MeO)(OH)C\H 3 . CHg . CHNH 2 . Ph, and a-phenyh/3-

(4-hydroxyphenyl)-i3-hydroxyetliylamine, IIO . . CHOH . CHNHo Ph.

They exert a prolonged effect at peak activity wliereas the (‘ffecd of mor-
phine diminishes regularly from the peak. The most interesting substance

so far found in this series is amidone, 2-dimeth\ iamino-4 : 4-diphenyl-

heptane-5-one, CH 3 . Cn(NMe2 )
. CHg . C(Ph 2 )

. CO . C 2H 5 , used as the

hydrochloride, m.p. 231°. It was developed in Germany and is referred to

in two ollicial publications, American and British.^® A sample of this

material was examined by Scott and Chcn,“^"^ who found its analgesic

potency at least ecpial to that of morphine. Experiments in dogs showed
little or no tolerance, in the addiction sense, and preliminary clinical trials

in man indicated that side reactions are not excessive. The chemical

reactions by which amidone and ?.<foamidone,

C Fig . CH . (0112 . NMe 2 )
. C (Ph 2 ) . CO .

are produced, have been fully investigated by Schultz, Robb and Sprague,

and the pharmacological properties have been compared with those of

similar analgesics by Scott, Robbins and Chen and with a series of

homologues and related compounds by Thorpe, Walton and Ofner.^^(^^

The latter authors have also prepared and examined the d- and I- forms of

amidone. The results indicate that in analgesic activity, taking morphine
as equal to 1 ,

Z-amidone is 2 * 2 , dZ-amidone 1*3, d-amidone less than 0-1 and
ivoamidone, 1 . In respiratory depressant activity, again with morphine
as 1 , Z-amidone is 2*7 to 3-8, dZ-amidone, 1-4 to 2 * 0 ,

d-amidone less than
0*1 and i^oamidone, 0-4 to 0-7.

In 1939 Eisleb and Schaumaim described the pharmacological action

of ethyl 4-phcnyl-l'methylpiperidine-4-carboxylate,

r I

McN . CH* . CH* . CPh(CO*Et) . CH* . CH*,

from which it appeared to resemble atropine in spasmolytic action and to

be a potent analgesic. The substance has been given a variety of trivial

names of which “ pethidine ” is in common use in Great Britain and
demerol ” in the United States. It was found satisfactory in various

clinical trials in Germany as a spasmolytic,^® and as an analgesic,®® or

both.®® Interest began to be shown in this drug outside Germany in spite

of the war, and further pharmacological work on it was done by Duguid
and Heathcote,®^ Gruber, Hart and Gruber,®h«) Yonkman, Noth and
Hecht,®hz>) and by Way and Ligon.®^^®^ Yonkman et al. also carried out a
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clinical trial and found that a dose of 100 mgm., orally or intramuscularly,
eight times a day in 118 patients, whose pain would have justilied the use
of opiates, gave complete relief in 64 per cent., partial relief in 24 per cent,

and no relief in 12 per cent, of eases. The analgesic action was greater

than that from 1 grain (65 mgm.) of codeine but less than that from \ to

I grain (15 to 20 mgm.) of morphine. Other evaluations of pethidine in

terms of morphine have been made by Hardy, Wolff and Goodell,®^ by
Hatterman and Himmelsbaeh and others.^'* Nurneious clinical trials with
pethidine for the relief of pain due to post-operative, pathological and
other conditions hav(‘ also been conducted in recent years. The possi-

bility of addiction arisitig from the use of this drug has been investigated

and seems to be less than with inorphiiif^.^^ The increasing use of the drug
has naturally led to the inirod’ution of methods for its detection,®® and
its estimation,®^ especially m nrme.®^ It has also stimulated interest in

the synthesis of substances of this type, or developed from it, and to a

smaller extent of other types sometimes based on isolated features of the

Robinson morphine formula.®® A further outcome of this activity is the

renewed attention given to methods for the determination of the pain

threshold and the effect of analgesics in raising it, as a means of evaluation

for these drugs.^®

A useful review of information on pethidine has been published by
Batterman and Himmelsbaeh, ®®and an admirable summary of informa-

tion on symthetic analgesics has been provided by Morrison and
Rinderknecht.^^^'*^

Codeine (morphine methyl ether) resembles morphine in its general

effect, but is less toxic and its depressant action less marked and less

prolonged, whilst its stimulating action involves not only the spinal cord,

but also the lower parts of the brain. In small doses in man it induces

sleep, which is not so deep as that caused by morphine, and in large doses

it causes restlessness and increased reflex excitability rather than sleep.

The respiration is slowed less than by morphine {rf, table, p. 261). Cases

of addiction for codeine can occur but according to Wolff they are rare.^^

The best known ethers of morphine are ethylmorphine and benzyl-

morphine (c/., table, p. 261), both used to replace morphine or codeine for

special purposes.

According to Eddy, as quoted by Small, the analgesic action of neopine,

neomorphine, 6-acetylneomorphine or 3 : 6-diacetylneomorphine (p. 218)

is definitely less than that of morphine and its corresponding analogues.

The first two are about half as toxic as codeine and morphine respectively,

and the second pair are more toxic than their morphine analogues. None
of the four shows the Straub reaction and the convulsant action is less

marked.
SitpoMorphine, This decomposition product of morphine shows some

of the morphine effects, but the accent is much more on the excitant than

on the depressant action. The medullary excitant action is the most

prominent, and in susceptible animals is exercised mainly on the vomiting

centre, causing emesis with its concomitant symptoms of nausea, sweating,
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etc. In animals where it does not cause vomiting’ iliere are other si^nis of

central irritation. Lar^e doses prodiica' convulsions. ]n addition to its

use as an emetic, it has also been found useful in subemetie doses as a

sedative in delirium tremens.

Tlu’hahie stands at tlu' other end of the series from mor])hine and is a

convulsant poison rather than a narcotic (see table, ]). 261 ). Ilildebrandt

states that it excites the rellexes of cold-blooded animals but in

dogs it exerts a narcotic and anti-emetic efTcet resembling that of

morphine rather than that of eliloromorphide. The alkaloid is scarcely

used in medicine as such, but is a })rimary matc'rial for the preparation of

certain of the modern morphine derivatives, such as hydroxydihydro-

codeinone and methyldihydromorphinone.

Comprehensive summarit's of the jdiarmaeologieal information available

regarding codeine, e7pemorphine and thebaine are given in the report

already referred to.^

Thehenine and Morphoihehaim . Little })hannaeological work seems

to have been done on tliese two degradation products of thebaine, but

Hildebrant records that as compand with thebaine, thebenine is a

much less potent excitant, and that in spite of its resemblance to a])0-

morphine, morphotliebaine is much weakca* as an emetic. Mor})hothebaine

dimethyl ether (3 : 4 : 6-trin;iethoxya])oi'})hine). whi(‘h is related to bulbo-

capnine and to eorydiiu* (pp. 306. 308), lias ])een examined by Gunn.'^^

Large doses in mice produce elonie convulsions, followed by central motor

paralysis and death from respiratory failure. The symjdoms indicate

supra-spinal stimulation of the central nervous system. Small doses

stimulate respiration in mammals. The alkaloid has a sympathieolytic

action resembling that of ergotoxine in many ways but differs (a) in having

no primary stimulant action on smooth muscle, (/;) in paralysing more
readily the peripheral, cardio-aecelerator mechanism in the lieart, (c) in

causing adrenaline-reversal of blood pressure and of action on the uterus

of the rabbit but not of the cat, and (d) having a very transient action in

the intact animal. The L.D.50 for mice by intraperitoncal injection is

0*11 gm./kilo.

isoThebaine. According to Konson and Saksonov,^^ this alkaloid

stimulates, and later depresses, the central nervous system. Subcutaneous
injection induces emesis in dogs and cats. Intravenous injections cause

transitory vaso-dilation with inhibited or halted respiration. It raises the

tonus and lowers the amplitude of contraction of mouse intestine at a
concentration of not less than 40 parts per million.
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Alkaloids of Siuomcnium acuium Rehd. and Wils. Although this

Japanese plant belongs to the Menispernmeea', it is convenient to deal

with it here because its prinei})nl alkaloids, sinomenine and disinomenine,

belong to the morphine sub-group. Of the other four alkaloids present,

tuduranine is related to morpl othebainc and t^olhebaine and comes into

this section in which are also included the two alkaloids of unknown
constitution, acuiumine and diversine. The sixth alkaloid, sinactine, is

Z-tetrahydroepiberberine, and is described along wdth its chemical relatives

(p. 338). Sinornenium acuium thus contains alkaloids belonging to three

different groups, and is typical of the botanical family Menispermacea',

which includes the alkaloid-bearing genera Anamirta (p. 349), Archangelisia

(p. 329), Chondrodendron (p. 363), Cissampelos (p. 363), Coeculus (p. 350),

Coscinium (p. 329), Jatrorrhiza (p. 329), Menispermum (p, 350), Stephania

(p. 361), Tiliacora (p. 350) and Tinospora (p. 829),

Sinomenine, C 19H23O4N. This alkaloid, first isolated by Ishiwari, ^ has

been investigated by Kondo ^ and by Goto.® It crystallises in stellate

groups of needles and has two melting-points, 161° and 182°. The specific

rotation [a]ff° is — 70-76° (EtOH). The hydrochloride, B . HCl . 2H2O,

decomposes at 231° and has —82-4° (dry salt : HgO)
;

the auri-

chloride is amorphous. The alkaloid contains two rnethoxyl groups and
one methylimino-group

;
it is soluble in alkalis, gives a greenish-blue

colour with ferric chloride and forms a monobcnzoyl derivative (prisms,

m.p. 225°) and a monomethyl ether (needles, m.p. 175°), so that the third

oxygen atom is present as a phenolic hydroxyl group. The fourth oxygen
is in a carbonyl group (oxime, m.p. 254° [dec.)

; semicarbazone, m.p. 264°

(dec.) ). On catalytic hydrogenation the base is converted into dihydro-
sinomenine, Ci^2604N (needles, m.p. 199°; [a]}f° + 170*5°). On distilla-

tion with zinc dust, phenanthrene and trimethylamine are produced, and,
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according to Goto,^ dibenzoylsinomenol, C30H22OQ, m.p. 206”, is formed

when the base is heated with benzoic anhydride. When heated with

potassium hydroxide solution (66 per cent.), sinomenine yields sinomenol,

m.p. 176”, which was at first thought to be 3 : 4-dihydroxy-5 : 6-dimcthoxy-

phenanthrene. On degradation by the Hofmann method, sinomenine

methiodide (prisms, m.p. 251”) yields a substance believed to be 3 : 5 : 6-

trimethoxy-4-keto-l-vinylphenanthrene, m.p. 310”. These results were

expressed by Goto in formula (I) for sinomenine, the nucleus of which is

similar to that proposed by Oehiai ^ (1024). In the same year Kondo and

Oehiai ^ showed that sinomenine and dihydrosinomenine, on reduction

with zinc-amalgam and hydrochloric acid, were converted into deoxytetra-

hydrosinomenine, CigH250.,N . O-SHaO (m.p. 150-1”, + 48*2”
;

B . HI, m.p. 250-1”), which resembled dihydrothebaeodeine, prepared by
Speyer and Siebert ® by electrolytic reduction of thebainone and for which

the following constants are recorded : m.p. 150-1”, — 47*22”,

B . HI, m.p. 250 T”. This substance is now better known as tetrahydro-

deoxycodeine (p. 253) ^ and is represented by formula (II). Deoxytetra-

hydrosinomeninc is, therefore, to be regarded as d-tetrahydrodeoxycodeine.

(Ill) sinomenine
(Kondo 1929)

(IV) (v)
(Goto 19£9)

The ease with which one methoxyl group is lost in this reduction was at

first explained by assuming carbon atom 5 as its point of attachment,

but in the following year the same authors ’ prepared by Pschorr’s method
8:4:6: 7-tctramethoxyphenanthrene, colourless prisms, m.p. 124-5”,

which proved to be identical with Goto’s dimethylsinomenol, and on this
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basis the labile methoxyl group was placed at the rest of tlie structure

of ring III being left open pending determination of the eliaraeler of this

ring in thebainone, sinomenine being regarded as the /-form of a hypo-

thetical d-7-metho\ythebainone. In a later paper ^ the same authors

still leave open the question of tlie attachment of the carbon end of the

ethanamine chain at (Knorr) or ((iiilland and Robinson), but suggest

as the position of the ethylenie linkage (formula III) (instead of the

bridge, adopted originally) on the ground that sinomenine has none
of the properties of an enolie methyl ether. The similarity of the colour

reactions of sinomenine and thebainone, viz., blue with ammoniaeal silver

solution in acetone and purple (soluble in chloroform) with alkaline solution

of potassium ferrieyanide, led Goto ® to accept this representation of

sinomenine in principle, but he preferred to place the ethylenie linkage at

and accepted linkage of for the ethanamine chain (formula

IV), which brings the representation of sinomenine into harmony witli

tlie current view ^ of the constitution of thebainone (p. 218),

Since then numerous papers have been published dealing wilh the

reactions of sinomenine and its derivati\'es, espc'eiiilly by (h)to and his

collaborators, and the results have diselosid no necessity for th(‘ modifica-

tion of formula (I^ ). (ioto and Siidzuki found that, on reduction with

sodium amalgam, dihydrosinomenine yields the d-form (m.j). las'",

[a]n> -(- SfMT'"
;

semiearbazoiKV m.p. 23,')'') of dihydrothebainone

(formula V). In this reaction the methoxyl group at 7 is again eliminated,

and if the reduction of dihydrosinomenine is effected by the Clemniens(‘n

method, the carbonyl group is also removed with the formation of tetra-

hydrodeoxyeodeine (II). (ioto, Takubo and Mitsui (1031) showed that

by the Sehopf and Pfeifer process, d-dihydrothebainone, in parallel with

the behaviour of its /utc-isomeridc (p. 250), could be converted into

d-l-bromodihj^drocodeinone, m.p. 200^, -f 161'’' (CHCI 3 ). The latter

on catalytic hydrogenation gave d-dihydrocodeinone, m.p. 113", [a] 7f°

+ 207*4° (CHGI 3 ), which Goto and Arai (1941) showed could be hydro-

genated, in pyridine solution in presence of platinic oxide, to
( +) dihydro-

codeine, CigHgaOgN, 2H2O, m.p. 87-8° or 110° (dr/y), faj’/J*' 4 146*4°

(EtOH) and this in turn demethylatcd to (-f )
dihydromorphine, m.p. 158 -

fajn + 151*5° (EtOH) giving a hydriodide, m.p. 285°, [ajp + 87*9°

(H2O).

When sinomenine is heated with hydrochloric acid and the product

treated with ammonia solution, 5f5-demelhylsinomenylidene, (C\
8H 2i03N) 2 ,

is formed, which crystallises from chloroform, has m.p. >312°,
[a]}/" -f 335*5°, contains two methoxyl groups and two carbonyl groups

(dioxime, m.p. > 315°) and is represented by partial formula (VI), in which
it is assumed that the enolie methyl ether group at 7 has been hydrolyse d
to a carbonyl group, and junction between two residual molecules, effected

by two ethylenie linkages formed in each case between the carbonyl group

at C® of one residual molecule and the methylene group at C® of the other.

In this reaction an intermediate product sinomenine hydrate,^^

(prisms, m.p. 130° pr 160°, [ajo + 40*8°), is formed and can be isolated if
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the base is liberated with sodium earbouate solution instead of ammonia
solution. In the formation of the hydrate the C-OCHg^CH . at 7-8

(formula IV) is assumed to pass into -“C(OII)(OCIl3)-- CHg— . In other

eases hydrolysis of the —OMe grou]) at 7 to a earbonyl group takes

plaee on luxating with 2A^-hydroehlorie aeid, without formation of a

hydrate or subsecpient condensation of two residual molecules : thus

l-bromosinomenine is so converted into I-bromosinomeninone (formula

IV, =-C(OMe) at 7 becoming - -CO - ), which crystallises from chloroform
in ])risms, rn.]). 227% [aj^^ +51-52°, and yields a dioxime, m.p. 189°.

Mcthylsinomeniiu- in like manner furnishes methylsinomeninone,^^

^i9n2y04N, m.p. 188°, [a|p) + 18*05°. In the other papers quoted
cxampl(‘s will be found of degradation of sinornenine derivatives by aceto-

lysis or exhaustive mcthylation and of iutereonversions between derivatives

of codeinone, thebainone and sinornenine.

Abstracts of a series of papers by (ioto el published in Japan in

1942 44, have become available rec-ently in this country. They deal with

the prejairation of 7-hydro\ycodcinone, 7-hydn)xydiiiydrothebainol and
the corresponding (-1-) derivatives from sinornenine, but chieiiy with the

rea(‘ti()ns of l-l)rornosiiu)inenine and its derivatives.

Disinomenine (Vi9H220jN)2 . 2Cn30II. When sinornenine is gently

oxidised it is converted into two biniolecular substances, disinomenine and
^disinomenine, f)f which the former, but not the latter, occurs in Smo-
menium acutuni. Its isolation as “ dehydrosinomenine,” CJ9H21O4N, was
described by Coto.^ The chief characters of these two bases are as follows :

Disinomenine. (//-Disinomenine.

Melting point ..... 222° 227°
Decomposing point .... 245° 243°
Crystalline form .... Plates Slender needles
Melting point of hydrochloride . >290° >290°
Decomposing point of methiodide 263° 268°

Oxime, m.p. ..... 265° (dec.) >290°
Semicarbazone, m.p. >290° >290°
Specific rotation, [ajo -f 149-8° - 127 03°

Colour with HCHO—H^SO^ Pink Yellow

The mixture of bases is best obtained by mixing solutions of sinornenine

hydrochloride and potassium ferricyanide and adding solution of sodium
carbonate. The precipitate is collected, ’washed with water and dissolved

in dilute hydrochloric aeid. The mixed hydrochlorides, which crystallise

out, are separated by repeated crystallisation from water, the 0-sinomenine

hydrochloride remaining in the mother liquors.

When heated with acetic anhydride in closed vessels at 180°, either

base yields in addition to methylethylamine the same tetracetyl-di-

sinomenol, C40H34O12? ni.p. 253°, from which disinomenol, m.p.>310°, is

readily obtained by hydrolysis.^®

Disinomenol is also produced when sinomcnol (p. 269) is boiled with a
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66 per cent, solution of potassium hydroxide. This similarity in behaviour

of the two himoleeular alkaloids is not complete, thus on catalytic hydro-

genation they yield distinct tetrahydro-derivatives, which in both cases

are dextrorotatory, though ^-disinomc'riine itself is la:vorotatory and is

derived from the hevorotatory alkaloid sinomenine.^®

It is assumed that these alkaloids are formed by junction at C^ that

is, in the j^’«r<?-position to the hydroxyl group in ring I, because (1) the

diazo-reaetion in the two bimole(‘ular alkaloids is much less intense than
with sinomenine, and (2) neither of the monobromosinomenincs, in which
the bromine atom is assumed to be at Ch can be oxidised to a bimolcciilar

base.^® Formula (VII) w'as, therefore, assigned to disinomenine, and it

was suggested that in 0-disinomenine there is probably a different mode of

linkage of the ethanamine chain. Mention has been made already of a

bimol xailar alkaloid of a different type, viz.^ l;?.9-dcmethylsinomenylidene

(p. 270) (partial formula VI), obtainable from sinomenine. A third type

is produced by the action of sodium amalgam on sinomenine in dilute

sodimn hydroxide solution. The substance obtained has the formula

(CigH^2
^) 3N) 2 ,

m.p. 304*^, [aju — 24*49'', crystallises from alcohol in stout

prisms, contains only two methoxyl groups, yields a disemicarbazone,

gives a diazo-reaction as intense as that wdth sinomenine, and resembles

sinomenine in its colour reactions with ferric chloride, alkaline potassium

ferricyanide and formaldehyde-sulphuric acid. These properties seem to

preclude junction in the 1 :
1 '-position, and it is assumed that junction

takes place at the 8 :
8 '-position, and the substance is represented as his-

8 : 8'-demethoxydihydrosinonienine (VIII).^® Similar studies have been

made of other bimolecular alkaloids of this series, c.g., ^-morphine (p. 255),

dithebainone (p. 256), Z- and : I'-thebenone, 1 : 1 '-dithcbaol,^^

Z- and d-his-\ : 1 '-jS-tetrahydrodeoxycodeine.^® Another type of bimolecular

alkaloid of this series, is the 7 :
7'-methylenefei^dihydrocodeinone obtained

by Rapoport and Small by the action of formaldehyde and dimethyl-

amine on dibydrocodeinonc.^®^"^

Sinactine^ C20H21O4N. See Z-Tetrahydroej^iberberine, p. 388.

Acutumine, C2o(2i)H2708N. This base, isolated by Goto and Sudzuki,
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crystallises in needles, ni.p. 240°, and gives a hydrochloride, [aj^ + 60-2°,

and an aurichloride, m.p. 100-200°. It contains one carbonyl group (semi-

carbazone, ni.p.>2y0°), probably one carboxyl group, three methoxyl
groups, no phenolic hydroxyl group and one nicthylirnino-group. Its

absorption spectrum resembles that of narceinc.^^

Diversine, {Parasinonienine), This base was obtained by
Kondo, Ochiai and Nakajirna as an amorphous, yellow substance,

m.p. 80 03°, + 6-08°. It reduces solutions of gold or silver salts.

The hydrochloride is amorphous, m.p. 135-140° (dec.), as is also the methio-

dide. The alkaloid contains two methoxyl groups and one methylimino-

group, and with benzoic anhydride yields a mixture of mono- and di-

benzoyl derivatives. For another diversine, see p. 350.

Tuduranine, CigHigOgN. lliis a)ember of tlu* aporphine group (p. 306)

is the most recent addition to Sinomenium alkaloids and was isolated by
Goto 2® from the mother liquors of sinomenine. It is crystalline, has m.p.
125° (with softening at 105°), and yields a sparingly soluble hydrochloride,

m.p. 286° {dec,), — 148° (dilute MeOH), is freely soluble in alkali,

and gives feeble ferric chloride and diazo-colour reactions and a fuchsin-red

colour with formaldehyde and sulphuric acid. It behaves as a secondary

base and yields a diacetyl derivative, m.p. 170°, laJ}/“ — 321*71° (MeOH),
which does not form a methiodide, but can be hydrolysed to iV-acctyl-

tuduranine. m.p. 277°, •— 395*24°, and this can be methylated to

A^-acetyltuduraiiine methyl ether, m.p. 189°, [aj[f' ~ 400*17° (CHClg).

With methyl iodide in methyl alcohol, tuduranine is converted into N-
meth\ Ituduranine methiodide, m.p. 224°. The absorption spectrum of

the alkaloid resembles that of morphothebaine dimethyl ether (p. 231).

On degradation by the Hofmann process tuduranine yields a trimethoxy-

vinylphenanthrene, m.p. 93*5°, or when ethyl iodide is employed a

dimethoxyethoxyvinylphenanthrene, m.p. 148°, later corrected to 108°.

(ioto, Inaba and Kozaki have synthesised 3:5: 6-trimethoxyaporphine,

and shown that the /-form is identical with A^-methyltuduranine methyl
ether, m.p. 108°, [a]{f — 136*9° (MtOH).^^

Later Goto and Shishido prepared d/-3-ethoxy-5 : 6-dimethoxy-A^-

ethyh^oraporphine ethiodide, m.p. 186-7°, and this, by the Hofmann
degradation process, gave the ethiodide of the de-A^-ethyl base, m.p. 194°,

from which the dirnethoxyethoxyvinylphenanthrene, m.p. 108°, was
obtained, identical with that from natural /-tuduranine. The latter is

therefore 8-hydroxy-5 : 6-dimethoxy-A'^-noraporphine. A later paper

(1941) also relating to tuduranine is not yet accessible.

Pharmax:ology, A good deal of attention has been given in Japan to

the pharmacological examination of sinomenine and its derivatives.

According to Goto and Takebe, the dextrorotatory derivatives of sinomenine

are convulsive poisons^ and show neither the sedative nor the analgesic

action characteristic of /-morphine derivatives. Sinomenine produces in

frogs, mice and rabbits increased reflex excitability and respiratory

paralysis. In dogs and mice these symptoms are accompanied by a

vasodilatation observable in the vessels of the skin and mucosae. Small



274 MORPHINE SUB-GROUP

doses stimulate, largtir doses stimulate and then paralyse the plain muscle

of the intestine and uterus. According to Takaori, div^ersine has a similar

action to sinomcninc, but is more toxic. The effects of sinomeninc and

parasinomenine (diversine) on various aspects of metabolism have been

compared with those of quinine, another j)rotoplasmic poison and found,

as a rule, to be less active.-®
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ALKALOIDS OF OTHER PAPAVER SPP. For the following

papaveraceous alkaloids neither constitutional formulie nor group relation-
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sliips have been suggested. The numbers in brackets after tlie names of
the alkaloids refer io the numbered list of plants, pp. 1G<) -7:3.

Rhoeadine, C’oiHaiOcK (beins 51, 57 ;
list, ]). 173). Tiiis alkaloid was

found in the red poppy })y Hesse. ^ Its occurrence in opium is doubtful.-

The quantity })resent in th(‘ red poppy, as recorded by 1 lessee and by
Tavesi,^ is very small. These workers established the formula C'oiHoiOgN
for rhexadine, and showed that it was a weak base, sparingly soluble in

water, most organic solvents and alkaline solutions. Mineral acids dissolve

rhoeadine forming intensely purple red solutions, but only a small fraction

is used up in producing the colour, the rest being converted into a colourless,

crystalline substance, rhcpagemm\ a much stronger base, stable to acids,

non-volatile, and forming a well-crystallised h^^drochloride, hydriodide

and nitrate. Rha^adine has also been investigated by S})ath. Schmid
and Sternberg,'^ and by Awe,® wdio describe methods of isolation, th(i

former finding 0-031 per cent, in the jietals, and Awe 0 035 per cent, in

the green, unripe capsules.

Rhoeadine crystallises from a mixture of chloroform and ether,

sublimes at 215-2570*02 mm., and then melts at 250-57*5'' (iw.), and
has + 232'^ (CHClg)."^ According to Awe it has m.p. 272-4"^ (Roller's

micro-apparatus), and [ajj^ + ‘^4-3
'
(CIICI3). A crystalline hydriodide,

B . HI . 2H2O, was prejiared by the addition of potassium iodide to a

solution of tlu' alkaloid in acetic acid. Rhoiadinc contains one rnethoxyl

group and a dioxymethylene group, but no reactive hydrogen (Zerewitinoff).

R]L€eagcnu\(\ C^goHigOgN. This substance is not isomeric with

rlKcadine as I’orrnerly supposed. It crystallises from methyl alcohol,

lias m.p. 23G-8 ' (2237 Hesse
;
235-37*57 Pavesi ; 235- G7 Awe), and

^ (acetic acid) ^ or -f 166"^ (acetic aeid).^ Rha*agenine contains

one replaceable hydrogen, no rnethoxyl group, but still retains the dioxy-

niethylcne group. On oxidation with permanganate in a carbon dioxide

atmosphere it furnishes 3 : 4-methylcnedioxyphthalie acid, and the

methylirnide of this acid, as well as a third substance, m.p. 75*7-77*5'^.

On zinc dust distillation in hydrogen, rhocageninc furnishes fso(j[uinoline,

and in a two-stage Ilofmaii degradation gives a nitrogen-free product.

Aporeine, CigHigOgN (Item 52 ;
list, p. 173). This name is derived

from anopeo), SO that apo in it has not the usual significance attached to it

by chemists. The alkaloid forms greenish-yellow prisms, melts to a

fluorescent liquid at 88-0'^, decomposes at 225 can be distilled in hydrogen

or carbon dioxide, and is readily soluble in most organic solvents, except

hot light petroleum, from which it is best crystallised. It is optically

active, [a]}f" + 75*1G°, faintly basic, but gives well-crystallised salts
; the

acid oxalate crystallises from alcohol in plates, m.p. 89-90'^
;

the hydro-

bromide forms yellowish-green scales, discolours at 190°, and decomposes

above 210°. The hydrochloride separates in glistening plates, m.p. 230°

(dec,) from water or alcohol, can be sublimed in carbon dioxide at 220-40°,

and on exposure to sunlight is converted into a new crystalline base,

aporegenine, which* has not been further characterised. Aporeine gives

with formaldehyde a characteristic blue colour turning to black. In a
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mixture of nitric and sulphuric acid it develops a violet colour changing

to brown and yellow. The alkaloid is said to be a tetanising poison showing
a general resemblance to thcbaine in action (Pavcsi).®

Aporeif^ine (Item 52 ;
list, p. 173) forms rhombic plates, m.p. 1 76- 8°, from

alcohol. It is possibly produced by the action of air and light on aporeinc.

Petit recorded the presence in Papavcr orientalc of narcotine, morphine
and mcconic acid, but subsequent investigators have not confirmed this

observation. Gadamer ® and Klee found protopine (p. 299), thcbaine

(p. 219), /.9othebaine (p. 232), glaucidine (p. 311), two phenolic bases and
one non-phenolic. Klee ^ pointed out that during vigorous growth thcbaine

is almost the only alkaloid in the root, whereas when withering sets in

only a little thcbaine and a phenolic base arc present. It is not surprising,

therefore, that in the re-investigation of the air-dried leaves by Konovalova,
Junussov and Orekhov, thcbaine and the new plKnolic base oripavine

were found but no i^othebaine.

Oripavine, CigllaiOaN (Item 56 ; list, p. 173). This alkaloid was isolate d

by extracting the dried leaves, moistened with ammonia, with ethylene

dichloride. It crystallises from alcohol in colourless needles, has m.p.

200-1°, [a]p — 211*8° (CHCI3), yields a hydrochloride, m.p. 244-5°, and a

methiodide, m.p. 207- 8°. The base is soluble in sodium hydroxide solution,

giving a crystalline sodium derivative. It contains one hydroxyl, one

methoxyl and one methylindno group.

The alkaloids found in P. jloribundum (Item 53 ;
list, p, 173) by

Konovalova, Junussov and Orekhov are lloripavine, armepavine

(p. 195), floripavidiile and floribundine ; the first pair being phenolic, and
the second pair non-phenolic.

Floripavine, C19H21O4N. This crystallises from alcohol in thin needles,

has m.p. 200-1°, [ajp +90*5° (CHCI3), and gives a hydrochloride, m.p.

235-6°, picrate, m.p. 223-4°, and a methiodide, m.p. 220 -1°. The base

contains one hydroxyl, two methoxyl groups, and one methylimino-group.

Floripavidine, C21H29O5N. This occurs in the crude mixture of non-

phenolic bases, and is separated from floribundine by repeated crystallisa-

tion of the mixed hydrochlorides from water. The base crystallises from
alcohol in prisms, has m.p. 241-2°, and [ajn “ 156*25° (MeOH) ; the

hydrochloride, m.p. 209-10°, hydriodide, and methiodide, m.p. 228-30°,

were prepared. The alkaloid contains no hydroxyl group (Zerewitinoff),

but a methoxyl, a dioxymethylene, and a methylimino group are present.

Floribundine, CigHigOgN, crystallises from acetone in prisms, has

m.p. 193-5°, [aji)— 204-28° (CHCI3), and gives a tartrate, m.p. 181-8°, and
a methiodide, m.p. 178-80°. One methoxyl and one methylimino-group

are present. The mother liquors from floribundine appear to contain a

fifth alkaloid, m.p. 200-8°.

Armepavine, C19H23O3N. See p. 195.
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OTHER papavp:raceous alkaloids

a-NAP IITHAPHENANTIIRIDINE SUB -GROU P

This sub-group includes four alkaloids, a-hoTriochclidoninc, chelidonine,

chelerythrine, and sanguinarine, whose nuclear structure and inter-

relationships (fornuilae I to IV) have been established. Three minor
chelidonium alkaloids, oxychelidonine, methoxychelidonine and oxy-

sanguiiiarine, wliose association is implied by their names, are included.

a-Homochelidonine, Cg^HoaO^N (Item 7; list,]). 169), was isolated from

Chelidonium rnajus by Schmidt and Selle.^ It crystallises from ethyl

acetate in rhombohedra, m.p. 182°. The salts are amorphous except the

aurichloride, which forms reddish-yellow needles from alcohol.

The alkaloid was investigated by Gadamer,- who stated that it was
dextrorotatory and contained two mcthoxyl groups, a methyh'nedioxy-

group, an alcoholic hydroxyl group, and a rncthylimino-group, and that it

resembles chelidonine in its behaviour with acetic anhydride, giving an
0-acetyl derivative in the cold and a A^-acetylanhydrohornochelidoninc

with the boiling reagent. Gadamer ^ also showed that on oxidation with

mercuric acetate 0-acctyl-a-homochelidonine is converted into dihydro-

chelerythrine, m.p. 160-2° {see below), which on exposure to air is oxidised

to chelerythrine (i/r-cyanide, m.p. 258°) just as chelidonine under like

conditions passes into (/r-chelerythrinc (sanguinarine, p. 280). On the

basis of these results, Gadamer suggested that a-homochelidonine difi'ered

from chelidonine in the replacement of one methylencdioxy group by two
mcthoxyl groups, and this was confirmed by Spath and Kuffner,^ who
represent a-homochelidoninc by formula (I), chelidonine being (HI), and
chelerythrine (II).

Chelerythrine, CgiHi^OjN . HgO. (Items 4, 5, 6, 7, 43, 46, 60 ;
list,

p. 169). This base was isolated by Probst ^ from the root of Chelidonium

majus. It was probably first obtained in a pure state by Konig and Tietz,®

from the root of Sanguinaria canadensis, A process for the separation

and purification of the alkaloids of Chelidonium majus roots is given by
Schmidt and Selle.^

Chelerythrine crystallises from alcohol in colourless, prismatic leaflets,

m.p. 207°, containing one molecule of alcohol. The alkaloid absorbs

carbon dioxide from the air, becoming yellow. The solutions fluoresce

blue when the alkaloid is contaminated with its oxidation product, which
is formed by mere exposure of solutions to air. The salts, which are

quaternary, are intensely yellow. The hydrochloride, B . HCl . HgO, forms

citron-yellow needles, and the sulphate, B . H2SO4 . 2H2O, golden-yellow

needles, sparingly soluble in water ; the platinicliloride, B2 . HgPtCl^,
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golden-yellow needles, und the aiiriehloride 15 . HAUCI 4 , long, silky,

brown needles, m.j). 233'' (dec.). Sulphuric acid dissolves ehelerythrine,

forming a greenish solution, which slowly becomes dirty yellow. Sulpho-

vanadic acid gives a violet-red tint changing to dark red.

Karrer ’ found that ehelerythrine reacted with phenylhydrazine as

if it contained a carbonyl group, and that on reduction with zinc and

r-l—
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Chelerytt^lne ,

T

I

lioO—

LleO—

C

(VI) Tetrpae wboxy~N~methyl~
.^.dlhydro-Q-^phtjtiaphenantDridlce .

hydrochloric acid, dihydrochelerytlirine, m.p. 162-3®, colourless and

non-basic, is produced. With Grignard reagents, a-alkyldihydrochelery-

thrines are formed analogous with the alkyldihydrobcrberines (p. 833),

Gadamer ^ showed that these reactions, which appear to indicate the

presence of a carbonyl grouj), occur in the same way as with cotarnine

and berberine Two of the oxygen atoms were sliown to be present

as a methylenedioxy group, and the other two as methoxyl groups.
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On these j^rounds Gaclamer regarded ehelerythrine as a quaternary base,

wliieh on liberation from its salts passed into the earbinol form. In sub-

sequent papers (bidamer suggested that the eontradietory ol^servatioiis

reeorded regarding ehelerythrine and sanguinarine were in part due to

the dilfieulty of separating these alkaloids, and in assoeiation with Stiehel ®

he prepared Karrer’s ehelerythrine i/f-eyanide,"^ GN, m a pure

state, m.p. 250“. Spath and KufTner ^ effected a j)artial separation of the

two alkaloids by crystal lisation of the nitrates, and finally obtained pure

ehelerythrine by crystallisation of the e/r-eyanide, m.p. 200-1°, from
acetone. They found that ehelerytlirine chloride on gentle oxidation by
potassium permanganate yielded the rnethylimide of 3 : 4-dimethoxy-

phthalic acid, and on more energetic oxidation, 4 : S-dioxymethylene-

phthalic acid (hydrastie acid (Vll)
)
was also produced. On distillation

with zinc dust ehelerythrine chloride furnished a-naphthaphenanthridine

(1 : 2-benzphenanthridine) {\").

On the basis of these results they assigned formula (II) to ehelerythrine,

and this was confirmed by the further observation that dihydroehelery-

thrinc, m.p. 160 -7°, on treatment with phloroglueinol and sulphurie acid

and subsequent methylation of the dihydrie phenolic base so formed,

yields tetramethoxy-A"-methyldihydro-a>naphthaphenanthrjdinc (VI), m.j).

182 3°, also obtainable from sanguinarine.®

Manske has suggested that base, POl (Item 4 ;
list, p. 109)

CigHio03(NMe)(OMe)2, m.p. 210°, may be closely related to ehelerythrine

and is j)ossibly represented by formula (II) with the two methoxyl groups

and tlie dioxymcthylene group interchanged in position.

Chelidonine, ( . IlgO. (Items 7, 42, 61 ;
list, ]). 169). This

alkaloid separates with protopine in Schmidt and Sellers process ^ for

chelidonium alkaloids, and is isolated by means of its greater solubility in

ether, and the sparing solubility of its hydrochloride in hydroehlorie acid.

The base is purilled by crystallisation from acetic acid
;

it forms mono-
elinie tablets, m.p. 135 6°, [al7) + 115*4° (EtOH), is readily soluble in

alcohol or ether, but insoluble in Avater ; the hydrochloride 1^ . HCl, and
the nitrate, B . HNO3, are crystalline and sparingly soluble in water. The
alkaloid gives a deep crimson colour with strong sulphuric acid and a drop

of guaiaeol. It is a tertiary base and contains a methylimino-group
;
the

oxygen atoms are present in the form of two methylenedioxy groups and
a non-phenolic, hydroxyl group. Gadarner found that on acetylation at a

low temperature 0-aeetylehelidonine (two forms, m.p. 161-3°, and m.p.
184-6°

; [a]i) + 110°) is produced, but at the boiling point of acetic

anhydride, A^-acetylanhydroehelidonine, C22H19O5N, m.p. 152°, [a]x) ± 0°,

is formed. This is one among numerous observations made by Gadarner

€t al.^ bearing on the constitution of chelidonine. The most interesting of

these is the oxidation of 0-acetylchclidonine with mercuric acetate to a

quaternary base, didehydrochelidonine (i/f-cyanide, m.p. 194-6°, [x]d

+ 151-3°, Gadarner and Winterfeld ®) whose transformation into dihydro-

^-chelerythrine, and eventually into ^-ehelerythrine (sanguinarine) is

described later.
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Gadamer suggested two formula^ of a phcnanihrcne type for ehclidonine

in 1919 and 1924, the second formula having a 7-menibered heterocyclic

ring attached to the phenanthrene nucleus. In a critical review of the

chemistry of ehclidonine by von Bruchhauscn and Bersch,^® it was pointed

out that such formuhe appeared to be excluded by the results of Kling,^^

and Schwarz, which unfortunately are not readily accessible. Schwarz

in particular showed that Gadamcr's ch< lidonineniethine (C 21H22O 5N,

m.p. 145-6°, fa]D — 271*3") on oxidation furnished hydrastie acid (VII)

and 4 : 5-niethylenedioxy-2-dimclhylaminobenzoic acid. The latter acid

on re-examination by von Bruchhauscn and Bersch proved to be 3 : 4-

methylenedioxy-2-dimethylaminometh} Ibenzoic arid, m.p. 191°. These

degradation fragments indicated that each mcthylencdioxy-group is on a

different benzene ring.

The same authors, on the basis of this result, but mainly from (‘onsidera-

tion of the probable close relationship of ehclidonine to protopinc, proposed

formula (III) for ehclidonine. This w’as coniirmed by Spath and KuiTner,^^

who show^ed that Gadamer's iV-acetylanhydroehelidonine {see above) on

oxidation with nitric acid yielded trimellitic acid (benzene 1:2; 4-tri-

carboxylic acid), and that chelidoniiie, oxidised by potassium permanga-

nate, furnished hydrastie acid (VII) and 3 : 4-methylenediox) benzene-

1 : 2-dicarboxylic acid (VIII) which Spath and Ilolter had already

prepared by the oxidation of corycavine. Gadamer and Stichcl ® had
shown that sanguinarinc on distillation with zinc dust gave rise to a

substance, m.p. 136°. This, on re-examination by S])ath and
Kutfner,^^ proved to have the formula and to be identical with

Gnebe’s a-naphthaphenanthridine (V). Perusal of the forrnuhe (V, ATI,

VIII) will show that these various degradation products arc satisfactorily

accounted for by von Bruchhauscn and Bersch \s formula (III) for cheli-

donine, which still requires support for the location of the hydroxyl group

at The nature of the oxidation products indicates that it cannot

be in ring I or IV and, mainly on account of the behaviour of chelidoninc

with acetic anhydride, and the character of the saturated, nitrogen-free

substance obtained by Kling in a two-stage Emde degradation of cheli-

donine, was selected as the position of this group in agreement with von
Bruchhauscn and Bersch’s view, arrived at chielly on phylogenetic grounds.

Sanguinarine (i/j-chelerythrine), C2oIIi304N . HgO. (Items 7, 46, 60 ;

list, p. 169). This alkaloid was obtained from Sangiiinaria canadensis roots

(blood root) by Dana.^® Its separation from protopine and •^especially

chelerythrine is difliicult, and for details the papers cited should be
consulted.^’ It is doubtful whether the alkaloid has been obtained free

from chelerythrine, except when prepared by oxidation of ehclidonine by
mercuric acetate.® The natural alkaloid is said to crystallise from ethyl

acetate or alcohol in colourless needles, m.p. 218° (Schmidt, Konig and
Tietz

;
but by removal of associated chelerythrine as the ^-cyanide

and fractionation of the residue as the acid d-tartrate, Gadamer and
Stichel,^*^ obtained sanguinarine, which crystallised from ether, melted at

242-^° after being heated at 225-80® for five minutes, or at 260°* when
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heated more rapidly. Crystallised from alcohol, it had m.p. 195-7°, and

is then probably an alcoholate. It is soluble in organic solvents with a

bluish-violet fluorescence
;
the ’salts arc red. The j/;-eyanide is colourless,

and lias in p. 238°.

In view ofthe importance of establishing th<‘ relationship of saiiguinarine

to chclidonine the steps by which the latter alkaloid was converted into

0-chelerythrine by Ciadamer and Winterfeld ® may be mentioned. 0-

Acetylchelidonine (p. 279) was oxidised by mercuric acetate to didehydro-

chclidonine (^-cyanide, C 2iIli 8^^ 5N 2 »
194-6°), which behaves as a

tertiary base, and when boiled in aqueous alcoholic solution is converted

into an anhydro-base, dihydro- e/f-ehelerythrine, C20H15O 4N, w’hich deposits

as the reaction proceeds, in crystals, m.p. 187—8°, and is readily oxidised,

by mercuric acetate to 0-chelerythrine, C’2oIli 3^ 4^» which crystallised

from ether, has m.p. 239-42° (dec,). The identity of this substance with

sanguinarine was established by Gadamer and Stichel.^'^ The ^-cyanide

(cf, cotarnine ^-cyanide, p. 204), C 2iHi404N2 ,
crystallises from chloroform

on addition of alcohol, has m.p. 237*5-238% and is colourless. Ihe hydro-

chloride, C20H13O 4N . HCl . 8H2O, forms long, thin copper-red, or blood-red

needles.

The nature of the nucleus in chclidonine and sanguinarine was estab-

lished by Spath and Kuffner,^^ who showed that both alkaloids on distilla-

tion with zinc dust yielded a-naphthaphenanthridine (V ), first prepared

by Graebc,^® and on that basis formula (IV) was suggested for sanguinarine.

The relationship between chelerythrine (II) and sanguinarine (IV)

was also established by Spath and Kuffner,® who showed that dihydro-

chelerythrine (p. 278) and dihydrosanguinarine, C 20H15O 4N, m.p, 188—9 ,

prepared from the natural alkaloid, and obviously identical with the

dihydro- t/>-chelerythrine of Gadamer and Winterfeld (see cibove), on replace-

ment of the methylenedioxy-groups by methoxyl groups yielded the same

substance, viz., tetramethoxy--V-nicthyldihydro-a-naphthaphcnanthridine

(VI).
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Synthkticat. ExrKiUMENTS. Richardson, Ro])inson and wSeijo

have described the synthesis of a substance wliich is bclic x ed to ])e t(‘tra>

methoxytetrahydro])enzphcnanthridinc (XI). It was obtained by (*on-

derising \ eratraldehycie and aectoveratrono to 8 : 4 :
.‘3'

: 4'-tctraii>etlio\y-

chalkonc, which by addition of liydrogcn cyanide \'iel(led y-kcio-a-cvano-ay-

diveratrylpropane*^. CeUslOMe).^* . CH(CNj . CHg ‘ CO . C’6ll3(OMe)2.

was hydrolysed successively to the corresponding amide and keto-aeid,

and the latter reduced by Clcmmenseirs method to ay-diveralrylbutyric

acid, C6H3(OMe)2 . CH(C02H) . CH., . Clla . C6ll3(OMc)2 in wliieli ring

closure was eftected by treatment with phosphoryl chloride, yielding

l“keto-6 : 7-dimethoxy-2-veratryl-l : 2 : 8 ; 4-tetrahydronaphthalene {IX ).

The latter, either by direct interaction with formamide or rid the oxime
and amine and treatment with formic acid, was converted into 1-formamido-

6 : 7-dimethoxy-2-veratryl-l : 2 : 3 : 4-tetrahydronaphthalene (X), and in

this the second ring closure was made in toluene solution by jihosphoryl

chloride to (XI) with (XII) as a less likely alternative.

A series of “ open ” analogues of chelidonine has been pref)ared by

Nollerand Kneeland in the form of tertiary amino-alecdiols of the tvpe,

CHaAr-NMe . (CHo)^ , CHOH . CIEAr' where Ar and Ar' may be (1)^ Ph
or (2) p6li3 : CHgOg or (3) C(jH3(bMe)2, They were made ibr pharma-
cological test but none of them showed the spasmolytic action, which h'd

to the suggestion of chelidonine as a substitute' for paj^averine.

Oxychelidonine, (Item 7 ;
list, p. IGik) This alkaloid was

obtained by Gadarner and Theissen ^ from residues from the technical

extraction of chelidonine, and is one of the products formed when th(*

latter is oxidised with mercuric acetate. It crystallises from a mixture of

chloroform and alcohol in slender needles, m.p. > 285”, [a|ij 102' 5",

yields no salts, contains one methylimino-group and two methylenedioxy

groups. It is assumed that a cyclic methylene group near the alcoliolie

hydroxyl group at (III, p. 278) has been converted into a carbonyl

group which inhibits acylation, but no positive evidence for the presence

of a carbonyl group could be obtained. Wintgen’s oxychelidonine,^®

CaoHi^OeN . H^O, aj)pears to be an amine oxide.

Methoxychelidonine, C21H21O3N. (Item 7; list, ]>. 109.) In a systematic

investigation of chelidonine extraction residues, (iadamer and Winterfeld,®

isolated this alkaloid. It crystallises from alcohol in prisms, m.p. 221”,

[a]i) + 115*8” and gives a crystalline hydrochloride and aurichloridc,

B . HAUCI4, m.p. 237-8”. It contains one methoxyl group, two methy-

lenedioxy groups, one hydroxyl group (0-acetyl derivative, amorphous,

m.p. 147”, [a]i> + 55*5”), and a methylimino-group.

Accepting Gadarner and Winterfeld’s view that this base is a rnethoxy-

chelidonine, von Bruchhausen and Bersch suggested that the methoxyl

group was probably at C® (III, p. 278).

Oxysanguinarine, C20H13O5N, was isolated by Spath, Schlemmcr,

Schenck and Gempp by chromatographic analysis of blood root alkaloids,

and was also prepared by oxidation of sanguinarine nitrate by potassium

ferricyanide in alkaline solution. It was purified by crystallisat;ion from
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chloroform and sublimation in a high vacuum, and had m.p. 360- 1° (corr.,

TY/c.), [a]ij i 0^, and is represented by formula (IV) with the change
“NMe . (3ll : CH into NMc . VO- in ring (II).

Of the papaveraceous ])lants jmndding these a-naphthaphenanthridine
alkaloids, the most interesting is the celandine, Chelidonium majus, which,
though obsolete in British and American medical and pharmaceutical

practice, still attracts attention elsewhere. Its pharmacognosy has been
investigated by Va})])enberg and Harms.

A

microchemical test for

identiheation of the crude drug has been devised by Ramsted and both
in (iermany and Russia processes for estimation of the alkaloidal content

of the drug have ])ecn published.”^

Phartnavological Action, From the foregoing account of the chemistry

of these alkaloids, it will be realised that the material available for pharrna-

cologi(‘al examination may have been of doubtful purity, and it is probable

that a (*arcful pharmacological comparison of pure specimens of the four

principal alkaloids of the sub-group would yield interesting results.

Chelidonine is said to be only slightly toxic. Vhelidonine and a-homo-

chelidonine produce some depression of the central nervous system and
slight narc'osis. They resemble papaverine in their action on muscle and
the heart, and produce insensibility of the skin on local application by
paralysing the ends of the sensory nerves. Respiration is retarded and
deepened. In view of the papaverine-like action on muscle, Hanzlik has

suggested tlie use of chelidonine in asthma and colic. According to

Greathouse, the immunity of Sanguitmrla canadensis to root-rot is due
to tile alkaloids it contains. 2^
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ALKALOIDS OF CORYDALIS AND ALLIED GENERA
The remaining /.9oquinolinc alkaloids cannot be pigeon-holed neatly

into either botanical or chemical groups. A strictly chemical arrangement

separates the considerable number of alkaloids not yet allocated to chemical

groups from the alkaloids of known constitution with which they arc

associated in the plant. A botanical arrangement on the other hand

separates closely related alkaloids, thus the jrifo/oberberines are typically

developed in the Ranunculacea*, llerberidacea*, MenispermacciX', Anonacete

and Rutacese, while their tetrahydro-derivatives occur in the Rluxadales,

especially in Corydalis species. In view of the interest now being shown
in the biogenesis of alkaloids and other constituents of plants, it se(‘ms

desirable to adopt a botanical arrangemtait and to discuss the alkaloids

of Corydalis and allied genera separately from those of Derberis and its

associates (p. 328).

It is convenient to group together under the above heading the alkaloids

obtained from the remaining species of the Rhaadales, viz.. Corydalis,

Dicentra, Adlumia and Glaucium, since a number of alkaloids occur in

more than one of these genera and apart from the simj)le ?.s*oquinoline

derivative, corypalline, they ^re divisible into four chemical types of which

one, the bicticnlline sub-^roiq), has been dealt with already (p. 209) along

with its relatives, the phthalide/.yoquinolines. The other three types are

represented by (a) the tetrahydroprotoberberines (corydalitir sub-proup),

(b) the cryptopitw .sub-group^ and (c) the aporphines (bulbocapnine sub-gi onp).

The Corydalis and Dicentra species are distinguished by the number
and variety of the alkaloids they contain, and separation and isolation of

the latter is a dilhcult problem. General methods have been devised by
Gadamer, Ziegenbein and Wagner, Gadamer, Spilth and Mosettig^^^^and

Manske,h<^) but most of the workers on these alkaloids have made contribu-

tions to this subject.

TETRAIIYDROj^rotOBERBERlNE SuB-GROUP

Corydaline, C 22H27O4N. (Items 8 , 9, 81 ;
list. pp. 170-2.) After the

discovery of this alkaloid by Wackenroder,^ Wicke 2 analysed well-crystal-

lised salts and adopted the formula CigHi^O^N. Rirsmann ® changed this

to C22H23O 4N, which Dobbie and Lauder ^ altered to C 22H 2g04N, this in

turn being modified by Freund and Josephi ^ to C22H27O 4N.

Corydaline crystallises from alcohol in short, six-sided prisms, m.p. 185®,

+ 300® (CHCI 3 ), is sparingly soluble in cold alcohol, but dissolves

readily on warming, is easily soluble in ether or chloroform, insoluble in

water or alkalis. Exposed to air, it gradually oxidises to the yellow

dehydrocorydaline. It forms well-crystallised salts
;

the hydriodide,

B . HI, forms pale yellow prisms of indefinite melting-point ; the nitrate,

B . HNOg, tablets, m.p. 198®
;

and the hydrochloride, B . HCl . 2H2O,



CORYDALINE 285

columnar crystals, m.p. 206-7°
; the aurichloride crystallises from dilute

alcoholic hydrochloric acid in orange-coloured needles, m.p. 207°. The
platinichloride occurs in brown crystals, m.p. 227°. The ethyl sulphate,

B . C 2II 6HSO 4 . H2O, forms large prisms, m.p. 152-5°, and is characteristic.

Comiitution, Corydaline contains four methoxyl groups. Insight into

the constitution of the alkaloid has been obtained principally by the
study of its oxidation products,® as indicated by the following tabular

scheme.

Corxd^ine,

Oxidation by

Corydaldine.

pansanganata

1
nipi
efi

Oxidation by dilute nitric acid

I

a-^aaipinic
acl

~
Dahydrocorydaline

^
22^23̂ 4

*^

Hemipinio
acid

m~Hemipinlc
a did

I l
Corydic acid . Methylpyridina—

Further oxidation by permanganate

Corydilio acid , n-flemipinio- Methylpyrid ina~
acid trlcarbo^Tlo acid

m-^Iemipinio acid Methylpyridina— Pyridinetatracarboxylio
tricarboxylic acid ^ aclci . ^^8^0^11

The ultimate products of oxidation are therefore hemipinic acid

(3 : 4-dimethoxyphthalic acid), me/ahemipinic acid (4 : 5-dimethoxy-

phthalic acid) and pyridine-2 : 3 : 4 : 6-tetraearboxylic acid.® The identity

of the last-mentioned substance is doubtful, since it was produced by the

oxidation of a supposed 2-mcthylpyridinc-3 : 4 : 6-tricarboxylic acid."^

The latter has been synthesised by Lawson, Perkin and Robinson ® and
shown to be different from Bobbie and Lauder’s oxidation product. It

was largely on the assumed position of the methyl group in this acid that

Bobbie and Lauder ® based the position of the methyl group in their formula

for corydaline. These observations establish the presence of one pyridine

and two benzene rings in corydaline, and the study of corydilic and cory-

daldine provided information as to the way in which these components are

built into the molecule of corydaline.

Corydilic acid, Ci^HjgOgN . 2H2O. This tribasic acid, needles, m.p,

228°, contains two methoxyl groups and on oxidation by potassium

permanganate yields methylpyridinetricarboxylic and metdhemiipimc acids.

On these grounds, Bobbie and Lauder ® assigned to this acid formula (I),

which Haars ® modified to (II), since it gave a methiodidc and appeared to

be a tertiary base.
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Corydic acid, . 2H 2O, crystallises in yellow leallets, m.p. 218°,

or with iHgO, ni.p. 224°, beliaves as a dil)asie acid, contains two methoxyl
groups and a tertiary nitrogen atom, and is oxidised by permanganate to

eorydilic acid. Debbie and Lauder assigru‘d torinula (III) to ef)rydie a(‘id,

which Haars ® modi(i(‘d to (IV ), since in his ex])eriinents it behaved as a

betaine acid and the dimeth} ! ester iodide had the characters of a quater-

nary ammonium iodide.

C.COpH

/\
C ^C.COpH

MttO.i LcOoH

(I) Corydlllo aold {D. k L.

)

(IV) Corydlo add (H. ) (V) Corydaldlne

Uorydaldine, C^HigOgN, forms prismatic crystals, m.p. 175°, and
reacts with nitrous acid, giving nitrosoeorydaldine, m.p. 185°, whieli when
warmed with sodium hydroxide solution loses nitrogen and passes into

the lactone of hydroxyethylveratrie acid. With hydrochloric acid at 150°

the latter furnishes a phenol, giving reactions similar to those of the

catechol derivative obtained by Perkin in the same way from a»-hydroxy-

ethylpipcronylcarboxylic anhydride, wdth which it is probably identical.

Formula (V) was, therefore, assigned to cor^^daldine.^® This formula has

been confirmed by a synthesis of the substance by Spath and Dobrowsky,^i

who treated /iomovcratrylamine with ethyl chloroformate and effected

ring closure in the resulting product by the action of phosphoric oxide

in xylene solution. In a later synthesis Mohunta and Ray started

from the azide (VI) derived from j3-3 : 4-dimethoxyphenylpropionic acid,

which on boiling in toluene solution was converted into the zVocyanate

(V^II) and this on ring closure yielded eorydaldine (V).

Dehydrocorydaline, C22H23O4N. (Lems 8, 14, 31 ;
list, pp. 170-2.) This

alkaloid is formed by the gentle oxidation of corydaline.^® It is a yellowish

crystalline powder, m.p. 112-3° {dec.) ; the hydrochloride, B . HCl . 4H2O,

forms yellow leaflets ;
hydriodide, B . HI . 2H 2O, small yellow needles

;

aurichloride, B . HAUCI 4 , red-brown needles, m.p. 219°. Like berberine.
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it unites with one niolecnile of ehloroforin, forming a er\ stalline eomjKHind,
m,p.

Dehydroeorydaline contains four methoxyJ groups. On reduction it

furnislies two stereoisomerides of corydaline, m.p. 135"', and ni.p. 158-9°

(1()3~1° (vac,), Spath)
; the latter (/^^e.voeorydaline) by crystallisation of

the r^-camphorsulphonate can be partially separated into d- and /-forms,

the e/-form of which is not identical with natural corydaline.’^ The second

isomeridts m.p. 135 ,
has not been resolved into optically aetiv^e eompo-

nc'nts, but from the sul])honie acid the /-compom nt has be^en isolated by
crystallisation of the brucine salt, and this is taken to indicate that the

inactive corydaline, m.p. 135 is ri/-corydaline.^^

Dehydroeorydaline (‘xhibits many amilogies with bcrberinc
;

thus

both are yellow and both are easily r<‘duced, forming the colourless

alkaloids, corydaline and tetrahy droanhydroberberinc respectively.

On the basis of the foregoing results and eom])arisons of the reactions

of the base with those of bcrberinc, Dobbic and La\ider ^ assigned formula

(\TTI) to dehvdro(‘orydaline, which was slightly modilied by (hidamcr

and ITaars.® As a result of work ])y^ Spath and Lang and (iadamer and
\on J^ruchhausen the p(/sition of the methyl grouj) was changed from

to (IX) in accordance with the newer \icw of the (‘onstitution of

corydaline.

The corresponding formula (X) suggested by' Dobbie and Lauder for

corydaline, only dilVers from that of tetrahydroberberine (p. 335) in the

substitution of the methoxyl groups at and for one methylenedioxy-

group and by a methy 1 grouj) substituted for by drogen at C®, and it is the

position of tliis methyl grouj), now aeeejited as being at which was the

subject of most of the later investigations on the structure of the alkaloid.

Spath and liUng pointed out that formula (X) implied that corydaline

should be identical with a-niethydtetraliydropalmatine (p, 292), bat the

two forms of the latter synthesised by these authors proved to be different

from the two forms of r//-eoryxlaliue and they^ })roposed two alternative

formukc, oru^ of which (XI) was accepted by^ (iadamer and von Bruch-

hausen be(‘ause (1) it accounts equally well for the formation of two
optieally inactive forms of corydaline by n'duction of dehydroeorydaline

and (2) explains the simultaneous formation of oxy^dehy^droeorydaline,

C22H23O5N, m.p. 235-6°, and dihydrodehydrocorydaline, C22H25O4N, when
dehydroeorydaline acetate is treated with 30 per cent, sodium hydroxide

solution, as occurring in the same fashion as the similar conversion of

berberine into * oxyberberine and dihydroanhydroberberine. This
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formula was approved by Spath and Mosettig after a critical investiga-

tion of the degradation of corydaline b}/ the methods of Hofmann and
Emde, and coniirmed bj'^ von Bruchhausen's preparation of dZ-corydaline,

m.p. 135' 6"^ from palmatine-acetone by the action of methyl iodide and
reduction of the methylated product. Under these conditions it is the

hydrogen atom attached to which is reactive, and is replaced by
methyl.^® Further evidence in this direction was provided by von

OMe OUo

Bruchhausen and Stippler, who converted corydaline methochloride into

the anhydro-basc (XII), reduced the methosulphate of the latter with

sodium amalgam and oxidised the reduction product (XIII) with perman-
ganate to methylaeetoveratronc (XV) and wdth ozone to 4 : 5-dimethoxy-2-

diinethylaminoethylbenzoic acid (XIV). This interesting series of reactions

supports in general Dobbie and Lauder’s view of the structure of the

alkaloid, but provides strong evidence for as the position of the methyl
group.

Confirmatory evidence by a complete synthesis was first provided by
the preparation of oxydehydrocorydaline by Koepfli and Perkin from
A^-jS-veratrylethyl-3 : 4-dimethoxy-a-methyl//omophthalamic acid (XVI)

;

this substance was converted into the methyl ester and ring closure effected

by phosphorus oxychloride to (XVII), which on heating at 150-1'" under-

went the second ring closure to oxydehydrocorydaline (XVIII), identical

with Gadamer and von Bruchhausen ’s product

OMo OUa 0U«

\xnii) on*
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Shortly afterwards Spath and Kruta taking advantage of the fact

that although alkyloxy bases of the type (XIX) condense with formalde-
hyde to give products of type (XX) and are therefore unsuitaVjle for the
synthesis of tetrahydroberberines, the non-alkylated tetrahydropapavero-
lines (XIX ; R = R' ~ OH) condense with formaldehyde at positions 2
or 6 to give products, which on alkylation furnish equal amounts of types
(XX, R = R' == OMe) and (XXI, R = R' = OMe).

Papaverine was condensed with formaldehyde to mothylcnepapaverine
(XXII), which on successive catalytic and electrolytic hydrogenation
yielded two dZ-methyltetrahydropapaverines (XXIII), which on successive

dcmethylation, condensation with formaldehyde and re-methylation
yielded a mixture of bases, from which the two optically inactive coryda-
lines (XXIV), wc6‘ocorydaline, m.p. 163-4® (me.), and dZ-corydaline,

m.p. 132-3®, identical with the products obtained by the hydrogenation of

dehydrocorydaline were isolated. For the conversion of corycavine to

corydaline, sec p. 304.

Corybulbine, C2ill2504N. (Items 8, 23, 31 ;
list, p. 170.) This alkaloid

isolated from commercial corydaline by Freund and Josephi,^^ crystallises

from boiling alcohol in colourless needles, m.p. 238°, [a]D 303‘3® (CHCI3),

is slightly soluble in methyl alcohol or ether and readily soluble in chloro-

form, acetone or hot benzene. The hydrochloride, B . HCl, is slightly

soluble in hot water, from which it crystallises in yellowish prismatic

crystals, m.p. 245-50® {dec,). The platinidhloride and aurichloride are

amorphous. When treated with iodine, corybulbine is oxidised to dehydro-

corybulbine hydriodide, C21H21O4N . HI, m.p. 210-1®. The base is crystal-

line, has m.p. 175-8®, and on reduction regenerates an optically inactive

corybulbine,^^ m.p. 220-2°. On 0-methylation corybulbine is converted

into corydaline, from which it differs in possessing a hydroxyl in place of

a methoxyl group, as is shown by the solubility of the alkaloid in alkalis

and the formation of acetylcorybulbine, m.p. 160®. Dobbie, Lauder and
10flakt alk.
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Paliatseas suggested that the hydroxyl group must be at or C® in

the cor^^daline formula (XXIV) (for constitution see below).

z^oCorybulbine, C 2iH 25()4N (item 31 ;
list, p. 172), first obtained by

Gadamer and Ziegenbein,^® was subsequently examined by Bruns. It

separates from alcohol in colourless leaflets, m.p. 179-80°, fajo + 299*8°

(CHCI 3 ), and closely resembles corybulbine. It contains three methoxyl
groups, and on oxidation with iodine yields dehydro/Vocorybulbine ; the

hydriodide of the latter is reduced by zinc and sulphuric acid to dl-isocovy-

bulbine, m.p. 165-7°.

Consiitniion of Corijhulhine ami i^oCorijhulhine. Spath and Dobrowsky
found that on treatment with diazomethane both alkaloids yielded d-

corydaline so that, as Bruns had already suggested, the only difference

between the two must be in the position of the hydroxyl group. The same
authors found that the ethyl ethers of the two alkaloids on drastic oxida-

tion yield the methyl ethyl ether of nor-w?-hemipinic acid, characterised as

the ethyliniidc, m.p. 205°, and identified by comparison with the acid

synthesised by a process which leaves no doubt as to its constitution,

CgH2[(COOH) 2fOMe) (OEt) == 1 ; 2 : 4 : 5]. On 'gentle oxidation cory-

bulbine ethyl ether is converted into 7-methoxy-6-ethoxy-l-keto-l :2:8:4-
tetrahydroi^ocpiinoline, whereas ?\9oeorybulbine ethyl ether yields 6-

methoxy-7-ethoxy-l-kcto-l : 2 : 3 : 4-tetrahydroiA'oquinoline : these sub-

stances, which are homologqes of eorydaldine (p. 286), were synthesised

for identification. It follows that corybulbine is corydaline (XXIV) with

the methoxyl gi'oup at replaced by a hydroxyl, whilst in mcorybulbine
the hydroxyl replaces methoxyl at C^. These results were confirmed by
independent, but in part similar, investigations by von Bruchhausen 2®

and by Gadamer. Spath and Holter subsequently prepared both

corybulbine and wocorybulbine by partial demethylation of corydaline.

Thalictrifoline, Ci 3Hi5N(CH202 )(0Me)2 . (Bern 29
;

list, p. 172.)

M.p. 155°, [a]ff°+ 218° (MeOH). On conversion into and reduction of the

quaternary iodide, d/-thalictrifoline, m.p. 151°, is formed. On oxidation

by permanganate, thalictrifoline yields m-hemipinic acid. On demethylena-

tion, followed by methylation of the two hydroxyl groups so formed, a
stereoisomeride, m.p. 158°, of corydaline is formed, which by the usual

process of conversion to the quaternary iodide followed by reduction, is

converted into me^ocorydaline, m.p. 161°. Thalictrifoline is therefore

corydaline (XXIV) with the two methoxyl groups at C 9 and Cjq replaced

by a dioxymethylene gi*oup.^®^®^

Dehydrothalictrifoline (item 29 ;
list, p. 172) was isolated as the

quaternary chloride, chocolate-brown, stout prisms, m.p. 271°, which
was reduced by zinc in boiling dilute hydrochloric acid to d/-thalictrifoline,

m.p. 151°, identical with that described above.^®^**^

Scoulerine (2 : 9-dihydroxy-8 ; lO-dimethoxytetrahydroprotoberberine

C13H21O4N. This name was suggested by Manske 2® for an alkaloid the

d-form of which was isolated by Knbrck 2® (No. 81 ; list, p. 172) and
subsequently investigated by Gadamer, Spath and Mosettig.®® Later
Manske isolated the Z-form tom a number of plants (Nos. 10, 16, 17 , 24,
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26; list, pp. 176-1). The Z»form has m.p. 204°, yields a hydrochloride,

m.p. 268-9° and a diethyl ether, m.p. 155°. Cadamer et showed that
Kjiorck’s d-scoulerine contained two methoxyl groups and on mcthylation
yielded d-tetrahydropalmatine. The diethyl ether on gentle oxidation gave
6‘methoxy-7-ethoxy-l-keto-l : 2 : 3 : 4-tetrahydro?.9oquinoline and on
drastic oxidation produced a mixture of 5-rnethoxy-4-ethoxy- and 4-

methoxy-3-ethoxy-phthalic acids, both isolated and identified as the

ethylimides. These facts are in harmony with the representation of

seoulerine by formula (XXV), R' = Oil ; R^ R^ = OMe).
Manske has isolated from several papaveraceous plants an alkaloid

aurotensine (^items 9, 19, 23, 44, 47, 48; list, pp. 170-3) which occurs in

rhombic plates, m.p. 128° [a]x> - 69-9° and appears to be an addition

compound of I- and dZ-scoulerine (Manske “®). Its dimethyl ether {caseanine

item 10 ; list, p. 170), m.p. 115-0° (hydrated) or 142° (ex benzene) must
be tetrahydropalmatine (p. 292) and caseahitim\ found with caseanine,

was shown later by Manske to be Z-?.vocorypalniine.

d-Tetrahydrocolumbamine (isoCorypalmuu '

;
2-h ijdroxy-S : 9 : 10-

trimethoxytetrahydroprotoberberme)^ €201123^4^* (Items 10, 15, 18, 20, 23,

31 ;
list, pp. 170-1.) A minute quantity of this alkaloid isolated by Knorek

was investigated by Gadamer, Spath and Mosettig.^® It crystallises from
methyl alcohol, has m.p. 239-41° (this and the following m.ps. are

determined in vacuo), is dextrorotatory and contains three methoxyl groups.

Its identity was established by its preparation from d-canadine (XXVI).
The latter was dcmethylcnated to the 2 : S-dihydroxj^-base,

Ci7Hi3(OH)2(OMe)2N, m.p. 252-3°, and this methylated by means of

diazomethane, producing a mixture of the fully methylated base d-

tetrahydropalmatine (XXVII) with the two partially methylated bases,

corypalmine (XXV : R^ = -OH {see below)
)
and the required substance,

m.p. 239-41°, alone or 240-1° mixed with the natural alkaloid, which
must therefore be represented by formula (XXV : R^ == OH

;

R2 = R8 = R4 == OMe). Z-Tetrahydrocolumbamine was similarly pre-

pared from Z-canadine
;

it had m.p. 241-2° and the dZ-form had m.p. 221-2°

and mixed m.p. 222-3°, with dZ-tetrahydrocolumbamine. The Z- and dZ-

forms of wocorypalmine also occur naturally (see items quoted above).

It may also be noted that Manske’s base F 51 (item 22 ; list, p. 171)

is isomeric with the two corypalmines and like them methylates to tetra-

hydropalmatine.

d-Corypalmine {d-ietrahydrojatrorrhizine
;

^-hydroxy-2 ; 9 : IQ-trimeiho-

xytetrahydroprotoberberine), C20H23O4N. (Items 10, 11, 20, 21, 29, 31, 39 ;

list, pp. 170“ 2.) This alkaloid isolated by Spath, Mosettig and Trothandl

forms minute colourless crystals, m.p. 235-6°, -f 280° (CHCI3), and
on mcthylation with diazomethane yields d-tetrahydropalmatine. The
position of the hydroxyl group was established by SpMh and Mosettig,®®

who treated corypalmine with diazoethane and oxidised the resulting

corypalmine ethyl ether with permanganate to 7-methoxy-6-ethoxy-l-

keto-1 : 2 : 8 : 4-tetrahydrot^oquinoline. As mentioned under tetrahydro-

columbamine (see above) in the preparation of the latter alkaloid from
10—2
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d-canadine (XXVI) there is simultaneously produced d-corypalmine,^®

m.p. 234-5°. Similarly in the preparation of 1-tetrahydrocolumbamine
from Z-canadine, Z-corypalmine, m.p. 235-7°, is also obtained. dZ-Cory-

palmine obtained by crystallising an equimolecular mixture of the two
forms, has m.p. 215-7°, alone or mixed with dZ-tetrahydrojatrorrhizine

from calumba roots. Though d-corypalmine was the form first described

the Z- and dZ- forms also occur naturally [see items quoted above). These

facts establish formula (XXV : R2 = . OH ;
Ri = = OMe) for

corypalmine.

d-Tetrahydropalmatine, C 21II25O4N. (Items 8, 9, 14-18, 20, 22, 23, 31 ; list,

pp, 170“2.) This alkaloid was isolated by Spath, Mosettig and Trothandl.^^

It melts at 142°, has [ajj^ + 292-5° (EtOH), and though colourless,

develops a yellow tint on exposure to air. The crystals are triboluminescent.

The hydrochloride, B . HCl, is sparingly soluble in water. On oxidation

with iodine in alcohol at 100 °, it yields palmatine iodide. The authors

point out that alkaloids melting at temperatures near 142° have been

isolated by Haars, Gaebel and Heyl, which may also prove to be d-tetra-

hydropalmatine.^^ The base and its Z- and dZ-stereoisomerides were

prepared by Spath and Mosettig by demethylenating d-, Z- and dZ-

canadines, producing the three forms of 2 : 3-dihydroxy-9 : 10-dimethoxy-

tetrahydrojproZoberberine having m.p. 249-50° (vac,), + 307°

(EtOH) ;
m.p. 249-50° (vac,) and m.p. 260-2° (vac,, dec,) respectively.

These on complete 0-methylation furnished the three forms of tetra-

hydropalmatine, of which the d-isomeride, m.p. 141-2° (vac,), +288-9°,

proved to be identical with the natural alkaloid. The Z-form had m.p.

141-2° (vac,), Md —290*8° (EtOH) and the dZ-form m.p. 147-5-148-5°

(vac,). The dZ-base has also been resolved into its components,®® the

d-base, + 291° (EtOH), separating first as the d-hydrogen tartrate,

and the Z-base, [ajp — 294° (EtOH) being obtained from the mother
liquors as Z-hydrogen tartrate. Tetrahydropalmatine is therefore repre-

sented by (XXVII). Spath and Kruta ®® prepared dZ-tetrahydropalmatine

by the process described for meso- and dZ-corydalines (p. 289) and by
condensing tetrahydropapaveroline with formaldehyde and methylating
the product, obtained in poor yield a mixture of norcoralydine (type XX,
p. 289) and tetrahydropalmatine.

Haworth, Koepfli and Perkin have shown that, like other alkaloids

of the 2>^oZoberberine series, tetrahydropalmatine is convertible by the
general process (p. 302) into an alkaloid of the cryptopine type. . The



TETRAHYDEOCOPTISINE 293

product, called cryptopalrnaiine^ C22H27O 5N, crystallises from ether in

colourless prisms, m.p. 148-50°, and like cryptopine gives a characteristic

reddish-violet colour with sulphuric acid. A complete synthesis of tetra-

hydropalmatine by the same authors is described under palmatine (p. 342).

d-Tetrahydrocoptisine, C19H17O4N. (Items 8
, 28, 31, 44 ;

list, pp. 170-3.)

This alkaloid isolated by Spath and Julian,^® has m.p. 203-4°

+ 310° (CHCI3) and is sparingly soluble in alcohol. It contains methylene-

dioxy- but no methoxyl or methylimino-groups, and on oxidation with

iodine in alcohol is converted into a yellow quaternary iodide (coptisine

iodide), which can be reduced to dZ-tctrahydrocoptisine, m.p. 227-8°,

identical with the reduction product of natural coptisine.®® The d/-base

was resolved by the use of d-bromo-camphor-7r-sulphonic acid in dilute

acetic acid, which separates the Z-base, m.p. 203-4° {vac.), [a]}f“ — 310°

(CHCI3) ; from the mother liquors the d-base, identical with the natural

alkaloid, is obtained after a difficult separation as the d-tartrate. It had
m.p. 203-4° alone or mixed with the natural d-base and [a]]f° + 310*5°.

It is of interest to note that Haworth and Perkin in the course of their

synthesis of protopine (p. 301) prepared 2:3:9: 10-6ismethylenedioxy-

tetrahydroproZoberberine, colourless slender prisms, m.p. 219°, which is

no doubt <ZZ-tetrahydrocoptisine. The reverse process has been carried

out by Spath and Posega,^^ who reduced protopine to the corresponding

carbinol base, which on evaporation in solution in hydrochloric acid

yielded a quaternary salt from which dZ-tetrahydrocoj)tisine was obtained

by distillation in a high vacuum. This is a special application of the process

by which Perkin converted the modification of tetrahydroanhydro-

berberine methochloride into tetrahydroanhydroberberine and of which
other examples will be found in the cryptopine sub-group (p. 294).

Manske has shown that the stylopine of Schlotterbeck and Watkins,^®

C19H19O 5N, m.p. 202 °, [a]D — 315*2° (item 61 ;
list, p. 173), is Z-tetra-

hydrocoptisine ;
he has recorded its presence in three other plants (items 12

,

15, 44 ;
list, pp. 170-3) and suggested that dipliylline (item 61) is cZZ-stylopine,

i.e., (ZZ-tetrahydrocoptisine. He has also proposed that the name stylopine

being simpler than, and having priority over tetrahydrocoptisine, should

replace the latter. Each of these names is used in the lists (pp. 169-173),

as recorded by the author concerned, in order to avoid confusion.

Other members of this sub-group, usually more closely associated with

berberine in distribution, or in structure, or both, and therefore dealt

with in the Berberis group, are canadine (p. 338). capaurine (p. 339),

chcilanthifoline (p. 339), ophiocarpine (p. 338), sinactine (p. 338), “ tetra-

hydroshobakunine ” (p. 340) and tetrahydroworenine (p. 344).

Pharmacological Action. According to Peters, corydaline, corybulbine

and uocorybulbine cause narcosis in frogs, followed by paralysis of the

spinal cord and weakening of the heart’s action. In warm-blooded animals

little or no narcosis is produced, the blood pressure falls for a time as a

result of damage to the heart and peripheral vaso-dilatation. Corydaline

appears to be the most active of the three alkaloids. Anderson and Chen^®

record the following figures (mgm./kilo) for L.D.50 by intravenous injection
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in mice : corydaline 135’ 5 ± 12-8
; Z-wocorypalmine, 182*6 ± 5 ; d-, dZ-

and Z-tetrahydropalmatine, 126-0 db 4*96; 121*5 ±6*65; 110*9 ± 7*88

respectively. All the alkaloids stimulated isolated guinea-pig or rabbit

uterus. Corydaline and Z-isocorypalmine stimulated intestines in weak but

inhibited them in strong solution. Fall of blood pressure was induced by
all the alkaloids on intravenous injections in etherised cats. There was
little difference in the action of the tlu’ee stereoisomeric forms of tetra-

hydropalmatine.
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Cryptopine Sub-Group

This series of ten alkaloids may appropriately be called the cryptopine

sub-group, since the characteristic nuclear structure of the type was
first made clear by Perkin’s investigation of cryptopine. They are closely

related to the proZoberberines, with which tiiey are interconvertible by two
characteristic reactions, which have been of great value in their investiga-

tion. The two alkaloids formerly known as j8- and y-homochelidonines

have now been renamed a- and )S-aZZocryptopines respectively to distin-
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guish them from homochelidonine (a-homochelidonine) which belongs to

the chelidonine sub-group (p. 277).

Cryptopine, CaiHaaOgN. (Items 18, 24, 25, 26, 34, 35, 38, 58 ;
list,

pp. 171”3.) This alkaloid was first obtained as the acid oxalate from thebaine

residues by J. Smiles in Messrs. T. and H. Smith’s laboratories. ^ According

to Pictet and Kramers, ^ commercial papaverine frequently contains up to

4 per cent, of cryptopine, and to this are due some of the colour reactions

ascribed to papaverine and possibly to other alkaloids of opium. It

crystallises from alcohol in prisms, m.p. 220-1 *^ (corr.), [ajo ± 0 °, is soluble

in boiling alcohol (1 in 80), but sparingly soluble in ether or benzene.

The salts separate as jellies, but can usually be crystallised by warming
the liquid. The hydrochloride, B . HCl . 5 (or 6

)
HgO, forms gelatinous

masses of feathery crystals and is soluble in water or chloroform : the

oxalate, B . HgCgO^ . 4II2O, is a characteristic salt and is used for the

purification of the alkaloid. The aurichloride forms brownish-yellow

needles, m.p. 205 {dec ,) ; the platinichloride concentrically arranged

needles, m.p. 204® {dec,), and the picrate, yellow needles, m.p. 161-3®.^

With sulphuric acid cryptopine gives a violet colour, changing to green on
warming to 150®.

The investigations of Pictet and Kramers ^ and of Danckwortt ^ indicated

that cryptopine was a saturated base, contained a methylimino-group,

two methoxyl groups, possibly a carbonyl, but no hydroxyl group. No
direct evidence of a methylenedioxy group was obtained, but since the

alkaloid gave Gaebel’s ® reaction and a green coloration with sulphuric and
gallic acids,® it was assumed that such a group was present. In 1891,

Rainy Brown and Perkin ’ showed that the alkaloid yielded m-hemipinic

acid on oxidation with permanganate. This remained virtually the only

observation bearing on the nuclear structure of the alkaloid up to 1916,

when W. H. Perkin began the publication of the results of a long and
ingenious investigation of this alkaloid.® In the first paper it is shown
that after numerous attempts to obtain evidence of the presence

of a piperonyl group by hydrolytic and oxidation experiments, the

difficulty was solved by converting cryptopine into the methosulphate,

CgiHaaOfiN . Me2S04 ,
reducing this in acid solution with sodium amalgam

to tetrahydromethylcryptopine, C22H29O 5N, m.p. 107®, from which acetyl

chloride eliminates water yielding anhydrotctrahydromcthylcryptopine,

C22H27O 4N, m.p. 107®. This substance on oxidation with dry potassium

permanganate in acetone yielded four products ;

(A) 4 : 5 - Dimethoxy - 2 - ^ - dirrethylaminoethylbenzaldehyde,

(CHgO), . CeHa(CHO) . CH2 . CH2 . NMcg, which is N-methyl-

hydrastinine (p. 165), in which a methylenedioxy group has been

replaced by two methoxyl groups.

(B) 5 : 6-Methylenedioxy-o-tolualdehyde, CHg : O2 : CaH2Me . CHO.
(C) Ar-Formyl-4 : 5-dimethoxy-2-^-methylaminoethylbenzoic acid,

(CHsO )2 . CaH2(COOH) . CHa . CHa . NMe . CHO.
(D) 5 : 6-Methylenedioxy-o-toIuic acid.
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The formation of (A) and (C) indicates that cryptopine must have in

its structure the grouping I, whilst the production of (13) and (D) shows
that the alkaloid must also contain the piperonyl ring in the form of
grouping II, and from these the structure of anhydrotetrahydromcthyl-
cryptopine is represented by formula III :

and, as this is formed from tetrahydromethylcryptopine by loss of water,

formula IV for the latter is obtained by addition of the elements of water

at the ethylenic linkage, and evidence is produced that this change takes

place as shown.

Confirmatory evidence up to this point was obtained by treating

anhydrotetrahydromethylcryptopine methosulphate with methyl alcoholic

potassium hydroxide, which furnished trimethylamine and a non-nitro-

genous substance, cryptopidehe, C20H20O 4 , m.p. 124°, which on oxidation

with permanganate yielded 5 ; 6-methylenedioxy-o-tolualdehyde (II) and
the corresponding acid, as well as 4 : 5-dimethoxyvinylbenzaldehyde (V)

with m-opianic and //i-hemipinic acids, from which the formula of crypto

-

pidene (VI) is built up as follows ;

When cryptopine, dissolved in dilute sulphuric acid, is boiled with

sodium amalgam, it is reduced to dihydrocryptopine {cf. Danckwortt ^),

C21H25O 5N, m.p. 187-8°, which on treatment with acetyl chloride or

phosphoryl chloride yields two isomeric quaternary chlorides (a- and
j
8-)

of ^sedihydrocryptopine, C21H24O 4NCI. These two quaternary chlorides

are isomeric with the two tetrahydroanhydroberberine methochlorides and
differ only in the interchange of position between the methylenedioxy and
the two methoxy groups. Careful comparison of the two pairs of isomerides

and their derivatives shows complete parallelism between the two
; thus

the two cryptopine quaternary chlorides yield two anhydrocryptopines,

A, m.p. 178°, and B, m.p. 127°, analogous with the two tetrahydroanhydro-

berberines (p. 886 ).

On these and other grounds Perkin represented cryptopine, di-

hydrocryptopine and i^odihydrocryptopine chloride by the following

formulse

:
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'O-OO-CH^ -OHOH-CH.

C “CHg -CHg—

(

Cryptopine

0—CH, 0—CHo

Dlhydrocryptoplne

MeO

lieO

1BoDlhydrooryptopine chlorides

and the formation of the two anhydrodihydrocryptopines by the following
partial formulas, to which those of the iV-methyli^otetrahydroberberines

(p. 887) have been added, to illustrate the parallelism between the two
series. ^

This parallelism between the derivatives of berberine and cryptopine

was fully investigated by Perkin in two particularly interesting directions.

The formulae assigned to the two parent alkaloids and to the chlorides of

zsocryptopine and berberinium, represent cryptopine as related to an
alkaloid isomeric with berberinium hydroxide, which Perkin named
^j^iBERBERiNE, and which he prepared by de-iV-methylating i^ocryptopine

chloride, producing dihydroanhydroc'jp/berberine, which closely resembles

dihydroanhydroberberine, and from which ^piberberine can be obtained by
the action of mild oxidising agents such as iodine or mercuric acetate®.

The reverse change, viz,, the conversion of berberine derivatives by
A^-methylation into substances constituted similarly to corresponding

derivatives of cryptopine, was achieved by the methylation of dihydro-

anhydroberberine, to the methochloride, which corresponds to i^ocrypto-

pine chloride and resembles it closely in character and reactions,^®
|

From this a number of new substances closely resembling the corre-

sponding cryptopine derivatives have been prepared.
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The synthesis of cryptopine was effected by Haworth and Perkin by
a process first used by the same authors in the preparation of a-aZto-

cryptopinc (^-homochclidonine) (p. 801). 8 : 4-Methylenedioxy/iomo-

phthalic acid was condensed with ^-veratrylethylamine to yield iV-^-

veratrylcthyl-8 : 4-methylenedioxy^omophthalimidc, which on careful

eplBerberlalum hydroxide

hydrolysis by sodium h^^droxide was converted into the corresponding

phthalamic acid (VII), the methyl ester of which undergoes double ring

closure to an oxyberberine (p. 332) analogue represented by (VIII), since

condensation in the para-position to a methoxyl group is far more probable

than the like change at the or/Ao-position, and in fact, the substance (VIII)

C20H17O 5N, m.p. 240°, is identical with oxyepiberberine, prepared from
weryptopine chloride by a general method developed by Perkin {cf.

oxyberberine, p. 836). Oxyeptberberine on electrolytic reduction yields

a colourless base, C20H21O 4N, m.p. 170°, which Perkin had already prepared



PROTOPINE 299

from i^ocryptopine chloride and named tetrahydroanhydro£?jp/berberine

(IX), the Z-form of which is the alkaloid sinactine (p, 338).

The methochloride of (IX) occurs in two forms, identical with the a-

and p4orms of is’odihydrocryptopine chloride (X). The two chlorides

were converted into the two anhydrodihydrocryptopiiies A and B (p. 297).

Of these the A base was oxidised by perbenzoic acid to the amine oxide
(XI), m.p. 135° (dec,), and this on heating with acetic and hydrochloric

acids passed into cryptopine (XII), m.p. 220-1 °, identical in all respects

with the natural alkaloid.

Cryptocavine, CigHi50N(CH202 )(0Me) 2 .
(Items 19, 21 , 34, 41

;

list, pp. 171-3.) M.p. 223°, [aji) zt 0 °. The alkaloid gives the protopine type

of colour reaction and is isomeric with cryptopine. It was degraded by
the method used by Perkin for the latter alkaloid and gave the same final

products, viz,, 4 : 5-dimethoxy-2-^-dimethylaminoethylbenzaldehyde and
5 : 6-methylcncdioxy-o-toluic aldehyde (p. 295). From this it is concluded

that cryptocavine is cryptopine (XII) with the two items of the—CO —CHg
chain in the central 10-membered ring, reversed in position. In the

degradation, the —CO-group is reduced to -CHOH and water is lost. The
product, anhydrotetrahydromethylcryptocavine (m.p. 111 °

; B . HCl,

m.p. 258-64°), should ^^oii this basis be identical with the corresponding

cryptopine product, viz,, anhydrotetrahydromethylcryptopine (cf,

formulae III, IV, p. 296). The two products were not quite identical,

possibly due to cis-trans isomerism (Manske).^^^“^

f Protopine (Macleijim, Fumarine), C 20H19O5N. This alkaloid was

first isolated by Hesse from opium, but has since been recorded from

plants belonging to many genera (items 1, 3a to 50, 56, 58, 60, 61 ; list,

pp. 169““173). The best source is probably Dicentra spcctahilis,^^

The crude alkaloid is purified by conversion into the sulphate, repre-

cipitation by ammonia, and crystallisation from chloroform by addition

of a little alcohol. It forms monoclinic crystals, m.p. 207°, [aju ± 0°,

dissolves readily in chloroform (1 in 15), less so in alcohol (1 in 1,000),

acetone or ammonia solution. The hydrochloride, B.HCl, forms slightly

soluble prisms; Mie nitrate, B.HNO3, is suitable for the purification of

the alkaloid, being sparingly soluble in water ; the platinichloride,

Bg . HgPtCle, 2 or 4H2O, forms warty crystals ;
the aurichloride (m.p. 198®)

is a crystalline yellow powder. The base dissolved in acetic acid gives

with strong sulphuric acid a blue-violet solution, becoming more intense
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and finally changing to red on adding water
;
sulphovanadic acid gives a

reddish-violet colour changing to deep blue. Protopine, according to

Danckwortt,^^ contains two methylenedioxy groups and a non-reactive

carbonyl group, and differs from cryptopine by the substitution of a

second methylencdioxy group for two inethoxyls. He provisionally

represented it as 2-methyl-6 : 7-methylenedioxy-l-o-mtthylpiperonyl-

1:2:3: 4-tetrahydro/5oquinoline.

These results were to a certain extent confirmed by W. H. Perkin,^®

who found that both alkaloids undergo certain characteristic changes in

a similar manner, and that both must be similarly constituted.

Phosphoryl chloride converts protopine into the quaternary salt

25oprotopine chloride, CgoHigO^NCl, m.p. 215° (dec.), which on treatment

with potassium hydroxide in methyl alcohol jnelds anhydroprotopinc,

C20H3L7O4N, m.p. 114-5°,^® just as cryptopine is convertible into iso-

cryptopine chloride and this into anhydrocrj'ptopine. Similarly, protopine

forms protopine methosulphate, CgoHigOgN . Me2S04, m.p. 252°,^^ wliich

is converted by potassium hydroxide in methyl alcohol, into two rnethyl-

protopines, a-, m.p. 145°, and y-, m.p. 112°, corresponding with the two
methylcr3rptopines, a-, m.p. 153°, and y-, m.p. 110°, respectively.^®

Further, protopine in solution in dilute sulphuric acid is reduced by
sodium amalgam to dihydroprotopine, CgoHgiO^N, ^C2H50H, m.p. 120°, or

151-2° {dry)y which undergoes ring closure with benzoyl chloride or

phosphoryl chloride to zVodihydi-oprotopine chloride, C20H20O4NCI (partial

formula IV), which occurs in two forms : a-, m.p. 215°
; m.p. 270°,

analogous with the two i^odihydrocryptopine chlorides, a-, m.p. 230°

{dee.)
; m.p. >260°.

These changes take place in the 10-membered ring marked 5^ and
in the formula for protopine, and their character may be illustrated by

CH2

Prot Opine

ITI)

c QH—CH
o B y c

O-CH^CHg-mte ( 0 }- CHj^C (V)
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the partial formulae (I) to (VI) used in the following brief description of

Haworth and Perkin’s synthesis of protopine.

The process used is analogous with that adopted for the synthesis of

cryptopine (p. 298). The methyl ester of iV-jS-piperonylethyl-S ; 4-methy-
lenedioxyAoryiophthalamic acid (I), was treated with phosphor}^ chloride

and so converted into 2:3:9: 10-5wmethylenedioxyoxypro/(?berberine

(II), which was reduced electrolytically to 2:3:9: 10 -6^>methylene-

dioxytetrahydropro/oberberine (III), of which the methochloride (IV) is

identical with i^odihydroprotopine chloride, which can be prepared from
protopine as already stated above.

This substance under the action of alkali passed into anhydrodihydro-

protopine A, C20H19O 4N, m.p. 120° (V), the amine oxide (VI) of which
rearranges into protopinc by the action of acids.

Ochrobirine, C 2oHi 805N(OH). CH3OH. (Items 15,20,26
;

list, p. 171.)

The base has m.p. 13S-9° or 198° (dri/), + 35-9° (CHCI3), and yields

a monoacetyl derivative, m.p, 177°. On treatment with zinc-amalgam in

dilute acid it changes into an isomeric base, m.p. 238°. As ochrobirine

gives colour reactions similar to those of protopine, Manske suggests that

it may be 13-hydroxyprotopine, t.e,, a hydroxyl in the methylene group

contiguous to the carbonyl group.^®^®^

a- and /3-alloCryptopines (jS- and y-TIomochelidonines), These alkaloids,

now known to be stereoisomerides, have been recorded from a number of

plant genera (a-form : items 1, 4, 5, 6
, 7, 9, 10, 11, 21, 24, 28, 32, 35, 39,

43, 46, 49, 60
;

/9-form : items 6 , 7, 43, 60 ;
list, p. 169). An exceptional

occurrence of ^-aZZocryptopine is that in Zanthoxylum hrachyacanthum

F. Miill (Rutaccie).^® The two alkaloids were first separated by Schmidt,

Koenig and Tietz 2®
;
their results were confirmed by Schmidt and Fischer

and by Schmidt and Wintgen,22 who showed that the two were inter-

convertible physical isomerides.

a-fl^/Zo-Cryptopine, C21H23O 5N, crystallises from acetic ether in mono-
clinic prisms, m.p. 159-60°, and is readily soluble in chloroform or acetic

ether, less so in alcohol. The hydrochloride, B . HCl . 1JH2O, forms

colourless needles, and is readily soluble in water
;

the nitrate, hydro-

bromide and hydriodide are also crystalline
;

the platinichloride,

Bg . H2PtCl 3 . 2IH2O, is amorphous, but the aurichloride, B . HAUCI 4 ,

m.p. 187°, forms blood-red crystals. The alkaloid dissolves in sulphuric

acid, forming a yellow solution changing to violet- and carmine-red. It

is a tertiary base, yields two methiodides, m.p. 185° and m.p. 211°, and
contains two methoxyl groups.

j9-aZZo-Cryptopine, CaiHagOgN. This form crystallises with \ mol. of

alcohol in colourless needles, m.p. 170-1° {dry), [a]n i 0 °. The hydro-

chloride, B . HCl . ll^HgO, forms small colourless needles, m.p. 175° {dec,),

and the aurichloride, B . HAUCI4, blood-red, warty crystals, m.p. 192°

{dec.) ; the latter is said to be identical with the aurichloride of the a-form.^^

The methiodide, B . CH31

.

2IH2O, forms yellow prisms ; the alkaloid is

a tertiary bsise and contains two methoxyl groups, a methylenedioxy

group and a methylimino group.
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Constitution, Gadamer found that a-aZZocryptopine when warmed
with phosphoryl chloride passed into dihydroberberine methochloride,

C20H19O4N . CH3CI, colourless needles, m.p. 200-1°, a reaction analogous

with the conversion of cryptopine into a^ocryptopine chloride (p. 298). Simi-

larly a-flfZZocryptopine on reduction by sodium amalgam and dilute sulphuric

acid gave a dihydrobase, m.p. 167-8°, which with phosphoryl chloride

yielded tetrahydroanhydroberberine methochloride, €21^24^ 4
^^^ • ^^20 ,

m.p. 249-51° (c/. p. 386). These changes Gadamer explained by formula

(III) for a-aZ/ocryptopine, which it will be seen is that of cpZcryptopine,

or cryptopine in which the positions of the methylenedioxy-group and
two methoxyl groups have been interchanged. In view of this similarity

Gadamer suggested that the names and y-homochelidonine should be

replaced by a- and ^-aZZocryptopine respectively.

This formula was confirmed by Haworth and Perkin’s synthesis of

a-aZZocryptopine from berberine, the first application of a process, of which
examples have been given already in the syntheses of cryptopine (p. 298)

and protopine (p. 301) by the same authors. Anhydrotetrahydromethyl-
berberine (I : cf, base (a), p. 846) in dry chloroform was added to a solution

of perbenzoic acid in ether cooled below 5°. The amine oxide, C21H23O 5N
(II), separated as an oil, which after shaking with sodium hydroxide
solution, solidified and was crystallised from water in slender prisms,

m.p. 135°. It was dissolved in acetic acid, hydrochloric acid added, the

mixture heated in boiling water for an hour and the base precipitated by
addition of potassium hydroxide. The precipitate was dissolved in methyl
alcohol, ether added, the alcohol washed out with water and the ethereal

solution dried over potassium carbonate. On concentrating the dry

ethereal solution
j
3-homochelidonine (a-aZZocryptopine) (III) separated

;

colourless, monoclinic prisms, m.p. 160-1°, alone or mixed with the natural

alkaloid. It gave the colour reactions of a-aZZocryptopine, yellow changing

to violet and bright red with sulphuric acid, yellow changing to violet,

blue and green with Frohde’s reagent and yellow becoming violet and

dirty violet with Erdmann’s reagent. The hydrochloride crystallised

from alcohol on addition of ether in silky needles, which turned yellow at

170° and decomposed at 190° (approx.) ; the aurichloride crystallised

from alcohol in warts of garnet-red crystals, m.p. 190-2° {dec,),

Hunnemannine, Ci 8Hi50N(0H)(0Me)(CH202)- (Item 49 ; list, p. 178.)

M.p. 209°. Diazomethane converts the base into a-aZZocryptopine, m.p.

159-60°, so that hunnemannine appears to be 0*demethyl-a-aZZocrypto-

pine. The ethyl ether has m.p. 168° and on degradation by the me^od
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used by Perkin for cryptopine (p. 295) eventually yields 4-methoxy-8 -

ethoxy-o-toluic acid, m.p. 175°, whence it is concluded that hunnemannine
is a*aZ/ocryptopine with the methoxyl group at position C® replaced by
hydroxyl.^^^*^

Corycavine, C21H21O5N. (Item 31, list; p. 172.) This alkaloid was
isolated by Freund and Joseph!, and was subsequently examined by
Gadamer, Ziegenbein and Wagner, Gaebel,^® Legerlotz and Gadamer
and von Bruchhausen.^^ It crystallises from hot dry alcohol in rhombic
tablets, m.p. 217-8° or 221-2° (in a vacuous tub(»), [ajo ± 0°, and is

insoluble in water, cold alcohol or alkalis. The hydrochloride, B . HCl,

forms needles, m.p. 219°
; the hydriodide, B . HI . HgO, small yellowish

needles, m.p. 236°
; the platinichloride, (B . HC 1

) 2 . PtCl 4 ,
yellowish

crystals, m.p. 214° (dec.)
;

the aurichloride, B . HAUCI 4 ,
has m.p. 178-9°

(dec,). Corycavine forms a mediiodide, rhombic tablets, m.p. 218°
;
and

behaves as a tertiary base containing a methylimino-group. It contains

two methylencdioxy groups,^® but no hydroxyl or methoxyl. The alkaloid

dissolves in sulphuric acid, giving a dirty green solution changing to reddish

violet, and in nitric acid, producing a greenish-yellow colour passing into

orange-red.

Corycavamine, C21II21O5N, wa> lirst obtained by Gadamer, Ziegenbein

and Wagner and can be purified by recrystallisation of the nitrate from

boiling water. The free base forms rhombic columns, m.p. 149°,

+ 166*6° (CHCI 3 ). The hydrochloride and hydriodide crystallise in

needles, but the platinichloride is amorphous. The alkaloid contains

two methylencdioxy groups, but no methoxyl. When corycavamine is

melted it is converted into corycavine. Both alkaloids give the same
colour reactions, yield the same methine base, m.p. 153°, and are believed

to be stereoisomeric.

Corycavidine, C 22H25O5N, was isolated by Gadamer.^® It crystallises

from hot chloroform with one molecule of the solvent, melts at 212-3°, has

Ml?* + 203*1° (CHCI3), and yields a crystalline hydrochloride and nitrate,

and an amorphous red aurichloride, m.p. 170° (dec,). It contains two
methoxyl groups, one methylenedioxy-group and a methylimino-group and
behaves as a tertiary base on exhaustive methylation. When heated at

209°, it is converted into an inactive moditication, m.p. 193-5°. Cory-

cavidine gives with sulphuric acid a yellow colour, becoming grey and
finally greenish on warming.

Constitution of Corycavine^ Corycavamine and Corycavidine. The
constitution of corycavine was first investigated by Gadamer and von
Bruchhausen,®® who altered the formulae, C28H28O 5N and CgaHasOgN,
previously suggested for the alkaloid, to CjiHgiOgN as now accepted, and
thereby made clear its isomerism with corycavamine, and accounted for its

formation from the latter by simple fusion. They also showed that on

treatment with phosphoryl chloride, corycavine yielded i^ocorycavine

chloride, C21H20O4NCI . SHgO, thick, reddish-yellow needles. On reduction

the alkaloid ftirnished dihydrocorycavine, CaiHajO^N, m.p. 205-6°, which

like the unr^uced base is converted by phosphoryl chloride into a
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quaternary chloride, i^odihydrocorycavine chloride, C21H22O 4
NCI, bright

yellow transparent crystals (c/. the conversion of cryptopine and dihydro-

cryptopine into quaternary chlorides, p. 296). These reactions indicated a

protopine-like structure for corycavine. It was also shown that by
methods analogous with those mentioned under cryptopine (p. 296),

corycavine can be converted into anhydrotetrahydromethylcorycavinc,

C22H25O4N, needles, m.p. 50-60®, which on oxidation with potassium

permanganate yields 2-methyl-3 : 4-methylenedioxyacetophenone (I) and
JV'-methylhydrastinine (II) from which the formulas (III) for anhydro-

tetrahydromcthylcorycavine and (IV^) for corycavine can reasonably be

built up, though von Bruchhausen preferred the keto-form (IV) for

corycavamine to account for the optical activity of the latter and the

enolic-form (IV with . CHMe . CO—> . CMe : C . OH) for corycavine.

Spath and Holter provided an interesting confirmation of this formula

for the two alkaloids by distilling i^odihydrocorycavine iodide, C21H22O4NI,

m.p. 296-7®, at 260®/0-01 mm., when two isomeric bases, C 2oHig04N, were

formed (a) m.p. 140® and (5) m.p. 202-3®. These were separately de-

methylenated and the corresponding phenolic base in each ease methylated,

whereby they were converted into the optically inactive corydalines (V),

(a) into dUmesocorydoXint and {h) into dZ-corydaline (p. 289).

Though probably a member of the cryptopine group, corycavidine,

according to von Bruclihausen exhibits anomalous behaviour in certain

of the reactions typical of this group. Though it is not converted by
acetyl chloride or phosphoryl chloride into a quaternary chloride, its

reduction product dihydrocorycavidine, C22H27O 5N, needles, m.p. 147-8®,

Wi?* — 44*8® (CHCI 3) is so converted into wodihydrocorycavidine chloride

(isolated as the crystalline mercurichloride). This treated in the usual

manner yielded an anhydro-base, which proved to be de-A^-methyl-4-

methyltetrahydroberberine (VI) identical with this product, prepared
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by the methods due to Freund and Fleischer for the production of 4-

mcthyldihydrobcrberine, and to Gadamer for the reduction of the latter

and subsequent conversion to the anhydro-base {cf. p. 337). von Bruch-
hausen also found that corycavidine methosulphate is reduced by
sodium amalgam in dilute sulphuric acid to tetrahydromethylcorycavidine,

C23H31O5N (oil
: [a]??'* + 39-9^^ (CHCI3) ; B . IICl, m.p. 190°), which on

evaporation in dilute hydrochloric acid yielded the corresponding anhydro-

base, C23H29O4N (III) with 0 . CHg . O replaced by 20Me in ring c), oil ;

B . HCl, m.p. 233-5°. The latter on oxidation by potassium permanganate
in acetone furnished 2-methyl-3 : 4-dimcthoxyacetophenone (as I with

20Me in place of . O . CHg . O) and JV-methylhydrastinine (II). On the

basis of these two main reactions and wdth the support ofa number of minor
observations von Bruchhai:sen assigned formula (VII) to corycavidine.

Pharmacology, Though these alkaloids have not been compared
pharmacologically as members of the same group, considerable resemblance

in action is traceable in the results recorded for those that have been

examined. Crypiopim depresses the higher centres, and finally causes

spinal paralysis in frogs
;

the heart is also slowed or stopped in diastole.

In mammals the drug causes convulsions without increased reflex excit-

ability, Respiration is first stimulated then diminished. Beginning

with Heatheote,^^ more attention seems to have been given to the general

pharmacology of cryptopine and especially to its action on smooth muscle,

in which respect, according to Heathcote, it resembles papaverine but is

much weaker. Mercier, Delphaut and Blache have compared the action

of cryptopine with those of papaverine and berberine and find that all

three alkaloids in sub-lethal doses, show similar effects on arterial blood

pressure, respiration and heart
; on the intestine, isolated or in situ, and

on the vegetative nervous system, berberine and cryptopine behave alike,

but papaverine shows differences. On the whole cryptopine stands between

papaverine and berberine but is in general closer to the latter in action.

Protopine in small doses has a narcotic action in frogs, while large doses

abolish reflex activity and show a curare-like action. At times there is

evidence of medullary stimulation. According to Bolm large doses

(18 to 200 mgm. per kilo) given parenterally to experimental animals

induce excitement or convulsions. Small doses slow the heart, lower

blood pressure and have a quieting effect. Protopine has an inhibiting

action on isolated frog heart, muscle or nerve and a stimulating action on

guinea-pig intestine. According to Anderson and Chen,^^ the L.D.50

(mgm. /kilo) for protopine hydrocliloride by intravenous injection in mice

is 35*9 it 1*90. For cryptopine Delphaut and Blache record the m.l.d.

of the hydrochloride as 190 mgm./kilo, for subcutaneous injection in

guinea pigs.

Peters’s results for corycavine and corycavamine indicate that these

two alkaloids produce narcosis in frogs followed by paralysis of the spinal

cord, and in mammals increased secretion of tears and saliva and epilepti-

form convulsions without increase of reflex irritability
; they also adversely

affect the heart.*®
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P-Homochelidonine was examined by Meyer and von Engel, and the

results, as quoted by Sehmidt,^® indicate that in frogs jS-homochelidonine

behaves like chelidonine, and that in mammals it causes slight narcosis

and a transitory fall in j3lood pressuie, followed by convulsions of the type

induced by camphor, slowing of the pulse and, in large doses, paralysis of

the vaso-motor centres. It also paralyses the ends of the sensory nerves.^®
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Aporphine Sub*Group

Bulbocapnlne, (Items 14, 27, 81, 38 ;
list, pp. 170-2.) This

alkaloid, first isolated by Freund and Joseph!,^ crystallises from dry
alcohol in rhombic needles, m.p. 199®, [ajp + 237* 1 ° (CHCI 3 ), is soluble in

alkalis (developing a green coloration), and is re-precipitated by carbon
dioxide. The hydrochloride forms needles, m.p. 270® (dec,)

;

the platini-

chloride is crystalline, m.p. 200® and 280® (dec,). The methiodide forms
brilliant needles, m.p. 257®. The phosphate is the salt used in medicine.

The base dissolves in sulphuric acid with an orange-red colour changing
slowly to violet, and gives a reddish-brown colour with nitric acid. ' After
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early observations by Gadamer and Zeigenbein,^ and Dobbie and Lauder,^
Gadamer and Kuntze ^ showed that bulbocapnine contained one methoxyl,

one hydroxyl and a methylenedioxy-group and on exhaustive methylation

yielded trimethylamine and 3 : 4-dimcthoxy-5 : 6-methylenedioxy-8-vinyl-

phenanthrene. On these grounds formula (IV) was assigned to it. This

was confirmed by Spath, Holter and Posega,^ from a study of ttie oxidation

products of bulbocapnine and its derivatives. Bulbocapninemethine

methiodide on oxidation by nitric acid yields benzene- 1 : 2 : 3 : 4-tetra-

carboxylic acid, m.p. 233-G°, methyl ester, m.p. 129°, identical with the

acid similarly obtained from thebenine. Mild oxidation with permanganate
produces oxyhydrastinine, m.p. 96 7° (V), while bulbocapnine methyl
ether oxidised by the same reagent furnishes hemipinic acid (3 :

4-

dimethoxyphthaiic acid) and 2 : 3-methylenedioxy-2' : 3'-dimethoxy-

diphenyl-5 : 6 :
6'-tricarboxylic acid, m.p. 258-60° {dec.) (VI). Bulbo-

capnine ethyl ether was oxidised to 4-methoxy-3-ethoxy-benzene-l : 2-

dicarboxylic acid (VII), which establishes the relative positions of the

hydroxyl and methoxyl groups in the primary base at and C® respec-

tively, positions and being also possible but unlikely. Further con-

firmation of the formula was provided by Gulland and Haworth’s synthesis

of bulbocapnine methyl ether.® For this purpose 2'-nitro-3' : 4'-dimethoxy-

phenylaceto-j8-3 : 4-methylenedioxyphenylethylamide (VIII), colourless

needles, m.p. 158°, was prepared by condensing ^-piperonylethylamine

with 2-nitro-3 : 4-dimethoxyphenylacetyl chloride. The amide, on treat-

ment in cold chloroform solution with phosphorus pentaehloride, gave

2'-nitro-3' : 4'-dimethoxy-6 : 7-methylenedioxy-l -benzyl-3 : 4-dihydroi6'0-

quinoline, pale yellow prisms, m.p. 164°, the methiodide of which on

NMe CHj NMe

reduction with zinc dust in strongly acid solution gave 2'-amino-8' :
4'-

dimethoxy-6 : 7-methylenedioxy-l-benzyl-2-methyltetrahydrot5oquinoline

(dihydrochlorldc, glistening prisms, m.p. 231° (dec.) )
represented by formula

(IX), and in this the phenanthrene ring closure was effected by diazotisa-
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tion, to produce d/-bulbocapnine methyl ether (IV), OH replaced by
OMe), yellow rhombs, m.p. 135°, isolated as the hydriodide, colourless

prisms, m.p. 250° (dec,). This synthetic product was found identical with

the dZ-bulbocapnine methyl ether, prepared by the reduction of dehydro

-

bulbocapnine methyl ether hydriodide, C2oHi 8^4^I» 228°, as described

by Gadamer and Kuntze.^ A similar synthesis was effected in the same
year by Spath and Hromatka.’

Corydine, C 20H 23O4N. (Items 28, 31, 33, 36, 37, 39, 46 ;
list, pp. 172-3.)

This substance, first prepared by Merck,® was examined by Gadamer and
collaborators.® It crystallises from alcohol with JCgHgOH, m.p. 124-5°,

or 149° (dry), 204*3° (CHCI3). The hydrochloride has m.p. 258°

(dec,), and the methiodide, m.p. 228-30° (dec,). It contains one hydroxyl

and three methoxyl groups, and on oxidation with iodine yields dehydro-

corydine hydriodide, C20H19O 4N . HI. This, on reduction, gives dZ-cory-

dine, m.p. 165-7°, which on recrystallisation of the acid d-tartrate yields

Z-corydine, [a]f?“ — 206*2° (CllCla). Corytuberine (see below), on methyla-

tion with diazomethane, yields a mixture of corydine and ?.9ocorydine, so

that these two alkaloids are monomethyl ethers of corytuberine.

t^oCorydine, C20H23O4N, is obtained along with corydine (see above)

when corytuberine is methylated with diazomethane or methyl sulphate,

but also occurs naturally (items 15, 23, 28, 33, 47, 48 ;
list, pp. 171-3). It

crystallises in four-sided tablets, m.p. 185°, [a]?®" + 195*3° (CHCI3), and
yields a methiodide, m.p. 213-4° (dec,), + 143*3°.

Corytuberine, CiJl2i04N . 5H2O. (Items 18, 31, 37 ;
list, pp. 171-2.)

This alkaloid, obtained by Bobbie and Lauder from commercial

corydaline, crystallises in silky needles, m.p. 240° (dec,), [ajf®* +282*65°
(EtOH), is insoluble in benzene or ether, and sparingly in chloroform, but

dissolves readily in alkali, the solution darkening in air. The salts are

crystalline but unstable. The base forms a crystalline methiodide and
contains two methoxyl and two phenolic hydroxyl groups.® On methyla-

tion it yields a mixture of corydine and i^ccorydine. On exhaustive

methylation corytuberine yields eventually trimethylamine and 3 : 4 : 5 : 6-

tetramethoxy-8-vinylphenanthrcne, m.p. 69°.

From these results Gadamer assigned to corytuberine formula (X) ;

corydine was regarded as corytuberine with a methoxyl replacing hydroxyl

at C^, whilst in isocorydme a methoxyl group was believed to replace

hydroxyl in the alternative position C®. These positions for the hydroxyl

groups were shown to need change by Spath and Berger,^® who found that

corytuberine diethyl ether (amorphous) is oxidised by permanganate to

4-methoxy-3-ethoxyphthalic acid (ethylimide, m.p. 85°). If the ethylation

is so conducted as to yield a mixture of the two monoethyl ethers, the

product on vigorous oxidation by permanganate yields both 4-methoxy'8-

ethoxyphthalic acid and 5-methoxy-4-ethoxybenzene>l ; 2 : 3-tricarboxylic

acid (methylimide, m.p. 160°), the constitution of which was established

by synthesis. These results indicate for corytuberine formula (XI). It is

well-established that corydine and i^ocorydine are different mono-methyl
ethers of corytuberine, so that in one the hydroxyl group must be at C*,



CORYTVBERINE 309

and in the other at C®. To determine which was which Spath and Berger
demethylenated bulbocapnine methyl ether (IV, p. 307, HO replaced by
MeO) producing the phenolic base (XII), CigHi904N . MeOH, m.p. 118-
120°. This, on partial methylation, yielded corydine and since (1) methyla-
lation must have taken place in ring (D), and (2) corytuberine (XI) on
methylation yields corydine, the latter must be represented by formula

(XIII) ; and since the monomethylation of corytuberine also gives rise to

«5ocorydine, this in turn must be represented by formula (XIV).

A particularly interesting method for the synthesis of aporphine

alkaloids is due to Hope and Robinson, based on the fact that 0-bases

of the cotarnine, hydrastinine and laudaline types can be condensed with

o-nitrotoluenes to form substituted 1-o-nitrobenzyltetrahydroi^oquinolines.

This method was used by Gadamer for the synthesis of aporphine, the

parent base of this group of alkaloids, and by Robinson and Shinoda

for the synthesis of a substance, which only differs from corytuberine

dimethyl ether (X, 2HO-—>2MeO) by the replacement of a methoxyl
group at by AcNH. The first synthesis of corytuberine dimethyl

ether was described by Gulland and Haworth in 1928, and follows the

same lines as the bulbocapnine methyl ether synthesis (p. 307), the initial

product in this case being 2'-nitro-3' : 4'-dimcthoxyphenylaceto-)8-3 : 4-

dimethoxyphenylethylamide (VIII, p. 307, O . CHg . O replaced by
20Me) which was converted by ring closure to the corresponding dihydro-

«^oquinoline and the methiodide of the latter to 2'-amino-6 : 7 :
3'

:

4'-

tetramethoxy- 1-benzyl-2-methyltetrahydroi5oquinohne (XV
)

which on
diazotisation (Pschorr reaction) yielded dZ-corytuberine dimethyl ether

(X, above

^

2 . OH replaced by 2 . OMe) ; the latter is an oil, yielding a

crystalline hydrochloride and methiodide, m.p. 248° {dec.). The base was
deracemised by the successive use of d- and Z-tartaric acids. d-Corytuberine

dimethyl ether Z-hydrogen tartrate crystallised from alcohol in needles,

m.p. 219-222® {dee.\ [a] + 149-7°. The methochloride formed slender
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needles, m.p. 243° {dec,), + 196°. These figures are in good agreement
with those recorded by Gadamer.^^ The d-hydrogen tartrate of the Z-form

also melted at 219-21° {dec.), and had [a]i> — 148*2°. A similar synthesis

was effected by Spath and Hromatka in the same year.

Eximidine, Ci 7Hi40N(0Me) 3 . (Item 36 ; list, p. 172.) A phenolic base,

m.p. 133°, yielding a methiodide, m.p. 218° {dec.). It is isomeric with
corydine and possibly belongs to the aporphine group (Manske).^®
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Dicentrine, C20H21O4N. (Items 36, 37, 39, 40 ;
list, pp 172-3.) This

alkaloid crystallises, from ether, alcohol, or ethyl acetate in prisms,

m.p. 168-9° [a]j) +62*1° (CHCI3), and yields well-crystallised salts. It

contains two methoxyl groups and yields a monoacetyl derivative, colour-

less leaflets, m.p. 202 °, which is not hydrolysed even by boiling alcoholic

potash.^ The methiodide, 13 . CH3I . H20 » m.p. 224°, and according

to Manske,^ yields a methine base, m.p. 158-9°, the methiodide of which
with potassium hydroxide solution decomposes into trimethylamine and
a crystalline substance, presumably a substituted phenanthrenyl-ethylene,

which polymerises on recrystallisation.

Dicentrine was synthesised by Haworth, Perkin and Rankin from

6'-nitroveratrylhydrohydrastinine ^ (I) buff-coloured needles, m.p. 118°,

which was reduced to 6'-aminovcratrylhydrohydrastinine (II) (oil :

dihydrochloride, prisms, m.p. 250° {dec.) ), and the latter diazotised in

presence of copper powder (Pschorr reaction) to dZ-dicentrine (HI). The
synthetic alkaloid forms colourless prisms, m.p. 178-9°

; and yields

crystalline salts, hydrochloride, m.p. 263-5° {dec.)

;

methiodide, m.p. 228-
9°

;
picrate orange prisms, m.p. 188-9°. Like the natural alkaloid it

dissolves in sulphuric acid to a colourless solution which soon becomes
reddish-violet, and gives green to blue colours with Erdmann’s, Frohde’s,

and Mandolin’s reagents. This synthesis confirms the formula suggested

by Gadamer ^ for dicentrine, from data recorded by Asahina ^ and the

similarity of dicentrine to glaucine. The synthetic dZ-base was subse-
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quently deracemised by the same authors ® by the use of d- and Z-tartaric

acids to form the respective hydrogen tartrates. The d-base crystallised

from ether in colourless prisms, m.p. 169° (corr.), [a]}J° + 64*1° (CHCI3)

;

the /-base had the same melting-point with — 63*5° (CHCI3). Osada
has shown that dicentrine, on demethylenation, followed by mcthylation
of the phenolic base so formed, produces glaucinc ® {see below).
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Glaucine, C 21H25O4N. (Items 28, 31, 36, 37, 39, 47, 48 ;
list, pp. 172-3.)

This substance was isolated by Probst,^ but was first prepared in a pure

state by R. Fischer.® It crj^stalhses in yellow, rhombic prisms, m.p. 119-

120 °, [a]i) -f 113*3° (EiOH), is readily soluble in alcohol or chloroform and
sparingly so in benzene or hot water. The hydrochloride, B . HCl . 3H2O,

forms colourless crystals, and the hydrobromide, B . IIBr, pale pink

crystals, m.p. 235°. The alkaloid itself is tasteless, but the salts are

bitter. Glaucine dissolves in sulphuric acid, forming a colourless liquid

which becomes bright blue on standing or violet when warmed. Nitric

acid gives a transient green tint
;
Frohde’s reagent (sulphomolybdic acid

in sulphuric acid) yields a green passing into blue. Glaucine behaves as a

tertiary base and contains four methoxyl groups. It was synthesised by
Gadamer ^ by treating a diazotised solution of aminolaudanosine (I)

wdth copper powder, when ‘ phenanthrcno-N-methyltetrahydropapaverine,’
which proved to be d/-glaucine (II), was formed, thus :

N.CH,

CH3

CH3O

o.c \;h ^ch..

J
!._ I

?
\ /•"A /“•
^CH CH

8 I

GH..0.C CH

CH3O
1 I f r
^ C 0 CHN/yY ‘

CHjO-C CH

(n) CHgoVc^

(//-Glaucine has m.p. 137-9°, and on recrystallisation of the d- and
/-hydrogen tartrates furnishes the corresponding salts of d- and /-glaucine,

from which the free bases are obtainable, the d-glaucine thus produced

being identical with the natural alkaloid.

Unlike most alkaloids of the group, glaucine was assigned a formula ^

without the use of the Hofmann degradation process, but since then this

process has been applied to glaucine or its derivatives by a number of

workers,^ especially in connection with the investigation of boldine

(p. 325) and of laurotetanine (p. 820).

Glauddine (item 56 ; list, p. 173), composition unknown
; m.p. 209-

gives the characteristic colour reactions of glaucine. It is a

phenolic base and on mcthylation gives a product of which the hydrogen

tartrate closely resembles that of glaucine.®
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Glaucentriney Ci 7Hi 3N(OH)(OMe)3 (items 86, 87, 89 ;
list, p. 172),

m.p. 148®, yields a crystalline hydrochloride, m.p. 237-8® {dec,) and with

diazomethane is converted into d-glaucine. It is therefore an 0-demcthyl-

glaucine.®
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Pharmacological action. The alkaloids described above, forming the

corydalis section of the aporphine group, are now only a fraction of that

group, which includes also domesticine (p. 315), apomorphine (pp. 214, 227),

morphothebaine (p. 230), roemerine (p. 814), isothebaine (p. 232), iuduranine

(p. 273) and the alkaloids of the Anonaceoe (p. 317) and the Laurales

(p. 319). The corydalis section is of special importance as most of the

pharmacological work done on the aporphines has been expended on
members of that section and especially on bulbocapnine. Peters ^ showed
that corytuberinc, bulbocapnine and corydine, the only members of

the corydalis aporphine alkaloids then known, differed considerably in

pharmacological action. Corytuberine, unlike the other two, did not

produce narcosis in frogs but induced increased reflex irritability. In

warm-blooded animals, corydine produced slight narcosis, corytuberine

gave rise to tonic convulsions and a small increase in reflex irritability,

while bulbocapnine produced a cataleptic condition, especially in cats.

All three alkaloids stimulated the secretion of tears and saliva. Corydine

and corytuberine caused emesis, and later workers found that bulbo-

capnine also produced this effect. Respiration was found to be slowed

by bulbocapnine and corydine, but Molitor ^ later, in the course of a

detailed study of special properties of bulbocapnine, found that in non-

toxic doses it accelerated respiration, but with lethal doses respiratory

failure occurred shortly before heart failure. Corydine slowed the heart

through its action on the vagus, but the blood pressure was increased as a

consequence of the central action of the drug. Corytuberine also slowed

the pulse by vagal action and the blood pressure rose during the convul-

sions
;
the respiratory rate was also increased. Later Waud ^ showed that

i^ocorydine closely resembles bulbocapnine in action, corydine showing

a much smaller tendency than z^ccorydine to produce catalepsy. Recent
work on bulbocapnine has been concerned mainly with its effects on
organs. It appears to reduce intestinal movement,* and to stimulate

rabbit uterus in situ in small doses but to be inhibitory in medium to large

doses.® According to Asakawa,® it induces a moderate hyperglycaemia in

rabbits and lowers the glutathione content of the blood and liver and
increases it in the spleen.® Some attention has also been given to the

mode of action of the alkaloid, which according to Hartog Jager ’ is on
the central nervous system. The catalepsy caused by bulbocapnine has

also been investigated. In cats and rats it is antagonised by subsequent
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administration of amphetamine, but when the two drugs are given in the

reverse order the antagonistic effect is slight.® In monkeys the condition

was prolonged by convulsions induced by leptazole, but hypoglycsemic
shock produced by injection of insulin had no effect on the catalepsy.® The
results of earlier investigations of the catalepsy induced by bulbocapnine

have led to the use of the alkaloid in medicine,^® especially in the treatment

of diseases in which involuntary movement is a symptom as in Paralysis

agitans and St. Vitus’ dance.

GlauciTie causes slight narcosis in animals, interrupted by epileptiform

convulsions. It is also a depressant of the heart and blood vessels and
damages striated muscle. According to Iwakawa,^^ small doses of dicentrine

have a narcotic action in frogs and mammals. Larger doses cause con-

vulsions of medullary origin in frogs. The convulsions in mammals arise

from centres above the cord. The heart and vasomotor centre are also

damaged in mammals, while the respiratory centre is stimulated trans-

itorily before being paralysed.
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Minor Corydalis Alkaloids. The following four alkaloids have been

isolated by Manske from various Corydalis species but have not yet been

assigned to chemical groups. Cularine has been compared pharma-
cologically with papaverine and hydrastine, and may prove to be related

to one of these alkaloids.

Chrycentrine, CigH^gOgN (item 34 ; list, p. 172), m.p. 216®, non-

phenolic, contains a dioxymethylene, but no methoxyl groups. ^

Culanm, Ci7Hi40N{6Me)3 (items 12, 85, 86, 37, 89 ; list, pp. 170-2),

m.p. 115®, [ajf®** + 285® (MeOH), yields a sparingly soluble acid oxalate,

m.p. 245® {dec.), and a hydrochloride, m.p. 207®. In Dicentra eximinia

it is accompanied by a non-phenolic base, F 80, Ci4HiaON(OMe)3, m.p. 102®,

which is probably AT-demethylcularine. In Corydalis daviculata it is

associated with one or more O-demethylcularines (F 52) of which one,

cularidine, Ci7Hi40N(0H)(0Me)a (item 35 ; list, p. 172), m.p. 157®, has
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been isolated from Dicentra cucullaria ; it yields cularine on methylation

with diazomethane.

2

Ochotemimine, C2oHi702N(OMe)2 . (Item 19 ; list, p. 171.) Amorphous,
but yields a crystalline methiodide, m.p. 225° (dec,), + 49*2° (MeOH),
which is identical with the methiodide produced by methylating? ocho-

tensine (see below) with diazomethane, and treating the product with

methyl iodide. Ochotensimine dihydromethine, C23H27O 4N, obtained

from the methiodide by Emde’s method, has m.p. 92°.^

Ochotensine, C2oHi702N(OH)(OMe). (Items 19, 26 ;
list, p. 171.)

Phenolic base, m.p. 252°, [a]r) + 51-7° (CHCI3) or + 63*9° (N/10
,
HCl).

The 0-mcthyl ether is ochotensimine (see dbove),^

Pharmacological Action, As already pointed out, cularine shows some
resemblance to papaverine and hydrastine in action (p. 196). The M.L.D.
(mgm./kilo.) for mice by intravenous injection of ochotenshie is 10*6 db 0-54

so that it seems to be the most toxic of the fifteen corydalis alkaloids

examined by Anderson and Chen,^ who also state that it stimulates isolated

guinea-pig or rabbit uterus, inhibits isolated rabbit-intestine and induces

a fall in blood pressure on intravenous injection in etherised cats.

Of the ten presumably new but unclassified alkaloids, isolated by
Chou from Corydalis ambigug, (Item 8 ; list, p. 170), four have been

examined pharmacologically by Chen, Anderson and Chou,^ who find that

alkaloids B and L, given intravenously in sub-lethal doses, produce

catalepsy in mice and monkeys and a similar action is shown by L in cats.

(Wang and Lu ® had already found that B and K resembled bulbocapnine

in action.) Alkaloids J and M induce convulsions in lethal, or near lethal,

doses in mice. All four have a similar depressant action on the heart in

frogs, and in etherised cats they cause a fall in arterial blood pressure.

In dilute solution they stimulate isolated rabbit intestine but relax it at

higher concentrations. All induce contraction of isolated guinea-pig

uterus. The M.L.D. (mgm./kilo.) by intravenous injection in mice are

as follows : B, 103 ; J, 42 ; L, 150 ;
M, 41.
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It is convenient at this point to deal with the remaining alkaloids of

the aporphine group, viz,, domesticine, roemerine and the alkaloids of the

Anonaceae, Lauraceae and Monimiaceae.

Rcemerine, CieHi2(NMe)(CH202). (Item 59 ;
list, p. 173.) M.p, 102-~8 °,

Md —77-18° (EtOH); B . HCl, m.p. 262-3°; picrate, m.p. 195-6°.

After a Hofmann degradation of the methiodide, m.p. 215-6°, the course

of which indicated that the alkaloid belonged to the aporphine group,

and ended with a methylenedioxyphenanthrene, m.p. 84-5°, picrate,

m.p. 167-8°, the alkaloid was demethylenated and the dihydroxy-base

(norroemerine, m.p. 162-4°) methylated to dimethylnorroemerine, m.p#
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165-6® (B . HCl, m.p. 242-3®). The methiodide, m.p. 164-7®, of this, on
treatment with potassium hydroxide in methyl alcohol, yielded 5 : 6-

pimethoxy-8-vinylphenanthrcne, m.p. 86-7®, along with dimethyl-de-iV-

methyl/iorraaiicrine, oil, [a]B + 13*55° (EtOH) ; the methiodide, m.p.

278®, of this, on like treatment also yielded 5 : 6-dimethoxy"8-vinyl-

phenanthrene, wliosc identity was established by its oxidation by per-

manganate to 5 : 6 -<iimethoxyphenantlirene-8-carboxylic acid. Roemerine
is, therefore, 5 : 6-methylenedioxy-iV-methylaporphine, and this con-

stitution has been confirmed by Marion and Grassie’s synthesis of the

alkaloid.

By a modified Bischler-Napieralsky reaidion, 6'-nitrophenylaceto-j8-

3 : 4-methylenedioxyphenylethylamide, resulting from the condensation

of /5-3 : 4-metIiylencdioxyplienylcthylaininc with 2-nitropheiiylacetyl

chloride, was converted into 6^nitro-l-benz> 1-6 : 7-metliylenedioxy-3 : 4-

dihydroi.voquinoline. The methiodide of the latter was reduced with zinc

and hydrochloric acid to 6'-amino-l-bcnzyl-2-nicthyl-C : 7-methylenedioxy-

1:2:3: 4-tetrahydro/,9cquinoline dihydrochloride, which by the Pschorr

ring-closure reaction, produced JZ-roemerine (IV, p. 317), m.p. 85-7®. By
treatment in succession with d- and Z-tartaric acids, the dZ-base was
resolved into Z- and d-forins. Synthetic Z-renmerine is dimorphic, m.p. 85-7®

and 102°, and has |a]i, —79*9® (EtOH), these constants being in good
agreement with those of the natural base.

Barger and Weitnauer pointed out that roemerine is probably identical

with iV-methylanonaine (p. 318) ;
the position of the methylenedioxy

group in roemerine was at that time uncertain.
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Domesticine, C19H19O4N. This alkaloid, obtained from Nandina
domestica Thunb. by Kitasato ^ crystallises from ethyl or methyl alcohol,

has m.p. 115-7® and [a]x) + 60*51®. It is coloured reddish-violet by
sulphuric acid, blue by^ nitric acid vapour, and green by ferric chloride.

It contains one methoxyl and a methylenedioxy^ group. A phenolic hydroxyl

group is also present and with diazomethane the base yields a methyl ether,

m.j). 139®, [x]j) + 101*7® (CHCI3) which unlike the parent phenolic base is

stable, and does not become coloured on exposure to air. This methyd

ether is isomeric with dicentrine (p. 310), and the absorption spectra of the

two alkaloids are very similar. It was suggested that domesticine methyl

ether was either uadicentrine (I) or ^pidicentrine (II), and a decision in

favour of the latter was made by Kitasato and Shisliido 2 by the synthesis

of c^idicentrine, the d-form of which proved to be identical with

domesticine methyl ether. The synthesis was effected by the application

of the Pschorr reaction to 6 : 7-dimethoxy-6'-amino-l-piperonyl-2-

methyltetrahydrof^oquinoline (III), m.p. 182°. The dZ-^pidicentrine

obtained had m.p. 142®, yielded a hydrochloride, m.p. 265-70° (dec.),
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and on deraceinisation by the successive use of d- and Z-tartaric acids

provided Z-^’jpZdicentrine, m.p. 138-9^", [a]Jf° — 101-31° (CHClg), and

CH2

GH2

d-^j:>idicentrine, m.p. 139°, [a]Jf° + 102-27°, the latter being identical

with domesticine methyl ether and with the nantenine,'’ ^ m.p. 138-5°,

and “ domestine ” ^ found in Nandina fruits. The free hydroxyl group in

domesticine is at C® (II), as shown by Shishido’s synthesis of domesticine

ethyl ether ^ from 6-methoxy-7-ethoxy-6'-amino-l“piperonyl-2-methyl-

tetrahydro? 5oquinoline (III : MeO at C’ replaced by EtO).

Shisido 2 (1938) has confirmed the identity of the synthetic and
natural alkaloids, by showing that the two methyl ethers on degradation

by the Hofmann process yield 5 : 6-dimethoxy-2 : 3-methylenedioxy'8-

vinylphenanthrene, m.p. 142-3°, and the two ethyl ethers the analogous

product with ethoxy- replacing the methoxyl group at C®.

i^oDomestidne, C19II19O4N, This base, also isolated by Kitasato, is

amorphous, m.p. 85°, but yields a crystalline hydrochloride, more soluble

in water than domesticine hydrochloride. It gives the same colour reac-

tions as domesticine, and on methylation yields the same methyl ether

(“ domesiine,^^ m.p. 138-9°), but the ethyl ether, m.p. 82°, is different

from domesticine ethyl ether, m.p. 126°, implying that the difference

between the two alkaloids is due to the difference in position of

the hydroxyl group, which is at in domesticine, and must be at C® in

f^odomesticine.

The pharmacological action of domesticine has been compared by
Tobitani ® with that of bulbocapnine (p. 312). Both at first inhibit

voluntary movement in the rabbit, induce tremors of the whole body
and trismus

; convulsions ensue with hypersecretion of various glands.

Large doses cause paralysis from the start. The action of both alkaloids

is closely related. The range of stimulation is narrower for domesticine

and its paralysing action stronger. Nantenine, the methyl ether of

domesticine, according to Takase and Ohashi,® acts on the central nervous

system producing increased reflex action, and on the cardiac muscle causing

bradycardia and weakening of heart action leading to fall in blood

pressure.
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Alkaloids of the Anonace.®. This botanical family belongs to the

natural order Anonales, which is nearly related to the Laurales, in which
are included tlie families Lauraceae and Monimiaceae. It is not surprising,

therefore, that the characteristic alkaloids found in these families are of

one type, namely derivatives of aporphine.

Alkaloids have been found in four genera of the Anonaceae. Callan

and Tutin ^ found an amorphous alkaloid in Anona muricata L., but

recently Meyer ^ has isolated and described two crystalline alkaloids,

muricine and muricinine, from this species.

Santos 2 isolated anonaine from A, reticulata L., and A. squamosa L.

(custard apple), while from A. triloba L. {Asimina triloba Dun.), Lloyd,

^

and later Fletcher,^ obtained asiminine, itself amorphous, but yielding

crystalline salts. Recently Manske * has isolated from this species the

crystalline alkaloid anolobine.

Marahon,® and later Santos and Reyes,® found artabotrine and
suaveoline in Artabotyris suaveolens, Blume. In one species of the

Anonaceae, Xylopia macrocarpa Oliv., bcrberine has been recorded (p. 329).

Anolobine, C 17H15O3N. This alkaloid has m.p. 262° (dec,) and
[a] 7/

— 22*5° (c = 0-4 : CHCI 3 + MeOII, 1 : 1 ). The nitrogen is secon-

dary
;
a dioxymethylene group is present and a phenolic hydroxyl group.

The 0-methyl ether has m.p. 97°, — 27*9° (EtOH) and with methyl

iodide gives a mixture of products, from which the quaternary iodide was
separated and converted to the methine base, f2oH2i03N, m.p. 99°,

Md ± 0 °. This yielded a sparingly soluble methiodide, decomposed by
alkali into trimethylamine and a hydrocarbon, which on oxidation furnished

4-methoxyphthalic acid and an acid m.p. 207°, believed to be 3 ; 4-methy-

lenedioxy-7-mcthoxyphenanthrene-l -carboxylic acid. On this basis

anolobine is regarded as 2-hydroxy-5 ; 6-methylenedioxynoraporphine (V)

(Manske).^ Govindachari ’ has synthesised d/-2-methoxy-5 ; 6-methylene-

dioxyworaporphine, B . HCl, m.p. 305°, and finds that in the applica-

tion of the Gadamer ® reaction with ethyl chlorocarbonate. Cl . COgEt, it

does not give the same product as Manske’s anolobine methyl ether, and
concludes that, the latter has not the constitution suggested. On the

other hand, Marion * has synthesised dZ-2-methoxy-5 : 6-methylene-
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dioxyaporphine (OA^-dimethylanolobine) and finds that the methiodide,

m.p. 241°, gives a methine base CgoHgiOgN (picrate, m.p. 258°) identical

with that prepared by Manske from anolobine and concludes that anolobine

is 2-hydroxy-5 : 6-methylcnedioxynoraporphine (V) as Manske suggested.

Barger and wSargent have pointed out that artabotrinine (p. 319),

may be identical with anolobine methyl ether (V ; HO —>MeO).
Anonaine, Ci^HisOgN, m.p. 122-3°, — 52° (CllClg), yields a

hydrochloride, m.p, 277*5° (dic,),^ and contains a methylenedioxy-group.

The nitrogen is secondary and the base furnishes a neutral nitroso-

compound, m.p. 229-30°, a monoacetyl derivative, m.p. 229 30°, and
with methyl iodide gives the quaternary iodide, CigHgoOgNI, m.p. 217°,

decomposed by alkali into the methine base, m.p. 87-90°, of which the

methiodide, m.p. 270*5° (dec.), yields a methylcnedioxyvinylpheiinnthrene,

C17H12O2 , m.p. 87°. The latter is oxidised to a methylenedioxyphenan-

tlircnecarboxylic acid, which sublimes at 240° with partial decomposition,

and is dccarboxylated by heating with copper chromite in quinoline to

an oily methylenedioxyphenanthrene, giving a picrate, m.p. 168° (dec.).

These results indicated that anonainc is probably 5 : 6-methylcnedioxy-

woraporphine and this substance was synthesised by standard methods
from 0-nitrophenylacetyl chloride and ^o;??opiperonylamine. The dl-

anonaine hydrochloride obtained had m.p. 285° (dec.) and for comparison

with the natural product was degraded to the methylenedioxyphenanthrene,

which proved to be identical with that obtained from natural Z-anonaine.

iV-meth>lanonaine, prepared from the natural alkaloid by the action

of formaldehyde and formic acid, was isolated as flie hydriodide, m.p.

246-7° (dec.). rfZ-A^-methylanonaine was also synthesised and characterised

as the hydriodide, m.p. 244° (dec.), and methiodide, m.p. 210-1 °. It is

regarded as identical with dhveemerme (p. 314), and it may be noted that

the melting-point of the Hofmann degradation product of roemerine is

very similar to that of anonainc (IV : NMe — NH) (Barger and
Weitnauer).^®

Artabotrine, CigHio(OH)(OMe)3(NMe). After the isolation and pre-

liminary investigation of this alkaloid and the accompanying suaveoline,

by Maranon ® and by Santos and Reyes,® both alkaloids were investigated

by Barger and Sargent. Artabotrine forms large, tabular, orthorhombic

crystals (crystallographic data are provided ^^), m.p. 185-6°, [a]}f“ +
194*8° (c = l* 86 ; CHCI3) and gives a hydrochloride, m.p. 226-7°, an
acetyl derivative, C20H22O 4N, Ac, 2H2O, m.p. 97-9° or 118-9° (drz/), and
an 0-methyl ether ; the latter is a syrup, [a]j\®° + 182*2° (c = 2*9

; CHCI3),

but yields a crystalline methiodide, m.p. 254-5°. Artabotrine methiodide,

m.p. 224-5°, when boiled with alcoholic potassium hydroxide yields

artabotrinemethine, m.p. 122-3°, [off - 183° (c = 1*65
; EtOH). The

latter, when refluxed with methyl iodide and then with potassium hydroxide

in methyl alcohol, yielded a trimethoxyvinylphenanthrol, CigH90(
0Me) 2,

m.p. 115-6°. ^On treatment with ethyl chlorocarbonate, artabotrine yields

an optically inactive substance, C2oH2204N(C02Et), m.p. 109-110°, which
with the other reaction products described above, indicates that it is an
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aporphine derivative. On oxidation with permanganate, artabotrine
forms a monocarboxylic lactone acid, CnHioOg, m.p. 203-4"", containing
two methoxyl groups and giving the fluorescein reaction. It is suggested
that artabotrine, which is the methyl ether of suaveoline {see below) is

probably lO-hydroxy-4 : 5 : 6-trimethoxyaporphine (V^I). Tliis makes it

unique in this series in containing a secondary alcohol group.

Suaveoline, Ci 6Hio(OH) 2(OMe)2NMc, m.p. 232°, [a]}f 4- 164° (c == 1.22 ;

CHCJg), gives a purple colour with ferric chloride and on treatment with
nascent diazomcthanc yields artabotrine methyl ether {see above) identified

by mixed melting-point of the methiodides. It resembles pukateine

(p. 322) in giving Pellagri’s reaction, which indicates lack of substitution

in the p-position to a phenolic hydroxyl, and for that reason the latter

group is assumed to be at C^, which implies methoxyl at this point in

artabotrine. Suaveoline is regarded as probably 4 : lO-dihydroxy-5 : 6-

dimethoxyaporphine (VI ; OMe at

Artabotrinine, CigHii(0Mc)(02CIl2)NH. This alkaloid is amorphous,
~ 18*9° (c == 2*69

;
CHCI3), but forms a crystcalline hydrochloride,

B . HCl, m.p. 273-4°, and yields a nitroso-compound, hexagonal plates,

m.p. 203-4° and a A^-niethyl derivative, 132-^° [a]}f —
53*8° {c “ 0*424

;
EtOH), the methiodide of which has m.p. 223-4°.

iV-methylartabotrinine is isomeric with pukateine methyl ether (p. 322)

and laureline (p. 322), contains the same substituents as these alkaloids,

but is not identical with either. Assuming that the methylcnedioxy group

is at —C® the methoxyl group must be at which implies identity of

artabotrinine with anolobine methyl ether (V ; Oil —>OMe, p. 317).^^

Muricine, CieHi20N(OMe)3. Isolated as the hydrobromidc, B . HBr,
m.p. 242-45°. The base is insoluble in alkali.^

Muricinine, Ci 3Hi302N(0Me)2 . Isolated as the perchlorate, m.p.

206-8°. The base does not contain a dioxyrnethylene group, is soluble

in alkalis and gives a green colour with ferric chloride.^
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Alkaloids of the Laurales. Well-defined alkaloids have been

isolated from three genera of the Lauraceae—^Actinodaphne, Litsea and

Nectandra (p. 863
)
and the presence of alkaloids has been recorded for

Dehaasia ^ and Cryptocarya.^ In the Hernandiaceae there are records of

alkaloids in Cyrocarpus,^ Hernandia,^ and Zlligera,^ In the Monimiaceaj

the following genera have yielded well-defined alkaloids : Daphnandra

(p. 826), Laurelia and Pneumus, and alkaloids have been recorded in
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Atherosperma (Atherospermine, C 30H40O 5N2 , amorphous, from A.

moschata and Doryphora (doryphorine, C18H21O 4N, m.p. 115-7°, from
D. Sassafras),^ Appleman has also recorded the presence of alkaloids in

the leaves of the “ Fuerte ” variety of “ avocado pear ” {Persea gratissima

Gaertn).^
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Laurotetanine, Ci 9H2i04N . H2O. This alkaloid was first isolated by
Greshoff ^ from Litsea chrysocoma, who also found it in a number of other

Lauraceae, and subsequently by Filippo ^ from L, citrata, and by (Sorter ^

from L, cuheha.

It crystallises from acetone, m.p. 125°, + 98*5°, is colourless,

but becomes yellow on exposure to air, behaves as a phenolic base and
yields a phenylthiocarbamide, NHPh . CS . Nil . C19H20O4N, m.p. 211-2 °.

The hydrochloride (GHgO), hydrobromide (GllgOj, hydnodid('
(
5II2O),

sulphate, Bg . H2SO 4 (12 or SHgO), and the picrate (1 . SHgO), m.p. 148°,

are all crystalline. Dibenzoyllaurotetanine has m.p. 169-70°. With
diazomethane the base yields a methyl ether, C 20H23O 4N (amor])hous, but

yielding crystalline salts), lind this on treatment with methyl iodide

furnishes glaucine methiodide, m.p. 210°.^ Gorter ^ assumed that the

N’-methyllaurotetanine methyl ether which he obtained, C21H25O 4N . SHgO,

m.p. 63°, 4* 109°, was not glaucine (p. 311) but an isomeride, which

he named z^oglaucine and on the ground that laurotetanine, on oxidation

with alkaline permanganate, yielded 1 ; 2-dimethoxybenzene-3 : 4 : 5-

tricarboxylic acid, m.p. 165°, he assigned formula (I) to ^6'oglaucine and
suggested that the free hydroxyl group in laurotetanine was at or C^. The
results of Spath ® and of Barger ^ and their collaborators, the former

depending mainly on the character of the oxidation products, and the

latter on identity of the products of exhaustive methylation, left no
doubt that OiV-dimethyllaurotetanine (Gorter’s i^oglaucine) is identical

with glaucine, and the recent work of these two groups of authors is

concerned with the decision between = OH : OMe or OMe : OH
in formula (II). The decision in favour of the first of tliese alternatives

was arrived at by the following contributions. Callow, Gulland and
Haworth ® synthesised 2 : 8 : 6 : 7- and 8:4:6; 7-tetramethoxyaporphines,

the former being the substance represented by formula (I) (Gorter’s iso-

glaucine), but neither was identical with “ i^oglaucine.” Douglas and
Gulland ’ synthesised 8-hydroxy-2 : 5 ; 6-trimethoxyaporphine, but the

synthetic product has not been described in detail. Barger, Eisenbrand,

Eisenbrand and Schlittler ® synthesised the substance represented by
formula (HI) and showed that Hofmann degradation of (III) and of N-
ethyllaurotetanine ethyl ether gave rise to the same products, implying

that in laurotetanine, the hydroxyl group is at C®. The synthesis of (III)

was effected by {a) ring closure in 6-nitro-4-methoxy-8-ethoxyphenylacet-
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^-3' : 4'-diniethoxyphcnylethyIamide (IV), m.p. 160°, to 6 : 7-dimethoxy-
1-6 -nitro-4 -methoxy-3'-et]ioxybenzyl-3 : 4-diliydro75oquinoline, m.p. 174—
5 ,

of which the ethiodidc, m.p. 207° (c/cc.), was reduced to the corre-
sponding aminotetrahydrowoquinoline (V), and (h) ring closure in the
latter by successive treatment with sodium nitrite, 2iV-sulphuric acid and

zinc dust and hydrochloric acid, into 3 ; 5 : 6-trimethoxy-2-ethoxy-A^-

ethylnoraporphine (III) isolated as the hydriodide, m.p. 205-10° (dec,),

w'hich is identical with OiV-diethyllaurotetaiiine hydriodide. The Hofmann
degradation of both products leads to 3:5: 6-trimethoxy-2-ethoxy-8-

vinylphenanthrene, m.p. 142°. Spath and Tharrer,® by exhaustive

methylation of laurotetanine ethyl ether, obtained a trimethoxyethoxy-

vinylphenanthrene, m.p. 136-8° {cf, Barger et ah, loc, cit.), which was
oxidised to the corresponding acid, m.p. 222-3°, and this on decarboxyla-

tion furnished a trimethoxyethoxyphenanthrene, m.p. 114-6°, identical

with 3:5: 6-trimethoxy-2-ethoxyphenanthrene (VI) synthesised for

comparison. The hydroxy group in laurotetanine, which is ethylated in

this group of substances, must therefore be in position 2.

A'-Methyllaurotetanine, C20H23O4N. lliis alkaloid was obtained by
Spath and Suominen from Litsea citrata. It distils at 205-15° (air-bath

temperature) under a pressure of 0*01 mm. and is dextro-rotatory. Diazo-

methane converts it into glaucine and Hofmann degradation of the ethyl

ether yields 8:5: 6-trimethoxy-2-ethoxy-8-vinylphenanthrene, m.p. 140-1°,

identical with that obtained from laurotetanine {see above). The alkaloid

is therefore represented by formula II (NMe replacing NH).
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Actinodaphnine, C18H17O4N. ITiis alkaloid, isolated by Krishna and
Ghose ^ from Actinodaphne Hookeri, Meissn., was investigated by Ghose,

Krishna and Sehlittler.^ It crystallises in needles, m.p. 210-1 °,

+ 32*77° (EtOH), and furnishes crystalline salts : B , HCl, m.p. 280-1°

{dec,), [a]D + 8*75° (HgO) ; B . HI, m.p. 264-5° (dec.), picrate (with

III2O), m.p. 220-2 ° (dec.), and methiodide, m.p. 243-4°. The oxygen
atoms are present as dioxymethylcne, methoxyl and hydroxyl (methyl

ether amorphous), and the presence of = NH is indicated by the formation

of a phenylthiocarbamide, m.p. 181°. The constitution of the alkaloid

was established by the following additional observations. Actinodaphnine
is oxidised by permanganate to methylenedioxyhemimellitic acid

(4 : 5-methylenedioxybenzene-l : 2 : 3-tricarboxylic acid), and 0-methyl-
actinodaphnine by nitric acid to mellophanie acid (benzene-1 : 2 : 3 : 4-

tetracarboxylic acid). 0-mcthylactinodaphnine on successive treatment

with methyl iodide in acetone, and acetic anhydride (to remove secondary

base) yields iV-acctyl-O-methylactirodaphnine, m.p. 222-4°, and dicentrine

(I). iV-methyl-O-ethylactinodaphninc, m.p. 198-9°, undergoes normal
degradation by Hofmann’s method to a substituted 8-vin} Iphenanthrene,

C20H18O 4 ,
m.p. 186-7°, and on demethylenation jdelds the crystalline

phenolic base, Ci 7Hi 3N(OH) 2(OMe)(OEt), m.p. 160° (dec,), which on
exhaustive methylation furnishes 2-ethoxy -3 : 5 : 6-trimethoxy-8-vinyl-

phenanthrene, identical with that obtainable from laurotetanine (III).

These experimental data leave no doubt that actinodaphnine is 2-hydroxy-

3-mcthoxy-5 : 6-methylenedioxynomporphine (II).
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Laurelia Novce-Zelandcc. From the bark of this New Zealand tree

known locally as “ pukatea,” Aston ^ isolated three alkaloids which have

been further investigated by Barger, Girardet and Schlittler, to whom
knowledge of their structure is due.^

Pukateine, C18H17O3N, has m.p. 200 °, b.p. 210-15°/2 mm.,
— 220 ° (EtOH), is feebly basic and dissolves in alkaline solutions from
which it can be regenerated by carbon dioxide. The hydrochloride is

crystalline. Alkaline solutions of the alkaloid become green on exposure

to air, and such solutions on acidification develop a purple colour extract-

able by ether. The oxygen atoms are present as a methylenedioxy- and
a phenolic hydroxyl group, and the nitrogen atom as a methylimino-group.

0-methylpukateine crystallises from light petroleum, m.p. 137°, [a]j)

—261° (EtOH), and yields a methiodide, m.p. 240-1°. Acetic anhydride,

with pyridine at 100 °, gives 0-acetypukateine, isolated as the methiodide,

m.p. 245°.

LaureUne, CigH^gOgN. This base crystallises in tablets, m.p. 97 °,

Mir— 98*5° (EtOH), and yields crystalline salts ; B .HCl, m.p. 280°;

B . HBr, brownish spangles ; B . HNO3, m.p. 238-40°
; methiodide,

m.p. 228°. Laureline is feebly basic and is unstable, a solution in ether
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decomposing on exposure to air. It gives a bluisli-green colour on warming
with sulphuric acid and a vermilion tint with nitric acid. The oxygen
atoms are present as a mcthoxyl and a mcthylenedioxy-group and the

nitrogen as a methylimino-group. Laurelinc is isomeric but not identical

with 0-methylpukateinc.

Constitution of Pukateine mid Laureline, Methylpukateine and
laureline both yield on exhaustive methylation methoxymethylene-

dioxyvinylphenanthrenes, which can be degraded to methoxymethy-
lenedioxyphenanthrenes ; that from methylpukateine was characterised

as the picrate, . CeH707N3, red needles, m.p. 183-4°, and that

from laureline had m.p. 182° and gave a picrate, m.p. 172°. On oxidation

with permanganate in acetone, laureline yields 4-methoxyphthalic acid,

identified as the anil, m.p. 146-7°. Pukateine oxidised by Warnat’s

method ^ with nitric acid yields mellophanic acid (benzene-1 : 2 : 3 : 4-

11—2
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tetracarboxylic acid) and with permanganate in acetone, hydrastic acid

(p. 164), isolated and identified as the ethylimide, m.p. 121°, probably

formed from 4 ; 5-methylenedioxybenzene-l : 2 ; S-tricarboxylic acid by
loss of one carboxyl group during purification by sublimation. Methyl-

pukateinemethine methiodide on oxidation by permanganate yields 8 -

methoxyphthalic acid, isolated as the anhydride, m.p. 159°. From these

results pukateine was represented by (V) and laureline by (VI), and these

formulae were confirmed by the syntheses of pukateine methyl ether and
laureline, 2 using the Eischler and Napieralski isoquinoline synthesis

combined with the Pschorr reaction for the phenanthrene ring closure,

of which a number of examples have been given alreadyv

The formulae (VII) to (X) relate to the preparation of laureline and
are identical with those required for methylpukateine except that for the

latter the methoxyl group in (VIII, IX, X) is at C® instead of C^. homo-

Piperonylamine (VII) was condensed with 2-nitro-4-methoxyphenylacetyl

chloride (VIII) to give 2-nitro-4-methoxyphenylaceto^o?nopiperonylamide,

m.p. 165°, in which ring closure was effected by phosphorus pentoxide in

toluene to 2'-nitro-4'-methoxy-6 : T-methylenedioxy-l-benzyl-S : 4-dihydro-

2>oquinoline, m.p. 139° (IX), the methiodide of which was reduced to
2 '-amino- 4'-methoxy-6 : 7-methylcnedioxy-l-benzyl-2-methyltetrahydro-

uoquinoline (X) which with Haworth and Gulland’s ^ modification of the

Pschorr reaction underwent the second ring closure giving a good yield of

dl-laureline (VI), which was resolved into optically active components.

The /-base had m.p. 114°, fajp — 97*7° (EtOH), and its identity with

laureline was confirmed by its degradation to the vinylphenanthrene,

yellow needles, m.p. 158°, identical with that obtained from the natural

alkaloid. The d-base had m.p. 114° and [(x]d + 97*6° (EtOH). Faltis,

Wagner and Adler ^ have repeated Schlittler’s synthesis of laureline ^

and by a more extensive comparison of the /-form with natural laureline

have satisfied themselves that the two are identical. They have also

prepared the structural isomeride having the methoxyl group at instead

of as in laureline (VI). This they have named /^olaureline
;
the d/-form

has m.p. 109-10° and forms a hydrochloride, m.p. 288-40°. The Z-form

has m.p. 106-8° and [a]D — 85*8° (EtOH).
The dZ-pukateine methyl ether obtained in small yield in the analogous

synthesis was isolated as the hydriodide and resolved by the successive

use of d- and Z-tartaric acids into the Z-base, m.p. 186°, — 252°

(EtOH), identical with the methyl ether of pukateine, and the d-base,

m.p. 186°, + 256-4° (EtOH).

Laurepukine, CigHi704N. The alkaloid so named by Aston proved

to be a naixture of pukateine and laureline, and the name was transferred

by Barger and Girardet ^ to a new third alkaloid. This crystallises in

hexagonal tablets, or colourless needles, m.p. 280-1°, [a]u — 222 ° (CHClg),

or — 252° (EtOH). The sulphate, Bg . H2SO 4 . OHgO, m.p. 99-100°, is

virtually insoluble in water. The base slowly develops a pale violet colour

in sulphuric acid and is coloured orange by nitric acid. Ferric chloride

produces a feeble green tint. The oxygen atoms are present in the form of
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two hydroxyl groups and a methylenedioxy group, and the nitrogen

atom as a methylimino-group. The dimethyl ether, b.p* 200-10^/10 mm.,
m.p. 134°, [a]i> — 314° (CHClg), obtained with difficulty by Gadamer’s
method,® yields a methiodide, m.p. 249-50°. From a comparison of

the absorption spectra,® colour reactions, melting-points and other

characteristics of this dimethyl ether with the analogous data for dicentrine

fp. 310), bulbocapnine methyl ether (p. 308) and domesticine methyl ether

(p. 315), Girardet ^ concludes that laurepukine is 3 : 4-methylcnedioxy-5 : 6-

dihydroxyaporphine (IV), though 3 : 4-dihydroxy-6 : 7-methylenedioxy-

aporphine is not completely excluded.
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Boldine, Ci 9H2i04N. This alkaloid was isolated from the Chilean

plant Boldea fragrans, Gray (B. chilensis, Juss.
;
Pneumus Boldus, Molina)

by Bourgoin and Verne ^ and was subsequently examined by Merck ^ and
b}^ Warnat.® It is an amorphous, light-sensitive, bitter substance, which
crystallises with solvent, B . CHClg, B . CSg, etc., in needles or scales.

It has m.p. 161-3°, [aj^ + 72-7° (B . CHClg : alcohol), and does not yield

crystalline salts. With sulphuric acid containing 0-05 per cent, ferrous

sulphate it gives a deep-blue and with nitric acid a deep red colour.^ It

contains two methoxyl and two phenolic hydroxyl groups. With benzoyl

chloride it furnishes (Baumann-Schotten method) chiefly a tribenzoyl

derivative, needles, m.p. 171°, in which one acyl group is attached to

nitrogen, due to scission of a reduced pyridine ring in which the nitrogen

atom is tertiary. A dibenzoyl derivative, m.p. 124-7°, is also formed in

small quantity. Boldine dimethyl ether (diazomethane process) crystallises

in rods, m.p. 117-8° (hydriodide, m.p. 243°
; methiodide, m.p. 221°), and

by comparison of the two bases and their Hofmann degradation products

was shown to be identical with glaucine ® (p. 311), whence boldine must
be glaucine with two methoxyl groups replaced by two hydroxyl groups,

which, according to Warnat,® must be in different rings. Their location

was determined by Spath and Tharrer,^ who found that boldine diethyl

ether (diazoethane process) on exhaustiv-e methylation yields trimethyl-

amine and 8 : 5-dimethoxy-2 : 6-diethoxy-8-vinylphenanthrene, m.p. 112-

3°, which is oxidised by permanganate in acetone to 8 : 5-dimethoxy-2 : 6-

diethoxyphenanthrene-8-carboxylic acid, m.p. 202-3° {vac.). The latter

on decarboxylation yields 8 ; 5-dimethoxy-2 : 6-diethoxyphenanthrene,

m.p. 188-4°, identified by comparisoq with a synthesised specimen.

Boldine must therefore be 8 : 5-dimethoxy-2 : 6-dihydroxyaporphine

(III ; R = .* OH). Almost simultaneously Schlittler ® confirmed this

conclusion by the synthesis of di-boldine diethyl ether starting with
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6 - nitro - 4 - methoxy - 3 - ethoxyphenylacet - ^ - 4' - methoxy - 3' > ethoxy-

phenylethylamide, m.p. 157*5° (I; R = OEt) in which ring closure to

7-methoxy-6-ethoxy-l : 6'-nitro-4'-methoxy-3'-ethoxybenzyl-3 : 4-dihydro-

uoquinoline, rn.p. 163*5°, was effected, and the niethiodide, m.p. 188°

(dec.), of the latter reduced to 7-methoxy-6-ethoxy-l : 6'-amino-4'-mcthoxy-

-3'-ethoxybenzyl-2-mcthyltetrahydro?5oquiiioline (II; R ~ OEt), which

was converted by the Pschorr reaction (diazotisation in presence of copper

powder) to 3 ; 5-dimethoxy-2 : 6-diethoxyaporphine (III
;
R = OEt). This

synthetic dZ-form being unsuitable for comparison with the diethyl ether

of natural boldine, both were treated with ethyl chlorocarbonate ® and
sodium hydroxide to produce^the substance (IV

; R = OEt) in which the

centre of asymmetry of boldine no longer exists. The two products had
m.p. 114-5° alone or mixed. In view of the close relationship of boldine

and laurotetanine (p. 320) it is interesting to noie that Barger and Silber-

schmidt ^ state that a substance resembling boldine accompanies lauro-

tetanine in Litsea citrata.
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DAPHNANDRA spp. Bancroft ^ recorded the presence of alkaloids

in several Daphnandra species, notably D. repandula and D. micrantha.

The latter was examined by Pyman ^ and shown to contain three alkaloids,

daphnandrine, micranthine and daphnoline.

Daphnandrine, crystallises, with solvent, from chloroform

in colourless needles, m.p. 280° (dried at 100°, dec.), [alo + 474*7° (dry

base : CHClg). The hydrochloride, B . 2HC1

.

5H2O, forms colourless

prisms, m.p. 282° (drj/, dec.), [a]D + 296-314° (HgO : c = 3*9 to 1*1)
;
the

hydrobromide, B . 2HBr . CHgO, colourless prisms, m.p. 291° (dry, dec .)

;

and the acid oxalate, B . 1JH2C2O4 . SjHgO, colourless needles, m.p. 225°.

The alkaloid is sparingly soluble in nearly all solvents, except boiling

chloroform. It contains one methylimino and three methoxyl groups.

Micranthine, Cg^HgaOeNg, crystallises, with solvent, from chloroform

in colourless needles, m.p. 190-6° (dec.), is insoluble in water or ether,

sparingly in alcohol or chloroform, and yields a crystalline sulphate.
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B . H2SO 4 . lOHgO, fine colourless needles, m.p. 812° (dec.), from boiling

water. No other crystalline salt was obtained. The base contains one
— OMe and one ^ NMe group.

Daphnoline, C34H34O 6N2 ,
crystallises, with solvent, from alcohol or

chloroform in small hexahedra, m.p. 190-215°, [ajo + 459° (dry base
;

CHCI 3 ), and is even less soluble than daphnandrine in all ordinary solvents.

The hydrochloride, B . 2HC1

.

34H20 forms, from alcohol, large colourless

double pyramids, m.p. 290° (dr^, dec.), [ajo + 283° (hydrated salt ; HgO)
and the hydrobromide, B . 2HBr . 4H2O, microscopic needles, m.p. 286°

(dec.), from hot water. Daphnoline is a phenolic base and contains

one methylimino and two methoxyl groups.

The three alkaloids give characteristic colour reactions with Frohde’s

reagent : daphnandrine, iudigo blue changing to port wine red
;
micran-

thine, indigo-blue changing to emerald-green ; daplmoline, violet changing

to port w^inc red.

From D. repandula Bick and Whalley ^ have isolated two new alkaloids,

rcpandulinc and repandine, of which the former is also present in D.

Dielsa Perkins.

Repanduline, C 4oH430gN2 ,
decomposes slowly at 100 ° and rapidly at

160°, + 443° (CHCI 3 ), behaves as a diacidic base, contains two
methoxyl and two methylimino groups and at least one dioxymethylene
group. The salts crystallise with difiiculty

;
the hydrochloride decomposes

at 218° and the hydrobromide at 240°
; the former has [ajo + 372° (HgO).

Repandine, C38H42O 6N2 ,
m.p. 255° (dec.), [a]f®“ — 78.4° (CoHe) or

— 74*6° (CHCI 3 ), is diacidic and contains three methoxyl and two
methylimino- groups but no dioxymethylene group. The hydrobromide
and sulphate both decompose > 200 ° and the hydrochloride has

— 141°.
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Pharmacology. According to Malcolm,^ pukateim hydrochloride in

doses of 0*25 gm. per kilogramme of body weight is a spinal convulsant.

In rabbits the convulsions resemble those induced by strychnine. On
intravenous injection the blood pressure falls slightly, the heart beats

slowly, and death results from respiratory failure. Applied to the tongue,

fiukateine causes numbness. The alkaloid itself is inactive, owing to its

insolubility. Laurotetanine acts as a tetanising poison in frogs, but is

less active than strychnine. Raymond-Hamet ^ states that boldine belongs

pharmacologically to the bulbocapnine group (p. 306). It lowers blood

pressure and in large doses provokes violent clonic convulsions, the latter

being suppressed by the injection of sparteine. Boldine, like bulbocapnine,

antagonises but does not invert the action of adrenaline in raising blood

pressure. These data should be compared with those recorded for apor-

phine alkaloids of the corydalis group (pp. 306-818).

According to Dale,^ daphnandrine, daphnoline and micranthine all
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exhibit the same type of pharmacological action, but daphnandrine is

only slightly active. Daphnoline and rnicranthine produce on hypo-

dermic injection marked local action, causing oedernatous infiltration of

the subcutaneous tissues and loss of sensibility. They also have a depres-

sant action on the central nervous system, and, when given intravenously,

cause vasodilator circulatory depression. Death from large doses is due

to respiratory paralysis.
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THE BERBERIS AND RELATED ALKALOIDS
Berberine is probably the most widely distributed alkaloid. It and

the allied alkaloids palmatine, jatrorrhizine, columbamine and coptisine

occur somewhat frequently in the Rhocadales (list, p. 1 69) as the tetrahydro-

derivativcs, but, in the botanical families referred to in the distribution

list below, the tcirahydro-derivatives are exceptional and the unreduced
alkaloids usual. The associated alkaloids include two members of the

aporphine group, domesticine and tVodomesticine (p. 315), one member
of the cryptopine group, y-homochelidonine (p. 294) and two members
of the double isoquinoline - type, viz,y berbamine and oxyacanthine

(p. 346).

The following list is not exhaustive, but it records the reasonably

authenticated occurrences of the berberine type of alkaloid and its

associates. Brief descriptions are included in the list, of alkaloids not of

sufficient importance to be described fully in the later text.

RANUNCULACEiE. (1) Coptis japonica ^ Mak. Berberine, palmatine,

columbamine, coptisine, worenine.

(2) C. occidentalis ^ Salis, C. Teeta ^ Wall., and C. trifolia
^ Salis.

Berberine, “ Coptine ” (an uncharacterised yellow alkaloid first

mentioned by Gross ^ for C, Teeta),

(3) Hydrastis canadensis ^ L. Berberine, canadine, hydrastine

(p. 162).

(4) Xanthorrhiza apiifoUa ® THerit. Berberine (Gordin ^).

(4a) Thalictrum foliolosum DC. Berberine and thalictrine.^^®^

BERBERIDACEiE. In the course of histological investigations of

Himalayan Berberis spp. Chatterjee has recorded the presence

of alkaloids in the following species : aristata DC., lydum
Royle, Wallichiana DC., Wallichiana DC. var latifoliaf and
vulgaris L* The alkaloids of B, insignis Hook, B, nepalensis

Spreng and B, umbellata Wall, also dealt with in this work,

were subsequently characterised (see below),

(5) Berberine has been recorded for the following Berberis spp :

—

B, eetnensis ’ Presl., B. hiutifolia ® Lam., B, Darwinii ® Hook,
B, glauca DC., B, nervosa Pursh. and B, repensM^^^ '
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The following Berberis spp, contain mixtures of alkaloids :

—

(
6

)
B, heteropoda Schrenk. Berberine, palmatine, jatrorrhizine,

columbaniine, berbamine and oxyacanthine.^^

(7) B, insignis Hook. Umbellatine.^

(8 )
B, laurina Billb. (Thunb.). Berberine and possibly hydrastine.^*^

(9) B, Thunhergii DC. var Maximowiezii

,

Berberine, oxyberberine,

jatrorrhizine, columbamine, berbamine and oxyacanthine :

see also shobakunine and tetrahydroshobakunine (p. 340).

(
10

)
B. umhellaia Wall. Umbellatine (Chatterjee, 1944).^’^®^

(
11

)
B. vulgaris L. Berberine, berberrubine, palmatine, jatrorrhizine,

columbamine, berbamine, oxyaeanthine and a base C19H22ON2 ,

hydrochloride, m.p. 256°.

(
12

)
Mahonia aquifolium Nutt. {Berheris aquifolium Pursh.) Ber-

berine, berbamine, oxyaeanthine, a phenolic base, m.p. 190-3°,

and undetermined alkaloids.

(13) M, nepalensis DC. {Berheris nepalensis Spreng.). Umbellatine,

neprotine (Chatterjee, 1944),®^®^

(14) M. philippinensisl^Vitt, Berberine, jatrorrhizine, shobakunine.^’

(15) M. Swaseyi Fedde. Berberine, berbamine.

(16) M, trifoUaia Fedde. Berberine.^’^®^

(17) Namlina domesHca Thunb. Berberine, nandinine, domestieine,

^,v«domcstieine (p. 315), nantenine, nandazurine^ C28Hig09N2 ,

deep blue crystals, m.p. > 350°.

MENISPERMACEJii. (18) Archangelisia flava L. (Merr).^® Berberine,

jatrorrhizine, columbamine, shobakunine (see p. 340).

(19) Coscinium blumeanum Miers. Berberine, jatrorrhizine, palmatine.

(
20

)
C. fenestratum Colebr. Berberine.^^ Two bases, m.p. 205-6° and
m.p. 223-4°.^^^®^

(
21

)
Fibraurea chloroleuca Miers (F, tinctoria Lour.) Palmatine and

jatrorrhizine. 2®

(22) Jateorhiza (Jatrorrhiza) palmata Lam. (Miers). Columbamine,

jatrorrhizine, palmatine.

(23) Sinomenium acuturn Rehd and Wils. Sinactine (Z-tetrahydro-

e/iiberberine) and other alkaloids (p. 268).

Alkaloids of this group have also been recorded in Tinospora

spp. and Cocculus spp. by Beauquesne.^^

ANONACE.®. (24) Ceelocline polycarpa DC. (Xylopia polycarpa Olw.)

Berberine.

PAPAVERACEAS (see list, p. 169).

RUTACEAE. (25) Evodia meliifolia Benth. Berberine.

(26) Phellodendron amurense Rupr. Berberine, palmatine.^®

(27) Toddalia aculeata Pers. Berberine. T oddaline

,

Ci 7Hi202(
0Me)2(NMe), colourless crystals ex CHCI 3, m.p. 269-

70°
;
B . HCl . H2O, m.p. 205-6°

;
B . HNOg yellow needles,

m.p. 239° (dec.)
;

picrate, glancing needles, m.p. 237-8°.

Tbddalinine, Ci,Hi903(
0Me)(NMe), m.p. 180-200° (dec,) ;

B . HCl . 2H2O, m.p. 288-5°
;

picrate, m.p. 230-5° (dee.).*®
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(28) Zanthoxylum hrachyacanthum F. Mull. Z-a-Cauadinc metho-

chloride and y-homochelidonine.^^

(29) Zanthoxylum caribceum Lam. (Z. Clava Herculls DC.). Rer-

berine, and A^-(2-p-anisylethyl)-A^-methy Iciniiamide

,

MeO . CeH, . CH^ . CHg . NMe . CO . CH : CUPh, m.p.

(30) Zanthoxylum ochroxylofi DC. ca-Xantherine, C24H23O 6N, colourless,

needles, m.p. 186-7°, turns yellow in air and forms yellow salts.

p-Xantherine,^^

(31) Zanthoxylum sejiegalense DC. {Fagara xanthoxyloides), Artarine,

C21H23O 4N, amorphous, but yields crystalline yellow salts

;

B.HCI. 4H 2O needles, m.p. 194°; . HgPtCle, yellow

needles, m.p. > 200°. A second alkaloid forms blood-red

needles and yields yellow salts.
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Berberine, CaoHioOgN. (Items 1-6
,
8

, 9, 11
,
12

,
14-20, 24-27, 29;

list, p. 328, and 2 ,
3a, 7, 11 , 21 ;

list, p. 169.) This alkaloid, first isolated by
Chevalier and Pelletan from the bark of Xanihoxylon Clava Herculis and
named “ xanthopicrit,” ^ was obtained independently from barberry root

bark {Berberis vulgaris) by Buchner and Herberger,^ and was examined by
Fleitmann.® The empirical formula was determined by Perrins,^ who also

identified “ xanthopicrit ” with berberine. Processes for the preparation

of berberine have been described by Lloyd, Schwyzer and others,® and
for its purification, via the acetone compound,® by Gaze.*^ Methods for

the estimation of berberine have been published by Gordin,® Troeger and
Linde,® Richter,^® David,^^ Wasicky and Joachimowitz,^® and Neugebauer
and Brunner. Some attention has been given to the detection of berberine

in plant tissues ® and Klein and Bartosch have devised microchemical

methods for this purpose. Wagenaar has compared various alkaloidal

precipitants as microchemical reagents for the alkaloid, while van Zijp

has explored the possibilities of berberine as a microchemical reagent for

substances with which it forms insoluble derivatives.

Berberine crystallises from water or dilute alcohol in yellow needles

with S-SHgO ;
dried at 100 ®, the crystals retain 2 * 5H20 ,

and then become
yellowish-brown at 110 ®, and decompose at 160® (Perkin)

; from chloro-

form it forms triclinic tablets containing ICHCI 3 , m.p. 145® {dec, above
150®) ; the acetone compound,^ B . CgHgO, forms reddish-yellow tablets.

Berberine is soluble in cold water (1 in 4-5 at 21 ®) or alcohol (1 in 100),

readily soluble in the hot liquids ; slightly soluble in benzene or

chloroform. The aqueous solution is bitter, neutral to litmus and optically

inactive. The salts are formed with loss of iHgO ; they are mostly

of dull yellow colour and crystallise well. The hydrochloride,

C2oHi704N . HCl . 2H2O, occurs in small needles
; the hydriodide,

C20H17O 4N.HI, is sparingly soluble in cold water (1 in 2130) ; the nitrate

forms greenish-yellow needles, and the sulphate slender yellow needles ;

both arc sparingly soluble in cold water, and even less so in dilute solutions

of the corresponding acids. The phosphate, C20H17O 4N . 2H3PO 4 . 1'SHgO,

is bright yellow and crystalline,^® The aurichloride, platinichloride and
carbonate can be crystallised, the first from alcoholic hydrochloric acid.

An aqueous solution of berberine gives a precipitate of the nitrate on

addition of nitric acid (sp. gr. 1-185). On reduction with sulphuric acid

and zinc the aqueous solution becomes colourless by the formation of

tetrahydroberberine. Chlorine water, added to berberine hydrochloride

in water, gives a reddish coloration.^®
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Constilution. Knowledge of the chemistry of berberinc is chiefly due
«to W. H. Perkin, jun.^®

The alkaloid contains two methoxyl groups, arid is demethylated by
hydriodic acid to berberoline, C18H13O 4N (amorphous). When berberinc

is' oxidised in warm alkaline solution with potassium permanganate a

series of ^degradation products i^ obtained, of which the following are the

more important.
'

Berberilic acid^ CgoHigO^N, m.p. 177-82°, is dibasic, and furnishes a

dimethyl ester, m.p. 173°. When heated to abofut 180°, the acid passes

into ANHYDROBERBERILIC ACID, C20H17O8N, colourlcss iiecdles, m.p. 236°,

soluble in alkaji carbonate solutions with the formation of berberilates.

When ammonium berberilate is dried under reduced pressure, a molecular

proportion of ammonia is lost with the formation of the ammonium salt

of the anhydro-acid, from which other salts, and the methyl ester,

m.p. 178°, have been obtained. Berberilic acid is hydrolysed by hot dilute

sulphuric acid to hemipinic acid (I) and cu-aminoethylpiperonylic acid (II),

large tabular crystals, m.p. 180- 2 °. Berberilic acid is therefore represented

by (III)- .

Berberal, C20H17O 7N. This substance, obtained with difliculty from
berberinc, crystallises in colourless glancing leaflets, m.ji. 148-50°, and
on hydrolysis by hot dilute sulphuric acid furnishes {a) ^-opianic acid

(I : COgH at replaced by tHO), the semi-aldehyde of hemipinic acid,

and {b) aminoethylpiperonylic anhydride (II : with ring closure between

NHg and COOH), which is Tzoroxyhydrastinine, and from which Perkin

prepared Qxyhydrastinine (p. 164). These two hydrolytic products can

be recombined to form berberal, and Perkin and Robinson assigned

formula (IV) to this substance. When opianic acid (I with CO2H at

replaced by —CHO) is combined with the anhydride of (II), i^oberberal,

needles, m.p. 185°, is produced.

Oxyberberine^ CgoHi^OgN. This, the first product of the action of

potassium permanganate on berberinc, crystallises from xylene in plates,

m.p. 198-200°. When even traces are dissolved in 50 per cent, sulphuric

acid and a drop of nitric acid is added, a brown colour is produced,

changing to intense violet. The constitution of oxyberberine is discussed

below. From the results of these and other reactions, Perkin assigned a

formula to berberine, which was modified by Perkin and Robinson

to{V).
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The necessity for at least two formulae to represent berberine was
shown by Gadamer,22 who observed that on adding barium hydroxide
to berberine sulphate solution, a brownish-red, strongly alkaline solution

of the free base (berberinium hydroxide of Gadamer, V) is obtained,

which **with excess of sodium hydroxide yields berberinal (supposed
aldehyde form of berberine, VI), differing from solid berberine (ammonium
form) in being soluble in ether. This furnishes an oxime, m.p. 165 ®, and on
treatment with concentrated sodium hydroxide yields oxyberberine,

C20H17O5N, and tlic so-called dihydroberberine, C20H19O4N, thus behaving

(V) Berberina (aiBXBonlun form) (VI) Berberinal (aldehyde form)

like an aromatic aldehyde. Paltis has suggested that this reaction is in

reality analogous with that between quinoline methiodide and alkalis,

and that the products formed are oxyberberine and tetrahydroberberine

(d^-canadine). Tinkler has, however, observed that ordinary berberine

and its salts show the same ultra-violet absorption spectra, whilst Gadamer’s
“ berberinal ” shows an absorption spectrum almost identical with that

of Freund and Beck’s a-methyldihydroberberine,^® which would appear
to be a derivative of a carbinol form of berberine. Further, the absorption

spectrum of the hydro-product formed by the action of alkalis on “ ber-

berinal ” is similar to that of the supposed “ berberinal,” and is quite

distinct from that of tetrahydroberberine, so that these observations lend

no support to Faltis’s suggestion. The position, therefore, is that berberine

can theoretically exist in three forms, of which two are known, viz,y (a) the

ammonium form (VII), in which berberine exists in solution when the

calculated quantity of barium hydroxide is added to an aqueous solution

of the sulphate, or when berberineacetoiie is decomposed by superheated

steam, and it is by replacement of the —OH group in this form by acid

radicles that berberine salts are formed
;
and (b) the carbinol farm (VIII)

which represents the ordinary alkaloid first isolated by Gadamer in a

pure state, and for which Perkin used the name “ berberine ” and which
is, therefore, in this sense synonymous with Gadamer’s “ berberinal ” and
Tinkler’s “ berberinol.” The aldehyde, form (VI), has not been obtained.

Dihydro- and tetrahydro-berberines on this system of nomenclature then

become dihydro- and tetrahydroanhydroberberines.^’

By the action of strong alkalis the carbinol form (VIII) is converted

into dihydroberberine (IX) and oxyberberine (X).

Bland, Perkin and Robinson have shown that oxyberberine is

converted by hydrochloric acid into i^ooxyberberine (XI) by the opening

of the reduced pyridine ring.
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A third form, n^ooxyberberine (partial formula XII), was obtained

by Pyman by the oxidation of berberineacetone (XIII) with perman-

ganate in acetone solution. The steps in its formation are shown by

(MeO
CH^C^(CH202).CgH2

CH=N( OHl-CH^-CHg

(VII) Ammonium form
( 5'erberlnlum faydroxlde )

CB==<|~(CH202),CgH2

CHOH-N-CH„

(VIII) Garb Inol form
(feerberine

)

^CB=C-1 CHoOg );^6H2 w**

{ EX ) Dihydroberberlne

^C^(|-ICH202).C,H2

CHg—CHg

(XII) neoQyyberberine

CB=C-( CH^O^gHg

CO-N CHg—CHg

(X) Oxyberberlne

i ^B=C-( CH 0 ).C H
(l!eO),-CgHg';^ I

2 2 |6 2

''CO-NH

1 XI ) IsoOryb erbarlna

CH=CH2

CHg-eO-CHg CH2-CO-CH3

(XV) (XIV) (XIII) Berberineacetone

partial formulae (XIV) and (XV), and (XII) represents it as a phenol-

betaine, a view in harmony with its conversion into methoxyberberinium

iodide by methyl iodide.

Syntheses of Berherine and Related Substances, In 1911 Pictet and
Gams synthesised two products which they regarded as oxyberberine

and berberine. The latter was obtained by heating homoYeTBtvoylhomo-

piperonylamine (XVI) in xylene with phosphoric oxide to produce
veratrylmethylenedioxydihydrowoquinoline (XVII), which was reduced to

the tetrahydro-derivative, and the latter treated with methylal and
hydrochloric acid, whereby a methylene group was inserted between =NH
and C® forming what was supposed to be tetrahydroberberine (XVIII),

which was oxidised by iodine in alcohol to berberine. Though comment
on the exceptional character of the last stage of this series of reactions

was made by the authors themselves and later by Jones and Robinson,®*

the identification of the synthetic product with tetrahydroberberine was
generally accepted until Buck and Perkin ®® found that in applying this

method to the synthesis of tetrahydroa^iberberine, then recently prepared
from cryptopine, they obtained a new substance, tetrahydro-^-epiberberine

(XIX) prismatic needles, m.p. 160-1®. Similarly on repeating the Pictet
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and Gams synthesis, Haworth, Perkin and Rankin obtained not
tetrahydroberberine (XVIII), rn.p. 169°, but the isomeric tetrahydro-^-

berberine (XX), C20H21O4N, m.p. 177°, the final condensation taking

place between —NH and C^, and not from —NH to C®. The 0-berberines

closely resemble the corresponding berberines. The tetrahydro-bases are

oxidised by iodine in alcohol to the «/r*berbcrines, which are converted by
alkalis to (/r*oxyberberines and dihydro- ^-berberines.

It should, however, be noted that though Spath and Kruta were

unable to condense tetrahydropapaverines with formaldehyde to the

berberine type of alkaloid, they ‘found that tetrahydropapaverolines

condensed with formaldehyde in both ways, and examples will be found

under corydaline (p. 289) and the constitution of palmatine and the

related bases (p. 343).

The Pictet and Gams synthesis of oxyberberine also proved on re-

investigation to be illusory, but several syntheses of this substance
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have been described. Perkin, Ray and Robinson found that the

j8-piperonylethylamide of ineconincarboxylic acid (XXI), when heated

at 100 ° for several hours with phosphoryl chloride yielded a product,

which on reduction with zinc dust in boiling acetic acid formed oxyberberine

(XXII), and since the latter can be reduced to tetrahydroberberine

(XVIII), and this in turn oxidised to berberine, the syntliesis of oxyber-

berine is also a synthesis of berberine.

As one outcome of an investigation into methods for the synthesis

of the berberine type of alkaloid by Perkin and his collaborators,^'^ in the

course of which an extensive series of bases related to, or associated with

berberine, including the interesting “ linear ” berberine {yaraberine)^

were prepared, Haworth, Perkin and Pink devised a general method
for such syntheses, of which examples are given under protopine (p. 299)

and cryptopine (p. 295), and which was applied by Haworth, Koeplli

and Perkin to oxyberberine and palmatine (p. 342). For these two
alkaloids it involved the preparation of 3 : 4-dimethoxy/io?ur>phthalic

anhydride,^® which was condensed with jS-piperonylethylamine and the

resulting phthalamic acid (XXIII), as the methyl ester, boiled with

phosphorus oxychloride, which converted it into oxyberberine (XXII).

The nomenclature and numbering of formula^ for berberine and its

derivatives is based on the system adopted by Buck, Perkin and Stevens

for the parent substance of, the series, joro/oberberine (XXIV^). Awe
has suggested that tetrahydropn4obcrberine should be called “ berbine

and used as the basis of a system of names for these alkaloids.

Canadine {\~Tetrahydroherherine), C20H21O4N. (Items 3, 28 ;
list, p. 328,

and 11 , 21
, 28, 31 ;

list, p. 170.) In 1873, Hale obtained indications of

a third alkaloid in Hydrastis canadensis, which was isolated and named
“canadine” by Schmidt and Willielm.^^ It forms silky needles, m.p.

133-4°, [aji) — 299° (CHCI3), or — 432° (CSg), insoluble in water, but

readily soluble in ether. The hydrochloride, B . HCl, and nitrate,

B . HNO 3 ,
are crystalline, laevorotatory, and slightly soluble in water.

The alkyl halide addition products of canadine exist in two forms, and
as shown later, have received much attention from investigators. The
a-methiodide, C21H24O 4NI, crystallises from hot water in prisms, melts

at 220°, and re-melts at 250° (dec,), the second m.p. being due to conversion

at 230° into the
j
8-methiodide. The latter forms small prisms, m.p. 264°

(dec.), from water. Z-a-Canadine methochloride, C21H24O4NCI . HgO,
isolated by Jowett and Pyman from Zanthoxylum brachyacanthum F.

Muell. crystallises from dry alcohol in colourless, prismatic needles,

m.p. 262° (coTT,, dec,), [a]© — 137-0° (H2O). The Z-j3-canadine metho-
chloride, C21H24O4NCI . 6H2O, crystallises from water in large, colourless,

oblong prisms, m.p. below 100 ° (air-dry) or 262° (dried at 100°), and has

[a]i) — 158*8° (monohydrate, H^O). Canadine gives an olive-green colour

changing to brownish-black with sulphovanadic acid, and a similar colour

changing to brownish-red with FrOhde’s reagent.

Gadamer by fractional crystallisation of dZ-tetrahydroberberine

bromocamphorsulphonate, isolated a laevorotatory alkaloid identical
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with canadinc, which is, therefore, to be regarded as ^tetrahydroberberine

(XVIII).

The isomerism of the quaternary ammonium bases derived from
tctrahydroberberinc was first investigated by E. Schmidt and pupils,^®

and later by Voss and Gadamer,^ who pointed out that three types of

anhydro-base may be expected when an alkoxide of this alkaloid is heated,

depending on the fact that the hydroxyl group originally attached to the

nitrogen atom may migrate to any one of the three neighbouring carbon

atoms (I, 2 and 3 in B), giving rise to earbinol bases, two of which (A and C)

may lose the elements of a molecule of water, giving rise to anhydro-bases

(E and F) which, however, are not true anhydro-bases of ietrahydro-

berberine, as S(*hmidt had already found, while the earbinol base (D)

would not readily lose water.

788
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A OSS and Gadarner found that when the ethocarbonate of either

dZ-tetrahydroberberine or its Z-eomponent (Z-canadine ethohydroxide) was
dried to constant weight in vacuo, the same optically inactive anhydro-base

was formed, and concluded that the latter must be represented by
E (R == Et). McDavid, Perkin and Robinson thought this unlikely,

and in giving an account of the exhaustive alkylation of berberine, using

in the first stage benzyl chloride, and in the second and third stages methyl
iodide (obtaining eventually benzyldimethylamine and the non-nitrogenous

compound berberilene) described iV-benzyh’^otetrahydroberberine, which
they represented by F (R = C 7H 7).

The subject was then fully investigated by Pyman,^® who found that

the products obtained depended partly on the material started with and
partly on the conditions of the experiment. Thus under his conditions,

^canadine methohydroxide when dried in vacuo gave rise to three anhydro-

bases, a and b optically inactive, and c optically active ; whilst the metho-

hydroxide of the dZ-base formed only two, a and b, but the proportion of

b formed in this instance was equal to the amount of b and c together in

the case of the Z-base (canadine). For this and other reasons b was
regarded as the racemic form of c and, like it, is represented by F (R == Me),
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whilst E (R — Me) is assigned to base a. The whole course of the reaction

is explained by Pyman by the following scheme, in which it will be seen

that base a is liable to conversion into base which takes place when the

drying is conducted at atmospheric pressure, so that under these conditions

the dZ-base gives only anhydro-base 6, and the Z-base a mixture of anhydro-

bases h and c, a disappearing entirely.

A »

CHp

l-Canadine
aothohydroxlde

I

Base ^cj Base r b)

• An asterisk over the asymmetric carbon atom Indicates
optical activity.

It is of interest in this connection to note that the conversion of

tetrahydroberberine into an anhydro-base of type E (p. 337) represents

transformation from the berberine to the cryptopine type (p. 295), and

that a-canadine methochloride occurs in Zanthocrylum brachyacanthum

with its cryptopine analogue, y-homochelidonine (j8-aZZocryptoi)inc, p. 301).

By the method referred to under the benzyh^oquinoline alkaloids

(p. 193) Leithe has shown that the configuration of the Z- and d-canadines

by reference to Z( —)-a-phenylethylamine is Z( —
)
and d( -f )

respectively.

Ophiocarpine, Ci7Hi30N(CH202)(0Me)2. (Item 21 ;
list, p. 171.) Tliis

base has m.p. 188°, ~ 284° (CHClg), yields a sparingly soluble hydro-

chloride and a methiodide, m.p. 271° {dec.). It contains a methylenedioxy

group and on boiling with hydrochloric acid produces a yellow base,

which on oxidation with iodine and subsequent reduction is converted

into dZ-canadjne (XVIII, p. 335). Ophiocarpine is therefore regarded as

13-hydroxycanadine. In confirmation of that view it is found that the

alkaloid yields 6 : 7-methylenedioxy-l-keto-l : 2 ; 8 : 4-tetrahydrowoquino-

line (noroxyhydrastinine), m.p. 183°, on oxidation by permanganate.^®

Sinactine, C2oH2i04N. (Item 23, list, p. 329, and 44 ;
list, p. 173.)

This alkaloid of Sinornenium acutum (p. 268) was isolated by Goto and
Sudzuki.^® It crystallises from alcohol in prisms, m.p. 174°, [ajj) — 812°

(CHClg), gives a sparingly soluble hydrochloride, m.p. 272° (dec,), and a

platinichloride, m.p. 245-7°. The oxygen atoms are present ' in two



SINACTINE 339

methoxyl groups and one dioxymethylene group. On oxidation by
iodine in alcohol it forms an iodide

;
orange-yellow needles, m.p. 300°

{dec,), which, on treatment with silver chloride in water, furnishes dehydro-

sinaetinc chloride, indistinguishable from ep?berberinium chloride,

and on reduction furnishes dZ-tetrahydroe/nberberine (p. 298). Sinactine

is, therefore, Z-tetrahydroepiberberine, and this w^as finally established by
Spath and Mosettig,®^ who transformed cryptopine (p. 295) into c/Z-tetra-

hydroepzberberine and deracemised the latter by the use of d- and Z-tartaric

acid in succession, the tartrates being crystallised from methyl alcohol.

The optically active bases had m.p. (vac.) 178-9°, [a]};"’" it 302° (CHCI3).

Leithe has shown that in configuration natural Z-sinactine can be referred

to the ( — )
alanine series.

Ophlooarylne Slnaotlna Chellanthlf ol Ine

Cheilanthifoline, Ci 7Hi3N(0H)(0Me)(02H 2C). (Items 11
,

24 26 ;

list, p. 170.) M.p. 184°, — 311° (MeOH). The 0-methyl ether has

m.p. 177° and is identical with sinactine. The 0-ethyl ether has m.p. 144°

and on oxidation with permanganate furnishes 6-methoxy-7-ethoxy-l-

keto-1 : 2 : 3 : 4-tetrahydro? 5oquinoline, m.p. 195°, indicating that the

hydroxyl group of the alkaloid is at position 2 in the tetrahydroproZo-

berberine nucleus, i,e., cheilanthifoline is 2 -0-demethyltetrahydroepi-
berberine.

Capauridine (dZ-capaurine), Ci 7Hi2N(OH)(C)Me) 4 . (Items 9, 16, 17, 22 ;

list, p. 170.) M.p. 208°, [a]D dz 0 °. On methylalion with diazomethane it

yields dZ-capaurine 0-methyl ether, m.p. 142° (see below).

Capaurimine, Ci 7Hi2N(OII) 2(OMe)3 . (Items 17, 22
; list, p. 171.)

M.p. 212 °, [a]f/° — 287° (CHCI3). Diazomethane converts it to capaurine

0-methyl ether, m.p. 152° (see below). It has been shown recently,

(1947),®^*''^ that the two hydroxyl groups are at and C®.

Capaurine, Ci 7Hi2N(OH)(OMe)4 .
(Items 9, 16, 17, 22 ; list, p. 170.)

M.p. 164°. Yields an 0-methyl ether, m.p. 152°, which on oxidation by
iodine to the quaternary iodide, followed by reduction to the tetrahydro-

base forms capauridine methyl ether, m.p. 142°
; capauridine must there-

fore be dZ-capaurine. Capaurine ethyl ether, C23H29O 5N, m.p. 134°, on
oxidation furnishes 8-ethoxy-4 : 5-dimethoxyphthalic acid. The methyl

ether on oxidation by potassium permanganate gives hemipinic acid
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(8 : 4-dimethoxyphthalic acid) and 8:4: 5-trimethoxyphthalic acid, while

capaurine itself oxidises to hemipinic acid only. Preliminary observations

suggested that capaurine belongs to the tetra}iydrojt>ro/oberberine sub-

group ard on this basis the free hydroxyl group is placed at as in (I)

(c/. narcotoline, p. 204). On oxidation under conditions likely to yield

a degradation product of the corydaldine type (p. 286) capaurine methyl
ether gave a substance, CgaHagOgN, m.p. 102 °. This closely resembles

berberal (p. 382) in character and on hydrolysis by dilute hydrochloric

acid yields 0-opianic acid (IV) and 6:7: 8-trimethoxy-l-keto-l : 2 : 3 : 4 -

tetrahydroisoquinoline (III), m.p. 136-7°. The structure of the latter

was proved by its synthesis by two methods. The berberal analogue,

C22H23O 8N, is represented by formula (II) (Manske and Holmes

Shobakunine. (Hems 9, 14, 18 ;
list, p. 329.) According to Tornita and

Tani^^ this product, characterised as the iodide, m.p. 204-6°, is a molecular

combination of berberine and palmatine and the so-called tetrahydro-

shoha1xU7nne (item 0 ;
list, p, 329), m.p. 140-2°, is a similar compound of

tetrahydroberberine (p. 336) and tetrahydropalmatine (p. 292).

Thalictrine, C2on2704N, SHgO. (Item 4a; list, p. 328.) M.p. 208° or

224-5° {dry, dec.), -f 308° (IlgO) or + 370° (anhydrous ; HgO) ;

forms salts as a quaternary base
;

chloride, CgoHagOaNCl, m.p. 163-5°

{dec.)
;

iodide, m.p. 265° (dec.)
;

picrate, m.p. 207-8°
;

platinichloride,

(C 2oH2 e03NCl) 2 ,
PtCl^, m.p. 233-4° {dec.). The base absorbs carbon

dioxide from the air and the presence of the following groups is recorded :

(0CH3)2, phenolic . OH and NCH3 . OH ;
no CMe is present. Bromine in

acetic acid converts the base into tetrabromothalictrine acetate,

C22H290 5
NBr4 ,

orange needles, m.p. 248-50° {dec.).^^

The two following alkaloids of unknown constitution have been

recorded for Berheris and Mahonia species :

—

Umbellatine, C2iH2iOgN. (Items 7, 10, 13 ;
list, p. 329.) The base

crystallises from water with 5*5 H2O, m.p. 205-7° {dec.), [a]j) i 0°, and
yields a nitrate, m.p. 265-7° {dec.), sulphate, m.p. 271-3° {dec.) and a

picrate, m.p. 231° (dec.). It contains two methoxyl groups, probably a

dioxymethylene group, a methylimino group and possibly four hydroxyls,

It yields a methiodide, a methyl ether, m.p. 265°, and on hydrogenation a
tetrahydro-derivative, m.p. 213-5° {dec.). Its absorption spectrum

resembles that of berberine. On oxidation by permanganate it produces

hemipinic acid, isolated and identified as the ethylimide, m.p. 90°

(Chatterjee).®^
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Neprotine, Ci^lIgiOeN. (Item 13 ;
list, p. 329.) Garnet-red crystals,

which decompose above 290^, [«Ji) i 0°. The base loses 3*5 mols. and
retains 1*0 mol. of water on drying at 100° in vacuo. The salts are yellow

or orange (Chatterjee).^®
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Palmatine and Associated Alkaloids. Palmatine, jatrorrhizine

(jateorhizine) and colurnbamine were first isolated from calumba root

{Jateorhiza palmata Lam., Miers) as a result of the work of Giinzel ^

followed by that of Feist,'** but all three have since been found in other

genera. All three are quaternary bases, soluble in water, and methods
for their isolation have been describe^d by Giinzel,^ Feist,*** and Spath and
Polgar,^ usually dependent upon their precipitation as iodides, or their

reduction to the tertiary tetrahydro-bases. The latter occur naturally in

tlie Rlujcadalcs and have been described already (p. 284). A method for

the separate estimation of the alkaloids of calumba root has been described

by Neugebauer and Brunner.^^®^

Palmatine, C 21II23O5N. (Items 1
,
6

,
11

, 19, 21
,
22

, 26 ;
list, p. 328.)

The alkaloid is isolated as the iodide, C2iH2204Nl . 2H 2O, m.p. 241° (dec.),

crystallising in orange yellow needles ; the chloride, C2iH2204NCl . 3H2O,

has m.p. 205° (dec.) ; the nitrate forms greenish-yellow needles,

C21H22O 4N . NO 3 . 1 - 5H20 ,
m.p. 239° (dec.)

;
the thiocyanate has m.p. 210°

(dec,), and the perchlorate m.p. 262° (dec.). On reduction palmatine iodide

is converted into tetrahydropalmatine, C21H25O 4N, colourless leaflets,

m.p. 144° (p. 292). Palmatine contains four methoxyl groups, resembles

berberine in forming addition products with acetone and chloroform, and
on oxidation by alkaline permanganate furnishes corydaldine (p. 286) and
hcmipinic acid (3 : 4-dimethoxyphthalic acid). On the basis of these

results Feist and Sandstede - suggested formula (XXV : R = R' = OMe)
for palmatine.

Jatrorrhizine (Jateorhizine). (Items 6
, 9, 11

, 14, 18, 19, 21
,
22

;
list,

p. 329.) The iodide, C20H20O 4NI . HgO, crystallises in reddish-yellow

needles, m.p. 210-2 °
; the chloride C20H20O 4NCI . HgO, forms copper-

coloured needles, m.p. 206°, and the nitrate golden-yellow needles, m.p. 225°

(dec.). On 0-methylation, jatrorrhizine iodide yields palmatine iodide,

and on reduction it is converted into dZ-tetrahydrojatrorrhizine, m.p. 217-

8 °, the d-form of which is corypalmine and which on 0-methylation yields

tetrahydropalmatine (p. 292).^

Colurnbamine. (Items 1
,
6

, 9, 11 , 18, 22
;

list, p. 328.) Tliis base

probably occurs among the phenolic alkaloids of calumba root,^ but it

has only been isolated in the form of d\-tetrahydrocolumbamine,^

Ci 7
H43N(OH)(OMe) 3 ,

m.p. 223-4° (p. 291), which on methylation furnishes

d/-tetrahydropalmatine.

Constitution. Comparison of the empirical formuhe of the three

alkaloids, and the fact that jatrorrhizine and colurnbamine each stands

to palmatine in the relation of a monohydric phenol to its methyl ether,

makes it clear that the only difference between jatrorrhizine and columba-

mine must be in the position of the free hydroxyl group. The method by
which this point was settled is described in dealing with the two tetrahydro-

derivatives of these alkaloids (p. 291). The constitution of palmatine

(XXV : R = R' = Me) is dealt with under tetrahydropalmatine, but it

is still necessary to describe the complete synthesis of this alkaloid vid

oxypalmatine (XXVII) and tetrahydropalmatine.
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The conversion of tetrahydroberberine into tetrahydropalmatine,

first achieved by Spiith and Lang,® is described elsewhere (p. 292). By
demethylenating berberine sulphate Spath and Quietensky obtained the

dihydric phenolic base (XXV : R — R' ^ H), which on complete O-

methylation yielded palmatine (XXV : R — R' — Me), and on partial

methylation gave jatrorrhizine (XXV : R — II
;

R' — Me), the latter

being isolated and identified as J/-tetrahydrojatrorrhizine (p. 291).

Columbamine is represented by (XXV : R - Me : R' — H). A eomplete

synthesis of palmatine was effected by Haworth, Koeplli and Perkin,®

who condensed 3 : 4-dimcthoxy/?omophthalie anhydride with jS-veratryl-

ethylamine to A^-)8-veratrylethyI-3 : 4-dimet}loxy/^o?^iophthalamie acid, the

methyl ester (XXVI) of wliich was conv(Tted by treatment with phosphorus

oxychloride into ox^^palmatine * (XXVH), C21H21O5N, buff-toloured

prisms, m.p. 188°. This behaves like oxyberberine (XXII, p. 335), and on
electrolytic reduction yields dZ-tetrahydropalmatine, m.p. 147°, which on

oxidation with iodine in alcohol furnished palmatine (XXV : R — R' = Me)
in the form of the iodide, m.p. 241° [dec.).

Spath and Kruta have also prepared dZ-tetrahydropalmatine by

the process described for mesa- and ?*-corydalines (p. 289), and by con-

densing tetrahydropapaverolinc wdth formaldehyde and methylating the

product, obtained in poor yield, a mixture of tetrahydropalmatine and

Aiorcoralydine.

Nandinine, Ci9Hij,04N. An amorphous product, to which this name
was given, was isolated by Eykman from the root-bark of Nandina
dornestica. It was obtained in a crystalline condition, m.p. 78°, by
Iwakawa,^^ ^nd finally separated into three well-deiined phenolic alkaloids,

nandinine, domesticine and uodomestieine by Kitasato.^® Nandinine
crystallises from alcohol in leaflets, m.p* 145-6°, [a]o + 63-2° (EtOH)
develops a red colour on exposure to kir, and with sulphuric acid gives a
yellow colour changing to green and blue. The hydrochloride is crystalline.

The base contains one methoxyl group. A phenolic hydroxyl group is also

present, and on methylation by diazomethanc cZ-canadine is produced.

Frerichs found that berberinium chloride, when fused with carbamide
at 200° or heated in a current of carbon dioxide at 3 90°, was converted into

berherrubhie, C19H15O4N . 8H2O, dark red leaflets or needles, m.p. 285°,

which regenerated berberinium iodide on treatment with methyl iodide.
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On reduction it furnished tetrahydroberberrubine, C19H19O 4N, m.p. 167-8°

which Kitasato deracernised and obtained a d-base, m.p. 144°, [ajo + 62-9°,

which he regarded as identical with nandinine. Spath and Burger ^

showed that berberrubine is a partially demethylated berberine (XXVIII),
since the ethyl ether on oxidation furnishes hydrastic acid (4 : 5-mcthylene-

dioxyphthalic acid) and 4-methoxy-3-ethoxyphthalic acid. Subsequently

Spath and Leithe deracernised d/-tetrahydroberberrubine and obtained

a d-base, differing from nandinine, in having m.p. 195-6°, [a]}f” + 303°

(CHCI3) or + 298° (EtOII) ; the Z-base had m.p. 195 -6 °, [a]o — 304°

(CHCI3). The dZ-form had m.p. 186°. These results leave Kitasato’s

identification of nandinine as d-tetrahydroberbernibine m doubt.

Coptisine, C19H15O5N. (Items 1 ; list, p. 328, and 8 ;
list, p. 170.)

This alkaloid was isolated as tetrahydroeoptisine fp. 293) by reducing the

mixture of quaternary bases left after removal of berb'^rine as sulphate

from the total alkaloids of Coptisjaponica, and was reeovered as the iodide

by oxidation of the tetrahydro-derivative with iodine.^® Coptisine iodide,

C19H14O 4NI, forms yellow crystals, m.p. > 280°
; the chloride crystallises

in thin orange-yellow prisms, m.p. 280-300°. Using the process adopted

by Spath for the conversion of berberine into palmatine (p. 343), coptisine

chloride was converted by demethylenation of both rnethylenedioxy-

groups into the tetrahydric phenolic base, and the latter, on complete

methylation, furnished palmatin^ (XXV^ : R -= R' — Me). A reversal of

this process was effected by Spath and Posega,^’ wlio obtained a small

yield of tetrahydroeoptisine by demethylating tetrahydropalmatine

(p. 292), and methylenating the product under special conditions, Coptisine

is therefore represented by (XXIX) ; additional evidence for this formula

is given under tetrahydroeoptisine (p. 293).

Worenine. This alkaloid, also obtained by Kitasato from Coptis

japonica was isolated as the tetrahydro-base, C20H39O 4N, which crystallises

from alcohol in colourless prisms, m.p. 212-3°, and is oxidised by iodine

in alcohol to worenine iodide, yello^^ crystals from which worenine chloride,

thin orange-yellow prisms, m.p, 295° {dec,), can be obtained. Tetrahydro-

worenine behaves as a tertiary base, contains methylenedioxy- but no

methoxyl groups, and its absorption spectrum closely resembles that of

tetrahydroeoptisine from which it differs in empirical composition by
. CHg. Worenine is, therefore, represented by (XXX), the alternative

position (a) for the methyl group being untenable, since a-methyltetra-

hydrocoptisine obtained by Freund’s method is not identical with
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tetrahydroworenine, which is therefore to be regarded as )3-methyltetra-

hydrocoptisine, ix.y worenine stands in the same relation to coptisine

(p. 844) as dehydrocorydaline (p. 286) does to palmatine (p. 342).

Pharmacological Action. Jierberine is moderately toxic to the larger

animals. In the rabbit it causes dyspnoea, cardiac damage, lowered blood

pressure and paresis. Ha*morrhages and congestion of the lungs are

found post mortem ; renal damage has also been reported. It is said

that berberine is mostly destroyed in animals but in man considerable

amounts appear in the urine after oral administration. The alkaloid has

been recommended for the treatment of oriental sore (cutaneous

leishmaniasis). The chief use in Western medicine has been on account of

its bitter taste, drugs containing berberine, such as barberry bark, being

used as bitter tonics and stomachics. Berl:)erine has some bactericidal

action, and its presence in Mahoniu IrifoUata and M. Swaseyi is said to

be a faetor in the resistance of these plants to a root fungoid disease.

According to Seery and Bieter,^^ it has some trypanocidal action, and
Brahmachari has used it as an adjunct to quinine in the treatment of

malaria.

Canadine is bitter and in small doses causes drowsiness and depression.

In large doses it gives rise to transient excitement succeeded by depression

and paralysis of the central nervous system. Its injection is followed by
violent peristalsis with diarrhcjca. It is said to have no effect on the blood

pressure. The pharmacological action of canadine cl- and p-rnethochlorides

was examined by Laidlaw,^^ who found both to have the curare-like action

common to ammonium bases, the jS-isomcride being the more active

;

the relative activities of the four optically active forms are given as

/a ; da : Ip : djS = 1 : 9 : 12 : 28.

Reynolds and Waud found that capaurine produced paralysis on
injection into the lymph sac of frogs, and convulsions when injected into

mice or rabbits in doses of 100-200 mgm./kilo. It depressed the activity

of the heart, intestine and uterus. The methyl ether caused convulsions

in frogs, but otherwise acted like capaurine.

Umbellatine was examined by Gupta and Kahali,^® who found that it

killed Paramoecium at 1 in 500 and Leishmania tropica at 1 in 50,000,

but did not inhibit L. donovani or Entamoeba histolytica at 1 in 10,000. It

remembles berberine in the nature and range of its pharmacological

activity but is more active in producing cardiovascular response and is

possibly more potent in the treatment of oriental sore.

According to Biberfeld,®’ palmatiney calumbamine and jatrorrhizine all

paralyse the central nervous system in frogs
;

palmatine also produces

this effect in mammals and differs from the other two in stopping respira-

tion, probably by paralysis of the respiratory centre. All three alkaloids

lower the blood pressure on intravenous injection, palmatine being the

most active.
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BISBENZYLt^oQUINOLINE ALKALOIDS

There are now known a considerable number of alkaloids containing

two distinct L^oquinoline nuclei, such as emetine and its congeners (p. 394),

and in the morphine sub-group, ^-morphine, dithebainone (p. 255),

disinomenine and its pseudo-isomcride (p. 268). The most important

collection of such alkaloids is the bisbenzyK,9oquinoline or biscoclaurinc

section of which the following two alkaloids, berbamine and oxyacanthine,

are examples, but which is typically developed in the Menispermaceic.

Berbamine, C37H4oOgN2 . This alkaloid, isolated from the root-bark of

Berberis vulgaris by Hesse, ^ was given the formula CigHj^OgN by Rtklel,^

which was accepted until Santos ^ altered it to C 37H40O 6N2 ,
making it

isomeric with oxyacanthine, for which Spath and Kolbe ^ had already

proposed this formula. Berbamine crystallises from alcohol with 4HoO
in leaflets, m.p. 156° or 172° {dry) or from light petroleum in warty masses,

m.p. 197-210 °,

2

[ajp + 108*6° (CHCI3). The sulphate and the nitrate are

crystalline. The alkaloid gives the same colour reactions as oxyacanthine

{see below), and being closely related to that alkaloid its constitution is

dealt with under oxyacanthine. Berbamine methyl ether, m.p. 182°,

[a]D + 132°, occurs in Stephania cepharantha as the alkaloid i^otetrandrine.

Oxyacanthine, C37H40O 3N2 . This alkaloid was isolated by Hesse,

^

and assigned the formula, C19H21O 3N, by Rudel,^ which was altered by
SpMh and Kolbe ^ to that given above. It crystallises from alcohol in

needles, m.p. 208-9° (216-7° in vac.), [ajp + 279° (CHCI 3 )
(G. and von B.^).

The hydrochloride, B . 2HC1, m.p. 270-1° {vac.), + 188*5° (HoO), is

sparingly soluble in dilute hydrochloric acid ; the hydrobromide, B . 2HBr,
has m.p. 278-5° {dec., vac.) ; the nitrate forms needles, m.p. 195-200°

{dec.), and is sparingly soluble in water. Oxyacanthine dissolves in nitric

acid with a yellow colour, is not coloured by sulphuric acid, but on further
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addition of nitric acid becomes red. Molybdic acid in sulphuric acid gives

a dirty violet tint changing to yellowish-green. It gives a blue colour

with a mixture of ferric chloride and potassium ferricyanide.

Oxyacanthine contains three methoxyl groups, and one phenolic

hydroxyl group is indicated by the preparation of an 0-benzoyl derivative,

a potassium derivative and a methyl ether (identical with trilobamine

methyl ether, p. 357) yielding a hydrochloride, . 2HC1, m.p.
261°. Oxyacanthine methyl ether dimethiodide, C 4oH480gN2l2 ,

m.p. 255-

60°, can be degraded by Emde’s method in two stages to a nitrogen-free

substance, C 3gH 4oOg, m.p. 124-5°, and trimethylamine, suggesting the

monocyclic attachment of each nitrogen atom in the form of a methylimino-

group (Spath and Kolbe ^). These results were confirmed by Gadamer
and von Bruchhausen,^ who added further observations, of which those

with acylating agents and with ethyl chloroformate indicated the presence

of methyltetrahydro/^oquinoline nuclei. These authors suggested that

the remaining two oxygen atoms are present as ether linkages. In a further

study of the alkaloid, Spath and Pikl ® showed that oxyacanthine methyl
ether dimethiodide yielded an ammonium base, which when boiled with

potassium hydroxide solution produced an optically inactive base,

C 4
Qll 4 g06N 2 , m.p. 152-3 ’. This on oxidation by potassium permanganate

gave 2-methoxy-5 : 4'-dicarboxydiphenyl ether, m.p. 313-4° (XXXIV :

R ™ Me), the identity of which was established by its synthesis from
methyl j>-brornobcnzoate and potassium methyl ?>avanillate. The facility

of degradation by the Emde and Hofmann processes indicates that

oxycunthine probably contains two tetrahydromquinoline nuclei. On
this basis Spath and Pikl proposed formula (XXXV : R = H) for oxyacan-
thinc, the position assigned to the hydroxyl group being based on the

production of /;-hydroxybcnzoic acid, when oxyacanthine is fused with

potassium hydroxide and the formation of 2-ethoxydiphenyl ether

5 : 4'-dicarboxylic acid, m.p. 288* 5-289- 5° (XXXIV : R = Et), when
oxyacanthine ethyl ether dimethiodide is treated like its methyl analogue

{see above). This structure explains the formation of an optically inactive

base in the first stage of the exhaustive methylation processes by the

disappearance of the centres of asymmetry marked *. The main features

of this formula were confirmed by von Bruchhausen and Schultze,® who
modified slightly the orientation of the methoxyl groups in the two
i\9oquinoline nuclei, von Bruchhausen and Gericke ’ showed that the

methine base, C4oH460gN2 , m.p. 152° {see above) formed in the first stage

of the Hofmann degradation process with oxyacanthine, is ozonised to the

dialdehyde, m.p. 72° corresponding to (XXXIV) and a nitrogen-containing

dialdehyde, C25H34O 3N2 ,
needles, m.p. 76°, which is represented by

(XXXVI) since its dimethiodide, C27H40O 3N2I2 , m.p. 259° {dec,), on
treatment with alkali, breaks up into trimethylamine and a nitrogen-free

substance, CgiHgoOg, m.p. 140°, which must be the trimethoxydivinyl-

diphenyl ether dialdehyde, m.p. 140° (XXXVII), since on reduction by
the Clemmensen method it furnishes 2:3: 2'-trimethoxy-6 : 5'-dimethyl-

5 : 4'-diethyldiphenyl ether, m.p. 86*5° (XXXVIII), the constitution of
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which has been confirmed by its synthesis by von Bruchhausen, Oberembt
and Feldhaus.®

On these data and with the assumption that oxyacanthine is formed

by the union of two molecules of iV-methylcoclaurine (p. 852), oxyacanthine

must have one of the two structures (XXXIX : R = H) or (XL ; R = H),

the other being that of berbamine.’ The latter contains three methoxyl

groups, a phenolic hydroxyl group (methyl ether, m.p. 182° ®) and two
methylimino-groups, and is isomeric with oxyacanthine. Like the latter,

it behaves as a tetrahydroiVoquinoline base, and its methine base is

oxidised by potassium permanganate to 2-methoxy-5 : 4'-dicarboxy-

diphenyl ether (XXXIV : R = Me).^ According to von Bruchhausen
et aL,^ berbamine methyl ether yields an optically inactive methine base A,

m.p. 172°,® and a crystalline optically active methine base B, m.p, 146-7°,

[alf®" — 162° (CHClg). On ozonisation A yields the same products as the

corresponding oxyacanthine methine base, viz,, the dialdehyde correspond-

ing to (XXXIV) and the nitrogen-containing dialdehyde (XXXVI), and
on these grounds it also must be represented like oxyacanthine either by
(XXXIX : R = H) or (XL : R = H).
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Pharmacological Action, According to Curci,® oxyacanthine in doses

of 0*1 to 0*2 gm. produces in rabbits quick and laboured respiration,

muscular tremors, clonic convulsions and cessation of respiration before

the heart stops. Raymond-IIamet states that oxyacanthine hydro-

chloride in a dose of 10 mgm. injected into the f(‘moral artery of a dog
produced dilation of the blood vessels in the leg and general hypotension.
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Alkaloids of the MENisPERMACEiE

This is a convenient heading for a section including the chief members
of the bisbenzyluoquinoline group of alkaloids. The latter occur

chiefly, but not solely, in this botanical family, and two of them,

berbamine and oxyacanthine are dealt with above, while a third,

plaeanthine, is included in this section, though derived from a species of

the Anonaceic, and a more recent addition is magnoline from Magnolia,

fuscata (Magnoliaceic). Certain plants belonging to the Menispermaeea;,

but not containing alkaloids of this type, have been assigned to their

appropriate sections, e.g., the calumba root alkaloids (p. 342), and the

alkaloids of Sinomenium aculum (p. 268), while the curare alkaloids,

formerly regarded as all obtained from Strychnos spp. (Logan iacea*), include

some members derived from typical menispermaceous alkaloids and are

dealt with at the end of this section (p. 871).

The following is a list of the chief plants concerned, with the names
of their alkaloidal constituents. Page references are given to the descrip-

tions of the more important alkaloids, but the minor bases are briefly

described in the list. Many of the latter are still of unknown constitution

and some of them are probably incompletely characterised, e.g., it is

noticeable that several have melting-points in the neighbourhood of 217°

and specific rotations about + 268°. These two constants, with such

meagre information as is available regarding botanical origin, suggest

that some of these substances may be tetrandrine.

Bebeerine and its allies (p. 368) are also derived from menispermaceous

plants, but as their botanical source needs attention in some detail, and
in view of their importance as close associates of the curare alkaloids,

they are dealt with separately at the en^ of this section.

(1) Anamirta paniculata Colebr. The seed shells are said to contain

menispermihe^ C^gHg^O^N, m.p. 120°, and an isomeride, pararneni-
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spermine, m.p. 250°, both pharmacologically inactive, the toxicity

of the drug being due to the neutral principle, picrotoxin.

^

(2) Cocculus dwersifolius DC. (r/. “ han-fang-chi,” below). Kukoline,

CigHgcOgN, .siloO, m.p. 162°
;
diversme, Cign 2o04N, m.p. 144- 54°,

amorphous. 2 For another diversine see p. 273.

(3) C. laurifoUus DC. Coclaurinc ^ (p. 352).

(4) C. sarmentosus Diels. Menisarine (p. 360), trilobine, fvotrilobine.^

(5) C. trilobus DC. 7?orMenisarinc ^ (p. 361), trilobamine (p. 357)

trilobine, tsotrilobine (p. 358) and an amorphous non -phenolic base.®

(5a) Magnolia fuscaia (Magnoliacetr). Magnoline (p. 354).

(
6

)
Menispermum canadense L. Dauricine (p. 353).

(7) M. dauricum DC. Dauricine (p. 353) and letrandrine ® (p. 355).

(
8

)
Pheanthus ebracteolatus (Presl.) Merrill. Pheantliinc ® (p. 356)

and uncharacterised bases.

(9) Sinomenium acutum R. and W. (see p. 268).

(10) Stephania cepharantha Hayata (Jap. name taniasaki-tsuzurafuji.”

Berbamine (p. 346), cepharanthine (p. 357), O-methylmchondro-
dendrine (p. 365), 9̂otetrandrine (p. 356) with amorphous, phenolic

and non-phenolic bases.

(
11

)
S.japonica Miers (see p. 361).

(12) S. Sasakii Hayata (Jap. name “ Koto-tsuzurafuji ”). Cepharanthine

(p. 357) and two other b^ses : (a) C 34H2803N 2(
0Me) 4 , m.p. 115-7°,

[a]fO' - 57 - 4°(CHCl 3 ),- B . 21IC1, 2II2O, m.p. 222-5°
;
methiodide,

m.p. 220°; methine base, C 40H44O 7N2 , HgO, m.p. 110-4°; [a]i>

± 0 "
; B . 2HC1, m.p. 264°.

(
6

)
C34H3o05N2(OMe) 2 ,

phenolic, m.p. 210°, — 36-7°

(CHCI3)
; dimethyl ether, m.p. 160-5°

;
not identical with (a),

(a) and {h) are chemically similar, e.g., in their colour reactions.

(13) S. tctrandra S. Moore. Tetrandrine ^2
(p, 355). One form of

“ mu-fang-chi {see below) po.ssibly of this botanical origin con-

tains menisine (p. 356) and a tertiary base menisidine,^^

C 33H3203N2(0Me) 3 , m.p. 176°, [ajff*' + 260° (CHCI 3 ), which is also

recorded with tetrandrine from “ shih-chan-chu ” provisionally

assigned to this species.

(14) Tiliacora racemosa Colebr. Tiliacorine, C 3oH2703N(OMe) 2 , m.p.

260-1°, [a]D + 105- 3°. 15

Drugs of Undetermined Botanical Origin

(15) Hanfang-chi, Alkaloids have been recorded for four samples of this

drug ;

—

(A) Chen and Chen 1 ® found tetrandrine (p. 355) in a sample,

possibly derived from Cocculus diversifolius (see item No. 2

above) or C. japonicus,

(B) Hsii i’' obtained one phenolic and three non-phenolic bases :

Ilanfanchine-A, 218°, -f 268*7°

(CHCI3), now known to be tetrandrine
; hanfanchine-B,

C’ 36H4oOeN2, m.p. 241-2°, + 272*4° (CHCI3) ; hanfan^
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chine-Q. Ci 3Hio02(OH).(OMe) 2
NMe, 4H 2O or C27H2305(

0H 4 )

(OMc) 3(NMc 2 ), SHgOf m.p. 215-7° {dec\ [aj^ - 12-9°

(llgO)
;
B . HCl, m.p. 220-2 ° {dec,)

;
B . Mel, m.p. 182-4°.

In the third paper (1937) Stephania ietrandra is given as

the source of this drug.

(C) Liu, Ma and Li state that a Japanese sample yielded an
alkaloid, C19H23O 4N, m.p. 100-3°, — 66 °, possibly

identical with sinomenine (p. 268) and a supply of the drug

of Chinese origin furnished an alkaloid, m.p. 215-7°,

|ajD + 280-8° fCIIClg), which w^as also obtained from a

Chinese sample of “ Mo-fang-chi ” (see below),

(D) According to Chuang, Hsing, Kao and Chang, the drug of

Chinese origin contains tetrandrine (p. 355) and fangchino-

line, (\34H 3 o02N2(OH);OMe) 3 ,
m.p. 237-8°, [x]]f + 255-1°,

which on 0-methylation yields tetrandrine, and is to be

regarded as a demethyltetrandrine.

According to Read,^® the name “ han-fang-chi ” is applied in

China and Japan to Menisperrnum dauricum (p. 350), Sinomeniurn

acutiim (p. 268) or Stephania japonica (p. 361), while “ fang-chi ” is

a native name for S, tetrandra in Formosa.

(16) Mu-fang-chi,

(A) The alkaloid, m.p. 215-7°, [a]o + 280-8° (CHCI 3 )
recorded by

Liu et for “ han-fang-chi ” was also found by them in

“ mo-fang-chi.”

(B) Two other samples have been dealt with under Stephania

tetrandra (see above), their possible source.^®,

(C) Chen and Chen found in a sample believed to be derived from
Cocculus Thunbergii (which Read 2® gives as a synonym for

C, trilobus) the neutral principle thunbergin, C20HJ 4O9 , m.p.
277-277-5°, and mufangchine, C14H21O11N14 , m.p. 231*5°.

(17) Feng-fan-chi, From this material King and Shih 22 obtained

chinine, m.p. 218°, [a]}?” + 267°.

(18) Chin-Shien-Tiao-Hu-Lu, Hsii ^3 found five alkaloids in this drug:
(A) m.p. 217-8°

;
(B) m.p. 238-41°

;
(C) phenolic

;
(D) m.p .110°

;

(Fi) m.p. 190-5° of which (A) and (B) may be identical with the

same author’s “ hanfanchine (A) and (B) ” referred to above.
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Ill the following descriptions of eoclauriiic and the chief bisbdizyl/A’o-

quinoline alkaloids, the numbers in brackets after the names of the

alkaloids refer to the numbered items in the foregoing list.

Faltis ^ has made a number of suggestions regarding possible modes
of origin of these alkaloids in plants, and useful summaries of information

dealing with biological and chemical relationships in the group have been

published by King ^ and by Kondo and Tomita.^

Coclaurine, Ci 7lIig03N. (Item 3 ;
list, p. 350.) This alkaloid was

first fully investigated by Kondo. ^ It crystallises in plates, rn.p. 221°,

“ 17*01°, forms a crystalline hydrocliloride, m.p. 264°, and a

methiodide, m.p. 155°. The hydrochloride gives a violet colour with

ferric chloride changing to green on warming. The alkaloid contains one

methoxy), but no methylimino group. Its solubility in alkali indicates

the presence of phenolic hydroxyl groups and the formation of a non-basic,
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triacetyl derivative, m.p. 174°, and a similar tribenzoyl compound, m.p.

207°, indicates the presence of two such groups and an : NH group. The
formula may therefore be extended thus : C,eni3(OCH3)(OH),(NH).
With diazomethanc it yields trimethylcoclaurine, Ci(jHi3(OCH3)3(NMe),
m.p. 202-3°, which is oxidised by potassium permanganate to the keto-

derivative (VI), m.p. 147-8°. The corresponding triethylcoclaurinc

(B . HCl, m.p. 162°) yields a methosulphate, m.p. 122°, from which triethyl-

methylcoclaurinemethine (II : R = Et) was prepared and oxidised with

potassium permanganate, giving jp-cthoxybenzoic acid (Ilia), and an acid

shown to be (Illb), since it furnished with methyl sulphate and alkali,

4-methoxy-3-ethoxy-6-vinylbenzoic acid, m.p. 165°, w^hich can be hydro-

genated to 4-methoxy-3-ethoxy-6-ethylbenzoic acid, m.p. 137*5-138*5°,

identified by comparison with the synthetic ester. On this and other con-

firmatory evidence formula (I) w^as assigned to coclaurine, and has been
confirmed by the synthesis of tetramethylcoclaurimethine (II : R = Me).

For this purpose jp-methoxyphenylaceto-jS-3 : 4-dimethoxyphenylcthyl-

amide (IV^) was converted by phosphorus oxychloride into l-(4'-methoxy-

benzyl)-6 : 7-dimethoxy-3 : 4-dihydrou'oquinoline (V), which was reduced
to the tetrahydrowoquinoline, and this converted into the methosulphate,

m.p. 175°, which on treatment with alkali gave tetramethylcoclaurimethine

(II : R == Me), m.p. 86°
;
hydrochloride, m.p. 228*5-22J°.

Coclaurine is of special interest since norcoclaurine (I *. MeO —> HO)
can be regarded as the parent substance from which by ether formation

the series of bisbenzyh'^oquinoline alkaloids can arise. Thus, the

dauricine type of alkaloid may be formed by a single ether linkage between
the 4'-hydroxyl of one /lorcoclaurine molecule and a hydrogen atom ortho

to the 4'-hydroxyl of a second molecule.

Dauricine, C38H44O3N2. (Items 6, 7 ; list, p. 350.) Tliis alkaloid is a

bright yellow powder, m.p. 115°, [oc]]^ — 139°, gives a bluish-brown

colour w ith ferric chloride and contains four methoxyl groups, one hydroxyl

group, and two methylimino-groups. The dimethiodide forms needles,

m.p. 204°, — 110°. Kondo and Narita ® at first represented dauricine

by the formula C19H23O3N, but finally accepted the double formula and
the constitution suggested by Faltis and Frauendorfer. ^ Dauricine is

converted by ethyl bromide in presence of alkali into ethyldauricine

diethobromide, m.p. 136-9° (dec.), which is transformed by boiling alkali

into the optically inactive a-ethyldauricineethylmethine, of which the

dimethiodide, m.p., 162-5° (dec,), can be further degraded to an amorphous,

nitrogen-free product, C4QH44O3, which is oxidised by potassium per-

manganate to 2-ethoxy-5 : 4'-dicarboxydiphenyl ether, m.p. 276-7°.

Derivatives of this dibasic acid, especially the 2-methoxy compound
first obtained by Spath and Pikl ^ from oxyacanthine (p. 346) and the

corresponding 2-methoxydialdehydodiphenyl ether (IX) are typical

degradation products in this series of alkaloids. On the basis of the

formula, C19H23O8N, Kondo and Narita represented dauricine as the

4'-methyl ether of .iV-methylcoclaurine (above). The decision in favour

of the Faltis and Frauendorfer formula (VII) was arrived at by the

PXANT AXK. 12
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synthesis ® of a-methyldauricinemethine (VIII), m.p. 127-8°, produced in

the first stage of the normal Hofmann degradation. 8 : 4'-Dialdehydo-6-

methoxydiphenyl ether (IX) was transformed by hippuric acid, acetic

anhydride and sodium acetate into the azlactone, which was converted

by treatment with barium hydroxide in boiling aqueous alcohol into

(vni) oii« (VII) HO

6-methoxy-3 ; 4'-di(carboxymethyl)-diphenyl ether (X). This with homo-
veratrylamine gave 6-methoxydiphenyl ether 3 : 4'-diacetdi/u)maveratryl-

amide (XI), which by treatment with phosphorus pentachloride was
converted into the bisbenzyluoquinoline derivative (XII) and this, on
reduction followed by methylation gave pc-methyldauricinemethine (VIII)

identical with that prepared from dauricine (VII).

Magnoline, C32H260(0H)3(0Me)2(NMe)2. The leaves of the Caucasian

tree, Magnolia fuscata (Magnoliaceae), yield 1*5 to 2 per cent, of total

alkaloids, of which the fraction, about one-tenth, insoluble in hot benzene,

on solution in hot alcohol deposits the phenolic alkaloid magnoline,

m.p. 178-9°, [a]D — 9*6° (pyridine), which yields vitreous salts with the

halogen acids but gives a crystalline picrate, m.p. 160-2° (dec,) and
picrolonate, m.p. 190° (dec.). The base is converted by diazomethane into

a trimethyl derivative, m.p. 109-110°, which is oxidised by permanganate
in acetone to (a) 2-methoxy-5 : 4'-dicarboxydiphenyl ether, identical with
Spath’s acid ’ from oxyacanthine methyl ether (p. 347) and (5), the lactam,

l-keto-6 : 7-dimethoxy-2-methyItetrahydroiM)quinoline.^^®l. When the
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triethyl ether is similarly oxidised analogous products result with ethoxy
groups marking the sites of the original phenolic groups, viz., (a) 2-ethoxy-

5 ; 4'-dicarboxydiphenyl ether (cf. degradation of oxyacanthine, p. 347)

and ih) l-ketO‘6-methoxy-7-etlioxy“2-methyltctrahydroi^oquinoline {cf.

codamine, p. 195). On the basis of these results Proskurnina and
Orekhov represent magnoline and the two oxidation products of its

trimethyl ether, by the following formulae, which make magnoline a
close relative of dauricine (VII).

CRZ ^9 HO IfoH GH2 Helf OHg

Magnolamine, C32H240(0H)4(0Me)2(NMe)2. This alkaloid occurs in

the benzene-soluble portion of the total alkaloids and has been further

examined by Proskurnina.^^^^ It has m.p. 117-9®, [aj^ + 111 * 6 ® (EtOH),
forms a picrate, m.p.142-5® (dec.), a picrolonate, m.p. 163-4® (dec.), and a

tetramethyl ether, C 40H 48O 7N2 , m.p. 151-2®. The latter, on oxidation by
permanganate in acetone, gives (a) l-keto-6 : 7-dimethoxy“2“methyltetra-

hydro/^oquinoline, m.p, 124-5® (cf, oxidation of magnoline) and (h) magno-
larninic acid, CiflHi407 , m.p. 280-1®, which on fusion with potash at 250®

is hydrolysed to p-hydroxybenzoic acid and probably gallic acid. Mag-
nolamine tetraethyl ether, C 44H 53O 7N2 , m.p. 101-3®, on oxidation by
permanganate in acetone, gives (c) a neutral product, m.p. 113-4®, (d) an
acid, m.p. 265-7®, forming a dimethyl ester, m.p. 112-3®, and
(e) a weakly basic substance, m.p. 120-1 ®, which proved to be l-keto-6 :

7-diethoxy-2“methyltetrahydro/,9oquinoline. It is suggested that magno-
lamine is a hydroxymagnoline, the additional hydroxyl group being located

in the hydroxybenzyl portion, of the

magnoline molecule, as in the partial

formulae (A) or (B) representing the (A) - chj

diphenyl oxide part of the structure

(cf. magnoline formula, above).

Komissarova finds that the total

alkaloids of Magnolia fusccUa and
magnolamine are cardiac depressants at 20 to 1,000 and 10 to 500 parts

per million respectively. The differences between the two indicate that

the total alkaloids include a component more potent than magnolamine.

Tetrandrine, C38H42O2N2 .
(Items 7, 18, 15, 16; list, p. 850.) This

alkaloid crystallises from ether or acetone, has m.p. 217®, 263*1®

(CHCla) and gives a dihydrochloride, m.p. 266® (dec.), [a]?/" -f 224*2® (HgO),

and a dimethiodide, m.p. 269® (dec.). It contains four methoxyl and two
methylimino groups, behaves with acetic anhydride as a derivative of

12—3
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tetrahydroi^oquinolinc, and furnishes protocatecliuic acid and basic

products on fusion with potassium hydroxide. The a-methine base,

C 40H 46O 6N2 , has m.p. 172°, fa]}f ^ + 237^6°, yields a dimethiodide, m.p. 235°

(dec,), and on ozonisation (Kondo and Yano furnishes 2-methoxy-5 :
4'-

dialdehydodiphenyl ether and a dialdehydotrimethoxybis-(j8-dimethyl-

aminoethyl)-diphenyl ether (Formula XXXVI, p. 348) identical with the

two produets similarly obtained by von Bruchhausen and Gericke by
the ozonisation of the a-methine bases of the methyl ethers of oxyacanthine

and berbamine (p. 847). The optieally inactive methine base from methyl-

berbamine melts like that from tetrandrine at 172°, and it has been

suggested that tetrandrine is a stereoisomeride of berbamine methyl ether

(m.p. 182°, [a]© + 132°), i.e,, of the two formulae (XXXIX) and (XL)
given (p. 348), one must represent oxyacanthine methyl ether, and the

other tetrandrine and berbamine methyl ether. The specific rotations of

the two latter favour the view that the direction of rotation is dextro at

one centre of asymmetry in berbamine methyl ether, and at both in

tetrandrine.

i^oTetrandrine, C38H42O 6N2 (item 10 ; list, p. 350), m.p, 182°,

+ 146°, has been shown to be identical with berbamine methyl

ether (p. 346).^^

Among other alkaloids closely related to tetrandrine is fangchinoline

(item 15d
;

list, p. 351), a dernethyltetrandrine already described

{loc, cit).

Phaeanthine, C38H42O 6N2 .
(Item 8

;
list, p. 350.) This alkaloid was

isolated by Santos. ^2 n j^^s m.p. 210°, ~ 278° (CHCI3), yields a

hydriodide, m.p. 268°, picrate, m.p. 263°, aurichloride, m.p. 170-1°, and
a platinichloride, m.p. 280° (dec.), and contains four methoxyl and two
meth5dimino groups. By the Hofmann degradation process it yields an
optically inactive methine base A, m.p. 173°, which is oxidised by potas-

sium permanganate in acetone to 2-methoxy-5 ; 4'-dicarboxydiphenyl

ether (p. 348). A comparison of the properties of phaeanthine and tetran-

drine by Kondo and Keimatsu indicates that these two alkaloids are

optical antipodes, so that phaeanthine will be represented by either

(XXXIX) or (XL) as given on p. 348,^^ and of these two formulae (R = Me)
one must represent oxyacanthine methyl ether and the other berbamine
methyl ether (centres of asymmetry d- and Z-) ; tetrandrine (centres of

asymmetry both d-) and phaeanthine (centres of asymmetry both Z-).

Menisine, CggH^gOeNa. (Item 18 ; list, p. 850.) M.p. 152°, + 290°

(CHCI 3). A tertiary base containing four methoxyl groups. When
subjected to Hofmann degradation it yields the same products as tetran-

drine, viz., {a} an optically inactive methine base, C40H43O 3N2 , m.p. 171°,

yielding a dimethiodide, m.p. 257°, (b) a second base giving a methiodide,

m.p. 217°, and (c) a substance, C42H54OHN2, forming yellow prisms, m.p.
248° (dec.)

;

+ 625° (MeOH) and characterised by a methiodide,

m.p. 258° (dec.), [a]]f“ -f 867° (H2O). In the next stage of the Hofmann
process trimethylamine is liberated and a nitrogen-free product,

m.p. 221°, is formed.
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When heated at 150° for three hours menisine is converted into tetran-

drine (Chou

Trilobamine, CaeHggOeNg. (Item 5 ; list, p. 350.) This phenolic base
has m.p. 195°, [ajjf" + 856* G° (dilute acetic acid), forms a dihydriodide,

m.p. 264° (dec.), and an amorphous dimethyl ether, m.p. 169°, which was
eventually shown to be identical with the monornethyl ether of oxyacan-
thinc (p. 347).

When the methine base derived from trilobamine diethyl ether ethiodide

is oxidised by permanganate it furnishes 2-ethoxydiphenyl ether 5 :
4'-

dicarboxylic acid, identical with that (XXXIV
; p. 348, R — Et) similarly

formed from oxyacanthine (p. 347) or dauricine (p. 353) and in the present

case derived from the diphenyl ether residue represented by rings (1) and

(2) in formula (A) or (B). This fixes the position of one hydroxyl group at

OR^ in (A) or (B) ; the position of the second is still undetermined but it

may well be OR^ in ring (3) of (A) or ring (4) of (B).^®

Cepharanthine, C37H3gOgN2 ,
1*25 CgHg (items 10

,
12

;
list, p. 350), is a

yellow, amorphous powder, m.p. 103° (dec.). When free from solvent it

has m.p. 145-155° and + 277° (CHClg). The salts, including the

mcthiodide, are amorphous. It contains one methylenedioxy group, two
methoxyls and two methylimino groups.

In the first stage of the Hofmann degradation process two methine
bases are formed, viz., cepharanthine-/?-methine, CggH^gOgNg, HgO,
m.p. 183-4°, [ajf/* + 58° (CHCI3) and, as chief product, the isomeric

cepharanthine-a-methine, C39H420eN2, 3H2O, m.p. 98-100°, [aj^ ± 0°,

which yields a mcthiodide, m.p. 305-6°. The latter in the second stage

of the degradation affords trimethylamine and dc-A^-cepharanthine,

C 35H 3QO 7 ,
0-5 MeOH, m.p. about 210 ° {dec.). The a-methine, on oxidation

by permanganate, gives 2-methoxy-5 : 4'-dicarboxydiphenyl ether (cf.

oxyacanthine, p. 347), and on ozonisation, followed by hydrogenation of

the primary product, furnishes 2-methoxy-5 : 4'-dialdehydodiphenyl ether,

m.p. 77-8° (formula C) and 2-methoxy-2 '
: 3'-methylenedioxy-5 : 6 '-

dialdehydo - 4 :
5' - di -

j
8 - dimethylaminoethyldiphenyl ether (formula F)

of which the dimethiodidc, m.p. 217-20° {dec,), is degraded by the Hofmann
process to the corresponding divinyl-compound, m.p. 166-8°, and this on

hydrogenation followed by a Clemmensen reduction yields 2-methoxy-2' ;
3'

methylenedioxy-5 : 6'-dimethyl-4 : 5'-diethyldiphenyl ether (formula G),

m.p. 88-9 °, the identity of which was established by synthesis, effected



358 j&oQUINOLINE GROUP

by the condensation of 5-hydroxy-4-methoxy-2-ethyltoluene (formula H)
with 6-bromo-4 ; 5-rnethylencdioxy-2-ethyltoluene (formula I). This
series of products is analogous with that similarly formed from oxyacanthine
(p. 347), the sole difference being that the two contiguous methoxyl groups
in the reduced woquinoline rings of (XXXIX) and (XL) are now replaced
by a methylenedioxy group and so formula (D) or (E) has been proposed
for the representation of cepharanthine.^®

For convenience of comparison the characters of these nine closely

related alkaloids are summarised in the following table :

—

NatM and fonoala. B.p. Botafl

Berbamine , OH )( Olde ) 3( HUe ) 3 1720 **•108.60

laoTetrandrlne . ^ ^ 2 182® 146® Berbamine methyl ether.

retrandrina , 0«b H^le

)

2170 263.1® Stereo!somerl&e of berbemizM
methyl ether.

Phaeanthln* . 0M« )^( fllfe 210® -278® Optloal antipode of tetraadrlne.

rangoblnoline . 032Hg402(OH}(OUa)3(ll]iB)2 237-8® 265.1® Ifothylates to tetrandrlne.

Uenioloa, 1520 290® Conrerted to tetrandrlne by heat

OapbarantblxM. O^gB^O^COE^O^)

^
u

140-60 204® Two methoxyle In tetrandrlne
replaoed by one methylene-
dlozy £;roup.

OxysoantblJM. 03^^2402(08 ) (01^)3(010^ 208-9® 2790 Stmotoral isomeride of berbaodae.

7rllol»«fflin«, C
32
H£402(0H)

2 (0U«)2
(Blto)2 196® 366.6® Methylates to ozyeoanthine

methyl ether.

Trilobine, CgeHaeOgNa. (Items 4, 5 ; list, p. 850.) This alkaloid
crystallises in prisms, m.p. 285®, + 296‘8® (CHCl,). The hydro-
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chloride and hydrobromide are crystalline, and sparingly soluble in water.

The dimethiodide has m.p. 278° {dec.). Trilobine contains two methoxyl
and two methylimino-groups ; the three .inert oxygen atoms are assumed
to be present in ether linkages. With dimethyl sulphate and alkali,

trilobine furnishes trilobinemethylmethine, C3gH4o05N2, long prisms,

m.p. 106°, [a]D it: 9°, and this on ozonisation yields 2-methoxy-5 :
4'-

dialdehydodiphenyl ether (XIII), m.p. 72-5°, and a complex dialdehyde

(XIV), m.p. 124°, of which the dimethiodide, long prisms, m.p. 230° [dec.),

on Hofmann degradation gives trimethylamine and the O-divinyl dialde-

hyde (XV), m.p, 195° or > 300° (slow heating). The latter is oxidised by

(HU)

potassium permanganate to a tetracarboxylic acid, C17H10O11, m.p. 192-7°

(methyl ester, Ci2H302(0Me) (C02Me)4, m.p. 85°), which on fusion with

potassium hydroxide furnishes protocatechuic acid, and is therefore

provisionally represented by (XVI). On the basis of these results Kondo
and Tomita suggested (XVII : R or R' == OMe) as representing trilobine,

and its structural isomeride ^^otrilobine {see below), since both alkaloids

yield the same degradation products, and the only difference between them
must lie in the position of the methoxyl group R or R' in (XVII).

On stereochemical grounds Faltis ® proposed formula* conforming with

the general type (XVIII) in which the —CHg.R— and CHgR' groups

may each be alternatively

or —(Siz - \ /
—

>

0 -*“

A modified form of (XVpi) has been suggested by Kondo and Tomita. ®

The latest form derived from (XVIII) is (XIX) proposed by Faltis et al.^

(1941) in which one methoxyl group has been moved from position a

to a' (XVIII).

The adoption of formula (XIX) implies that the intermediate products
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(XIV to XVI, p. 359) require revised formulae and (XVI), for example,
becomes (XVL Faltis, 1941).

I£e0 0

GOgH 0

f^oTrilobine (Homoirilobine), CggHg^OgNa. (Items 4, 5 ;
list, p. 350.)

This isomeride of trilobine forms stellate clusters of prisms, m.p. 215^,

+ 293°
;

the dihydrochloride occurs in prisms, m.p. 310°
;

the

dimethiodide decomposes at 262°. The alkaloid contains two methoxyl
and two methylimino-groups, and its reactions indicate its close relation-

ship to trilobine. ?5oTrilobinemcthylmethine, 033114005X3 ,
m.p. 115°,

rh 0°, like the trilobine analogue (p. 359), is ozonised to (a) 2-

methoxy-5 ; 4'-dialdehydodiphenyl ether (XIII) and (5) the diaminodi-

aldehyde (XIV).

The difference between the two alkaloids is assumed to be due to the

difference provided for by the alternation of R and R' (XVIII) ; if one

member of the pair so arrived at is trilobine the other should be iso-

trilobine.^®

Menisarine, C36H34O 0N2. (Item 4; list, p. 350.) This alkaloid crystal-

lises in minute tablets, m.p. 203° (dec,), [ajjf'* + 149*4° (CHCI 3 ) ;
the

hydrochloride, B , HCl . 6H2O, forms golden-yellow needles, m.p. 279°

{dec,), -f 171*5°
;

the methiodide, B . 2MeI, is a yellow crystalline

powder, m.p. 269-70° (dec.). Menisarine contains three methoxyl groups

and one methylimino-group. The three remaining oxygen atoms are

assumed to occur as ether linkages, the second nitrogen atom to be present

in a 3 : 4-dihydrowoquinoline system, and the alkaloid to belong to the

trilobine type, since it gives a blue colour with a mixture of nitric and
sulphuric acids, and the absorption spectra of trilobine, wotrilobine and
dihydromenisarine are similar. The latter, on oxidation by potassium
permanganate, yields 2-methoxy-5 : 4'-dicarboxydiphenyl ether (p. 846),

and with dimethyl sulphate and alkali is converted into ^-methyldihydro-
menisarinemethylmethine, C82H42O 3N2 , colourless prisms, m.p. 112 °,
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Mb zh 0 °, which on further degradation by the Hofmann method yields

a nitrogen-free product, m.p. 208°. The methylmethine base, on ozonisa-

tion produces {a) 2-methoxy-5 ; 4'-dialdehydodiphenyl ether, and {h) a
complex aminoaldchyde, of which the methiodide, C24H 3oOgN2 . 2MeI . H2O,
m.p. 224°, is decomposed by boiling alkali to form a nitrogen-free substance,

C20H16O 3 . 1X20 , m.p. >300°, which is believed to be a vinylaldehyde of

the dioxodiphenylene type (cf, XV, p. 359), since it gives a blue colour

with a mixture of nitric and sulphuric acids. From these results Kondo
and Tomita have suggested that a formula for rnenisarine is derivable

from their modified form of (XVIII) by moving a methoxyl group to

a' and the change at jS of —NMc—CH : to —N : C : . The first change
conflicts with (XIX) suggested by Faltis et al, for trilobine.

norMenisarine, C35H320eN2. (Item 5 ; list, p. 350.) This alkaloid is

crystalline, has m.p. 223°, -r 190-3°, and on methylation with

diazomethane yields rnenisarine, which is therefore the 0-methyl ether of

normenisarine

.

Stephania japonica Miers. From the stems of this species, long used
as a febrifuge in Japan, Kondo and Sanada 21 have isolated eight alkaloids :

Metaphanine, CigHaAN. [Ci5Hi 9(OH)(OMc) 2(NMe) ], m.p. 229°

Md db 9°, monoacetyl derivative, m.p. 150°.

epiStephanine, C19H23O3N . [Ci5Hi4(OMe)2(CO) (NMe) ], m.p. 198°,

Md + 195*8°
;
methiodide, m.p. 245°, -f 220-95°

; oxime, m.p. 157°
;

semicarbazone, m.p. 165°. It has been suggested that deoxydehydro-

ejtjistephanine methiodide, C20H24O2NI, m.p. 165° (dec.), M??" + 42*28°

(EtOII) is the enantiomorph of the dimethyl ether of a^omorphine
methiodide, m.p. 190-5°, Mf^ 42-03° (EtOH) ; dZ-form, m.p. 214°.

^-cpiStephanine, Ci9ll2i03N. [CieHii(OH) (OMe)2(NMe) ], m.p. 257°,

Mb + 174*55°. Methyl-i/r-cjpzstephanine methiodide, C 2iH2603NI, m.p.

221°, Mi)^* + 118*5°, is regarded as the optical antipode of dimethyl-

morphothebaine methiodide, m.p. 187°, Mi?^ — 110*8°, and is supposed

to differ from cj^istephanine by the substitution of a hydroxyl for a

carbonyl group and by different orientation of the oxygenated substituents.

Base VIII, CgjHaeOgNg, m.p. 102-3°, [a]f/° — 83*33°
;

hydrochloride,

11 . HCl, m.p. 267-8°.

Stephanoline, C31H42O 7N2 . [C27H2902N2(0H)(0Me)4], m.p. 186°, [a]B —
255*4°

;
hydrochloride, B . 2HCI . 2H2O, m.p. 230°. Phenolic base.

AomoStephanoline, C32H44O 7N2,
m.p. 232°, [oJb — 255*6°

; hydro-

chloride, m.p. 238°. Phenolic base.

Stephanine, C36H390eN2 . [C3oH2502(OMe) 2(02CH2 ) (NMe) 2], m.p. 157°,

MJf'* — 91*51°
;

dihydrochloride, B , 2HC1 . H2O, m.p. 280° (dec.).

j^ro^oStephanine, C21H25O4N, m.p. 75°, [a]B -h 3*44°
; hydrochloride,

m.p. 150°
;

aurichloride, m.p. 155° (dec.)
;

platinichloride, m.p. 223°

(dec,)
;

methiodide, m.p. 220-1 °. The oxygen atoms are present as

methoxyl groups, and the nitrogen as a methylimino-group.

Pharmacology, A considerable number of menispermaceous plants

yielding alkaloids are used as crude drugs in the Far East but the alkaloids

so far isolated from them, though pharmacologically active, do not seem
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likely to be of practical therapeutic value. According to Horiuchi,*®

dauricine (p. 858), ^pfstephanine (p. 861) and insularine (p. 870) produce

paralysis and convulsions when given to frogs, mice or rabbits. The heart

remains in diastole after cessation of respiration. The emetic action of

the three alkaloids is shown strongly in dogs. Tetrandrine (p. 855),

which would be expected to resemble berbamine and oxyacanthine in

action, has been examined by Chen, Chen, Anderson and Rose,^^ who
state that it has a pronounced irritant action on mucous membrane, is

slightly antipyretic, produces hyperglycemia in rabbits, induces emesis

in pigeons, depresses cardiac activity, reduces blood pressure and depresses

the smooth muscle of isolated rabbit intestine and guinea-pig or rabbit

uterus. It causes reversal of the polymorphonuclear cells and lymphocytes

in rabbits four to six hours after injection. Chen and Chou state that

menisidine (p. 850) and menisine (p, 856) resemble tetrandrine qualitatively

in action. Tsuruta 2® found that trilobine produced respiratory paralysis

and motor disturbance in frogs, mice and rabbits, reduced blood pressure

in the rabbit and in large doses paralysed the heart. Intestinal and uterine

contractions were stimulated by small and paralysed by large doses.

Motor nerve ends and skeletal muscle were also paralysed.

Of the alkaloids of the han-fang-chi group of drugs (p. 850), Ohta
states that kukoline is a strong reflex and spasm stimulant and finally

causes paralysis and death. Raymond-Hamet states that it suppresses

the hypotensive action of dihydroxyphenylethanolethylamine.

According to a review by Biichi of work done in Japan during the

war, promising results have been obtained by the use of the alkaloid

cepharanthine (p. 857) in tuberculosis and leprosy.
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Alkaloids of Greenheart, Boxwood and “ Pareira brava.^^ In 1843,

Maclagan isolated from greenheart bark (bebeeru), (Nectandra Rodioei,

Hook) the alkaloids bebeerine and sepeerine ; the latter, a yellowish resin

for which the names flavobuxine and pellutcine have also been used.^

Later, Walz ^ stated that bebeerine was identical with buxine, which
Faure ® had obtained from boxwood (Bttxus sempewirens L.) in 1830.

Fliickiger ^ also regarded buxine and bebeerine as identical, and affirmed

the identity of the latter with pelosine, which Wiggers ® isolated from
Cissampelos Pareira L., the roots of which have appeared in commerce
as “ Pareira brava,” and which Fliickiger had himself prepared from
Chondrodendron tomentosum, Ruiz and Pav, supposed to be the source of

true “ Pareira brava,” and now of special interest as a source of tube

curare (p. 378). Scholtz ® confirmed the statement that pelosine and his

bebeerine, now known to be derived from pareira root bark, are identical,

but regarded buxine as distinct from either. Other alkaloids were isolated

from greenheart wood by Maclagan and Gamgee,^ and from boxwood by
Barbaglia,® but do not appear to have been further investigated. In 1921,

Faltis and Neumann ® stated that the true source of “ Pareira brava ” is

Chondrodendron platyphyllum (St. Hil.) Miers, containing alkaloids

different from those of greenheart, and that in consequence the name
“ bebeerine ” should be restricted to alkaloids from greenheart, and
that the alkaloids of “ pareira brava ” should be known as “ chondo-

dendrines.” Since the same authors state that commercial bebeerine is

made from “ pareira brava,” this means that bebeerine should be re-named
chondodendrine. This suggestion has been adopted in the case of iso-

bebeerine, which is now generally called isochondodendrine or isochondro-

dendrine. These two names arise from the fact that Ruiz and Pavon
wrote the generic name Chondodendron in mistake for Chondrodendron

and purists have insisted upon the correction (King,^® 1935). The name
bebeerine persists though Faltis uses chondodendrine, and a new complica-

tion has arisen by the identification of Boehm’s curine (p. 874) with

Z-bebeerine. Much of the work done in recent years on these alkaloids

has been carried out with commercial bebeerine, from which the following

alkaloids have from time to time been isolated by the independent work
of Scholtz * and Faltis ® :

—

(1) Bebeerine (Pelosine, a-Bebeerine, Chondrodendrine, Curine).

(2) isoChondrodendrine (mBebeerine).

(8) ^•‘Bebeerine (j3-Chondrodendrine).

(4) Bebeerim-B.

(5) Chondrodine
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The data available regarding the last three probably need revision as

suggested by Faltis, Kadiera and Doblhamrner.®

Chondrodine, Ci 8H2i04N, amorphous, m.p. 218-20°, [ajp — 75°

(EtOH). The hydrochloride, B . HCl, m.p. 274-5°, occurs in yellow leaflets;

the picrate, m.p. 193-4°, is a crystalline powder, and the picrolonate,

m.p. 185-6°, forms greenish-yellow needles. The alkaloid contains a

methoxyl and a methylimino-group, and yields a crystalline dibenzoyl

derivative, m.p. 295°. The diethyl ether hydrochloride, m.p. 258°, forms

yellow needles (Scholtz,^ 1911).

jS- Bebeerine, C21H23O4N, is amorphous and yields amorphous

salts. It has m.p. 124-50°, + 28*6° (EtOH), or — 24*7° (pyridine),

and its reactions indicate that the formula may be extended to

Ci9Hig02(NMe)(0Me)(0H).® According to Scholtz ® (1913) it has the

formula, C18H 21O 3N, and yields a crystalline methiodide, m.p. 80°

(hydrated) or 258-9° [dry, dec,). According to Faltis, Kadiera and

Doblharnmer,® this may be a diastcreoisomeride of bebeerine.

Bebeerine-B, C22H23O5
N, a yellow powder, m.p. 220 ° (dec.), [ajc + 56*7°.

Its reactions indicate the presence of the following groups,

C2oHi502(NMe) (OH)
2
(OMe).

On fusion with potash protocatechuic acid is formed.^

Alkaloids of C’hondrodcndron platyphyllum

The confused state of knowledge referred to above has been clarilied,

at least as regards the alkaloids of “ pareira brava and the botanical

source of this drug, by Dr. H. King,^® (1940), who has confirmed the

statement of Krukoff and Moldenke that genuine “ pareira brava ” is

the root of Chondrodendron platyphyllum (St. Ilil.) Miers, though some

may also be obtained from C. mkrophyllum (Eichl.) Moldenke
;
these two

plants are native to Brazil and authentic samples from both have been

examined by King as well as roots of C. candicans (Rich ex DC.) Sandwith,

from British Guiana and the pareira brava ” root commercially available

in England. The results are summarised in the following table, the

predominant alkaloid being named first.

Speoles Locality Organ iilicalolds

Ch. platyphyllum Rio Root

If *1 Bahia Root
Stems
Leaves

Ch.microphyllum Bahia Root

Chtcandioans British
Guiana

Stem

Pareira brava

d- isoChondrodendrlne . i^-bebeerlne

.

1-Bebeerine , d-isoohondroder.drine

.

T Bebeerine
""

T Chondrofoline
, d- isoohondrodendrine

~ ^-bebeerine.

d- lfioCiiondrodendrine . d-bebeerine.
I

d- i soCbondrodendrine . d-bebeorine.

d^-Bebeerine
, d» ieoohondrodendrine .

*

~ l-isoooclaurTne.
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cZ-i^oCoclaurine, C17HJ 9O3N, crystallises from chloroform in clusters of

plates, m.p. 216-7°, yields a crystalline hydrochloride, B . HCl, HgO,
m.p. 175-6°, 23-9° {dry salt; H2O) and like coclaurine (p. 852)
gives a typical Millon reaction. On boiling in methyl alcohol with potas-

sium hydroxide and methyl iodide it is converted into O-methyKsococlaurine
methiodide, CaiHgeOgNI, 2H2O, m.p. about 113° or 137° (dry), which was
compared with 0-methylcoclaurine methiodide, and found to have the

same characteristics. The two are regarded as d- and Z-enantiomorphs

respectively, of O-dimethyl-iV-methylcoclaurine methiodide. The forma-

tion of this compound and the facts that ?5ococlaurine is isomeric with

coclaurine (I) and like it does not give a cateeliol reaction indicates for it

formula (II) (King,^*^ 1940).

Chondrofoline, C35H30O3N2, 2H2O, crystallises from methyl alcohol in

triangular plates, m.p. about 135°, — 280-6° {dry base'% N/10 . HCl).

It is a phenolic base, contains three methoxyl groups, does not give a

Millon reaction, but in methyl alcoholic solution gives a faint, pink-purple

colour with ferric chloride. The nitrate forms needles m.p, 225° {dec,).

The base boiled in methyl alcoholic solution with methyl iodide and
potassium hydroxide, forms a gelatinous methiodide, whieh was converted

by silver chloride into the methochloride. The latter when boiled with

20 per cent, solution of sodium hydroxide, produced a mixture of methine

bases, which were separated as the methiodides into 0-methylbebeerine-
methine methiodide B, m.p. 237° {cf, p. 375), and a Ijcvorotatory form,

m.p. 190°, which proved to be the Iscvo-enantiomorph of d-O-methyl-

bebeerinemethine methiodide (form C, p. 375). Chondrofoline therefore

belongs to the bebeerine type represented by formula (HI). In it R ~ H,
the single phenolic hydroxyl is at ORj or OR 4 and the remaining groups,

OR2, OR3, OR4 or alternatively OR^, ORg, OR3 are methoxyl groups

(King ,
10 1940).

t^oChondrpdendrine {koChondodendrine, isoBebeerine),

This alkaloid, isolated by Faltis ® (1912, cf, Scholtz,® 1913), was first assigned
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the formula CigHi903N, which was doubled by Faltis, Wrann and Kiihas.^^

The alkaloid has been fully characterised by King (1940). It crystallises

from methyl alcohol in microscopic needles, m.p. 816° {dec.)

;

like bebeerine,

it gives a typical Millon reaction. The most characteristic salt is the

sulphate B . HgSO^, 15H2O, or B . H2SO 4 , THgO, after prolonged exposure

to air, m.p. 291-2° {dry ; dec.) + 115*6 {dry salt

;

HgO) equivalent

to [ajo + 99*7®. The hydrochloride, B . 2HC1, crystallises in plates or

rarely in needles, m.p. 333° (dec.) {cf. Scholtz,® and Faltis and Neumann ®).

The methiodide, B . 2MeI, 8H2O, separates from methyl alcohol in short

prisms, m.p. 287° (dec.) or from water in microscopic, double square

pyramids
;

it has + 64*8° (HgO). Figures somewhat different from
the foregoing have been given by Dutcher for the constants of

the alkaloid and its salts
;

he also records for the base [a]ff“ + 120 °

(N/10 , HCI) or + 50° (pyridine). More recently King has recorded for

the anhydrous sulphate [a]Jfg“ + 158*9° (c = 0*7 ,* H2O) equivalent to

[a]p®* + 187° and in good agreement with the value + 185° recorded by
Faltis and Neumann ® for a sample of the anhydrous salt. According to

Scholtz,® z^ochondrodendrine forms a benzoyl derivative, rn.p. 215°. On
demethylation by hydrochloric acid, the alkaloid is stated to yield

i^obebeeridine, C 34ll340gN2 , microscopic yellow cubes, m.p. 240°, which
gives a green colour with ferric chloride.

0-dimethyh‘5ochondrodendnne has m.p. 272-3°, fajj) — 36*8° (EtOH),
and yields a methiodide having m.p. 312° ahd + 1*5° {dry salt ;

H2O) according to King,^® while Faltis and Neumann® give [a]J®“
—7°

(50 per cent. EtOH). By the Hofmann method the metho-salt yields two
methine bases, C 40H43O 3N2 ,

of which the a-form is optically inactive, has

m.p. 206-7°, yields a hydrochloride, m.p. 299°, and is distinguished from
the dextrorotatory j3-form by giving with sulphuric acid a red colour

changing to blue on heating. The jS-form has m.p. 167-168*5° and

Md + 859° (EtOH).® The methiodides of the mixed methine bases

when treated with sodium hydroxide in methyl alcohol lose trimethylamine

and produce a nitrogen-free product, CigHjeOs but later doubled to

C 86H32O 3 , crystallising in monoclinic tablets, m.p. >312°. This, on oxidation

with potassium permanganate, furnished an acid, Ci2H50(
0Me) 2(C02H)j,

m.p. 177*5-178°. Identification of this acid proved difficult, but it was
eventually synthesised by Faltis and Frauendorfer and shown to be 2 :

3-dimethoxy-5 : 6 :
4'-tricarboxydiphenyl ether (I), and on this basis a

ID (ID (XXD
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formula for the methyl ether of i^fochondrodendrine, provisionally

suggested (Faltis,^^ cf. Scholtz was modified to (II) or (III). Doubling
of the empirical formula of the alkaloid led to revision, and consideration

of the ways in which the two equal halves could be combined to

accommodate the experimental evidence led, Faltis, Wrann and Kiihas

to propose formula (IV) for wochondrodendrine.

The a-methine base of the alkaloid, on ozonisation followed by
hydrogenation of the product, furnishes 2 ; 8-dimethoxy-6 : 4'-dialdehydo-

5-dimethylaminoethyldiphenyl ether (V), the methochloride of which on
oxidation by potassium permanganate and treatment of the product with

boiling potassium hydroxide solution gives a 64 per cent, yield of 2 :
8-

dimethoxy-6 : 4'-dicarboxy-5-vinyldiphenyl ether (VI), m.p. 192°, indi-

cating that the wochondrodendrine molecule is composed of two identical

halves (see IV). The diraethoxyvinyldiphenyl ether (VII) produced by
the decarboxylation of this acid is oxidised by potassium permanganate
to 2 : 8-dimethoxy-5-carboxydiphenyl ether (VIII), m.p, 161°, the con-

stitution of which has been established by the synthesis of its methyl
ester, m.p. 69°.^® King (1940) has pointed out that the positions of

the two hydroxyl groups in ^5<?chond^odendrine are still unsettled, but on
the evidence available one, and possibly both, should be adjacent to the

ether oxygen atoms as in (IV).

Bebeerine, CjeHjgOgNg. This alkaloid has been described under
various names, pelosine, chondrodendrine, chondodendrine and curine

(Z-form) whose origin is described elsewhere (pp. 868 and 374). It crystal-

lises with one molecule of benzene, m.p. 161°, or 218° (solvent-free) or

from methyl alcohol, m.p. 214°, and has [ajp 298° (EtOH) for the d- or

Z-form (Scholtz ®). Spath et aZ.^® recorded m.p. 221-221*5° (vac.) for both

forms and + 832° and — 828° for the d- and Z-forms, in pyridine.

The dZ-isomeride has m.p, 299-800°. The hydrochloride, m.p. 271-8°, and
dihydrochloride are crystalline. Spaih and Kuffiier prepared two
monomethyl ethers, of which one had m.p. 206-8°, and the dimethyl ether

monomethiodide, m.p. 257-8°.

It was clearly established by Scholtz ® that the empirical formula,

CxsHigOjN, represented the composition of bebeerine, that on this basis

the alkaloid contained one hydroxyl, one methoxyl and one methylimino

group and that its behaviour with acylating agents indicated the presence

of a methyltetrahydroi^(Kiuinoline nucleus. These results were confirmed



368 isoQUINOLINE GROUP

and extended by Spath et who developed a provisional formula of

the single benzyk’iSoquinoline type. Since 1925, when Spath and Kolbe

proposed for oxyacanthine the first bisbenzyh'^oquinoline formula, other

menisperma^eous alkaloids had been assigned to that type and in 1983

King suggested that the simple formula, CjgHigOsN, then in use for

bebeerine should be doubled and that the structure of the alkaloid was
probably based on the condensation of two norcoclaurine molecules

followed by partial methylation. In the following year Spath and
Kuffner^® showed that the nitrogen-free produet, m.p. 186-7*^

(cf, 0-methylbebeeriline, below), obtained by the exhaustive methylation

of bebeerine methyl ether under reducing conditions, yielded on oxidation

by potassium permanganate 2 : 3-dimethoxy-5 : 6 :
4 '-tricarboxydiphenyl

ether (III ; = Rg = Me) which had already been obtained in like

manner by Faltis and Neumann from u’ochondrodendrine (p. 366). On
this result Spath and Kuffner suggested for bebeerine methyl ether

formula (I :
Ri = R2 = Rs =: R^ = Me). This formula has been con-

firmed by the results of several independent investigations beginning with

King’s work on the relationship of bebeerine methochloride to tubocurarin

e

chloride (p. 874). Faltis, Kadiera and Doblhammer ® showed that

dimethylchondrodendrinemethine
(
0-methylbebeerinemethine, see below),

on ozonisation, followed by reduction of the product, yields {a) 2 : 3*

dimethoxy-6 : 4'-dicarboxy-5-vinyldiphenyl ether (V : Rj — Rg = Me),

identical with that obtained from /^ochondrodendrine (p. 367) and (5)

2 ; 6'-dimethoxy-5 : 3'-dicarboxy-4'-vinyldiphenyl ether (VI : R3==R 4—Me),

which on decarboxylation at C®' and C® followed by oxidation of the

vinyl group gave 2 ; 6'-dimethoxy-4'-carboxydiphenyl ether, the con-

stitution of which was established by synthesis.

King (1936) showed that the nitrogen-free product (II : R^ to R 4=Me)
from the Hofmann degradation of bebeerine, vi2 ,, 0-methylbebeerilene,

CggHagOg, m.p. 198-9^^, on oxidation by permanganate yielded two
isomeric acids, C17H14O9 , 2H2O, and a third acid, C 34HgoOi 6 . The first of

these proved to be the 2 : 3-dimethoxy-5 : 6 ; 4'-tricarboxydiphenyl ether

(III : Rj = Rg ~ Me) of Faltis et ah (p. 366), already synthesised by
Faltis and Frauendorfer.^^ The second isomeric acid had m.p. 262-4°,

contained two methoxyl groups and on decarboxylation gave 2 : 2 '-

dimethoxydiphenyl ether and was therefore regarded as 2 : 2'-dimethoxy-

4:5: 5'-tricaryboxydiphenyl ether (IV : R3 — R4 = Me). The second acid

was synthesised by King (1939) and later by a different method by
Faltis, Holzinger, Ita and Schwarz,^® who also confirmed King’s results in

the formation of these two acids by the oxidation of 0-methylbebeerilene.
The third and more complex acid, C34H390ig, crystallises from boiling water

in minute needles, m.p. 283-4°, and should have one of the structures indi-

cated by the followihg linear formulae {a) or {b) readily derivable from (II)

:

(a) (MeO),C,H(CO,H)a—O—C,H4 . CHOH . CHOH . CeH,(OMe)(COaH)—0—C,H,(OMo)(CO,H)
{b) (Me0).C.H(C0.H>--<0—

C

4H* . CO,H) . CHOH . CHOH . C,H,(OMe)—0~C,Ha(0Me)(C0,H),.

These results justified the nuclear structures (I) and (II) assigned to

bebeerine methyl ether and its nitrogen-free degradation product respec-
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lively, but as both these substances were fully methylated there remained
the problem of the orientation of the hydroxyl and methoxyl groups in

bebeerine itself. From a study of the Millon reaction King (1937)

concluded that in bebeerine one hydroxyl group was at OR 3 (formula I)

and this was confirmed later by the preparation of the amorphous O-

(II)
( IV)

diethylbebeerine, conversion of this in succession to the dimethiodide and
dimethochloride and degradation of the latter to 0-ethylbebeerilene (II),

CssHaeOe, m.p. 168-9°, which, like its lower homologue, 0-methylbebeeri-

lene, was oxidised by permanganate and gave the two analogous ethoxy-

acids, viz,y (c) HgO, m.p 197° (dec.), which by comparison with

a synthesised specimen proved to be 8-methoxy-2-ethoxy-5 :

6

:
4'-

tricarboxydiphenyl ether (III : R2O = EtO ;
R^O = MeO), and (d)

CigHie09 ,
O'SHgO, m.p. 255°, also identified with a synthetic specimen as

2-methoxy-2'-ethoxy-4 : 5 :
5 '-tricarboxydiphenyl ether (IV : OR4==MeO ;

OR3 = EtO).

These results show that bebeerine is represented by (I : Rg = Rg = H
and Rj = R 4 = Me). See also curine (Z-bebeerine), dealt with as a curare

alkaloid (p. 874).
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Insularine, €3711350eN2. An alkaloid obtained by Kondo and Yano
from Cissampelos imularis, Makino (Japanese “ Pareira brava ”), along
with base B, m.p. 240°, eventually identified as t^ochondrodendrine

methyl ether (p. 366). Insularine, also found in C. ochiaiana, Yamamoto,
is amorphous, yellow in colour, and yields amorphous salts. The dimethio-

dide is crystalline, decomposes from 300°, and has [a]?” + 27-95°. Three
methoxyl and two methylimino-groups are present ; the remaining oxygen
atoms are assumed to occur in ether linkages. In 1943 five papers dealing

with the degradation products of insularine were published in Japan by
Tomita and Uyeo,^® abstracts of which have become available. The source

of the alkaloid is now given as Cyclea insularis. Hofman degradation of

the methochloride ended with a nitrogen-free product, C3eH3QOg, m.p. 208°,

which hydrogenated to €33113803, m.p. 209-11°, and on ozonisation

produced formaldehyde and a reaction mixture, which on further oxidation

by potassium permanganate yielded three products : (1)2: 3-dimethoxy-
4'

: 5 : 6-tricarbomethoxydiphenyl ether
; (2) dimethyl 4-methoxyi50-

phthalate, and (3) insularinic acid, m.p. 331°, which on sublima-

tion forms an anhydride, €i7Hio08, m.p. 826°. Methyl insularinate,

m.p. 127-8°, on hydrogenation gave two products, (a) €nHi207, m.p.

113-4°, which diazomethane converted into 3:4: 5-trimethoxyphthalic

acid, m.p. 144°, and (b) a substance believed to be methyl hexahydro-

toluate. Insularinic acid heated with hydrogen bromide in acetic acid at

130-5° in a sealed tube and the product hydrogenated, gave a crystalline

substance converted by diazomethane into an oil, which on saponification

furnished 4-(2 : 8-dimethoxy-5-carboxyphenox y)-3-methylbenzoic acid,

m.p. 233-5°, identified by comparison with the synthetic product. On
the basis of these and other results insularine is assumed to be repre-

sented by a formula of the general wochondrodendrine type (p. 879) with

a change in the top right corner indicated by the following partial formulae :

—€« €‘*
. OR3— —C^—CHg—0—€^—

% ^ ^O—<=C C"—O—

C

/ \ / \
i,e., the -OR® group of €^ is replaced by one end of an inserted chain

—CHg—O—,
which now joins to C*.
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ALKALOIDS OF CURARE
Curare, aLso written urari, ourari, W'oorari or woorali, is a phonetic

rendering of an Ama2X)nian Indian name giveji to a group of plant extracts

prepared for use as arrow-poisons by native's in remote regions of the

Orinoco and Amazon valleys. There is an extensive literature ^ recording

travellers’ descriptions of the preparation of curare, and information

regarding the botanical origin of the components of the drug. It is clear

that the plants used vary in different districts, and that the belief

commonly held until recently that the active components of the drug are

derived from various S. American Stryehnos spp. is not generally true.

The chemical evidence indicates that the alkaloids of two varieties of

curare are of the type found in mcnispermaeeous plants, and the critical

summary df botanical evidence provided by King ^ (1937) for pot curare

supported this view, though it did not exclude the possibility that Stryehnos

spp. might be ingredients in some preparations.

Since 1937 much more evidence has been published regarding meni-

spermaceous plants as sources of the active components of curare. It

should be understood that some of the plants used in preparing the drug

are now known not to contain curarising components, and evidence by
travellers that a particular plant is used, needs to be supplemented by
chemical and pharmacological evidence that the plant in question does

contain active constituents. After a critical survey of the literature and

herbarium material available, Krukoff and Moldenke ^ c onclude that there

is clear evidence that the following menispermaceous species are used in

the preparation of curare :

—

Abuta imene (Mart) Eichl. ; A. rnfescem Aubl.

Chondrodendron candicans (L. C. Rich.) Sandw. ; C. iquitanum Diels ;

C. limaciifolium (Diels) Mold.
;

C. polyanthum Diels
;

C. tomento-

mm^ Ruiz and Pavon.

Telitaxicum miniUiflorum (Diels) Mold. ; T. peruvianum Mold.

Of these authenticated species, Chondrodendron candicans and C. iomento-

sum have been examined by King (pp. 864, 376) and the results of work by

Wintersteiner and Dutcher and by King on curares described as made
from C. tomenUmim are given below.

According to Folkers and Unna,^®^ the Peruvian chazuta curare

(bamboo type) is made from C. tomentosum R. and P., Annona amhotay

AuM«f Aristolochia rumicifolia Mart, and Zucc. and an unidentified plant

which is neither a menisperm nor a Stryehnos. Of these four the first was
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markedly active and the third active in large doses. Of four other plants

tested at the same time C. limaciifolium proved inactive, Telitoxicum

minutiflorum active in large doses, EUssarrhena grandiflora active and
Sirychnos *)ogens Benth. inactive. King ^ (1948) has shown recently that

the stems of Anomospcrmum grandiflorum Eichl. (synonym EUssarrhena

grandiflora) contain non-quaternary alkaloids and also yield a quaternary

fraction exerting a true curare action. In a preliminary study of botanical

material collected by Krukoff and Smith in Brazilian Amazonia,

Folkers found that out of ten plant species used by the Tccuna Indians

three contained curarising components, Sirychnos Castelncei Wedd (S.

Castelneana Baill.)
; S. toxifera Schomb. and a third Sirychnos sp., allied

to S, PecJcii, while two, Chondrodendron limaciifoUum and Telitoxicum

minutiflorum were doubtful. Of twelve other species used by the Javas,

nine gave negative results, the active species being Sirychnos Johertiana

Baill, a second Sirychnos sp. allied to .S', diaboli Sandw. and Capparis sola,

Macbride ; the last-named plant is a surprising addition to possible sources

of curare, belonging to the botanical family Capparidaceic. In this

connection it is of interest to note that A. J. Henry of the Sudan Medical

Service has recently isolated tetramethylammonium iodide from Comhonia
virgata A. Brogn., also of this botanical family.

^

According to Vellard,^^^^^ a Sirychnos sp. similar to S. medeola is used by
the Nambikwaras. Brasil, Campos and Kuhlmann have mentioned
three S. American species of Sirychnos, viz., S, diplinerva, S. off, albiflora

Prog and S. brevifolia A.D.C., in which, using extracts of the roots in

comparison with Tecuna curare, they have found curarising activity by
pharmacological tests in rabbits.

There are also on record a number of other observations regarding

S. American plants believed to be associated with this drug, e,g,, Freise ^

has given preliminary descriptions of alkaloids isolated from the following

species :

—

{a) Undetermined Sirychnos sp. : old bark
;

eucurarine, C20H23ON2 ,

m.p. 135-144'^
;
0*18 mgm. per kilo toxic to frogs. Young bark

;

a base, C23H28O4N2, resembling vellosine (p. 786).

(b) Macoubea guyanensis, Macoubeine, C22H20O2N2 , 4H2O, needles,

sublimes > 195®, [ajo — 55-5® (EtOH)
;

0-05 to 0*1 mgm. per

kilo, toxic to various animal species.

(c) Trymatococcus amazonicus. Base, m.p. 204®, [ajo — 55*6®.

(d) EUssarrhena grandiflora. Base, C22H28O 4N2 , HgO, sublimes at 185®.

(e) Eloeophora abutifolia. Base, resembling cytisine (p. 142).

By fractionation of an extract of the bark of Sirychnos lethalis Barb.,

Cameiro ® has obtained two products, strychnolethaline, C22H27O4N, and
curaleffialine, C25H 31O 7N, which he has also isolated from samples of

curare.

In view of increasing interest in the medical applications of curare

attention is being given to the elimination of inert material and the

provision of a more uniform product.® Of primary importance in this
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connection is the estimation of the curarising potency of samples of the
drug. This has usually been done by biological methods but chemical
methods for the estimation of the potent constituents are beginning

to be developed.

Three kinds of curare have appeared in European commerce, distin-

guished by the kind of container in which they are packed.

Para, Tube or Bamboo Curare. This variety was packed in sections of

bamboo, but this almost traditional information needs modilication since
“ tube curare ” became a commercial article. It is now a viscous, solid or

even powdered extract, exported in scaled tins. In view of the relationship

established between bebeerine, curine, and tuboeurarine, the active alkaloid

of this variety of curare, the suggestion was made, first by Spath, Leithe

and Ladeck,’ and more d^^^linitcly by King ® that its botanical source

should be sought among the Brazilian MenispermacccC, and as shown later

the search for the source of the d-tubocurarinc found in this variety of

curare has been narrowed down to Choudrode7idro7i lomeritosum, or possibly

a closely related species liable to be confused with it.

Pot Curare. This was exported in small brown or greyish-brown

earthenware pots. It is no longer available commercially, but a specimen

collected in 1929 in the Ticuna Indian country between the Rio 19a and
the Rio Solimoes on the border betw^een Ecuador and Brazil, was examined
pharmacologically by Santesson,® whose results are referred to later.

Another specimen from the Amazon region has been examined by King,^

whose results indicate that the active alkaloids are of menispermaceous

origin, though he pointed out that the bark of Strychnos Castelncei Wedd.
contains amorphous, quaternary alkaloid with a strong curare action, so

that pot curare may sometimes, or in some districts, be made from this

Strychnos spp. as suggested by Boehm.®
Gourd or Calabash Curare. This type, exported in small gourds, is

said to be made from Strychnos toxifera Schomb., and this was confirmed

by King,^^ who isolated from botanically authenticated material collected

in British Guiana, an amorphous, quaternary alkaloid indistinguishable

from curarine prepared from gourd curare, and Wieland et al. have isolated

from this species alkaloids which they have also found in this type of

curare. Other Strychnos spp. from the same territory examined by King
contained alkaloids, but not of the curarine type.

Curare was first examined by Roulin and Boussingalt,^^ who isolated

a syrupy body, which they named curarine
;
much later a similar substance

was obtained by Buchner,^® and in 1865 Preyer announced that he had
obtained curarine and its salts in a well -crystallised condition, and by
analysis of the platinichloride, ascertained its composition to be CioHgjN.

Sachs was only able to obtain an amorphous alkaloid, to which he

assigned the formula CigHggN. The work of Boehm explained to some
extent these discrepant results

;
he examined all three varieties and showed

that they differed in composition, and that the isolation of the various
“ curarines ” as single substances required special processes.

Alkaloids of Paiia» Tube, or Bamboo Curare. From this variety,
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which usually contains quercitol, Boehm isolated the well-crystallised

alkaloid curine, and the highly toxic but amorphous paracurarine or

iubocurarine. Boehm’s process has been improved by King,® who first

obtained crystalline tubocurarine chloride.

Curiae, l-Bebeerine (p. 363), CjgHggOeNa. Boehm assigned to the

alkaloid the formula, CigHigOgN, which was doubled by Spath and
Kuffner.^® The characters, reactions and constitution of the alkaloid are

dealt with under bebeerine (p. 367) of which it is the Zfl?t;o-isomeride, but

in view of Boehm’s pioneer work it is of interest to mention that he made a

number of observations bearing on the constitution of curine
;
he recorded

the presence of methoxyl, noted that it must contain a phenolic hydroxyl

group and prepared an amorphous 0-methyl ether. On fusion with

potassium hydroxide protocatechuic acid was formed, and on dry distilla-

tion, alone or with zinc dust or soda-lime, a product believed to be the

methyl ether of p-hydroxyquinoline was obtained along with trimethyl-

amine. Boehm also prepared a crystalline curine methiodide, m.p. 252-3°,

and converted this into the amorphous ammonium base, which he stated

had the characteristic pharmacological action of tubocurarine.

Tubocurarine chloride, C38H41O 6N2CI 2 . SHgO. Though Boehm was

successful in obtaining a potent “ tubocurarine,” he was unable to prepare

it or any of its derivatives in a crystalline condition, and this was first

achieved by King,® who obtained tubocurarine chloride in microscopic

leaflets, m.p. 274-5° (dec.), fafsiei + 264*8° (dry salt, HgO). A saturated

aqueous solution gives a weak green colour with ferric chloride. Addition

of solid sodium hydrogen carbonate to a saturated aqueous solution of

the chloride causes the gradual precipitation of the phenolic betaine as a

granular powder. On treatment with methyl iodide in presence of methyl
alcoholic potash O-dimethyltubocurarine iodide, C 40H48O 3N2I2 . BHgO,
was obtained, crystallising from water in tablets, m.p. 267° {dec,), [a] 64ei

“h 188*7° (dry salt, HgO). d-Tubocurarine chloride has also been isolated

and described by Butcher.® The recognition of this substance as the active

agent in tube curare and the resulting commercial production has made
it possible to consider replacement of the biological methods used for

estimating the potency of this drug by methods depending on the separation

of d-tubocurarine chloride from associated alkaloids and its measurement
by observation of physical or chemical properties. Foster has devised

two methods, polarimetric and colorimetric, on this basis, which can be

used for the estimation of the pure alkaloidal chloride in solutions for

injection and are at least of value as a means of rapidly evaluating

samples of curare for the manufacture of tubocurarine. Foster and
Turner have also recorded the yields, which varied from 2*26 to 7*85

per cent., obtained by King’s process from twelve samples of curare ; of

two other samples one pelded none and the other provided 1*84 per

cent, of a crystalline laevorotatory chloride, which on analysis did not

seem to be f-tubocurarine chloride.

Constitution, Tubocurarine chloride and curine methochloride (/-

bebeerine methochloride) are isomeric, and though possessing rotations of
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0-dimethyltubocurarine chloride gave in the first stage of the Hofmann
degradation a mixture of methine bases separable into four methine
methiodides, three of which were identical with the three 0-dimethyl-

bebeerinemethine methiodides referred to above. The fourth, Z-O-dimethyl-

tubocurarinemethine methiodide (D) occurs in a stable form, aggregates

of plates, m.p. 178-80°, and as a less stable form, m.p. 171-2°, [a] 5401— 56*9°

(MeOH). The mixed 0-dimethyltubocurarinemethine methoehlorides in

the second stage of the Hofmann degradation also gave trimethylamine

and 0-dimethylbebeerilene, the characters and constitution of which are

dealt with under bebeerine (p. 368). On the basis of formula (I) for 0-

dimethylcurine (0-dimethyl-Z-bebeerine as already discussed), 0-dimethyl-

bebeerine methochloride and 0-dimethyltubocurarine chloride will be

represented by (II), in which there are two asymmetric carbon atoms
adjacent to the nitrogen atoms, so that there will be four optically active

forms, two dextro- and two lccvo~. Each of these four active forms can

give rise to four different methines depending on which side of the nitrogen

atom scission of the heterocyclic ring takes place. In each case there will

be tliree methine bases, two of which being optically active are represented

by the condensed formuhe (III and IV), and one inactive base represented

by (V). If it be assumed that in O-dimethylbebeerine methochloride each

centre of asymmetry is dextrorotatory, and that in 0-dimethyltubocurarine

chloride, one centre is dextro- and the other Icevo- rotatory, then the same
d-methine methiodide, m.p. 190° (C above), can only be produced from
both if the dimethiodide derived from (III) or (IV) retains the common
dextro- centre of asymmetry, and the fourth (D) methine methiodide

yielded only by O-dimethyltubocurarine chloride must arise from (IV) or

(III) in which the Iccvo- centre of asymmetry is preserved. The inactive

methine methiodides derived from (V), of which there are two, are probably

cis and tram forms about one or both of the ethylenic linkages. The non-

nitrogenous end product of the Hofmann degradation, 0-dimethyl-

bebeerilene, is represented by (VI, cf. II, p. 869).

Tubocurarine chloride contains, like bebeerine, two phenolic hydroxyl

groups. On the basis of the Millon reaction one of these is on the central

benzene ring (OR3 in I, p. 369), and in a paper published since the foregoing

account was written, King has shown that d-tubocurarine chloride, on

conversion into the 0-diethyl ether and submission of this to a two-stage

Hofmann degradation, yields the nitrogen-free 0-ethylbebeerilene,

CagHa^Og, m.p. 167-8°, identical with that obtained from d-bebeerine.

The distribution of hydroxyl and methoxyl groups in d-tubocurarine

chloride must therefore be the same as in d-bebeerine (I, p. 869, with

R2 = Ra = H) and as already stated the difference between the two
completely methylated alkaloids is due to diastereoisomerism (King,

1989, 1948).®

Alkaloids of Chondrodendron tomentosum, Dutcher ^® has examined
a curare prepared by Indians of the Upper Amazon, in which the only

plant used was Chondrodendron tomentosum^ Ruiz and Pavon. From it he

isolated the known alkaloids, d-mchondrodendrine (p. 865), d-wochondro-



CHONDOCUBINE 377

dendrine dimethyl ether (p. 366), d-tubocurarine chloride (p. 374), /-curine

and a new alkaloid, chondrocurine or chondocurine.

d-Chondocurine (d-chondrocurine), CggHggOgNg, m.p. 232-4°,

+ 200 ° (N/10 HCl) or + 105° (pyridine), yields a hydrochloride, m.p.
280-2°, and a sulphate, B, H2SO4 , 4H2O, m.p. 263-5° (dec,), + 193°

(dry salt; HgO), and in methyl alcohol gives a pink colour with ferric

chloride. The hydrochloride in aqueous solution shows a positive Millon

reaction after standing a few minutes. The dimethiofiide (d-chondrocurarine

iodide), C 38H44O 6N2I2 , m.p. 275 (dec.), [a]f/“ + 184° (MeOH), is convertible

into an amorphous dimethochloride, 4- 175, which is not identical

with d-tubocurarine chloride. On complete methvlation by methyl iodide

in presence of potassium hydroxide in methyl alcohol, chondrocurine

yields d-O-dimethylchondrocurine dimethiodide, m.p. 266°, [ajf/** + 160°

(HgO), identical with d-O-dimetbyltubocurarine iodide. Chondrocurine is

therefore not identical with the tertiary base corresponding to tubocurarine,

but like it belongs to the bebeerine series represented by the general

formula (I, p. 369). Its quaternary base d-chondrocurarine therefore has

the same structure and configuration as tubocurarine, and has one of its

two phenolic hydroxyls in the same position as tubocurarine, i.e,, OR3 in

the formula (p. 378). The other is either ORj or ORg, the alternative

position in either case being that of the phenolic hydroxyl in tubocurarine.

These results seemed to establish with certainty that the active

component of tube curare is derived from Chondrodendron tomentosum,

but the matter again became doubtful when King reported that in the

stems of a carefully authenticated specimen of the plant, collected at

Tarapoto in Peru, he had found Z-curine and Z-tubocurarine chloride. This

is the first recorded natural occmrence of the latter and seems to indicate

either that the alkaloidal components of the plant are not constant in

character, or that the botanical description of Cfiondrodendron tomentosum

covers two species containing the dextro- and Icevo- quaternary alkaloids

respectively.

King 2 has pointed out (1948) that this position is like that obtaining

when “ pareira brava ” sometimes yielded d- and sometimes Z-bebeerine

for which an explanation was found in the collection of the drug from

two different species, Chondrodendron microphyllum and C, platyphyllum

respectively. The need for a similar botanical investigation of the

supposed C, tomentosum is emphasised by further results recorded by
King, who has examined ( 1 )

commercial curare made from the stems

of a bush-rope collected along the Madre de Dios river in the Cuzco

Province of Peru and
(
2 ) stems and leaves of a bush-rope collected

at Sisa in Tarapoto and said to be used by the natives to make arrow

poison. In both these materials the leaves of the plants used were

botanically examined and certified to be indistinguishable from the leaves

of C. tomentosum. The commercial curare
(
1

)
yielded the same alkaloids

as Dutcher found in his specimen of curare, and the other material

(2 )
gave d-tubocurarine chloride, Z-bebeerine (curine), d-chondrocurine, d-

wochondrodendrine and a minute quantity ofa new alkaloid d-tomentocurim^
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The latter is a microcrystalline powder, m.p. 265° (efferv.), [a]f7^ + 210°

(N/10 HCl), gives a Millon reaction and like all the phenolic alkaloids of
this group is readily oxidised by nitric acid.

Cl 3

J

(] ) d-Tubocurarine
chloride: R4=Me;
K 3 II

; Ri and Rg,
one is H and the
other Me.

(2) d-Chondrocura-
rine chloride ; R4—
Me; Rj^H; Rjand
Kg are H and Me in

reverse of (1).

Alkaloids of Pot Curare. This variety of curare is a dark brown,
comparatively dry extract. According to Boehm, it contains proiocurine,

colourless hair-like needles, m.p. 306° (dec,), a base of low toxicity and
yielding crystalline salts. A second alkaloid of similar type is protocuridine

prisms, m.p. 274-6°, sparingly soluble in all ordinary solvents. The
poisonous constituent is protocurarifiCy a red powder, easily soluble in

water, and giving characteristic colour reactions with nitric acid and with

oxidising agents in sulphuric acid, this latter reaction indicating a Strychiios

spp. as a possible botanical source.

The specimen examined by King^ contained a mixture of alkaloids,

which was partially separated by a special process into (rt) “ non-quater-

nary ” bases, and (b) “ quaternary ” bases. From the former, which was
a mixture of phenolic alkaloids, Boehm’s protocuridine and a new isomeride

of this, n<?oprotocuridine, were isolated.

Protocuridine, CgeHjgOgNg. This base was freed from associated

n^oprotocuridine by crystallisation of the hydrochlorides from water, in

which n^oprotocuridine hydrochloride is sparingly soluble. Protocuridine

base was obtained by the addition of sodium bicarbonate to the hydro-

chloride in water the amorphous precipitate formed, changing into tablets

on standing. It was re -crystallised by adding water dropwise to a solution

in boiling pyridine when it separated in. plates, CgeHagOgNg . 0-5C6H5N,

m.p. 295°. The hydrochloride, B . 2HC1 . 6HaO, crystallises in octahedra,

m.p. 295° (efferv.), + 7*6° (dry salt : HaO). The sulphate forms

pointed tablets, and the platinichloride compact, anisotropic tablets.

Protocuridine contains two phenolic hydroxyl and two methoxyl
groups and gives a typical Millon reaction. On methylation it yields

0-dimethylprotocuridine dimethiodide, C3eH8a04N2 , (OMe)a(MeI)2, cream-

coloured needles, m.p. 818° (dec,), which King ® (1940) has compared with

the dimethiodide of wchondrodendrine dimethyl ether (p. 866), m.p, 812°,

and finds that they are probably identical. On this basis he suggests for

protocuridine a formula {see p. 879) of the wachondrodendrine type. One
phenolic hydroxyl must be at ORg ; the site of the second is still urficnown,

n^oProtocuridine, Ca^HagOeNa . SHgO.^ The base was prepared by
mixing an aqueous solution of the hydrochloride, with a saturated solution

of sodium bicarbonate. The mixture, on standing, gave a crop of base,

which was recrystallised from boiling water, and formed diamond-shaped
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leaflets, m.p. 232® {dec.). The hydrochloride, B . 2HC1 (6 or 7 HgO), separates

from water in microscopic prisms or, when crystallised slowly, in large

prisms or plates, and does not melt up to 810°. In very dilute solutions it

gives a crystalline nitrate on addition of nitric acid. The sulphate forms

rhomb-shaped leaflets, and is optically inactive. O-Methylneoprotocuridine

methiodide, crystallises from boiling water in microscopic

rhombs, unmelted at 300°, and yields by the Hofmann degradation process

a crystalline mcthine base whose methiodide is indistinguishable from

inactive a-O-methyli^ochondrodendrinemethine methiodide (p. 366).

Both are unmelted at 320°, form the characteristic, sparingly soluble

nitrate, and give with sulphuric acid the specific colour reaction, cherry-red

changing to blue on warming.

A-lsoChoadrodendrlae (R2 or R3 » H).

d-Protoourldine (R2 or R3 H).

i-neoProtoouridlne ( R;L-I4»H;R2*R3»Me)

The location of the second *011 group
in the first two is uncertain.

tzeoProtocuridine does not show the Millon reaction ; it can therefore

be represented by the general i^ochondrodendrine type of formula {see

above) in which Hi and R 4 are H and Rg and R 3
are Me or vice versa

{cf. IV, p. 367).

The “ quaternary fraction ” of pot curare, after the removal of some

neoprotocuridine, was separated into a portion salted out by sodium

bicarbonate, and a portion not so precipitated. The latter was fractionated

on a plan described in the original, the most active product obtained being

an amorphous iodide with a paralysing dose of 1*5 mg. per kilo frog. This

iodide was phenolic, gave the Millon reaction, but no strychnine-like reac-

tion with bichromate and sulphuric acid. No crystalline product could be

isolated, but on complete metliyiation certain of the fractions yielded

crystalline methiodides as follows ;

—

(A) CgoSagOgNIa, anisotropic, spheroidal crystals, m.p. 260® (ffec.), almost

insoluble in all solvents

;

(B) Cie(or Ci7)H220aNI, cream-coloured needles, m.p. 818®, which

resembles O-methylprotocuridine methiodide, and does not depress

the melting-point of the latter

;

(C) Anisotropic-nodules, unmelted at 295®, and sparingly soluble.
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These results indicate that this specimen of pot curare was of meni-
spermaceous origin.

Alkaloids of Gourd or Calabash Curare. The toxic constituent

of this form, as prepared by Boehm, was an amorphous curarine to

which the formula Ci^Hg^ONg was assigned. Gourd curare has been
investigated in recent years by Wieland et al.^^ and by Schmid and
Karrer.^®^®^

The process of isolation finally adopted by the former authors consists

in precipitating as reineckates the water-soluble bases contained in a

methyl alcoholic extract of the curare. The mixed reineckates are further

purified, by solution in acetone and precipitation with water as often as

may be necessary. The product so cleaned represents the bulk of the

biological activity of the crude drug ; the mother liquors may contain

curine (p. 374), which indicates a menisperm as one of the components of

such curares. The mixed reineckates are then fractionated chromato-
graphically over alumina and the components isolated as chlorides by the

use of silver sulphate and barium chloride in succession. This process has

been modified in detail by Schmid and Karrcr, who have also found that

with their curare, the more soluble reineckate fraction includes less potent

quaternary alkaloids.

The material first used by Wieland et al. was gourd curare from the

middle Orinoco district, near Urbana, in Bolivar State, Venezuela, but in

the fourth paper (1941) results are recorded for curares from Colombia

and Venezuela, for which more precise details of origin are not available

and there is considerable difference in the nature and quantity of the

alkaloids in the various samples used. An examination has also been made
of the bark of Strychnos toxifera, and one of the alkaloids (toxiferine II) it

contains has been found in some of the curares examined. In all, ten

alkaloids have been obtained and characterised and, with the exception

of curine, they are all of quaternary type. They are named toxiferine,

dihydrotoxiferine, or calabash-curarine (shortened to C-curarine in

practice) according to type, and the variants within the type are distin-

guished by numbers, or numbers and letters, e,g., toxiferine I, toxiferine Ilb.

Calabash cmare, probably from the middle Orinoco region, has also

been investigated by Karrer and Schmid, who have isolated eight new
alkaloids in addition to Wieland’s C-curarine I.

The following three products were obtained by Wieland et al. from the

early samples of curare from Urbana.

Calabash-curarine I. This alkaloid was first named toxiferine (1937),

as it was expected to be found in Strychnos toxifera bark
;
when this bark

yielded a different alkaloid, for which the name toxiferine was more
appropriate, the name of the curare alkaloid was changed. Crystalline salts

have been prepared of which the chloride, CgoHgaONgCl or CgoHai^a^^* H2O,

colourless needles, m.p. >350°, [ajj, + 70-73°, and the aurichloride,

CgoHggONa, AUCI 4, m.p. 223-4°, have been analysed. Alternative formulae

are quoted for the chloride as it is still uncertain whether a molecule of

water is, or is not, present as water of crystaliation. If moistened with
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ether and dried in vacuo the composition is CgoHgsONgCl, but if left in
vacuo till the weight is constant, it becomes C20H21N2CI. Dried at 100 ° the
ionic chlorine is largely transformed to combination with carbon. The
iodide, C 20H23ON2I, m.p. >320°, on the contrary, remains unchanged at
150° in vacuo. The picrate has m.p. >300°. C-curarine I is slowly

decomposed in acid media
;

in strong hydrochloric acid it assumes a deep
violet colour, which is discharged on dilution with water. On treatment

with potassium hydroxide in methyl alcohol at 150° the chloride is con-

verted into an ether-base, C 40H42ON4 , m.p. 184°. This yields a dimethio-

dide, m.p. 300°, not amenable to Hofmann degradation. At 200 ° the

base changes to an isomeride, m.p. >800°. It is reduced by sodium in

amyl alcohol to a tetrahydride, CioH430N 4 , m.p. 105-10° {dec,) and this

or the initial base is catalyticailv hydrogenated to an octahydride,

C 40H50ON4 , m.p. 90 5°. C-curarine I chloride is converted by bromine
water into C-bromocurarine I chloride CgoHaoNgBrCl, 2H2O, characterised

by its high potency and this in turn is transformed by silver oxide and
barium hydroxide into the bromo-ether-base, C 4oH 4oON 4Br2 ,

which is

inactive. C-nitrocurarinc I nitrate, C20H20O2N3, NO3, 0 - 5H2O, obtained

by the action of nitric acid on C-curarine I chloride is 20 times as active

as the initial curare base.

Karrer and Schmid found C-curarine I the chief component of their

curare and have confirmed and extended Wieland’s observations on this

substance. C-curarine I chloride yields a crystalline A^-nitroso-derivative,

C20H20ON 3CI, 3H2O, and when heated at 300° in vacuo (<10'"* nun.) loses

methyl chloride and forms nor-C-curarine I, Ci 9HigN2 ,
obtained finally as

a snow-white powder, yielding a crystalline hydrochloride, B . HCl . H2O,

m.p. >300°, and a picrate, m.p. >320°. A methiodide, B . Mel . HgO,
and methochloride, C29H2iN2CI, were also prepared and had the same
crystalline form as C-curarine I iodide and chloride respectively, gave the

same colour reactions as C-curarine chloride and the two chlorides agreed

in absorption spectra and in curarising potency. The picrate prepared

from nor-C-curarine methiodide had m.p. 808-9° {dec,) and, when used to

seed a solution of C-curarine I picrate, induced the latter to crystallise in

the same form, small needles, instead of the platelets, m.p. 300-7® (dec.),

previously obtained. In view of the identity of these salts it seems clear

that the nor-base is formed without further change in the structure of the

molecule. As the nor-base does not acetylate it is to be regarded as a

tertiary amine. Comparison of the neutralisation curves of the hydro-

chlorides of the nor-base, the C-curarine dimeride, quinoline, i^oquinoline,

P2
/-tetrahydroquinoline and py-tetrahydroi^oqvLmolme, indicates that the

basic nitrogen of C-curarine is probably a component of a tetrahydro«>o-

quinoline or similar system, in which the nitrogen atom is not directly

bound to an aromatic nucleus, and is associated with another ring system

in such a manner that the second nitrogen atom lies in two rings. As
C-curarine forms a nitroso- derivative the nitrogen atom, not associated

with the quaternary ammonium group, must be secondary and the results

of electrometric titration indicate that it is non-basic, and so resembles
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the N-atom in diphenylamine, indole and carbazole. In that connection

it is pointed out that C-curarine I chloride in aqueous solution gives, with

an aqueous solution of ceric sulphate, an intense blue coloration, which is

still visible at an alkaloidal concentration of lOy per c.c. This colour

reaction is not given by carbazole, yohimbine or strychnine but diphenyle-

amine gives a reddish-violet colour with the reagent. With the carboline

colour reaction of Harvey et al. (p. 510) C-curarine chloride gives only a

yellow colour, but when ferric chloride is replaced by ceric sulphate the

colour produced is blue. From these observations it is concluded that

one N-atom of C-curare I belongs to a diphenylamine, carbazole or indole

group. The presence of an aromatic ring has already been made evident

by Wieland et aL (381).

Calabash-curarine II. This alkaloid is best purified through the

picrate, m.p. 208-4°. The chloride, C20H25ON 2CI, or C20H23N2CI, HgO
crystallises in long thin needles, decomposing from 220-820°, + 74*8°.

The iodide and perchlorate are crystalline. The chloride is readily

brominated and nitrated
; the monosubstituted derivatives are much more

active than the parent base.

Calabash-curarine III. This isomeride of C-curarine I can be purified

vid the picrate, m.p. 189°, or the /3-anthraquinonesulphonate, m.p. 808-310°

(dec,). The chloride has m.p. 270-4° (dec.), [a]fp“ — 936*9° (HgO).

C-Dihydrotoxiferine I. In "the curare from Caracas whose working-up
is described in detail in the original, this base was accompanied by
C-curarine I. The chloride, C20H28N2CI, crystallises in rectangular leaflets

or in needles, [ajj, — 610*6° (HgO). A crystalline sulphate, (C2oH23N2)2S04,

3H2O, and bromide, CgoHgaNgBr, 1*5H20, were prepared. The picrate B,

CgH207N 3 , HgO, has m.p. 183-5°.

C-i^oDihydrotoxiferine I. This occurred in many curares accompanied
by C-curarine I. The chloride, C20H23N2CI, 3H2O, crystallises in needles,

— 566° (H2O). A crystalline perchlorate, C20H23N2CIO4 , and
picrate, B * C^HgO^Ng, m.p, 242° (dec.) were prepared.

C-Toxiferine II. This base was obtained from curares from Urbana
and Caracas, sometimes accompanied by toxiferine II (see below), and
was isolated by a special method as the chloride, CgoHggONgCl, [a]j, +72*1°

(H3O). The picrate forms hexagonal prisms, m.p, 215° (dec,).

Alkaloids of Strychnos toxifera. The following alkaloids were

obtained from the bark of this species :

—

Toxiferine I. This was isolated by the general process as the chloride,

CgoHggONgCl, 2HaO, — 610° (HgO) ; the picrate has m.p. 270° (dec.).

Toxiferine II. This was also found in curare from Urbana whence it

was isolated mixed with C-toxiferine II {see above). The chloride

could not be crystallised and separation was effected as the picrate,

CaoHjgONa, C 3H2O 7N3, 2HaO, m.p. 216° ; mixed m.p. with C-toxiferine II

picrate, 195°. The picrate loses iHgO at 80° in vacuo and at 120° in vacuo

becomes CgoHsaNg, CeHgO^Ng, which, as in the case of C-curarine I picrate

and chloride, leaves it imcertain whether the base is CaoHagONg or CgJHagNJ

,

the + sign indicating this doubt* When the picrate is treated with hydro-



CURARE ALKALOIDS 383

chloric acid the substance obtained is not toxiferine II chloride, but an
isomeride, toxiferine II® chloride, which crystallises in rectangular plates,

has the composition, C20H25ON2CI, HgO, decomposes from 250-74°, has

Ml) + 06*6° (HgO) and yields a picrate, m.p. 210 °. Toxiferine IP was
found in some curares from Caracas

;
its occurrence in the drug is regarded

as due to the action during extraction, of plant acids on toxiferine II.

When toxiferine II® chloride is absorbed on aluminium oxide it is iso-

merised to toxiferine II^ chloride, CgoHgsONgCl, crystallising in groups of

slender needles, m.p. 240-60° (dec\), [ajff'’ + 78*4° (H2O). The picrate

has m.p. 215°.

As these substances arc difficult to isolate and to distinguish, particular

importance attaches to their colour reactions and to their relative para-

lysing potencies
;
these and other data for the ten alkaloids are summarised

in the table (p. 384), the paralysing potencies being given in micro-

grammes (y) per frog.

Karrer and Schmid have noted that the dimeride of C-curarine I

does not give the characteristic colour reactions of this alkaloid with acids,

but still gives that with ceric sulphate and potassium dichromate (p. 384).

The following are the new alkaloids isolated by Schmid and Karrer.^®^®^

The first four are from the sparingly soluble, and the second four from the

soluble, reineckate fractions respectively.

Calebassine. This is isomeric with C-curarine II and is isolated as the

picrate, CgoHg^ONg, C^HgO^Ng, m.p. 191-2° (dec.), which on passage

through a Wofatit column charged with chloride ions is converted into

the chloride, C20H25ON2CI . HgO. This in 2N-sulphuric acid gives a

reddish-violet colour with either ceric sulphate or potassium dichromate,

and with bromine in water forms a monobromo-derivatiye (picrate,

C 2oH240N2Br . CQH2O 7
N3 )

containing a little dibromo- compound. With
potassium iodide in water the chloride forms the iodide, B . I . HgO.
Treatment of the chloride with baryta and silver oxide convertes it into

two dimerides, one, crystalline, C 4QH4eON 4 . HgO, which darkens at 220°

but does not melt and is apparently ditertiary, and the other, amorphous,
forming a methiodide, C 4QH46ON4 . (€113 )2 . 12 ,

from which a picrate,

C 54H 53O15N1 Q, m.p. 197-200° (dec.) was prepared. On hydrogenation in

presence of platinic oxide calebassine chloride forms a crystalline dihydride,

C2oH2,ON2C1 . iHaO.
Alkaloid A, This forms a chloride, [C 2oH230N2]'^Cl’‘, ^1120 ,

isomeric

with the chlorides of toxiferine, C-curarine I and C-curarine III
; the

picrate has m.p. 269° (dec,). The chloride differs from the isomerides

named, in potency, colour reactions and Ultra-violet absorption spectrum.

The chloride in 2N-sulphuric acid gives a carmine-red colour with

potassium dichromate.

Alkaloid B. This was isolated as the chloride, CgoHgsONgCl, which in

2N-su]phuric acid gives a deep, reddish-violet colour with either potassium

dichromate or ceric sulphate. The picrate has m.p. 195-6°.

C-Toxiferliie I. Described as the chloride, C20H23ON2CI, iHgO, and
picrate, m.p. ^ 265° {dec.). Its UV-absorption spectrum is similar to
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that of alkaloid B and its general colour reactions resemble those of

toxiferine, with which they are comparatively tabulated in the original.

Dissolved in sulphuric acid, it gives on addition of ferric chloride or

potassium hexacyanoferrate an intense blue colour, and with sodium
nitrite it produces a reddish-violet colour changing to bluish-violet. No
other alkaloid of the calabash curare series gives either of these colour

reactions, of which the former recalls the specific reaction for 2 : 8 : 4 : 5-

tetrahydro-j8-carboline-4-carboxylic acid described by Harvey et al.

(p. 510). The lethal dose of the chloride for rabbits is 0*008-0‘012 mgm./
kilo and this high toxicity and other characteristics suggest the possible

identity of this alkaloid with toxiferine (p. 884).

The curarising dose, expressed in mgm. /kilo for frogs, recorded by
Karrer and Schmid for these four alkaloids, is as follows : C-curarine I,

0*1
; calebassine, 0*2 to 0*5 ; alkaloid A, 0*05 to 0*07

;
alkaloid B, 0*08 to

0*05
;

C-toxiferine I, 0*005.

The total crude alkaloid from the soluble remeckate fraction had the

low curarising potency 25 mgm./kilo frog. It consisted mainly of quater-

nary alkaloids and nothing crystalline has so far been obtained from the

non-quaternary portion.

Fluorocurine, isolated as the picrate, CgoHgjONg, HgO, CeHaO^Ng,
m.p. 178°, which was converted to the chloride, CgoHgaOgNgCl

. iH20, a
yellow powder, showing greenish-yellow fluorescence in solution in water

and giving an intense, but unstable, reddish-violet colour with ceric

sulphate in 50 per cent, sulphuric acid. The iodide, CgoHgsOgNgl
.
iHgO,

also prepared from the picrate, crystallises in yellow platelets, has

Mn + 826° (MeOH), contains one methylimino but no methoxyl group,

and on hydrogenation absorbs two molecules of hydrogen quickly without

loss of yellow colour and then a further 1* 4 molecules, becoming colourless

and losing its quaternary character. No crystalline hydride has been
isolated,

Calebassinine. The picrate, C10H23O2N2, C^HgO^Ng, crystallises in

minute yellow needles, m.p. 260°, and gives an intense carmine colour with
ceric sulphate in sulphuric acid but the reaction is negative in the 50 per

cent acid. The chloride, CigHgaOgNgCl, JHgO, [ajo -f 68° (HgO) is

amorphous, but the iodide, CigHggOgNgl, crystallises in minute, hygro-

scopic needles. No methoxyl group is present.

C-Alkaloid UB forms a picrate, CjgHgaOgNg, C2H207N.^, m.p. 288-240°,

which gives an intense, but unstable, carmine colour with ceric sulphate

in strong sulphuric acid and is convertible into a crystalline iodide.

C-Alkaloid X obtained in minute quantity as a crystalline chloride,

which with nitric acid gives an intense red colour with a violet fluorescence,

and orange slowly becoming red, with ceric sulphate in sulphuric add.

Karrer and Matter have confirmed the presence of succinic acid as

recorded by Boehm, and of protocatechuic acid as found by Wieland,

Kobz and Souderhoff^^ and have added thereto, mesaconic acid as a
constituent of calabash curare.

nutt AKX, 18
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Alkaloids of Erythrina spp. Observations began to be made about

1935 that extracts of the seeds of Erythrina spp. (Leguminosic) possessed

curarising properties. 2 ® In 1987 erythroidine, the first alkaloid of this

type, was isolated from Erythrma americana Mill, by Folkers and Major
and arising from this Folkers and Unna made a preliminary survey of

Erythrina spp. for curarising properties, the results of which showed a wide

distribution of such properties in this genus, about half of the known
species proving active. The relative potencies of the species varied widely.

Three types of alkaloid have been found so far by Folkers and co-workers

provisionally distinguished as ( 1 )
“free,” i.e., extractable by immiscible

solvents from clean, fat-free plant extracts, which have been rendered

alkaline, (2 )
“ liberated,” i,e,, alkaloids, which are only extractable by the

above process after the plant extracts have been subjected to acid

hydrolysis and (3) “combined alkaloids ” whieh are not extractable by
ordinary methods, contain sulphur and arc the sources ofgroup 2 (“ liberated

alkaloids ”). Until this modem research on the genus was started the only

Erythrina alkaloid known was hypaphorine which has hitherto been

included in the indole group, but is now dealt with alongside its natural

erythrina associates. It is of interest to note that Deulofeu, Labriola,

Hug, Fondovila and Kauffmann ^3
(
1947

)
have found in the chief Argentina

Erythrina spp., viz,, E, crista galli, in addition to hypaphorine, six of the

alkaloids recorded by Folkers et al, for other species, viz,, the free alkaloids,

erythraline, erythraminc and erythratine, and the liberated alkaloids,

erysodine, erysopine and erysovine.

Hypaphorine, C14H18O2N2, 2H2O, was isolated by Greshoff from the

seeds of E, subumbrans (Hassk) Merr. (E. hypaphorus Boerl) and has since

been recorded in many Erythrina spp.^^ The constants recorded for it

by van Romburgh and Barger,^^ and by Folkers and Koniuszy (1939)

are as follows :

—

It forms monoelinic crystals, rn.p. 255° {dry, dec,) [aj^ + 91-3° (v.R.)

or m.p. 236-7° (dec,) [a]^7“ -j- 118*1° (H2O) (F. and K.) and yields a sparingly

soluble nitrate, B . HNO3, m.p. 215-20°, [ajp + 94*7° (B.) or m.p. 223*5-

224*5° (F. and K.). The hydrochloride has m.p. 231-2° (dec,) and

+ 89*6° (HgO) (F. and K.). According to Deulofeu et al,^^ (1939) the

flavianate crystallises in orange needles or red rhombs, m.p. 235° {dec,)

and is characteristic.

When heated with potassium hydroxide, hypaphorine yields trimethyl

-

amine and indole : it is formed when tryptophan (I) is boiled with methyl
iodide in presence of sodium hydroxide in methyl alcohol and the resulting

methyl a-dimethylamino-j8-3-indolylpropionate methiodide (methyl hypa-

phorine iodide) (II), m.p. 200*5-201*5° is iieated at 100 ° for a few minutes

with sodium hydroxide solution dilute enough to avoid hydrolysis of the

hypaphorine (III) as it is formed. According to Cahill and Jackson,**

methyl hypaphorine iodide is completely racemised when heated for 8 hours

with methyl iodide and sodiimi hydroxide in methyl alcohol and dl-

hypaphorine, m.p. 248-9° (dec.) can be recovered from the reaction

mixture.



ERYTHBINA ALKALOIDS 387

Hypaphorinc produces increased reflex irritability and later tetanic

convulsions in frogs but has little action on other experimental animals

(Plugge). 2 ^ The methyl ester iodide (II) has curarising properties (Folkers

and Koniuszy,^^ 1939).

Erythroidine, CielligOgN, as isolated from the seeds of Eryihrina

americana Mill by Folkers and Major, was described as having m.p. 94-6°,

and yielding a hydrochloride, m.p. 228-9"" (dec.), + 109*7° (H 2O). It

is also obtainable from many other Ertflhrina spp. and was subsequently

shown to be a mixture of two sfereoisomcrs, a- and
j
3-erythroidines.^^f"^

(x.-Erythroidine yields the following salts : hydrochloride, m.p. 227-8°

{dec,), [a]D + 118°
; hydrobromide, B . HBr . O-SHgO, m.p. 224° or

220-2° {dry)

;

hydriodide, m.p. 210-2°
;

perchlorate, m.p. 208-208*5° and
flavianate, m.p. 210 °.

P-Eryihroidine is crystalline, m.p. 98*5-99*5°, [aji, + 88 * 8° (HgO) and
provides the following salts: B . HCl . 0 - 5H2O, m.p. 229*5-230° (dec,),

Md + or rn.p. 232° {dry, dec,), + 109° {dry : H2O) ;
B . HBr,

0*5EtOH, m.p. 227° or 222-4° (dry), [ajff + 111*2 (H2O) ; B . HI . HgO,
m.p. 206°, [a]

“f*" + 108*1° (HgO) ; B . HCIO4, ni.p. 203-203*5°, [a]ff’

+ 96*3° (H2O) and flavianate, m.p. 216-216*5°.

Erythroidine, the mixture of a- and
j
8-isomers, on hydrogenation as the

hydrochloride, yields tetrahydroerythroidine hydrochloride hemihydrate,

m.p. 215-7°, from which tetrahydroerythroidine may be recovered as an
oil, b.p. 70-100°/10“^ to 10*"^ mm. ; the hydrobromide has m.p. 224-7° or

215-8° (dfr^).2SW

jS-Erythroidine behaves as a lactone and when one of its salts with an
alkali or alkaline earth metal is catalytically hydrogenated under pressure,

a mixture of dihydro-jS-erythroidines, with two tetrahydro- compounds is

produced, from which dihydro-)S-erythroidine can be isolated as the hydro-

bromide. The dihydro- base has m.p. 85-6° (dec,), [a]ff“ + 102*5° and
forms the following salts : B . HCl, m.p. 238° {dec,), + 124*7°

;

B . HBr, m.p. 231° (dec,), + 106*0 ; B . HI, m.p. 230° (dec,),

-f 95*5°, B . HCIO4, m.p. 235-6° (dec,), [a]ff + 102*5.

jS-Erythroidine is converted by sulpliuric acid into an opo-base ; the

latter gives an intense purple colour with ferric chloride, which Dietz and
Folkers have made the basis of a spectrophotometric method for the

estimation of
j
8-erythroidine.

As )3-erythroidine and its hydrides appear to be important curarising

agents in the erythrina series it is convenient to tabulate at this stage the

threshold curarising potencies of these alkaloids and to add for com-
parison the curarising potencies of the other “ free ” erythrina alkaloids.

Similar tables are given later for the “ liberated ” and “ combined ” (p. 390)

alkaloids.
*

13—2
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Ourarielng Potenoies of Tree** Erythrina Allcalolda

Name of Alkaloid
Potency;

tngm./kllo. .frog Name of Alkaloid
Potency

mgm. /kilo. .
frog

3-Erythroidlne, HCl 3.0 Erythraline. HBr 10

Erythroidlno mothiodlde 200.0 Erythraline, Mel 50

Sodium B-erythroldInate 76.0 Erythramlne . HBr 10

Dlhydro-3-erythroidlne . HCl 0.5 Erythramine. Mel 40

Sodium dlhydro-0-erythroidinato 0.6 Dihydroerythramine, HBr 300

a-Tetrahydro-0-erythroldlne . HBi 200.0 Erythretlne, HBr 75

0-Totrahydre-p-erythroidine, HBr 0.5 Erythratine, Mel 300

Dihydroerythratlne , HBr 100

In view of the fact that the conversion of tertiary into quaternary bases

quite frequently leads to the development of curarising action, it is surpris-

ing that in these four alkaloids the methiodides are much less active than
the parent bases. On the other hand, hydrogenation in this series may
have no effect on activity (c/. erythraline and its dihydro-derivative ery-

thramine) or may enhance it {cf, ^-erythroidine and its dihydride) or may
diminish it {cf, erythramine and its dihydride).

Erythramine, CigHgiOgN. This base occurs in various Erythrina
species but was first isolated by Folkers and Koniuszy from E, sandwicensis

and E. subumbrans along witli hypaphorine. It has m.p. 104-5®, or 108-4°

(solvent-free) ; b.p. 125°/3-9 X 10~^ mm., + 227*6° (EtOH). It is

isolated as the hydriodide, orange-yellow needles, m.p. 249° (dec.), [a]?/"**

-f 220° (HgO) ; the hydrobromide has m.p. 228°, -f- 208*2° (HgO)
and the hydrochloride, B . HCl, O-SHgO, m.p. 250° {dry, dec.). The
oxygen atoms in erythramine are present as one methoxyl and one methy-
lenedioxy group. Neither CMe nor NMe is present and the nitrogen atom
is tertiary, a methiodide, m.p. 96-8°, [a]J®" -f 176° (HgO) being formed by
the action of methyl iodide. Hydrogenation in dilute hydrochloric acid

at 2 atmospheres pressure in presence of platinic oxide produces a tertiary

dihydro-derivative, m.p. 89-90°, ofwhich the following salts were prepared

:

hydriodide, m.p. 214-5° (dec.), [a]© ± 0°
; hydrobromide, B . HBr . HgO,

m.p. 240°
; methiodide, B . Mel, 0-5H20, m.p. 160-1°. Erythramine

hydrobromide shows curare-like action in the frog at 7 mgm. per kilo.

;

the methiodide and dihydroerythramine are respectively one-third and one-

twentieth as active.®* (For probable constitution see below.)

Eryfitraline, CigHj^OgN. This alkaloid and erythratine were first

isolated from E. glatica Willd. but have also been obtained from other

species of the genus.®^ It has m.p. 106-7°, + 211-8° (EtOH) and
yields the following salts : B . HI, m.p. 252-8° {dee.), [aJI®’ + 177° (HjO)

;

B . HBr, m.p. 248°, + 216*6° (HgO). The oxygen atoms are present

as a methoxyl and a methylenedioxy group. The nitrogen atom is tertiary.

The methiodide^ m.p. 185-7°, on oxidation with permanganate yields

hydrastic acid methylimide (p. 164). On hydrogenation in very dilute

hydrochloric acid and in presence of platinic oxide erythraline absorbs
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two molecules of hydrogen producing dihydroerytliramine {see above). The
threshold dose for curare-like action in frogs is the same as that of erythra-

mine, 7-8 mgm. per kilo.

Erythratine, C18H21O4N, 0 *5H2O, isolated first, along with erythraline

from E, glauca seeds, and since then found in other Erythrina spp.^’ has

m.p. 170-5°, Mff** + 14)4*9° (EtOH). The hydriodide B . HI has m.p. 242-
242*5° and [ajff"®* + 109° (H2O) ; the hydrobromide, B . HBr, melts at

241° and has [a] -f 158*7°. The methiodide, B . Mel, 0 * 5H2O, has

m.p. 121-5°, [a]ff“ + 109*7° (HgO), or when anhydrous, m.p. 135-6°,

[aln + 110*4° (HgO) and yields an amorphous methine base, CigH2304N.
On hydrogenation in very dilute hydrobromic acid in presence of platinic

oxide erythratine forms dihydroerythratine hydrobromide, m.p. 249°.

Like its associates, erythratine has a tertiary nitrogen atom, contains one

methoxyl and one methylenedioxy group and no NMe or CMe group, but
unlike them it contains an alcoholic, hydroxyl group and yields an 0-acetyl-

and an 0-benzoyl (dihydrated) derivative, melting at 128-9° and 248-9°

respectively.*® The threshold paralysing dose for frogs is one-tenth that

of erythraline or erythramine. (For possible constitution see below.)

Constitution of Erythramine, Erythraline and Erythratine, While it is

not yet possible to assign a detailed formula to any of these three alkaloids,

Folkers, Koniuszy and Shavel have been able to suggest a probable

tetracyclic nuclear structure common to all of them and based on the

following data. All three contain one methoxyl and one methylenedioxy

group : erythratine has in addition one alcoholic hydroxyl group. The
nitrogen atom in each is tertiary and is common to two rings. None of

the three contains either NMe or CMe. Erythramine absorbs one molecule

of hydrogen and erythraline two, the product in each case being dihydro-

erythramine so that erythramine appears to be dihydroerythraline.

Erythraline methiodide is oxidised by permanganate in acetone to hydrastic

acid methylimide (I), The absorption spectrum of each of the three

alkaloids resembles that of 6 ; 7-methylenedioxy-l : 2 .* 3 : 4-tet^ahydro^^o-

quinoline (II), When either erythraline or erythratine is fused with

potassium hydroxide, indole is obtained, but when pure, neither gives

indole colour reactions. The skeleton formula suggested is (III) or less

probably its linear analogue (Folkers et The methylenedioxy
group is defiinitely in ring 1 and the other substituents and the ethylenic

linkage, or linkages, probably in ring 4. It is of interest*that formula (III)

is of the same type as that assigned to dehydrolaudanosoline (VI, p. 190)

and has aflBnities with the phenanthridine type provisionally suggested for

lycorine and tazettine (p. 406).
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Liberated Erythrina Alkaloids. Five of these have been described,

“ erysocine,” erysodine, erysonine, erysopine and erysovine^ but “ erysocine
”

proved later to be a mixture of erysodine and erysovine. Their chief

characteristics are summarised in the following table. They are weak
bases and contain no NM^ or CMe groups. Erysopine gives a green colour

with ferric chloride indicating that its two phenolic hydroxyl groups are

in the o-position to each other.2 ®

Liberated Alkaloids 0 * Erythrina spp.

Name Formula

]

M.p.

Minimum para-
lysing dose.

mgm, /kilo. .frog

Erysodine Ci6Hi4H(0Me)2( OH) 204-5° +248° B.IICl, 10

Erysonine C16H15ON (OMe ) (OH) 236-7°

( variable

)

+285-9° B.HCl; 100

Erysopine CieHuWfOMe) (0H)2 241-2° +265-2° B.HCl, 4

Erysovine Ci6Hi4N(0Me)2 (OH) 179-50 +232-4° Na salt. 3

Combined Erythrina Alkaloids. The sources of the “ liberated ” alkaloids

{see above) arc now known to be, at least in two cases, the sulphur-containing

alkaloids erysothiopine and erysoihiovine, which are esters of sulphoacetic

acid, HOOC . CHg . SOg . Oil, identified as the aniline salt, m.p. 187-9°

;

with erysopine and erysovine respectively. The sources of erysodine and

erysonine have not yet been isolated. These combined alkaloids are

believed to be sulphonic esters, of the type HO . OC . CHg . SO2 . O . R,

where R is the alkaloidal residue.

Combined Aikaloide of Erythrina app.

Marne Formula M.p.

Mlninom para-
lyelDg dose Corresponding

liberated base
mgm. /kilo., frog

Erysothiopine CigHi4 N (OMe) (0H)l 0 • SOg- CH2 - COgH) .HgO 168-9° 194°B9B erysopine

Eryeothlovlne (OMels'O S02*CH2- COgH.aHgO 1870 208°BB eryaovlne

Pharmacological Action. Curare is stated to be almost inert when
taken by mouth, owing to poor absorption by intestinal mucous membrane
and the rapidity of elimination. Injected hypodermically it is a rapid

and potent poison, paralysing the motor nerve-endings in striped muscle,

so that voluntary movements cease and death occurs from respiratory

failure.®^

The drug varies greatly in activity. The following lethal doses (mg. per

kilo) have been recorded for rabbits : pot curare 0*8 to 10*0, more commonly
2 to 8 ; tube curare 5 to 10

;
gourd curare 1*5 to 8*0.® Boehm gave the
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following figures for his “ curarines ”
: protocurarine 0*24

;
tubocurarine

1* 0 ; curarine 0-84. King’s tubocurarine chloride produced curare paralysis

in frogs at 0-5 mg. per kilo and the isomeric d-bebeerine methochloride had
about ^o^h of that activity

;
the same author’s protocurarine was effective

in frogs at 1*5 mg. per kilo. Figures for paralysing doses of the various

curare and Erythrina alkaloids isolated in recent years are given in the

foregoing chemical sections.

West has shown that curare varies qualitatively in action, some
specimens having a “ lissive ” action, defined as “ the selective removal of

pathological rigidities without apparent diminution of voluntary power ”
;

and Hartridge and West found it possible to control tetany in para-

thyroidectomised dogs by the use of a curare chosen on this basis.

There has been considerable discussion on this subject and the

difRculty of obtaining supplies of curare and of preparing a uniform and
standardised product, suitable for general clinical use, from this extremely

variable drug, did not make for rapid progress at first but a number of

papers have appeared on the treatment of conditions involving certain

types of muscular rigidity. The results were sufficiently promising to

arouse interest in the possible therapeutic applications of curare and by
1940 preparations more suitable for extended clinical trial were made
available, such as extract of Chondrodendron tornentosum, freed from
disadvantageous components and biologically standardised,®^ d-tubo-

curarine chloride,®® ^-erythroidine hydrochloride and more recently

dihydro-jS-erythroidine hydrochloride. These products have been the

subject of clinical trials in spastic-paralytic and dystonic conditions,®®

for the control of convulsions in the shock therapy of psychiatric patients ®’

and more especially as an adjunct to general anaesthetics to produce the

muscular relaxation desirable in some surgical operations.®® Curare has

also been suggested as a means of diagnosis of Myasthenia gravis,

These developments have naturally led to the investigation of methods
of estimating the curarising potency of curare, preparations of tubo-

curarine chloride and possible synthetic substitutes for the latter. As
already stated, chemical methods for curare and its preparations are being

developed (p. 874) and work is being done on biological tests.*^^^®^ Investiga-

tions are also in progress on the general pharmacology of the drug,^®(^^ and
particularly on its mode of action, and in general on the interactions among
acetylcholine, the choline-esterases, curare and physostigmine, the last-

named substance and its modern analogues and possible synthetic substi-

tutes (p. 550) having special interest as antidotes to curare. In the latter

connexion an unexpected development is the discovery by Halpern,

Benda and Bourdon that the bis-(8-quinolyloxy)-l : 5-pentane di-

ethiodide prepared by Bovet, Courvoisier, Ducrot and Horclois is not

only a potent curarising substance, but also possesses well-marked action

of the physostigmine type.

There is already a voluminous literature on the medical use of curare

of which several useful reviews have been written.^®^^)

Curine is. generally stated to be of low toxicity, and not to exhibit
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the peripheral action characteristic of curare. It has been examined by
Hauschild,^^ who states that it has some curare-like action in frogs, but is

primarily a central depressant, death occurring from heart failure. In

mice, spasms of the limbs were produced and heart-block, though death

was sometimes due to respiratory failure. He concludes that curine acts

on the exciting or conducting mechanism of the heart, but not through

the central nervous system or the vagus terminations. The action of

curine methochloride does not seem to have been determined. Brazil,

Seba and Campos have stated that the methochloride of the dimethyl

ether of the /-bebeerine (cmine), obtained from Chondrodendron platy-

phyllum, has a curarising dose 0*0025 to 0*005 mgm. for mice. According

to King,^ w^oprotocuridine hydrochloride produces paralysis in the frog

in forty minutes in a dose of 45 mg. per kilo.

It has long been known that quaternary ammonium salts can exert

a curare-like action, and in recent years much attention has been

given to the synthesis and pharmacological testing of such products

;

work on this subject up to 1936 has been reviewed by Ing,^^ and more
recently a theoretical discussion of the relationship between structure and
action in drugs of this type has been provided by Holmes, Jenden and
Taylor. Chase, Lehmann and Yonkmann have compared the action of

quaternary salts of quinine with that of j8-erythroidine hydrochloride and

of dihydro-jS-erythroidine hydrobromide. Quinine ethochloride shows

marked curariform action of short duration.^^

An unexpected source of curarising substances has been foimd by
Berger and Bradley in the a-substituted ethers of glycol, of which they

have examined an extensive series. The most promising member of the

group is a : j9-dihydroxy-y-(2-methylphenoxy)-propane, m.p. 70-1®, which

forms neutral, stable aqueous solutions and has a wide safety margin

between paralysing and lethal dose. In non-paralysing doses it antagonises

the convulsive action of strychnine, but is less effective against convulsions

induced by leptazol (pentamethylenetetrazole). It is under clinical trial

in the hope that it will prove useful in inducing muscular relaxation under

light anaesthesia.
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ALKALOIDS OF IPECACUANHA
The roots of Cephcelis Ipecacuanha (Brot) A. Rich constitute the

Brazilian ipecacuanha of commerce and also that cultivated in the

Federated Malay States, Bengal and Burma. Carthagena ipecacuanha is

derived from Cephcelis acuminata Karsten collected in Colombia. Emetine,
the principal alkaloid of this drug, was first obtained by Pelletier and
Magendie ^ in 1817, but was first prepared in a pure state by Paul and
Cownley,® who separated from commercial emetine the phenolic base,

cephaeline, and later obtained a third alkaloid, psychotrine. To these

Pyman ® added emetamine and 0-methylpsychotrine.
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Brazilian roots contain up to 2*5 per cent, of total alkaloids, of which,
in the Matto Grosso drug, about 70 per cent, is emetine, whilst Carthagena
roots yield about 2 per cent, of alkaloids, of which about half is emetine.

From roots yielding 2-7 per cent, of total alkaloids, Carr and Pyman *

isolated 1*35 per cent, of emetine and 0*25 per cent, of ceph^eline. The
amount of emetamine varies according to Pyman ^ from 0*002 to 0*006 per

cent, and of 0-methylpsychotrine from 0*015 to 0*033 per cent. A detailed

account of ipecacuanha and its alkaloids is given by Staub,^ and a mono-
graph on the Brazilian drug has been compiled by Addor.^

Processes for the extraction of the total alkaloids and isolation of the

individual bases will be found in the papers cited above.® Cephaeline is

too toxic for medical use and is usually converted into emetine by methyla-
tion of the phenolic hydrox\d group, and processes have been patented for

this purpose, beginning with that of Wellcome, Carr and Pyman in

A method for the estimation of the total alkaloids and of non-phenolic

alkaloids (emetine fraction) is given in the British Pharmacopoeia, 1932,

Addendum VI, which requires the drug to contain not less than 2 per cent,

of alkaloids, of which at least 55 per cent, must be non-phenolic bases,

calculated as emetine. The British Pharmacopoeia also gives an assay

process for emetine in emetine bismuth iodide, the form in which the drug
is chiefly used in medicine

; it is required to contain not less than 25

and not more than 28 per cent, of emetine. In the United States Pharma-
copoeia, XIII, both Cephcelis Ipecacuanha dind C. acwmma/a are recognised

and must contain not less than 2 per cent, of ether-soluble alkaloids.

Much attention has been given to methods of estimating the alkaloidal

contents of the drug and numerous papers on this subject have been

published.® Lowdell has used his method to investigate the extent and
rate of decomposition of emetine, on exposure of its solution in ether to

light. The decomposition products include rubremetine (p. 399) or a

similar substance.® Owing to recent Brazilian restrictions on the export

of ipecacuanha root, special attention is being given to other sources of

supply.® In this connection interest attaches to Melville’s record of the

differential characters of the Brazilian commercial varieties of the drug,

as well as those of Johore, Carthagena and Nicaragua varieties. Accord-

ing to Chopra and Mukherji,®^"^ ipecacuanha grown in India contains 2*1 per

cent, of alkaloids of which 1*2 to 1*3 per cent, is emetine and recent analyses

by Guha and Mukerji indicate that roots collected in India from three- to

four-year-old plants meet the requirements of the British and United States

Pharmacopoeias.

Owing to the frequency with which the botanical attribution of

ipecacuanha has been changed, and to the considerable number of “ sub-

stitutes ” which have from time to time appeared, it is difliicult to

summarise briefly the botanical distribution of the ipecacuanha alkaloids,

and readers interested in this subject may be referred to Staub ® for

information and references, Freise states that emetine and the allied

bases are to be found in certain Rubiaceous spp. not usually regarded as

soxirces of thefee alkaloids, and Orazi has stated that the roots of Bourreria
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verticillaia contain about 0*1 per cent, of alkaloids including emetine but

not cephteline. Dultz states that Nicaraguan ipecacuanha seed contains

0‘03 per cent, of alkaloids. Wagenaar has shown that in ipecacuanha

root the alkaloids are located in the peripheral cells just under the

cork.

Emetine, C29H40O4N2 . Emetine and its principal salts were systemati-

cally characterised by Carr and Pyman.* It is a white amorphous powder,

m.p. 74^ [a]D - 25*8° to ~ 82*7^ (50%, EtOH, c = 1-8 to 4-1) or - 50®

(CHCI 3 ), readily soluble in alcohol, ether or chloroform, less so in benzene

or light petroleum, and sparingly in water. The hydrochloride,

B . 2HC1

.

7H20,^3 separates from hot water in colourless, woolly needles

or from cold, saturated solutions in thick transparent prisms, m.p. 285-55°

{dry, dec.),^^ [aj© + 11° to + 21 ° (HgO, c = 1 to 8 ), + 58° (CHCls). The
hydrobromide B . 2HBr . 4H2O forms slender colourless needles, m.p. 250-

60°, [a]D + 12 ° to 15-2° (HgO, c = 1*4 to 8-9) from water. The hydriodide,

B . 2HI . 8H2O, is sparingly soluble in water, and crystallises from alcohol

in colourless needles, m.p. 285-8°. The nitrate, B . 2HNO 3 . SHgO, forms

rosettes of silky needles from alcohol or water, sinters at 188°, and gradually

melts up to 245°. The sulphate occurs in white woolly needles,

B . H2SO 4 . 7H2O, m.p. 205-45°, and is very soluble in water. The
platinichloride is amorphous, m.p. 258-65°. Emetine base gives a dirty

greenish-yellow colour with sulphomolybdic acid, but the hydrochloride

produces a bright green colour.

Cephaeline, C2gH3804N2, is best purified by recrystallising from ether,

the base regenerated from the hydrochloride or hydrobromide. It forms

colourless needles, m.p. 115-6° or 120-80° (dried at 100°), [ajp — 48*4°

(CHClg), is readily soluble in chloroform or alcohol, less so in ether, insoluble

in water, but soluble in alkali. The hydrochloride, B . 2HC1

.

7H2O,

crystallises from dilute hydrochloric acid in stout prisms, m.p. 245-70°,

Wd + 25° to 29-5° (HgO, c = 1*7 to 6-7). An acid hydrochloride, B . 5HC1,

m.p. 84-6°, separates in fine needles from strongly acid solutions. The
hydrobromide, B . 2HBr . 7H2O, forms from dilute hydrobromic acid,

colourless prisms, m.p. 266-98°. The sulphate, hydriodide and nitrate

are amorphous. Cephailine gives a dull greenish-blue colour with sulpho-

molybdic acid in presence of a trace of hydrochloric acid. The base couples

with ^-nitrodiazobenzene, giving a dye which dissolves to a purple colour

in aqueous sodium hydroxide.^®

' Psychotrine, C28H3e04N2

.

4H2O, crystallises best from moist acetone

or alcohol ; it forms yellowish prisms, showing a pale blue fluorescence.

After drying at 100 ° it sinters at 120°, and flows at 188°. It is sparingly

soluble in water, ether, or benzene. The hydriodide, B . 2HI, separates

from dilute hydriodic acid in microscopic yellow needles, m,p, 200-22°

;

the nitrate B . 2HNO3 . HgO, m.p. 184-7° (dried at 100°), crystallises from
water in coloiirlcss needles. The sulphate, B . H2SO4 • SHgO, is very

soluble in water, but can be crystallised from it in faintly yellow, shining

scales, in.p. 214-7° (dried at 100°), [a]© + 89*2° (HjO, dry salt). The aeid

oxalate, B . 2H2C2O4 « forms nearly colourl^ neeiMas softening
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at ISO®, and melting up to 145° (dec.). Psychotrine can be obtained from
0-methylpsychotrine by partial demethylation with hydrochloric acid at
170®. i« It gives a green colour with sulphomolybdic acid, and, like cephae-

line, couples with p-nitrodiazobenzene to give a dye soluble in alkali,

forming a purple solution.^®

0-Methylpsychotrinc, C29H38O4N2 . Tliis alkaloid was isolated by
Pyman ® from the non-phenolic portion (emetine fraction) of the total

alkaloids by removing the emetine as hydrobromide, regenerating the
bases remaining in the mother liquors and converting them into hydrogen
oxalates, when these salts of 0-methylpsychotrine and emetamine crystal-

lise together. The mixture is separated by taking advantage of the fact

that methylpsychotrine is removed first by dilute sulphuric acid from
a solution of the two bases in chloroform. The alkaloid crystallises from
hot, dry ether in prisms, xn.p. 128-4°, [a]x) -f 43*2° (EtOH).^® Dilute

aqueous solutions of the salts are fluorescent. The sulphate,

B . H2SO 4 . THgO, separates from water in hard, triboluminescent prisms
;

it melts at 247° (dec.), after drying at 160-70°, and has [ajo + 54*1°

(dry salt, HgO) ;
a monohydrate, B . H2SO 4 . HgO, is obtained by crystalli-

sation from dry alcohol. The hydrobromide, B . 2HBr . 4H2O, forms
pale yellow, silky needles, m.p. 190-200° (dried in vacuo), [a]j) + 48 ‘0°

(dry salt, HgO). The hydrogen oxalate, B . 2H2C 2O 4 . f

62° (dec.), [a]D -f 45‘9° (dry salt, HgO), crystallises in rosettes of needles.

The picrate, octagonal plates from acetone, melts slowly from 142-75°,

The base gives a green colour with Frohde’s reagent.

Emetamme, C29H38O4N2 ,
crystallises from ethyl acetate in colourless

needles, m.p. 153-4°, or, if regenerated from salts into ether, it crystallises

(with 0 * 5Et2O) from the dry solvent, and then has m.p. 188-9° or 142-8°

(dry) ; [aju + 13*6° (EtOH). It is insoluble in water or alkalis, readily

soluble in alcohol, benzene or chloroform, sparingly in ether. The hydro-

bromide, B . 2HBr . 7H2O, forms glistening, prismatic needles from

water, m.p. 210-25°, Md -24*3° to — 22 -0 ° (HgO, c = 8-04 to 4*15).

The hydrogen oxalate, B . 2H2C2O 4 . SHgO, crystallises in colourless

rosettes of needles, m.p. 172° (dec.), [a]D — 6 * 1 ° (HgO). The hydrochloride,

B . 2HCI . 8*5H20, separates from hydrochloric acid (d = 1*16) in glistening

needles, m.p. 77-80° or 218-28° (dry), [ajp — 17*5° (air-dry salt, HgO).

The hydriodide, microscopic crystals, softens from 208° and froths at 274°
;

the nitrate, B . 2HNO 3 . 2H2O, forms prismatic needles, m.p. 165-6°, from

water ; the picrate separates from acetone in long needles, softening at

147°, and gradually melting up to 173°.^® The alkaloid contains four

methoxyl groups* and both nitrogen atoms are tertiary. On reduction

with sodium in alcohol it yields a phenolic and a non-phenolic base, and

the latter yields benzoyli^metine, whence it appears that emetamine

differs from emetine in containing two unsaturated linkages.® It gives an

emerald-green colotup with Prdhde’s reagent.

Two minor alkaloids of ipecacuanha, ipecamine and hydroipecamine,

have been described by Hesse, and are discussed by Pyman.®

InkrrelaHomhips of the Ipecacuanha Alkaloids. Examination of the
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empirical formulae of the ipecacuanha alkaloids indicates that they are

closely related :

—

Psychotrine, Emetine, €29114004X2

0-Methylpsychotrine, C29H38O4N2 Cephadine, C28H38O4N2
Emctamine, C29H86O4N2

Pyman has shown that psychotrine on treatment with methyl sulphate

in presence of sodium amyl oxide is converted into 0-methylpsychotrine,

and Carr and Pyman ^ that psychotrine on reduction gives a mixture of

cephseline and ^^ocephaeline (colourless, diamond-shaped plates, m.p. 159-

60 °), [aji) — 71 * 8 ° (CHCI3). These are probably stereoisomerides, and on
methylation with sodium methyl sulphate in presence of sodium amyl
oxide, yield respectively emetine and t^oemetinc,^'^ (C29H40O4N2 . HgO,
plates of radiating needles from ether, m.p. 97-8 °, [a]^ — 47 * 4° (CHCI3),

salts dextrorotatory), the two latter being also produced by the reduction

of 0-methylpsychotrine.20 In this operation a third base, CggHgyOgNg,

colourless plates, m.p. 126-8 °, [aj^ — 66*2° (CHCI3), is formed by loss of

a methoxyl group, and is regarded as a demethoxyemetine or a demethoxy-
memetine. These interconversions are mainly brought about by the

addition of hydrogen or by methylation of hydroxyl groups, and the inter-

relationships they imply may be graphically represented thus ;

—

Cephaellne <4— Psychotrine — IsoCeohael Ine
®850?^’3

°“

\ I I
Emetine *<-— O-Methylpsychotrlne — Iso toetlne

i^oEmetine is also one of the reduction products of emetamine (Pyman ®)

and Ahl and Jleichstein ^ have shown that with palladised charcoal at 1 90-

200° emetine is dehydrogenated to emetamine, with l-methyl-6 : 7-dimeth-

oxy?5oquinoline as a by-product. On demethylation emetine and cephadine

evolve four and three molecules of methyl chloride (or iodide) respectively,

and yield the same phenolic base ^ (noremetine, norcephaline, emetoline,

Karrer ^®), C26H32O4N2, which gives a catechol reaction with ferric chloride.

None of the five alkaloids contains a methylimino group, and in each one

nitrogen is secondary and the other tertiary,^® except in emetamine,

where both are tertiary.

Methylation of the Alkaloids, When cephaline is treated with methyl
sulphate or sodium methyl sulphate under various condition, there is

formed in addition to emetine (which was first shown to be the methyl
ether of cephseline and partially synthesised in this way by Carr and
Pyman in 1918 ), more or less iV-methylcephadine (wedge-shaped plates,

m.p. 194-5°), and JV-methylcmetine. The latter is also obtained by direct

methylation of emetine ; it is amorphous, [ajp — 52 * 6° (CHCI3), but

yields a hydrobromide, C39H42O4N2 . 2HBr . SHgO, m.p. 210-80 °, [ajp

+ 5-6°(H20).

When emetine is fully methylated with methyl iodide, it yields a
mixture of a- and ^-JV-methylemetine methiodides, CggH^gOiN^I, melting
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at 225-6“ and 262“ respectively, both of which yield the same JV-methyl-
einetinemethine, (oxalate, 13 . . T-SH^O, hard, brilliant
prisms, m.p. 82—3“), so that the methiodides appear to be stereoisomeric.

JV-Methylisoemetinemethine, similarly obtained from isoemetine, gives
an oxalate, C 32H4 g04Nj . H2C2O 4 . 4II2O, crystallising in diamond-
shaped prisms, m.p. 183-4° (dried at 100°), [x]jy + 4*2° (HaO), and a
methiodide, which crystallises (with 1 mol. of methyl iodide) from water
in silky needles, m.p. 178-80°.2o

Oxidation, On gentle oxidation, for example, with iodine (1 mol.) in

alcohol, emetine and woemetine, C2j>H4o04N2 ,
are converted into 0-methyl-

psychotrine, C29H38O 4N2,
whilst more vigorous oxidation of any of these

three bases, for example, with four molecular proportions of iodine, or by
boiling with ferric cliloride 5 ields a new mono-acidic base, rubremetine
(dehydrocmetine), C29H32O 4N2 , isolated as the hydrochloride (rubreme-
tinium chloride ^i), B . HCl . CH^O, brilliant scarlet needles, m.p. 127-8°

or 166-73° {dry). In rubremetine one nitrogen atom is no longer basic,

and the second has become quaternary. ^

Carr and Pyman’s observation that on oxidation with potassium
permanganate in acetone, emetine yields 6 : 7-dimethoxyi5oquinoline-l-

carboxylic acid and wi^/ahemipinic acid (the latter confirmed by Windaus
and Hermanns) 22 constitutes the first definite evidence of the presence

of an w’oquinoline nucleus in emetine and the allied bases. In 1927,

Spath and Leithe showed that emetine on gentle oxidation with dilute,

faintly alkaline solution of potassium permanganate gave l-keto-6 : 7«

dimethoxy-1 : 2 : 3 : 4-tetrahydrowquinoline (corydaldine, p. 286), and
pointed out that unless the oxidation of emetine to 6 : 7-dimethoxyi50-

quinolinc-l-carboxylic acid as observed by Carr and Pyman implied an
unusual dehydrogenation, this new observation indicates the presence

of a corydaldine complex, and therefore of a second ^5oquinoline nucleus

in emetine. In support of this view it was found that on oxidation of emetine

the yield of 7/?-hemipinic acid was 65 per cent, of that calculated for one

i^oquinoline group, whereas palmatine and papaverine each containing only

one i^oquinoline group gave only 34 and 25 per cent, respectively, and that

further treatment of the by-products in the oxidation of emetine increased

the yield to 96 per cent, of the calculated m-hemipinic acid, allowance being

made for the ketonic base. The second t^oquinoline nucleus thus indicated

must contain the secondary nitrogen atom, since .^-benzoylemetine on

oxidation under similar conditions gave 3 : 4-dimethoxy-6-j8-benzamido-

ethylbenzoic acid. In cephaeline the same nucleus probably contains the

free hydroxyl group, since cephaeline eth>l ether, on oxidation, gave a

mixture of l-keto-6 : 7-dimethoxy- and l-keto-7-methoxy-6-ethoxytetra-

hydrouoquinoline. At the second stage of an Emde degradation emetine

produced some trimethylamine (cf. Karrer indicating the presence of

a secondary nitrogen atom, but in the third stage only poor yields of a

nitrogen-free product were obtained. On the basis of these observations

the partial formula (I) was proposed for emetine by Spath and Leithe.**

Later in the same year Brindley and Pyman, proposed formulae for
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all the ipecacuanha alkaloids derived from formula (II), suggested by
Robinson in 1925,®^ based on a hypothesis as to the possible phytochemical

origin of emetine. These authors developed their formulae in the following

way : Formula (II) does not readily afford an explanation of the oxidation

of emetine to rubremetine, whereby eight hydrogen atoms are lost, one

nitrogen atom becomes non-basic and the other acquires quaternary

character, all of which are accounted for by formula (III) for rubremetinium

chloride, derivable from formula (IV, R == Me) for emetine. The loss of

basicity of one of the nitrogen atoms is thus attributed to amidine formation

(double bond to C^^), the quaternary nitrogen atom is accounted for,

and of the remaining six vanished hydrogen atoms, one pair is required

for the ethylenic linkage to C®, the presence of which is necessary in the

formula for 0-methylpsychotrine, and as the latter is an intermediate

product in the formation of rubremetine, this double bond is probably

present in the latter, and requires a third double linkage owing

to the formation of the pyridine ring, C, The fourth double bond in

rubremetine is assumed to be at to account for the resemblance of

the oxidation, emetine —> rubremetine, to that of tetrahydroberberine —

>

berberine (p. 334), and at the same time to explain why rubremetine cannot

be converted into substances analogous with oxyberberine and berberine-

acetone.

The methyl group at (III) instead of at in (II) is in agreement

with the position of the similar group in corydaline (p. 287).

In view of the interrelationships between the five ipecacuanha alkaloids

shown on p. 398, formula (IV : R = Me) for emetine leads to the following

formulation of the other ipecacuanha alkaloids. The position of the

phenolic hydroxyl group must be the same in cephaeline and psychotrine,

and is assumed to be at C®. This location appears to be indicated by
(I) the results of Spath and Leithe’s oxidation of cephseline ethyl ether

(p. 399) ; (2) by the formation of the substance, CgoHa^OgNClg, obtained

by Carr and Pyman ^ by the oxidation of cephaeline (IV : R = H) with

ferric chloride, and whose properties are accounted for by formula (V) in

which the woquinoline nucleus containing the phenolic hydroxyl group in

ring A has disappeared ; and (8) the fact that 0-methylpsychotrine on
partial hydrolysis gives a good yield of psychotrine, the single methoxyl
group thus preferentially hydrolysed being probably in the para-position

to the —C* ethylenic linkage assumed to be present in psychotrine,

which is the case for the MeO group at C*.

The relationship of psychotrine and 0-methylpsychotrine to the two
pairs of stereoisomerides (a) cephseline + wocepheeline, and (b) emetine +
isoemetine respectively, implies that in each of these reductions one ethylenic

linkage is saturated and produces one new centre of asymmetry. This

ethylenic linkage is assumed to be at to C®, so that on this basis the

components of each of the stereoisomeric pairs (a) and (b) just referred to

must be epimeric pairs about C\
Fair yields of emetine and isoemetine are obtained in the reduction of

(^metby^yoboteine, but mm djemc^xyemetb^ (p^ 808) is formed due
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to the replacement of one methoxyl group by hydrogen, a change known
to occur with methoxyl groups in the pam-position with respect to a

vinyl group
;
a condition which can be regarded as existing in ring A of

0-methylpsychotrine. The latter is, therefore, represented by (IV) with
a double bond at —C® and psychotrinc by (IV) with R H, and a
double bond at — C®.

Emetamine reduces to t^oemetine by addition of four atoms of hydrogen,

but it seems unlikely that either of its ethylenic linkages occupies position

to C®, since it is not found as an intermediate product in the oxidation

of 0-methylpsychotrine to rubremetine, and does not itself yield the latter

on oxidation. As it is more feebly basic than 0-methyIpsychotrine, it is

assmned that ring B of isoquinoline nucleus (A.B,) is unsaturated as in (VI).

Staub,® taking into account the similarity of berberine and rubremetine,

and having found tliat the bromide of the latter is oxidised by permanga-

nate to dioxyrubremetine (dioxydehydroemetine), C29H280gN2, m.p. >805°,

suggested a modified formula for emetine (p. 402) with corresponding

changes in the formulae of the associated alkaloids.

Ahl and Reichstein ® have pointed out that though it is certain that

the structure of emetine includes one, and possibly two, 6 ; 7-dimethoxy-

tetrahydroisoquinoline nuclei, the suggestions so far made as to the nature

of the rest of the molecule are s^jeculative. They investigated the Hofmann
degradation ofiV-acetylemetine, m.p. 97-9°. This forms a monomethiodide,

m.p. 218--6°, fmm which, by the action of silver oxide and potassium

hydroxide, followed by cautious thermal decomposition and reacetylation.
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the amorphous methine base, C 32II44O 5N2 ,
was prepared. The methiodide,

m.p. 239-40'', of the latter in the second step of tlie degradation followed

by reacetylation, produced a base, characterised as the methoaurichloride,

m.p. 111-8 °, and the methiodide, C34H49O 5N2I, m.p. 165-75°. The
latter, in the third stage of the degradation, carried out under strictly

controlled conditions, yielded trimethylamine and a neutral substance,

C 31H 39O 5N, in which the original secondary nitrogen, marked by its acetyl

group, is still present and from which the tertiary nitrogen has disappeared.

On oxidation by chromic acid*this neutral compound yields ???ciahemipinie

acid, but with permanganate in acetone under acidic conditions, it also

I f

forms 4 : 5-dimetlioxyphthalonimide, (MeO )2 . CgHg . CO . NH . CO . CO,

m.p. 269-75° (dec.), identical with the substance obtained by Hermanns
in the oxidation of emetine with chromic acid and which was later prepared

by Buck 22 by the chromic acid oxidation of 6 : 7-dimethoxytetrahydro-

i^oquinoline. These results are considered to be more readily explicable

on the basis of the Brindley and Pyman formula than on that of Staub.®

The synthetic products allied to emetine prepared by Child and

Pyman 2 ® are referred to later. An approach to an analogue of emetine

has also been made by King and Robinson. 2 ®

Therapeutic Uses ofIpecacuanha Alkaloids. Emetine is used in medicine

as an emetic, and in small doses as an expectorant
;

but for the latter

purpose ipecacuanha itself, or one of its galenical preparations, is generally

used. Emetine is chiefly of interest as a remedy for amoebic dysentery

owing to its direct toxic action on Entamceha histolyiicay for which purpose

it is employed as the hydrochloride for injection, or in one of the insoluble

forms, such as emetine bismuth iodide, for oral administration.*® Methods

devised by Dobell et alP have been much used for testing amoebicidal

agents in vitro, and show that emetine is much more toxic to Entamcd)a

histolytica than its stereoisomeride t5'oemetine, or than A^-methylemetine or

0-methylpsychotrine, all of which have been tried clinically ** and found

inactive. Pyman and his collaborators have synthesised for trial as

amoebicides four series ** of substances, of which typical examples are

represented by formulae A, B (and B'), C and D. Representatives of type A
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proved inactive in vitro at 1 in 5,000, and the best example of types R and
R', 9 : 10-dimethoxy-3-pheny]-5 : 6-dihydrobciizglyoxalocoline (B') was
active at 1 in 25,000 as compared with emetine, effective at 1 in

500,000.

The harmol derivatives (type C), in which R ranged from ethyl to

w-dodecyl, proved active in vitro, and reached a peak of activity at 0-n-

nonylharmol, and in a second series in which R was modified by the

inclusion of a dialkylamino-residue, activity was further increased and
reached a maximum at O-A-di-n-butylaminoundecylharmol (type C :

R = (C,H,)^(CH,)„-).
The remarkable activating influence of the dialkylaminoalkyl side-chain

was still shown when the harmol nucleus was replaced by other basic

nuclei or even by a simple substituted amino-group, and out of an extensive

series of compounds of the general formula (D) a#f-tetra-n-amyldiamino-

n-decane proved to be the most active.

It has been shown by various workers that the action of alkaloids

on protozoa is influenced in a marked degree by the pH of the medium
in which the action is exerted, and at a pH of 6*2 to 6-3 afc-tetra-w-amyl-

diamino-n-decane proved to be 3 to 5 times as active as emetine, and even

in presence of blood at least as active. In view of these promising results

of in vitro tests the synthetic product was tried clinically, but proved not

to be sufficiently active to be of practical value. This work is being con-

tinued and extended by a team of workers led by Goodwin and Sharp,^!

who have published two papers dealing (1) with amines which can be

regarded, like Pyman’s type A, as diamines derivable from the accepted

emetine formula and (2) variants on the bis(diamylamino) decane referred

to above.

There is a voluminous literature on the subject of amcebicidal agents,

which is summarised up to 1932 by Fischl and Schlossberger. Recent

work includes the clinical comparison by Manson-Rahr of a number of

possible substitutes for emetine,^ the introduction of improved methods

for the biological testing of potentialJamoebicides of which the papers by

Jpues and by Goodwin, Hoare and Sharp afford examples, and work
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on the pharmacology of emetine and the related alkaloids by Sapeika,*® Kile

and Welch and by Boyd and Scherf,^®
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PHENANTHRIDINE GROUP
ALKALOIDS OF THE AMARYLLIDACEiE

From Narcissus pseudonarcissus L. Gerrard ^ isolated the alkaloid

narcissine, which was subsequently examined by Ewins.^ Twenty years

later Morishima ^ described a supposed new alkaloid, lycorine from Lycoris

radiata Herb., and in 1918, Asahina and Sugii ^ suggested that lycorine

and narcissine were identical. This was confirmed by Gorter,® who found

the same alkaloid in the following Amaryllidaceous plants : Amaryllis

belladonna L ;
Clivia miniata Benth ®

; Cooperia Drummondii Herb,
(also in C, pedunculaia by Greathouse and Rigler Crinum asiaticum

L.,® C. giganteurn Andr,, C, pratense Herb, (also in C. scabrum, by Reichert®),

Cyrtanthus pallidus Sims.
; Eucharis grandiflora Blanck.

;
Eurycles

sylvestris Salisb., (also in E. amboinensis by Oliveros and Santos ;

Hymenocallis litioralis Salisb.
;

Sprekelia formosissima Herb. App.^^
(Ungernia Sewertzovii Rgl. by Norkina and Orekhov and (C7. tadshicorum

Uved., by Juraschevski ^3)
; Zephyranthes rosea Lindl and (Z. texana by

Greathouse and Rigler ^). T)ie names in brackets in this list are those of

species in which lycorine has been recorded by other authors than Gortcr.

Lycorine may also be the alkaloid Robecheck found in Narcissus

orientalisy but A. poeticus L., according to Kolle and Gloppe,^^ contains

narcipoetine, which may be identical with Aomolycorine. From Narcissus

Tazetta L. Spath and Kahovec isolated tazettine, to which Kihara
has recently added suisenine. Hondo’s “ base VIH ” from Lycoris

radiata and “ ungerine,” obtained from Ungernia Sewertzovii Rgl. by
Orekhov and Norkina, were eventually identified with tazettine. The
same authors suggest that sekisanine may also be identical with tazettine.

In Cooperia pedunculata, Greathouse and Rigler ^ found a second alkaloid,

which may be ^-lycorine. From Lycoris radiata Herb, there have been
isolated nine alkaloids, viz,y lycorine, lycoramine, lycorenine and tazettine

and the minor bases, sekisanine, sekisanoline, ^-lycorine, /tomolycorine,

and base IX. From Buphane disticha Herb. (Hcemanthus toxicarius Herb.)

Tutin isolated lycorine (narcissine) and three amorphous bases, one of

which was named buphanine ; the latter has not been characterised but
it is converted by potassion hydroxide into a crystalline substance,

buphanitine, which has been described.

Lycorine {Narcissine), C10H17O4N. Tlie alkaloid crystallises in prisms,

m.p. 275° (dec,), [a]f?“ — 129® (EtOH), and is best purified as the hydro-
chloride B . HCl . H2O, needles, m.p. 217® (dec,), [a]© + 48*0®

; the

picrate has m.p. 196® and the perchlorate m.p. 280® (dec,), Lycorine
contains a methylenedioxy group and two non-phenolic hydroxyl groups
(diacetyl derivative, m.p. 215-6®, [a]© + 81* 5°). On oxidation with alkaline

permanganate it furnishes hydrastic (4 : 5-methylenedioxyphthalic acid)

400
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and oxalic acids. On these grounds and an assumed resemblance to hydra-
stine, Gorter ^ proposed an ?5oquinoline formula for the alkaloid. Kondo
and Tomimura confirmed Corter’s results but did not accept his formula.

Kondo and Uyeo found that lycorine on distillation with zinc dust

yielded phenanthridine, thus establishing a relationship with tazettine.

In the first stage of the Hofmann degradation of lycorine, the melhine base

obtained is abnormal, the two hydroxyl groups being eliminated by loss

of water. The product obtained is lycormeanhydromethine, Ci7Hi502N,
m.p. 98*5°, [a]]) ± 0°. This on oxidation with permanganate yields two
acids, (a) Ci7HnOeN . HgO, m.p. 252° {dec,), and {h) CiellnOgN, m.p. 288°.

The former passes into the second on further oxidation with hydrogen
peroxide, indicating that it is an a-keto-carboxylic acid. Acid {b) loses

carbon dioxide on fusion and gives a neutral substance, Ci5Hii03N, m.p.

288°, which was shown to be 6 7-metliylenedioxy-A-methylphenanthri-

done (I), by comparison with a synthetic specimen. The position of the

carboxyl group in (b) could not be determined by synthetic methods but
is probably at since dihydrolycorineanhydromethine, ^17Hi702^>
m.p. 87*5° [picrate, m.p. 174° (dec,) ; methiodide, m.p. 236° (dec,)] on
distillation with zinc dust yields a mixture of phenanthridine, 1-methyl-

phenanthridine and 6 : 7-methylencdioxyphenanthridine, m.p. 142°

[picrate, m.p. 257° (dec,)], the identity of the two latter being established

by comparison with the synthetic products. These results indicate for

lycorineanhydromethine formula (II).

In 1937 a formula of type (III) was put forward for lycorine, but the

location of the two hydroxyl groups and of an ethylcnic linkage had still

to be determined. It seems certain these are in ring B, since the production

of hydrastic acid on oxidation precludes the presence of two hydroxyls in

rings A or C. In 1938 it was shown that lycorine produces two methiodides,

a-, m.p. 247° (dec,), [ajf®"* — 46*1° (HgO), and jS- B . Mel . HgO, m.p. 198°

(dec,) or 281° (dry, dec,), [alff” + 128° (dry, HgO). Hofmann degradation

of either leads to the lycorineanhydromethine, m.p. 98*5°, described above,

and this on catalytic hydrogenation gives the dihydrolycorineanhydro-

methine, Ci7Hi702N, m.p. 87*5° (a) also described already. When the

Emde degradation process is applied to the corresponding lycorine a- and

^-methochlorides there is formed lycorinedihydroanhydromethine, m.p.

71~71»5°, [picrate, m.p. 197-8°, methiodide, m.p. 285° (dec,)] which is

isomeric with (a) and may be distinguished as (5). On ozonisation (b)

produces formaldehyde so that it appears to retain the vinyl group (II)
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and on catalytic hydrogenation it yields a hexahydride, C17H28OJN,
m.p. 70-72®, picrate, m.p. 218-21®. When the Emde degradation process

is continued by the reduction of the
(
6)-methochloride with sodium

amalgam, there is formed the further methylated, and reduced substance,

CigHgiOaN, b.p. 165®/0-01 mm. [picrate, m.p. 147-8®, methiodide, m.p.

186-7®] and this by the reduction of its methochloride produces de-A^-

hydroanhydrolycorine, CjeHigOg, b.p. 160-70®/0 08 mm., with elimination

of the nitrogen atom. When the lycorineanhydromethine, C17H15O2N,

produced in the first stage of the Hofmann process is converted to the

methochloride and the latter reduced with sodium amalgam the product

is identical with
(
6 ), viz,, lycorinedihydroanhydromethine,

methyl chloride being eliminated in the reduction process (1940). The
decision between Cj— and —

C

22 for the ethylenic linkage was made
in favour of the former (III) by a comparison of the absorption spectra of

lycorine (HI), dihydrolycorine (III ; with ring B fully hydrogenated) and
their diacetyl derivatives, with that of lycorinedihydroanhydromethine,

which indicated that the ethylenic linkage in ring B is not conjugated with

a similar linkage in ring A, i,e,, it is at Cj to and that in the formation

of lycorinedihydroanhydromethine one ethylene linkage in B (formula II)

is saturated in preference to that of the vinyl group.

On catalytic hydrogenation lycorine yields dihydrolycorine, CigHjgO^N,
m.p. 247®, which is oxidised' by permanganate to dihydrolycorinone,

m.p. 246°, and this in turn is oxidised by lead tetracetate to a

dialdehyde, isolated as the dioxime, CieHi705N2, m.p. 288® (dec,), A
freshly prepared solution of the dialdehyde is oxidised by peracetic acid

to a substance, Ci^HigO^N, m.p. 245® (dec,), believed to be the correspond-

ing aldehydo-acid. This sequence of changes may be represented as

below :

—

Lycoramine, C17H26O3N. This base was first described as

lycorine, C10H28O 4N (1982).^* It crystallises from acetone in plates,

m.p. 120-1 ®, [a]|^ —98*15® (EtOH), yields a platinichloride, m.p. 245®

(dec.), a perchlorate, prisms, m.p. 138-9®, and a picrate, m.p. 108-9®. The
methiodide forms colourless prisms, m.p. 808®. Lycoramine contains one
methylimino-group, one methoxyl group and two non-phenolic hydroxyl
groups (diacetyl derivative, m.p. 95®). On oxidation with permanganate
it yielded oxalic acid, m-mcthoxyphthalic anhydride, and a neutral

substance, C17H23O4N, nup, 258®, + 78*65® (CHCl,) which (a) stfll

contains the NMe, OMe, (OH)2 groups of lycoramine, (b) regenerates the

parent base on electrol3rtic r^uetion, (c) yields l^^niethylphetiastliiidiiit
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on distillation with zinc dust, and (d) on oxidation with cliromic acid is

converted into an a-diketone (V) C17H19O 4N, m.p. 220°, [aJJ/** +275*5°.
This, on oxidation with permanganate in acetone at 0°, yields three acids :

CiTHaiOeN, m.p. 222-^° (VI); CieHjgOsN, m.p. 119^20° (VII), and
CjjHijOgN, m.p. 261-2° {dec,) (VIII) which behaves as an o-dicarboxylic

acid and on decarboxylation yields 6-methoxy-2-methylhydroi50carbo-
styril (IX), identified by comparison with the synthetic product. On the

basis of these and other results formula (IV) is assigned to lycoramine.®^

Lycorenine, C18H23O4N. The base crystallises from acetone in rhombic

prisms, m.p. 200-2°, [ajff" + 149*3°. The platinichloride decomposes at

210°, the aurichloride at 116° and the picrate at 162°, Lycorenine

contains one methylimino, two methoxyl and two non-phenolic

hydroxyl groups ; it forms a monoacetyl derivative, m.p. 185-7°, and with

difficulty a diacetyl derivative, m.p. 175-6°, and behaves as a pseudo-base

giving an oxime hydrochloride, which decomposes at 258°. Catalytic

hydrogenation converts it into a dihydro-derivative, m.p. 175-7°, and
eventually into deoxytetrahydrolycorenine, CigHagOgN, m.p. 165-8°, with

accompanying compounds, Ci8H23(25)08N, m.p. 120-3°, and
m.p. 165-7°. Lycorenine methiodide

decomposes at 260° and on treat-

ment with silver hydroxide yields two
methine bases, a- and jS-, of which the

former was isolated as the methiodide,

CisHgoOgNMcjI, m.p. 228° {dec,); one

oxygen atom is lost as water at this step in

the degradation, and in the next stage de*-

JV-lycoreninc,Ci5Hi0O(OMe)2,m.p.ll4-5°,

is formed, in which the residual oxygen is

present as a carbonyl group, possibly due

to the ctmversion of the . CHOH group at C® into a . CHO group with the

elimination of tiie* nitrogen atom* de-JV-lycorenine on ozonisation yields

6

r
OH

McO-

MeO NMe

CHOH
tycotemne
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formaldehyde, a dialdehyde, CieHi404 , m.p. 155-7®, and an aldehydic acid,

C16H14O 5 , m.p. 228-30®
; the latter is further oxidised by permanganate

to a dicarboxylic acid, Ci 6Hi40 g, m.p. 256-7®, which has been charac-

terised as 3 : 4-dimethoxydiphenyl-6 :
3'-dicarboxylic acid by comparison

with a synthesised specimen. On these results the partial formula (p. 409)

for lycorenine has been suggested in which the position of a hydroxyl group

and an ethylenic linkage both assumed to be in ring B have yet to be

determined.

Tazettine, CigHgiOgN. This alkaloid isolated by Spath and Kahovec,^®
has m.p. 210-1 ® (tw.), [a]}®** + 150-4® (CHCI 3 )

and yields an 0-acetyl

derivative, m.p. 125-126*5®. There are also present one methoxyl and
one methylenedioxy-group. With sulphuric acid the base produces a

brownish-red colour changing to dirty green and brownish-violet on warm-
ing. On distillation with zinc dust it yields phenanthridine, CjgH^N,
m.p. 102-3®, and on oxidation with permanganate furnishes hydrastic acid

(3 : 4-methylenedioxyphthalic acid). From tazettine methiodidc, m.p. 220 ®

{dec,, vac.), the oily methine base, CigHi904N, b.p. 190“200®/0-01 mm.,

[a]}f“ — 40-6®
;

picrate, m.p. 171® {dec,, vac.), was prepared, and on oxida-

tion with potassium permanganate yielded oxalic and benzoic acids. The
composition of the methine base is due to the loss of a methoxyl group,

which must be accompanied by change in the attachment of a benzene

ring, to account for the occurrence of benzoic acid in the oxidation products

of the methine base, but not in those of the parent alkaloid. The methine-

methiodide on treatment with silver oxide yielded 6-phenylpiperonyl

alcohol (XII), C14H12O 3, m.p. 101 °, which was identified by comparison
with a synthetic specimen. The partial formula (X) is suggested for

tazettine and (XI) for the methine base, the change from (X) to (XI) being

analogous with that taking place in the Hofmann degradation of cheli-

donine, which also contains a partially hydrogenated phenanthridine ring

system.

Minor Aklaloids of the AmarylUdacece. The chief data recorded

regarding these alkaloids are summarised in the accompanying table

(p. 411);—
Pharmacology. Lycorine was first examined by Morishima * who

found it relatively non-toxic to mammals. Given per os or subcutaneously

to the dog or cat, it causes, in small doses, salivation and in large doses

vomiting and diarrhoea. It has no special effect on the blood pressure ;

death seems to be due to a generalised collapse. Post mortem :—^hyperaemia

and ecchymoses in the stomach, intestine, pulmonary pleura and endo-
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cardium. Laidlaw’s * findings in the cat were sinailar. The apparent

sympathicolytic effects of lycorine described by Tokumara^^ for the

rabbit uterus and the vessels of the rabbit’s ear were not found by Raymond
Hamet to extend to blood pressure or renal effects in the chloralosed dog.

Sekisanine is described by Morishima as inactive. Buphanine was also

examined by Laidlaw and found to produce effects similar to those of

hyoscine, the action being weaker and less lasting. It is a mydriatic,

paralyses the salivary secretion and the vagus endings in the heart, and
causes death by respiratory failure of central origin. Buphanitine is almost

inactive. Of the two amorphous bases accompanying buphanine in

Buphane disticha one is a convulsant poison and the other resembles

lycorine and colchicine in action. The toxic effects of extracts of Buphane
disticha are described by Watt and Breyer Brandwijk.^®
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Echinopsine. From Echinops Ritro (seeds) and other Echinops spp.

Greshoff ^ isolated this alkaloid, which Spath and Kolbe ® have shown is

l-methyl-4-qidnolone. Greshoff also obtained from the same source
^•echinopsine^ m.p. 135°, and echinopseine.

REFERENCES
(1) Rec. trav. Chim., 1900, 19, 360. (2) Monais., 1922, 43, 469.

Dictamnine, C12H0O2N. This alkaloid was isolated by Thoms ^ from
white dittany root (Dictamnus alhts Linn.) along with trigonelline and
choline. It crystallises in prisms, m.p. 182’~8°, and yields crystalline salts,

B . HCl, m.p. 195°
; platinichloride, m.p. > 250°

;
aurichloride, m.p. 152°

;

picrolonate, m.p. 178°
; and picrate, m.p. 163°. It was subsequently foimd

in Skimmia repens, Nakai by Asahina, Ohta and Inubuse,* who showed
that it contained one methoxyl group and was transformed by methyl
iodide at 80° into wodictamnine (15 : R = Me), m.p. 188°, which contains
no methoxyl group, a change recalling that of a- and y-alkoxyquinolines to
A'-alkylquinolones.^ With benzoyl chloride and anhydride, it yields

iV-benzoylnordictamnine (16 : R = Bz), m.p. 165°, from which nor-
dictanmine (16 : R = H), m.p. 248°, is obtained by hydrolysis. Dictam-
nine is oxidised by permanganate in acetone to diciamnal, Ci^H^OgN . OMe,
m.p. 259-60°, and dictamnic acid, . OMe, m.p. 260° (dec.)

;

the
latter is converted by hydrochloric acid into 2 : 4-dihydroxyquinoline and
since 4-hydroxy-2-methoxyquinoline-3-carboxylic acid is not identical

with dictamnic acid, the latter must be 2-hydroxy-4-methoxyquinoline-8-
carboxylic acid. Formula (la) was assigned to dictamnine and (16 : R=Me)
to wodictamnine. In a later paper Asahina and Inubuse * showed that

cii«

H ^0"

(Xft)

CO

urn

(lb) (II)

dictamnal was converted by hydrobromic acid in acetic acid into nor-
dictamnaly identical with 2 : 4-dihydroxyquin©line-3-aldehyde. The latter

was synthesised and used to prepare ^-dictamnine (needles, m.p. 225°),

represented by (II). Observations on the pharmacological action of
dictamine have been msule by Kovalenko.®
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Skimmianine, C14H13O4N. This alkaloid was first isolated from the

leaves of Skimmia japonica Thunb. by Honda, ^ and later from S. laureola

Hook by Chopra et It has also been recorded from Fagara spp,

(below) j Orixa japonica Thunb. (p. 759) and Chloroxylon swietenia D.C.

(p. 778). It crystallises in colourless pyramids or pale yellowish rods,

rn.p. 176°, and yields a picrate, m.p. 195-7° (dec,). It was examined by
Asahina and Inubuse,^ who showed that it contained three methoxyl

groups and an unreactive oxygen. It is converted by methyl iodide at

100° into iVoskimmianine, m.p. 185°, containing two methoxyl groups

(cf, dictamnine, p. 413). On oxidation by permanganate in acetone,

skimmianine yields skimmianal, Ci0H 4O2N(OMe) 3, m.p. 238°, and the

corresponding acid, CioH403N{OMe) 3 , m.p. 248°, which is decarboxylated

and partially demethylated by hydrochloric acid to 2 : 4-dihydroxy-7 : 8 -

dimethoxyquinoline, m.p. 250°. Skimmianic acid is therefore repre-

sented by formula (III) and skimmianine by (IV).

When treated with alcoholic alkalis the y-methoxyl group in skim-

mianine is replaced by the alkyloxy group of the alcohol used.® The
ethoxy-analogue, C15H15O 4N, has m.p. 138°, yields a picrate, m.p. 194°, is

re-converted to skimmianine by boiling with methyl alcohol, with methyl
iodide yields i^oskimmianine, and is oxidised to the ethoxy-analogues of

skimmianal, m.p. 212 °, and skimmianic acid, m.p. 225° (I ; EtO in 4 ).
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The Fagarines. In 1933 Stuckert ^ isolated cocoberine (amorphous)
from the bark of Fagara Coco (Gill), England, and from the leaves of the

same plant the following five alkaloids :

—

OL’Fagarine, Ci 5Hi 3N(CH3 . CO . 0)(Me0
) 2 , m.p. 169°

; p-fagarine,

C3HgN(CH3 . CO . 0)(MeO), m.p. 178°; y^fagarine, CigHigOjN,
m.p. 139-40°

; S-fagarinCy m.p. 186°
; X-fagarine.

Deulofeu, Labriola and de Langhe ^ showed that jS-fagarine is identical

with skimmianine (above) which Goto ® had already isolated from F.
manischurica Honda, and according to Chakravarty * the mature bark of

the bael fruit tree, Aegle marmelos Correa, contains y-fagarine.

y’Fagarine. Deulofeu et ah changed the formula of y-fagarine to

CijHiiOgN, and represented it as a furoquinoline since it is oxidised by
permanganate in acetone to 2-hydroxy-4 : a?-dimethoxyquinoline-8-alde-
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hyde (y-fagaraldehyde), m.p. 185°, and thence to fagaric acid, m.p, 215°,

which in boiling, dilute hydrochloric acid is decarboxylated and partially

demethylated to a substance, eventually synthesised by Berinzaghi,

Maruzabal, Labriola and Deulofcu,® and shown to be 2 : 4-dihydroxy-8-

methoxyquinoline, m.p. 250°. With methyl iodide at 100 ° y-fagarine is

converted into y-wofagarine (cf. dictamnine wodictamnine, p. 413).

On the basis of these results y-fagarine is formulated as 8-methoxydictam-
nine (cf. la, p. 413) and y-i^ofagarine as 8-methoxywodictamnine (p. 413,

Ib with MeO at C®). The ethoxy-analogue of y-fagarine, KtO in position 4

of the quinoline nucleus, has m.p. 143° and forms a picrate, m.p. 161°.

CL-FagarinCy C19H23O 4N, has m.p. 169-170° (dry)y distils unchanged at

170-5°/0-001 mm. and is optically inactive. It forms a hydrochloride,

m.p. 192-8°, a hydrobromide, m.p. 186-8° {dee.)y a hydriodide, m.p. 190-2°

(dec.), a methiodide, m.p. 205° (dec.), and a picrate, m.p. 208-9°. Two
methoxyls, one dioxymethylene group and one methylimino group are

present. The base is not hydrogenated, in presence of platinic oxide, with
hydrogen at 4 atmospheres pressure, and is unchanged on boiling with

either dilute hydrochloric acid or alkali in alcohol. Distilled with soda-lime,

it yields methylamine and on oxidation by permanganate under acid

conditions it produces formaldehyde and 7M-methoxybenzaldehyde.
Provisional formula (V) has been suggested for the alkaloid.®

a-Fagarine is identieal with fagarine-I on which de Espanes has

published a number of pharmacological papers ’ and Deulofeu et al.^ have
suggested that it should be known in future as fagarine. It is regarded

as a possible substitute for quinidine in the treatment of auricular fibrilla-

tion,’ and arising out of this work jNT-methyldibenzylamincs have been

prepared by de Espanes and Weksler ’ and shown to be active in cardiac

fibrillation. A review of tlie chemistry and pharmacology of the alkaloids

of Fagara coco has been published by Deulofeu.®
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ALKALOIDS OF CUSPARIA BARK
The presence of alkaloids in angostura or cusparia bark (Galipea

officinalis) Hancock (C. trifoliaia Engler) was recorded by Oberlin ^nd
Schlagdenhauffen.^ Korner and BShringer ® isolated from it cusparine,

galipine and a third alkaloid, m.p, 180°. The first two were examined by
Beckurts, who added “ galipidine,” “ cusparidine ” ® and “ cuspareine,” *
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which could not be confirmed by Troger,** who, however, found a thiid

alkaloid galipoidine, and a fourth, CigHjjOgN (m.p. 186°, yellow, rhombic

crystals), which has not been named or further examined. A series of

additions to known bsisic constituents of the bark began with Spath and
Papaioanou’s ® isolation of galipoline, a phenolic base, which yields galipine

on 0-methylation, Examination of the volatile, non-phenolic bases of

the bark led to the isolation of quinoline, 2-methylquinoline, 2-w«amyl-

quinoline, 4-methoxy-2-n-amylquinoline and 2-keto-l-methyH : 2-dihydro-

quinoline by Spath and Pikl.’ In these simple bases and in the alkaloids

cusparine, galipine and galipoline, the nucleus is quinoline with H,OH orOMe
in position 4, position 2 being either occupied by—CO— or substituted by
an alkyl or aralkyl group. In view of the similarity in structure of cusparine

and galipine, Spath and Pikl ’ suggested that both might originate from
anthranilic acid, and Schopf and Lehmann ® showed that o-amino-

benzaldehyde (M/200) and acetone (M/100) in aqueous solution at pH 12

and 13, when kept for seven days at 25®, give 11 and 86 per cent, respec-

tively of 2-methylquinoline, and in like manner the interaction of o-

aminobenzaldehyd^ and hexoylacetic acid produced 2-n-amylquinoline-3-

carboxylic acid, which could be decarboxylated to 2-n-amylquinoline.

These syntheses under conditions which could occur in a plant are of special

interest in this instance, since methyl anthranilate and an extensive series

of ketones occur in plants of the Rutaceae, though such constituents have
not been recorded for Galipea officinalis.

Cusparine, Cj^Hi^OgN, exists in three forms, colourless needles, m.p.

90-1°, long yellow needles, m.p. 91-2°, and amber-tinted crystals, m.p. 110-

22 °.® The salts are sparingly soluble in water and readily separated from
those of the associated alkaloids ; the hydrochloride, B . HCl . SHjO, forms

needles, m.p. 185-7°
;

the oxalate, B . H2C2O4 . 1:5H20, m.p. 158-8°,

sulphur-yellow needles from water ;
the platinichloride, Bg • HgPtClg . SHgO

m.p. 210°, glancing yellow needles
; the aurichloride, B . HCl . AuClg, has

m.p. 190°. The salts with organic acids on melting yield pyrocusparine,

needles, m.p. 255“ from alcohol.^® Cusparine contains one

methoxyl, but no hydroxyl group. It reacts with methyl iodide as a tertiary

base, and the methiodide, yellow prisms, m.p. 190“, gives on treatment with

silver oxide, tsocusparine, m.p. 194“, in which the methyl group of methoxyl
in the y-position of a pyridine ring has migrated to the nitrogen, as also

happens in a similar reaction with skimmianine and dictamnine (pp.

418 and 414). The reaction was investigated in detail by TrOger and
Muller *® and is represented thus :—cusparine, CjgHi402N(0Me) —*«>-
cusparine, CigHi408(NMe). With dilute nitric acid “ nitrocusparine,”

CjyHigOgNg . HgO, m.p. 148“, is formed. When heated for several days with

nitric acid (sp. gr. 1*075) at 100“, cusparine yields an acid, CigH^OgN . HjO,
in.p. 271-2*, which is probably a hydroxyquinolinecarboxylic add.'^ On
fusion with potassium hydroxide, the alkaloid yields protocatechuio acid.

Cu^arine gives a dierry'red cokiration with sidphmic acid and a deep
blue with I^hde^ reagent.

Gal^^, CggB^O^, crystallises from alcohol or ether in {wisme,
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m.p. 118' 5°, and yields crystalline salts, more soluble than those of cusparine.
The hydrochloride, B . HCl . 4H2O, forms leaflets, m.p, 165°

; the picrate

has m.p. 194°
; the aurichloride, B . HAUCI 4 , and platinichloride both

melt at 174-5°. The methiodide, B . CH3I, forms yellow needles, m.p.
146°. Galipine contains three methoxyl groups. On oxidation with
chromic acid it yields veratric acid and a second acid, CnH^OgN . 2H2O,

m.p. 194°, which was shown by Spath and Brunner to be 4-methoxy-
quinoline-2-carboxylic acid. On destructive distillation with zinc dust,

galipine yields quinoline.

GaUpoidine, Ci 9Hi304N, m.p. 238°, is sparmgly soluble in most organic

solvents; it forms a platinichloride, B2 . HaPtCl^ . 2 - 5H20 , crystallising

in stout yellow prisms and decomposing at 158°, and an abnormal auri-

chloride, (B . HC1)2 . AuClj . 1 * 5H20, m.p. 170° (dec.), crystallising in

bright yellow needles.®

Gaiipoline, Cj^HigOaN. A process for the extraction and separation

of the angostura bark alkaloids was described by Spath and Eberstaller,^^

and from the phenolic bases obtained Spath and Papaioanou ® isolated

this alkaloid. It crystallises from water, has m.p. 193°, contains two
methoxyl groups, and on methylation by diazometliane yields galipine.

From a spurious angostura bark, Troger isolated an unnamed alkaloid,

G
21H20O 3N2 ,

m.p. 167°, soluble in alkali or acid and giving a crystalline

perchlorate and methiodide.

Comtitution of Cusparine^ Galijnm arid Gaiipoline, Troger and
Kroseberg ® proposed formula (I) for galipine. The substance represented

by this formula, synthesised by Spath and Brunner, found to be

different from galipine, and assuming, on good grounds, that the acid

CnH^OgN . 2H2O, m.p, 194°
(
5eea5one),obtainedby Troger and Kroseberg ®

to be 4-methoxyquinoline-2-carboxylie acid, they synthesised cusparine

by condensing 4-methoxy-2-methylquinoline with piperonal to 4-methoxy-
2-j8-3' : 4'-methylenedioxyphenyl-A®-ethinylquinoline (dehydrocusparine),

m.p. 186° (II ;—CHg—CHg—replaced by —CH=CH), which on hydro-

genation of the ethinyl group furnished cusparine (II) identical with the

natural alkaloid. In like manner Spath and Eberstaller synthesised

galipine (III : R =»« Me) by reducing the condensation product of 4-

methoxy-2-methylquinoline with 8 : 4-dimethoxybenzaldehyde.

14
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Galipoline furnishes galipine by methylation of a phenolic hydroxyl

group, and the position of this group was determined by the synthesis of

galipoline, effected by condensing 4-chIoro-2-methylquinoline with

8 ; 4-dimethoxybenzaldehyde, replacing the chlorine by the benzyloxy-

group by treatment with sodium benzyl oxide, the resulting 4-benzyloxy-

2:8': 4'-dimethoxystyrylquinoline being then reduced and the benzyl

group removed by hydrolysis, forming galipoline (III : R = H).

A series of quinazolines analogous in constitution with the angostura

alkaloids has been prepared by Bogert and eollaborators.^®

Cusparia bark is used in medicine as a simple bitter. Raymond-Hamet
states that cusparine has sympathicosthenic properties, that is it increases

the sensitivity of the sympathetic nervous system to stimulation, e.g., by
adrenaline.
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ALKALOIDS OF CINCHONA SPECIES

{Quinolylquinuclidine Sub-group)

This group of natural alkaloids occurs in the various species of the

two Rubiaceous genera, Cinchona and Bemijia, indigenous to the eastern

slopes of the Andes between latitudes 10° N. and 20° S.

It is over three centuries since cinchona bark came into use in European
medicine, and no other natural drug has had so much written about it.

There are the stories, sometimes legendary, of its discovery by Europeans,^

vigorous early discussions of its therapeutic value, ^ the destruction of the

S. American cinchona trees to meet the demand for bark, the labours of

botanical explorers in collecting seed for the formation of plantations, the

establishment and development of these plantations in Ceylon, India and
Java, the competition between them, the gradual emergence of Java as

the world’s most important source of supply of cinchona bark,® and the

development of the manufacture of quinine sulphate in Europe, the

United States and the Tropics/

The disadvantage in war periods of relying on a single source of supply
for an essential commodity became evident when Java was invaded by
the Japanese in March 1942, the world being thereby deprived of about

90 per cent, of its customary supply of cinchona bark. Quinine was then

still considered an indispensable drug for the treatment of malaria and
its use had to be restricted to that purpose

; stocks of qidnidine were
similarly reserved for use in cardiac disease/ In effmrts to with the
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shortage, interest was renewed in almost forgotten sources of supply of

cinchona bark, such as Ceylon, India, San Thom^ and the countries of

Central and S. America.®^®^ In the Belgian Congo, the Philippine Islands,

Soviet Russia and Tanganyika, where experimental plantations of cinchona

existed, exploitation was intensified. Special activity was shown in

Central and South America, where exploratory botanical missions from
the United States searched for natural stands of cinchona in new or little-

known areas and of whose work a preliminary account has been published

by Steere.^^*^ These missions also established laboratories for the control

of quality of bark and so avoided the collection of commercially useless

material, one of the troubles experienced by collectors in the early days
of S. American cinchona exploitation. Planting on a large scale was also

started. In this connection it is of interest to mention that Messrs.

Merck & Co., with the co-operation of the Guatemalan Government and
the appropriate official department in the United States, began the

cultivation of cinchona in Guatemala in 1984, and when the crisis occurred

they also became pioneers of cultivation in Costa Rica. A full account of

their planting experiments was published in an interesting illustrated

volume issued in the United States in 1944.

Much of the bark collected in S. America was of low alkaloidal content,

but proved suitable for the preparation of “ totaquina ’’ (p. 420). Among
other interesting developments was the discovery by Steere of large

stands of a race of Remijia pedunculata on the western slopes of the Andes
north of Bucaramanga, the bark of which yielded 8 per cent, of quinine

sulphate.®^^^

It will be interesting to see how much of this activity will survive in

post-war conditions, especially in competition with new, synthetic, anti-

malarial drugs developed during the war and revival of the Java cinchona

industry, which is apparently making progress.

The cinchona alkaloids of practical importance are quinine, quinidine,

cinchonine and cinchonidine, but, in addition, over twenty others have
been isolated from cinchona and cuprea species. Their names and formulae

are as follows :

Fonimla

Ci,H,,ON3

C20HB3O2N3

€3^11446,N4

Name
Paricine.

Cinchonine, cinchonicine, cinchonidine.

Cinchotine, cinchamidine, cinchonamine.

Cupreine.

Quinamine, conquinamine.

Quinine, quinidine, quinicine, qoiquinine,

epiquini^ne, A-quinine.

Hydroquinine, hydroquinidine.

Chairamine, conchairamine, chairamidine,

conchairamidine.

Cusconine, concusconine, aricine.

Didnchonine.

Biconquinine.
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Composition unknown : Javanine, cuscamine, cuscamidine, cusconidine.

Total Alkaloids of Cinchona, The initial planting experiments in the

Far East 'were made with Cinchona sncciruhra. At first the total alkaloids

of the bark were used under the name quinetuiny but in India, when this

species began to be replaced by others, such as the Ledger variety of C,

Calisaya and the cinchona hybrids, as selection for quinine production

progressed, “ quinetum ” was gradually replaced by “ cinchona febrifuge,”

consisting of the residual alkaloids left after removal of quinine.® This

variable product ’ is used as a cheap drug for indigent victims of malaria.

The Malaria Commission of the League of Nations has re-defined

“ quinetum ” ® as a mixture of equal parts of quinine, cinchonine and
cinchonidine, and introduced a new product, “ totaquina,” which is

defined in the British Pharmacopoeia 1932 as containing not less than 70

per cent, of crystallisable cinchona alkaloids, of which not less than one-

fifth is quinine and in the United States Pharmacopoeia XIII as containing

not less than 10 per cent, of anhydrous quinine and not less than 70 or more
than 80 per cent, of total anhydrous, (Tystallisable alkaloids.

Totaquina is now being manufactured in Tanganyika, ® and in

Soviet Russia, cinchona is grown as a biennial crop, the young plants

being harvested in the second year of growth and worked up for total

alkaloids. The average yield, is about 1*25 per cent, of totaquina, which
is known locally as “ sovchinet.”

As the re-introduction of mixtures of cinchona alkaloids for use in

medicine has given rise to some discussion, a list of the principal papers

on this subject is given.® Several of these provide analyses of locally

produced totaquina. Applezweig and Ronzone ® have described an ion

exchange process for the preparation of totaquina.

Analyses of Cinchona Barks, For galenical preparations, pharma-
copoeia! recognition is usually restricted to barks of cultivated cinchona

species known to yield total alkaloids satisfactory in composition ; thus,

the British Pharmacopoeia 1982 prescribes the varieties to be used, and
specifies not less than 6 per cent, of total alkaloids, of which at least half

must be quinine and cinchonidine, determined by the process prescribed.

Numerous other processes have been published and references to the more
important of these are given under the following headings :

—

identifica-

tion of (a) bark, {b) alkaloids
;

(c) ecctraction and separation of alkaloids
;

estimation of {d) total alkaloids, (c) specific alkaloids by (1) physical methods
and (2) chemical methods.

For the separate determination of the four principal components in

the total alkaloids, the method in general use is based on the isolation of

quinine and cinchonidine as d-tartrates, of cinchonine as the base in

virtue of its sparing solubility in ether, and of quinidine as the hydriodide.

Types of this method have b^n described by Chick, and special modifica-

tions designed for use in the analysis of “ totaquina ” are given in the

British Pharmacopoeia 1982 and in a special report by the Malaria Com-
mission of the League of Nations.^* Goodson and Henry have critically

examined this process and shown that, with care, it gives satisfactory
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results. Morton and Prideaux and Winfield have investigated the
conditions under which cinchona alkaloids can be titrated accurately.

Useful analytical data are also provided by the determination of the

optical activity of the chief cinchona alkaloids under various conditions

by Andrews and the record of optical crystallographic data for many
quinine salts by Shaner and Willard.^’

Quimne, C20H24O2N2 . Impure preparations of quinine were probably
obtained by Fourcroy in 1792, and by Vauquelin under the name “ quina ’’

in 1809. In 1810 a Spanish physician, Dr. Gomes, obtained, by the addition

of caustic potash to an alCoholic extract of cinchona bark, a crystalline

substance which he named “ Cinchonino.^* The basic^ properties of this

material were mentioned by Houtou-Labillardifere in Paris to Pelletier and
Caventou, who, inspired by tlie then recent observations of Sertiimer on
the existence of “ organic alkalis ’’ in nature, investigated “ Cinchonino,''

and resolved it into two substances, quinine and cinchonine^^ The bases

were characterised by Pelletier and Dumas, and the composition of

quinine was accurately determined by Liebig, Regnault and Strecker,

the two latter assigning to it its present formula.

The manufacture of quinine sulphate and other salts is described in

detail by Schwyzer, and useful information is also provided by Vetter.^®

The sulphate is the commonest salt and is the form in which quinine is

usually isolated from the total alkaloids of the bark and so is the primary

material used as a source of the alkaloid for the preparation of other salts

and derivatives. The commercial sulphate contains cinchonidine and
dihydroquinine, and may be purified by recrystallisation of, (a) the acid

sulphate, B , H2SO 4 . 7H2O, to constant specific rotation — 216-5®

(dry salt, c = MjiiO, H2O), or {b) the dihydrobromide, B . 2HBr . SllgO,

which after recrystallisation till pure has — 180-6® (dry salt, c = ilf/40

H20).^® Quinine is precipitated as a colourless powder by pouring an
aqueous solution of the acid sulphate so purified into excess of ammonia
solution with vigorous stirring to prevent co-precipitation of the neutral

sulphate. The washed, air-dry powder can be crystallised from boiling

benzene, when it separates in needles, containing solvent which is lost on

exposure to air, leaving a micro-crystalline powder, m.p. 173*5® (dry). When
precipitated in presence of ammonia, it is stated to pass gradually into

a crystalline, efflorescent trihydrate, B . SHgO, m.p. 57®, which changes to

B . 2H2O in air, to B . HgO when dried over sulphuric acid and becomes

anhydrous at 125® and then melts at 172-8®. According to Hesse, anhy-

drous quinine is obtained in colourless needles, m.p. 174-4® to 175®, when
sodium carbonate is added to quinine sulphate dissolved in warm water,

or when the trihydrate is heated during eight days in dilute alcohol at

80®. Anhydrous quinine is sparingly soluble in water (1 in 1,960 at 15®

(Hesse), 1 in 1,667 at 20® (Sestini), 1 in 1,750 at 25® (U.S.P. XI), but

readily so in alcohol (1 in 0*6 at 25®), ether (1 in 4‘5 at 25®, 1 in 188 of

pure, dry ether (Treadwell) ), chloroform (1 in 1-9 at 25®) or boiling

benzene. Ammonia readily forms supersaturated solutions with quinine,®®

The alkaloid is tevorotatory ;
the pure base, prepared as described above,
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has — 284*5° (dry base, c = 3jf/40 in JV/10 HaS04)*® or [a]D — 158°

(99 per cent. EtOH, Rabe),^^ 0*894c — 169*38° (c = gm. base in 100 c.c.

EtOH, Hesse), or — 169° (c = 1 , EtOH, Emde). The specific rotation

of the alkaloid and of its salts varies considerably with the temperature,

the solvent and particularly with the pH of the solution.^® Solutions of

quinine in certain oxygenated acids, e,g., sulphuric, phosphoric and
tartaric, fluoresce blue, but the usual statement that this is not shown by
solutions in haloid acids seems not to be strictly true.*®

Like other alkaloids of this group, quinine forms molecular compounds
with a variety of organic substances. With benzene and toluene it produces

compounds of the formulae B . C^H^ and B . C 7Hg respectively, with phenol

it gives the crystalline product B . CgHgOH, and similar combinations

with polyhydric phenols, ethers, aldehydes and ketones are known.
One of the most characteristic of these substances is cupreine-quinine, a
combination of the two alkaloids, obtainable from cuprea bark, and at

first regarded as a new alkaloid, and named “ homoquinine.”

Salis, Quinine is a diacidic base forming both “ neutral ” and “ acid
”

salts. The alkaloid and its salts are intensely bitter. Three sulphates are

known. Commercial quinine sulphate, B^ . HaS04 . fiHgO (or 7HaO), is

the “ neutral ” sulphate and is obtained by neutralising the alkaloid with

dilute sulphuric acid and recrystallising from boiling water, from which it

separates in bulky masses of colourless, glistening needles, which effloresce

and lose their lustre on exposure to dry air, forming the stable dihydrate,

Bg . H2SO4 . 2H2O, m.p. 205°, which also results when the salt is exposed

over sulphuric acid
; at 100° it becomes anhydrous and can be crystallised

in this condition from boiling chloroform. The heptahydrate is sparingly

soluble in water (1 in 720 at 25°, 1 in 30 at 100°), more soluble in alcohol

(1 in 86 at 25°, 1 in 9 at 60°), readily soluble at 50° in a mixture (2 : 1) of

chloroform with dry alcohol, and very soluble in dilute acids. The solution

in water is scarcely fluorescent, but is markedly so in dilute sulphuric acid.

The heptahydrated salt has — 166*36° in alcohol and the dry salt

— 247*1° (c = 3f/40, JV/10 H2SO4
).®® The acid sulphate, B . H2SO4 . 7HaO

(quinine disulphate), forms transparent, orthorhombic crystals, m.p. 160°

(dec.), — 216*1° (dry salt, c = 3f/40, HgO),®® which effloresce in air

and turn yellow on exposure to light. It is soluble in water (1 in 8*5 at 25°)

or alcohol (1 in 18 at 25°) and sparingly so in ether (1 in 1,770 at 25°) or

chloroform (1 in 920 at 25°). The aqueous solution is acid to litmus and
markedly fluorescent. The so-called tetrasulphate, B . 2H2SO4 . TH^O,
forms colourless prisms, and is very soluble in water, much less so in

alcohol.

Quinine hydrochloride, B . HCl . 2H2O, closely resembles the neutral

sulphate in appearance, and, like it, effloresces in dry air, m.p. 158-60°

(dried at 100°), — 133*7° in water (Oudemans), — 155*8° (Tutin),

— 255*1° (dry salt, e «= j|f/40, N/IO, H2SO4
),*® soluble in water (1 in 18 at

25°), alcohol (1 in 0*6 at 25°), chloroform (1 in 0*8 at 25°) and sparingly in

ether (1 in 240 at 25°). The aqueons solution is neutral to VAmm and is

not fluorescent except on addition oi sulphuric add. The mid hydro**
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chloride, B . 2HC], obtained by treating a solution of the acid sulphate
with barium chloride, crystallises in concentrically grouped needles and is

very soluble in cold water (1 in 0*75). The hydrobromide, B . HBr . HgO,
resembles the hydrochloride, m.p. commences at 152° and ends at 200°,

soluble in water (1 in 55 at 15°, Hesse), alcohol (1 in 0-67 at 25°), less so

in chloroform or ether. The aqueous solution is neutral and fluoresces only

on addition of sulphvu’ic acid. The dihydrobromide, B . 2HBr . SHgO,
crystallises well from water and has — 189*6° (dry salt, c = M/40,
HjO).*® Quinine salicylate, 2[B . C0H4(OH)(COOH)] . H2O, forms colourless

needles, m.p. 187° (dec.), which slowly become pink in air. It is soluble

in water (1 in 77 at 25°), alcohol (1 in 11 at 25°), or chloroform (1 in 87 at

25°). The foregoing are the most important quinine salts used in medicine,

but many other salts have been <i«ed, e.g., the tannate, formate, valerate,

ethylcartenate, lactate, cacodylate, etc., as well as double salts such as

quinine bismuth iodide. Descriptions of many of these salts will be found
in the British Pharmaceutical Codex for 1934.

Numerous new salts and additive compounds of cinchona alkaloids,

and especially of quinine, have been described, of which only a few can

be mentioned as examples : quinine additive compounds with sulph-

anilamide,^®^®^ quinine salts of (+) and (~)-pantothenic acid,^®(^^ quinine

sulphamate and disulphamate,^®^^lorgano-mercury compounds of quinine

and cinchonine such as quinine-monomercuric chloride.^®^'^^ Various salts

and combinations of quinine have also been protected by patent, e.g.,

ascorbates and nicotinates.

Commercial Quinine Salts. The British Pharmacopoeia 1982

provided for a hydrate of the composition B2 . H2SO4 . 7-5H20, which
effloresces on exposure to air. It has been suggested that the stable

dihydrate, Bg . H2SO4 . 2H2O, should be substituted. Much discussion

has taken place on this point, and the dihydrate was adopted in the

United States Pharmacopoeia (XI). The coimnercial salts contain small

amounts of cinchonidine and hydroquinine, and much attention has been

given to devising tests which will ensure that the percentage of cinchonidine

is small. For this purpose Pharmacopoeias usually rely on some form of

the Kemer ammonia test, sometimes supplemented, or more rarely,

replaced by, a determination of the optical rotation under clearly defined

conditions of temperature, solvent and concentration. Optical methods,

based on Oudemans’ results in the investigation of the optical rotations

of the cinchona alkaloids and their salts, have been advocated by
Byasson,*® Koppeschaar, Davies,®® L^gef and others, and have also

been adversely commented on.®* The optical method adopted in the

Dutch Pharmacopoeia 1926 is convenient and useful in the hands of

operators accustomed to the use of a polarimeter, but this Pharmacopoeia

also gives for the sulphate a stringent form of the Kemer test. Kemer’s
ammonia test depends on the fact that the neutral sulphates of the two
impurities are more soluble in water than quinine sulphate, and that

freshly precipitated quinine base is more soluble in dilute ammonia
aolution than the fresUy precipitated impurities. This test has given rise
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to much discussion, particularly in its application to other salts, than the

neutral sulphate for which it was devised, but the method adopted in the

British Pharmacopoeia 1982 avoids these difficulties and has proved
satisfactory in practice. Critical rdsumds of methods of testing quinine

sulphate have been published by Jungfleisch, Lenz,®^ Hille and Reimers
and Gottlieb. A method of estimating methoxyl-free alkaloids in quinine

and quinidine has been devised by Merz and Hoffmann.®®
Detection of Quinine. When bromine or chlorine water is added, drop

by drop, to a faintly acid solution of a quinine salt until the reagent is

present in very slight excess and then excess of ammonia, a characteristic

deep green coloration is produced, which is known as the “ thalleioquin
”

reaction, and is said to be given by 1 part of quinine in 20,000 of a solution.®"^

It is also afforded by quinidine and cupreine, but not by cinchonine or

cinchonidine. Much work has been done to explain the formation of the

colour and to assign a constitutional formula to “ thalleioquin.” ®® Quinine

is more soluble in ether and in ammonia solution than the other cinchona

alkaloids, and its oxalate and chromate are less soluble in water. It

affords a series of periodides of which that known after its discoverer as
“ herapathite,” B 4 . 8H2SO 4 . 2HI . I4 . 6H2O, yields remarkable crystals

when prepared under appropriate conditions.®® In the treatment of

malarial patients it is frequently necessary to examine blood and urine

for one or other of the cinchona alkaloids, usually quinine, and a number
of methods have been devised for this purpose.^®

Quinidine (Conquinine), C20H24O2N2 . This isomeride of quinine is

contained in small quantity in most cinchona barks, but especially in

C. pitarjensis, C. amygdalifolia and C. Calisaya ; Rernijia pedunculata is

also a possible source or it may be made by isomerisation of quinine

(p. 445). It occurs in the quinine sulphate mother liquors and from the

mixture of alkaloids precipitated from these liquors with caustic soda, it

may be obtained with cinchonidine by extraction with ether. The
cinchonidine is removed as the tartrate, and from the filtrate quinidine is

precipitated as the hydriodide. From this it is recovered and recrystallised

from boiling alcohol. Commercial quinidine contains cinchonine and may
contain as much as 30 per cent, of dihydroquinidine : the former may be

eliminated by recrystallisation from boiling alcohol, the cinchonine being

removed in the first least soluble fractions. The dihydro-base can then

be removed by fractionation as cuprichloride, B . 2HC1 . CuClg, and
dihydrochloride, B . 2HC1 (Buttle, Henry and Trevan or more simply,

by the mercuric acetate process of Thron and Dirscherl.®® As criteria

of purity the specific rotation and the hydrogen absorption may be used.

Quinidine crystallises from boiling alcohol with 2*5, or from dry
alcohol with 1 mol. of the solvent, in prisms, from dry ether with

^ mol. ether in trimetric tablets, and from boiling water with IJHgO
in leaflets. Freed from solvents of crystallisation or obtained in anhydrous
crystals from benzene it melts at 178-5® and has the following solubilities :

water, 1 in 2,000 at 15®
; ether, 1 in 85 at 10®

; alcohol, 1 in 26 of 80 per

cent, at 20®
; it is sparingly soluble in chloroform and less so in light
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petroleum. The pure alkaloid has + 384*2® (dry base, c = M/40,
N/10 H2S04)^^

; + 323*8° (dry base, <? = 2 in 1*8 per cent. HCI) has been
recorded by Butler and Cretcher^® for quinidine isomerised from pure
quinine and + 266*7° {c = 2 , EtOH) by Thron and Dirscherl.^^ The
sulphate and the salts of other oxygenated acids show a blue fluorescence,

especially in dilute sulphuric acid.

Quinidine is alkaline in solution and behaves as a diacidic base forming
two series of salts. The neutral sulphate, Bg . H2SO 4 . 2H2O, crystallises

from hot water in colourless prisms, soluble in water (1 in 98 to 100 at 15°,

or 1 in 7 at 100°), more so in alcohol or chloroform, and scarcely in ether.

It is dextrorotatory, [ajo + 184*17° (CHCI 3). The acid sulphate,

B , H2SO4 . 4H2O, forms hair-like, colourless needles, soluble in 8*7 parts

of water at 10°
; [a]}f + 247*8° U = M/IO, H2O) or + 256*4° (c == M/40,

iV/10 HaS04). The neutral hydrochloride, B . IICl . HgO, m.p. 258-9°

{dry, dec,), + 200 ° (HgO), forms asbestos-like prisms, easily soluble

in alcohol or hot water, less so in cold water (1 in 62*5 at 10°). The acid

hydrochloride, B . 2HC1 . HgO, forms prisms, readily soluble in alcohol,

sparingly in water, chloroform or hydrochloric acid. The dihydrobromide,

B . 2HBr . SHgO, crystallises well from water and has + 223*0°

(c = M/40, HgO). The neutral hydriodide, B . HI, is deposited as a

crystalline powder when potassium iodide is added to a neutral aqueous

solution of a quinidine salt, and, owing to its sparing solubility in water

(1 in 1,250 at 15°) is the form in which quinidine is usually isolated and
estimated. Quinidine gives the thallcioquin reaction (p. 424), and is

fluorescent in dilute sulphuric acid. Unlike quinine, it is dextrorotatory,

gives a sparingly soluble hydriodide and a neutral sulphate soluble in

water or chloroform. Monnet has suggested the thiocyanate as a means
of estimating quinidine.^^^**^

Quinidne (Quinotoxine), C20H24O2N2 . This alkaloid was isolated by
Howard from cinchona bark, but had been prepared previously by
Pasteur by heating quinine acid sulphate, and subsequently by Hesse

in a similar manner from quinidine. It is also formed by heating quinine

in dilute acetic acid or water, and the product so obtained was named
quinotoxine. The identity of the two was established by von Miller,

Rohde and Fussinegger.^’ The base is a bitter yellow alkaline varnish,

[a]D+38*6° (CHCI 3),
and is usually purified through the oxalate,

Ba . H2C2O 4 . 9H2O, small prisms, m.p. 166-7°, [oiff + 24°, which is

sparingly soluble in water (1 in 120 approx.), and can be recrystallised

from chloroform or alcohol. The lower values, m.p. 149°, [a]D+ 18*18°

(alcohol-chloroform 1 : 2 )
recorded for this salt are due to the presence

of dihydroquinicine (Thron and Dirscherl ^^). The acid tartrate,B , C4H 3O3 ,

is also crystalline. The hydrochloride, B . HCI, crystallises in aggregates,

m.p. 179--30°, or leaflets, m.p. 180-2°, [aj^ + 16*26° or + 13*7°.*®

Quinicine /-tropate, B . C 9H10O 8 . HgO, crystallises from water in small

cream-coloured needles, m.p. 112-8° (hydrated) or 116-8° (dry), [ajo +
8*71° (dry salt,‘c « 0 *997, EtOH).®® The benzoyl-derivative (Thron and

Dirscherl ^*) crystallises from benzene or methyl alcohol and has m.p.
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116-4®, [a]^“ + 86® (c = 2 , EtOH). Frankel and collaborators have

prepared an amorphous oxime, reducible to an amorphous amino-deriva-

tive, and have also obtained a phenylhydrazone which, although amor-

phous, yields a crystalline dipicrate, m.p. 180-7® According to

von Miller et quinicine yields an i^onitroso-compound, m.p. 168-70®,

which is crystalline and furnishes crystalline salts and a methiodide.

There is possibility of a partial conversion of quinine into quinicine

during the sterilisation of solutions for injection. Howard and Chick

found quinine acid sulphate particularly liable to this change when heated

under pressure in solution, and measured the extent of the change by
observing the fall in optical rotation.^^ Millar and Dean have critically

examined various tests suggested for the detection of quinicine and
cinehonicine and Bachstez has utilised the red coloration produced

when sodium nitroprusside is added to a solution of quinicine in presence

of sodium carbonate. According to de Caro the minimum lethal dose

of quinicine per kilo for white rats is 0*82 gm. compared with 1*25 gm. for

quinine. It seems therefore to be less toxic than was formerly supposed,

but it has no anti-malarial action.

cpiQuiniiie, C2(vH2402N2* This, with its stereoisomeride dpiquinidine,

was isolated by Thron and Dirscherl from “ quinoidine,’* the mixture

of amorphous bases left in quinine factories after the four primary cinchona

alkaloids have been extracted. It is still a commercial article used as a

cheap febrifuge in malarial territories, though its value as an anti-malarial

drug is small. Thron and Dirscherl separated the benzene-soluble fraction

of quinoidine by their mercuric acetate process into vinyl- and non-

vinyl-bases. From the former the two epi-bases were isolated as the

dihydrochlorides and this mixture in tm*n was separated into its two
components by conversion into the dibenzoyl d-tartrates, that of cpiquinine

separating first, and the ^ptquinidine salt being recovered from the mother
liquor. This process is due to Rabe,*® who first prepared these epimerides

by isomerisation of quinine and quinidine and by separating the mixture

of isomerides formed by reduction of quininone (p. 444).^®^^^ epiQuinine

is an oil, + 48-8® (c = 0-95), the dihydrochloride has m.p. 196® (dec.),

+ 88 *8 ® (c = 0-796), the hydrobromide, B , HBr . 8H2O, m.p. 71-7®,

Ml?* + 32-9® (HgO), and the dibenzoyl-d-tartrate, after crystallisation

from acetone, m.p. 159® (dec.). Mi,®* — 22-4® (c = 0-8044). The epi-base

on hydrogenation in presence of palladium yields cp?dihydroquinine, also

an oil, M?* +31-1® (c = 0*9842). The specific rotations are for alcohol

(99 per cent, or absolute) unless stated otherwise.

cptQmiiidiiie, C2oH2402Na. This alkaloid, isolated from ** quinoidine,”

as described above, crystallises from ether in leaflets and is fluorescent in

dilute sulphuric acid. It has m.p. 118®, MiT + 132-4® (c = 0-8648, EtOH)

;

the dihydrochloride has m.p. 195-6® (dec.), Ma^* + 45-5® (c «=» 0-8012,

EtOH), the hydrobromide, B . HBr . HgO, m.p. 240®, thiocyanate,

m.p. 198®, + 44-5^ (H^O) and the dibenzoyl-d-tartrate, B,

.

m.p. 167® (dec.), + 8*7® (c ts 0-8068, alcohol-chloroform 4

:

1 ).^ On
hydrogenation with palladium as catalyst ^ptquinidine furnishes
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dihydroquinidme, m.p. 122®, [a]ff* + 78*l® (c = 0*766, EtOH),*® also

obtainable by the epimerisation of hydroquinidine (or hydroquinine) or

by the reduction of dihydroquininone.

Cinchonine, C19H22ON2 . This alkaloid is usually present in cinchona
and cuprea barks. One of the best sources is Cinchona micraniha bark.

It occurs in the crude quinine sulphate mother liquors. The mixed alka-

loids recovered from these may be extracted with ether to remove quinidine

and cinchonidine and the insoluble residue boiled with successive small

quantities of alcohol, from which cinchonine crystallises on cooling. The
crude alkaloid is neutralised with dilute sulphuric acid and the sulphate

recrystallised from boiling water. Cinchonine so prepared contains

quinidine, from which it may be freed by crystallisation from boiling alcohol

until it ceases to exhibit fluorescence in dilute sulphuric acid. It will then
still contain 10 to 15 per cent, of dihydrocinchonine, which may be removed
by reprecipitation as the cuprichloride, B . 2HC1 . CuClg,®^ or by the

simpler mercuric acetate process of Thron and Dirscherl.^^

Cinchonine separates from alcohol in rhombic prisms, m.p. 264®,

Mi)^* + 268*7® (c = ilf/40
;

iV/10 HgSO^), The following figures are

probably for cinchonine containing dihydrocinchonine : + 229® (EtOH),

+ 284*5® (alcohol 1 vol., chloroform 2 vols.). It is sparingly soluble in

water (1 in 8,810 at 10®, 1 in 8,670 at 20®), more so in alcohol, sp. gr. 0*852

(1 in 140 at 10°, 1 in 125*7 at 20®, 1 in 28 of boiling alcohol), ether sp. gr.

0*7806 (1 in 871 at 10°) or amyl alcohol (1 in 109 at 15°, or 1 in 22 boiling).

It behaves as a diacidic base, and gives two series of salts. The sulphate,

Bj . H2SO 4 . 2H2O, forms rhombic crystals, m.p. 200® {dry^ dec.)^ readily

soluble in 80 per cent, alcohol (1 in 5*8 at 11®), moderately so in water

(1 in 65*5 at 18®), [ajp + 193*29® — 0*874c (EtOH) or + 188® (CHCI3 ).

The acid sulphate, B . H2SO4 . 4H2O, occurs in octahedral crystals readily

soluble in alcohol (1 in 0*9 at 14°), or water (1 in 0*46 at 14®). The hydro-

chloride, B . HCl . 2H2O, m.p. 217-8® {dry), forms monoclinic crystals,

soluble in 22 parts of cold water or 1 part of cold alcohol, + 133®

(CHClg) (Rabe). The dihydrobromide, B . 2HBr, crystallises from hot

water (1 in 1
)
and the salt made from base purified as described above has

+ 148*6® (c = M/10
,
H2O) or + 146*2® (c = M/40, HgO).

Detection. Cinchonine is sparingly soluble in all ordinary solvents, is

not fluorescent in dilute sulphuric acid, is dextrorotatory, forms a soluble

tartrate and hydriodide and does not give the thalleioquin reaction.

Hesse’s “ homocinchonine ” has been shown to be impure cinchonine.®^

Cindioiiidiiie, C19H22ON2. This alkaloid occui-s in most varieties of

cinchona bark, but especially in C. succimbra.

The ethereal solution of crude quinidine and cinchonidine, obtained

as described under cinchonine, is shaken with dilute hydrochloric acid,

the excess acid neutralised with ammonia and sodium potassium tartrate

added. "Hie base is recovered from the precipitated tartrate by dissolving

the latter in dilute acid and pouring the Altered solution in a thin stream,

sloady and with eomtant stirring, into excess of ammonia solution. The

cruide alkaloid is converted into the neutral sulphate, and this recrystallised
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from boiling water (1 : 25). The crystals which separate at 85®, after the

third crystallisation are generally free from impurities, and cinchonidine

may be regenerated from them as described already.®® Commercial

cinchonidine generally contains quinine, which may be eliminated by
crystallisation from boiling benzene (1 : 30) until the base is no longer

fluorescent in dilute sulphuric acid. It then still contains dihydrocinchoni-

dine, which may be eliminated by fractional crystallisation from alcohol

(
1 : 6), the middle fraction being the best, until the product gives a satis-

factory hydrogenation test or mercuric acetate test.

Cinchonidine crystallises in large trimetric prisms, m.p. 204-5®, and

when purified as described has — 178® (c = Mj4:0, iV/10 II2SO 4 ).

The following figures also on record probably relate to cinchonidine

containing dihydrocinchonidine : — 107-9® (alcohol-chloroform 1 : 2,

Lenz), — 111 - 0° (EtOH, Rabe), — 110 - 0® (c = 1 , ElOH, Emde). It is

sparingly soluble in water (1 in 5,263 at 11-5® (Skraup)
) ;

more soluble

in alcohol (1 in 16-3 of 97 per cent, alcohol at 13® (Hesse)
) ;

or ether

(1 in 1,053 of dry ether at 11-5® (Skraup), 1 in 188 of ether, sp. gr. 0-72 at

15® (Hesse) ). Cinchonidine is not fluorescent in dilute sulphuric acid

solution, and does not give the thalleioquin reaction. It is a diacidic

base, and yields two series of salts. The neutral sulphate, Bg • HgSO^,

m.p. 205° {dry, dec.), forms monoclinic prisms with OHgO from cold water,

or with OHgO from hot water, and is soluble in alcohol (1 in 72 at 25®), or

water (1 in 63 at 25°). The acid sulphate, B . H2SO 4 . SHgO, has [a]!,®**

— 133-6® (dry salt : c = il//40, HgO). The neutral hydrochloride,

B . HCl . HgO, m.p. 242® (dry), [ajp — 117-6® (dry salt, c == 1-214, HgO),

forms monoclinic double pyramids, or silky prisms with 2H2O, from its

saturated aqueous solution. The dry salt is moderately soluble in water

(1 in 38-5 at 10 °), or ether (1 in 325 at 10 ®), readily in chloroform. The acid

hydrochloride, B . 2HC1 . HgO, forms large monoclinic prisms easily soluble

in water or alcohol. The dihydrobromide, B . 2HBr . 2H2O, crystallises

well from water and has [a]},®" — 114-3® (dry salt, c = M/40, HgO). The
tartrate, Bg . H2C 4H40^ , 2H2O, [a]D — 129-6® (Oudemans), — 132® (Hesse)

— 137-7® (Koppeschaar), is a crystalline precipitate, sparingly soluble in

water (1 in 1,265 at 10°), almost insoluble in sodium potassium tartrate

solution, and is the form in which the alkaloid is usually estimated.

Detection. Cinchonidine is distinguished from quinine and quinidine

by not being fluorescent in dilute sxilphuric acid, and by not giving the

thalleioquin reaction and from cinchonine in being Isevorotatory and
more soluble in ether, and in the sparing solubility of its tartrate.

Hesse’s “ homocinchonidine ” was probably, according to Skraup,®®

merely an unusually pure cinchonidine.

Cincliotiiie {Hydrocinohonine, more correctly dihydrocinchoniue,

Cinchonifine^ ^-Cinchonine), CJ 9H24ON2. This alkaloid occurs in com-
mercial cinchonine to the extent of about 14 per cent.®® and may be
prepared from this source by the mercuric acetate process,®* or more
conveniently by the hydrogenation of commercial cinchonine previously

•freed from quinidine.®^
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Cincholine crystallises from alcohol in prisms, m.p. 267®, and when
pure has + 225*8® {c = M/40, N/IO H2SO 4 ) ; other figures recorded
are + 150*5® {c = 0*81, EtOH, Emde), + 190® (Rabe), + 204*5® (EtOH,
Hesse). It is less soluble in chloroform or alcohol (1 in 221 * 5

)
than cincho-

nine. The neutral sulphate, . H2SO 4 . llH^O, forms fine needles,

m.p. 194*8-195° (dry)^ soluble in water (1 in 37*6 at 12 °). The hydro-
chloride, B . HCl . 2H2O, m.p. 216*5®, 220-1 ® {dry, dec.), [ajo + 155-9®

(H2O), occurs in small needles. The dihydrobromide, B . 2HBr, has

W})^” + 146*2® {c = Mj^O, HgO), and forms rhombic crystals from water.

The platinichloride, Bg . 2HCI . PtCl 4, occurs in orange-red needles,

sparingly soluble in water. On boiling with acetic acid, cincholine is

converted into dihydrodnchonicim,^^ a viscous yellow oil, [ajf/* + 8 * 8 ® in

alcohol, which gives a crystalline benzoyl derivative, m.p. 121-2 ®, and a
phenylhydrazone dipicrate, m.p. 215® (dec.), sparingly soluble in alcohol

(Rabe ®^). Emde’s dihydrocinchonicine,*^ according to Rabe, is impure
^ptdihydrocinchonidine.

Hydrocinchonidine (Dihydrocinchonidine, Cinchamidine), ^^19^240^2.
This alkaloid was isolated by Forst and Bohringer from commercial
cinchonidine, from which it may be obtained by the mercuric acetate

process, jg more conveniently prepared by the hydrogenation®® of

pure cinchonidine. It crystallises in six-sided leaflets, m.p. 282®, [a]ff’

95*8® (c = 0*377, EtOH : Emde) or - 144*6® (c = M/40, iST/lO H2SO 4 ),

is insoluble in water and only slightly soluble in other solvents except

alcohol. The neutral sulphate, Bg . H2SO 4 . 7H2O, needles soluble in

water (1 in 57 at 10 °)
; the acid sulphate, B . H2SO 4 . 5H2O, leaflets,

slightly soluble in water, — 106*8® (dry salt, c = M/40, HgO). The
hydrochloride, B , HCl . 2H2O, m.p. 202-8® (dry), [a]© — 89*4® (c = 1*19,

H2O), six-sided prisms, soluble in water or alcohol. The dihydrobromide,

B . 2HBr . 2H2O, has [a]},®" — 92*9® (dry salt, c — M/40, HgO).

Hydroquinine (Dihydroquinine), C20H26O2N2 . 2H2O. This base was
isolated by Hesse ®® from the mother liquors of quinine sulphate manu-
facture and is present to the extent of 5 to 6 per cent, in commercial

sulphate of quinine, from which it is best isolated by the mercuric acetate

process.®^ The demand for hydroquininc as such and as a material for

the preparation of hydrocupreine has led to its manufacture from quinine

by catalytic hydrogenation.®^ It crystallises from ether or benzene in

needles, m.p. 178*5® (dry), — 285*7° (c = M/40, JV'/IO H2SO 4 ) or

— 142*2® (EtOH), is easily soluble in ether, alcohol, chloroform or

acetone. Hydroquinine gives the thalleioquin reaction and a solution in

dilute sulphuric acid is fluorescent, but is distinguished from a similar

quinine solution by its resistance to permanganate. The neutral

sulphate, Bg.. H2
SO4 . OHjO, occurs in short prisms, sparingly soluble in

chloroform and moderately so in water (1 in 348 at 15®), [a]},®’’ — 204*6®

(dry salt, c = Ml4s0, N/IO H2S04), The acid Sulphate, B . HgSO^ . SHgO,

forms long needles, easily soluble in water or alcohol. The hydrochloride,

B , HCl . 2HaO, has m.p. 206-8® (dry), and -- 128*9® (H2O). The
dihydrobromide, B . 2HBr . 8H2O, is readily soluble in water (1 in 1

)
and
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has [a]}^* — 152-5® (dry salt, e = Mj^O, 11,0). The alkaloid forms a
crystalline benzoyl derivative, m.p. 102-7°

; with methyl iodide it gives

a methiodide, B . Mel . MeOH. It readily forms crystalline molecular

compounds with cinchonidine, quinidine or cupreine, and by heating

its acid sulphate at 140° or by von Miller and Rohde’s acetic acid

process it is transformed into the isomeric dihydroquinicine (dihydro-

quinotoxine) sulphate, m.p, 174°. On demethylation it furnishes

dihydrocupreine (p, 431).

Hydroquinidine (Dihydroquinidine), CgoHaeOaNg . 2JH2O. This base

occurs in the quinidine of commerce to the extent of 25 to 30 per cent,

and was isolated from this source by Forst and Bohringer.®® It can be

separated from commercial quinidine, after removal of any cinchonine

in the latter, by the merciuric acetate process,*® but is best prepared by
catalytic reduction of quinidine.®® It forms thick tablets from ether or

long needles from alcohol, m.p. 169-5°, + 299° (dry base, c = M/40,
NjlO H2SO4), gives the thalleioquin reaction and is fluorescent in dilute

sulphuric acid. The sulphate, Bj . H2SO4 . 12H2O, forms thick, bottle-

shaped crystals or fine needles with 2H2O, soluble in 92-3 parts of water

at 16°
;
the hydrochloride, B . HCl, m.p. 273-4° (dec,, dry), [ajp®*" -f* 188*9°,

occurs in prismatic plates, easily soluble in water
;

the dihydrobromide,

B . 2HBr . 3H2O, has [a]]®“ -h 200-4° (dry salt, c = M/40, HjO) ; the

platinichloride, B . 2HC1 . PtCl 4 ,
forms short, orange-coloured needles.

The base can be transformed into dihydroquinicine and on demethylation

yields dihydrocupreidine (p. 431).®®

Cupreine, C^gHaaGaNa . 2HaO. Cupreine occurs, with quinine, in cuprea

bark derived from Remijia pedunculata, a plant closely related to, though
distinct from, the cinchonas.’® Cuprea bark had ceased to be collected

commercially, and cupreine had become a museum curiosity, but the

bark was again collected during the war, and so cupreine may once

more become available. It was prepared by converting the total

alkaloids of the bark into neutral sulphates. The product that separated

first was the sulphate of homoquinine, a molecular compound of quinine

and cupreine, C2oH,40aN2 • C19H22O2N2 . 4H2O. Homoquinine crystcdlises

from ether in needles, plates or prisms, m.p. 177° (dry), [ajp — 285-6°

(dil. HCl), becomes anhydrous at 125°, is soluble in chloroform or

alcohol, less so in ether. The sulphate, B . B' . H2SO4 . fiHgO, forms short

hexagonal prisms from hot water ; a solution of the sulphate in dilute

sulphuric acid poured into excess of sodium hydroxide solution with
constant stirring gives a precipitate of quinine, the cupreine remaining in

solution, from which it can be recovered as base by the passage of carbon
dioxide. Cupreine crystallises in concentrically grouped prisms, becomes
anhydrous at 120°, and then melts at 198°, [oc]i^* — 175*5° (dry; EtOH)*
It is sparingly soluble in eth^ or chloroform, readily in alcohol or solutions

of caustic alkalis, but not in ammonia, and gives the thalleioquin reacti<ni*

Cupreine is a diacidic base : the neutral sulphate, « H2SO4, forms colour*

less anhydrous needles, m.p* 257°,** soluble in 818 parts of water at 17° ; the
acid sulphate, B . H,S04 . crystallises in prisms and is solid^ iu
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78*4 parts of water at 17®. On methylation cupreine is converted into

quinine, but the latter on demethylation yields a mixture of a^o-bases

(p. 450), which has been called “ ajpoquinine ” and is also stated to be
produced when cupreine is heated with halogen acids.

Hydrocupreine {Dihydrocupreine) ^ C19H24O2N2. Tliis alkaloid does not
occur naturally, but can be produced by demethylating dihydroquinine
or reducing cupreine. it crystallises from dilute alcohol in minute
needles or from a mixture of chloroform and benzene in warty masses,

m.p. 280® {dec,) with some sintering at 185<-200®, is readily soluble in

chloroform, alcohol or hot benzene, and much less so in ethyl acetate,

insoluble in light petroleum, [a]^’ — 155-5® (G. and __ 148 * 7
®

(H. and J.) in dry alcohol. The hydrochloride, B , HCl, m.p. 280° {dec,).

Mi? ““ 182-8® (HjO), crystallises in needles
;

the dihydrobromide,

B . 2HBr, 2HaO, in leaf-like masses of prisms, m.p. 180-90°, and the

nitrate, B , HNOg, in flattened needles, m.p. 220-2 ®. On methylation
the base yields dihydroquinine and a series of homologues of hydro-

quinine has been prepared from it, €,g,, ( 1 )
ethylhydrocupreine hydrochloride,

B , HCl, rhombic crystals, m.p. 252-4®, [a]

—

123-6° (H2O) ;
the

hydrobromide, m.p. 258-9®
; the methiodide, pale yellow plates, m.p.

195-6®, Mi/
^" ““ 118®. The base itself is a white powder, m.p. 122 ®,

[*]??* — 144*8® (EtOH), or crystallised from toluene, m.p. 128-8®,

— 136-2®
; (

2
)

sec-octyUiydrocupreine dihydrochloride
y
B . 2HC1

.

2HaO,
pale yellow sheaves or rosettes of needles, m.p. 190-5®.

On treatment by von Miller and Rohde’s process, hydrocupreine

is converted into dihydrocupreinotoxine (dihydrocupreicine), and this, too,

can be alkylated, giving a series of homologues of dihydroquinicine.

Hydrocupreidine {Dihydrocupreidine), C19H24O2N2 . This base,

isomeric with the foregoing, is made by demethylating dihydroquinidine,

and was first definitely obtained by Heidelberger and Jacobs.*^^ It forms

glistening, cream-tinted, hexagonal plates, m.p. 195® {dec,), Mi?^* + 227-2®

{<? = 1*16, EtOH). The hydrochloride, B . HCl, forms prismatic needles,

m.p. 281-8®, Mi?* + 194*2° {c = 0-62, HjO) ; the dihydrobromide,

B . 2HBr, pale yellow plates, m.p. above 275®
; the hydriodide,

B . HI . HjO, pink rhombic plates, m.p. 209-12® {dry). The ethyl ether

(ethyldihydrocupreidine), C19H23ON2 . OC2H 5, forms slender needles.

m.p. 197-5-198®, Md + 212 * 8® {c = 1-008, EtOH), and yields a hydro-

chloride, B . HCl . 4H2O, flat needles w narrow plates, m.p. 258-60®

(dry), M^" 4- 188*8® (c =* 0*592, HgO). wSeries of higher alkyl ethers have

been prepared by Ghosh and Chatterjee,^® and by Buttle, Henry, Solomon,

Trevan and Gibbs.^®
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Constitution of the Principal Cinchona Alkaloids

Of the four primary cinchona alkaloids, quinine and quinidine are

isomeric and respectively laevo- and dextro-rotatory and the same applies

to the other pair, cinchonidine and cinchonine, which in turn differ from
the members of the first pair in empirical composition by the residue

—CHjjO of a methoxyl group, known to be present in quinine and in quini-

dine. Empirically, quinine may be regarded as methoxycinchonidine and
quinidine as methoxycinchonine, and King ^ has shown recently that

this is the relationship between the two pairs by (a) converting dihydro-

quinidine into dihydrocinchonine by removing the methoxyl group of the

former, and {h) transforming cupreine, of which quinine is the methyl

ether, into cinchonidine by eliminating the phenolic hydroxyl group.

The quinidine analogue of cupreine, which has been named cupreidine, is

imknown, the base described by Ludwiczak6wna, Suszko and Zwierz-

chowski ® under this name, produced by demethylation of quinidine

having been shown by Henry and Solomon * to be dihydrocupreidine,

due to the presence of dihydroquinidine in the quinidine used, the demethy-

lation products of quinine and quinidine being, not cupreine and cupreidine,

but the mixtures of qpo-bases referred to later (p. 450). Each of the four

chief alkaloids on hydrogenation absorbs 1 mol, of hydrogen, forming the

naturally occurring alkaloids usually called hydrdquinine, etc., but more
correctly called dihydroquinine, dihydroquinidine, dihydrocinchonidine

and dihydrocinchonine, of which the first two on demethylation furnish

dihydrocupreine (also produced by the direct hydrogenation of cupreine),

and dihydrocupreidine respectively, neither of which is known to occur

naturally.

The two alkaloids which have been most completely investigated are

quinine and cinchonine. The scission products of both fall into two
passes, derivatives of quinoline and derivatives of a second hetero-

eydk rii^ foinaerly referred to as the “second half” of the
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molecule, but for which the term quinuclidine was coined by Konigs. The
proximate decomposition products of this “ second half ” are distin-

guished by the occurrence in their names of “ loipon ” (from loipos^ a

residue) or the prefix “ mero ” (from meros, a part).

Oxidation of Cinchonine and Quinine. This oxidation proceeds in

two well-marked stages. In the first the nuclear structure is preserved and
changes occur in side or connecting chains only, whilst in the second scission

also takes place and the characteristic products of the two portions of the

nuclei appear. Both alkaloids, as already stated, can be hydrogenated to

dihydro-derivatives. Similarly, they can each add on a molecule of a

halogen, as in the formation of two dibromodihydrocinchonines,^ or a

molecule of a haloid acid, as in the formation of the chlorodihydro-bases,

each of which exists in two stereoisomeric forms,^ er.g., a-chlorodihydro-

quinine (anhydrous rhombs, m.p. 210° (dec.), — 251*0° (c == 0*5,

iV-HCl)
)
and a'-chlorodihydroquinine (needles, m.p. 194° {dec,), [a]fp*

—
• 168*1° (c = O-SA'^-HCl). That these addenda are due to the presence of

a vinyl side-chain is clear from the fact that each of the four alkaloids on
ozonisation is oxidised to formaldehyde and an aldehyde derived from
the alkaloid.® Similarly, each of the four alkaloids on oxidation in the

cold with permanganate is converted into formic acid and an alkaloidal

substance containing one carboxyl-group. These two reactions in the

case of quinine (I) may be represented thus :

—

+ H-cm

Formaldehyde

+ H-COOH

Fermlc Acid

Cinchotenine,^ CigHgoOgNj . SHgO, crystallises in needles or leaflets,

m.p. 197°, + 209° (iV-H2S04) or + 185*5° (HgO), and is soluble in

dilute acids, alkalis or water (1 in 283 at 19°). The base contains two
tertiary nitrogen atoms, yields monoacyl derivatives, and forms salts with

acids ,* the aurichloride, (B . 2HC1) . AUCI 3 ,
occurs in yellow needles,

and the platinichloride, B . 2HC1 . PtCl 4, in orange-coloured prisms. It

is also a carboxylic acid and gives an ethyl ester crystallising in needles,

m.p. 218-4°.

The isomeric substance, cinchotenidine,'^ similarly obtained from
cinchonidine, crystallises in needles, m.p. 256°, [a]i> —201*4° or —207°
(^^-112804), and, like cinchotenine, gives by further oxidation cinchoninic

and cincholoiponic acids.

Quiienine, Ci9Ha204N2 . 4H2O, the corresponding quinine product,®

forms rhombic prisms from alcohol, m.p, 286° (dec.), [a]i> — 188° (H2O) or

— 298° (JV-H2SO4), slightly soluble in boiling water, insoluble in ether. It

gives the thalleipquin reaction, is fluorescent in alcohol or dilute sulphuric

acid, and forms salts with acids and with alkalis; the platinichloride,

Oxonlsatlo^

Oxidation by EMnO

Qnininal

CHON -COOH
18 21 22
Quitenine
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B . 2HC1 . PtCl 4 . SHgO, crystallises in yellow leaflets. The base gives a
series of esters and also monoacyl derivatives. Hydriodic acid converts

it into quitenol, CigH2o04N2 ,
and methyl iodide.

The isomeride quitenidine, similarly produced by the oxidation of

quinidine,® crystallises in prisnls, m.p. 246*^, [a]ff“ + 258° (iV-H
2
S04 ), and,

like quitenine, gives quininic and cincholoiponic acids by further oxidation.

When chromic acid is substituted for permanganate the vinyl group
remains unattacked, and the alkaloids each lose two hydrogen atoms,

forming the ketones cinchoninone and quininone respectively. This

reaction implies the conversion of a secondary alcohol group into a carbonyl

group, and since both cinchonine and cinchonidine yield cinchoninone,

and quinine and quinidine, quininone, this secondary alcohol group must
play an important part in differentiating the members of each pair.

Cinchoninone
y Ci^HgoONg, produced by the oxidation of either

cinchonine or cinchonidine by chromic acid in presence of sulphuric

acid forms pale yellow prisms, m.p. 126-7°, [ajo + 71° to + 76°, is

sparingly soluble in light petroleum, easily in ether or chloroform and
insoluble in water. The hydrochloride forms minute colourless needles,

m.p. 245-7°, [ol]d + 175*9°. By further oxidation with chromic acid,

cinchoninone yields cinchoninic acid and meroquinenine (meroquinene).

QuininonCy CgoHggONg, similarly obtained from either quinine or

quinidine, forms colourless or pale yellow needles or leaflets, m.p. 107-8°,

Wfr + 78*8°, has about the same solubilities as cinchoninone, and yields

a hygroscopic, crystalline hydrochloride, m.p. 210-2 °, + 58*7°. As
quininone is the last stage in Woodward and Doering's synthesis of

quinine (p. 462) this group of workers have investigated the quina-ketones

in general, and have devised a method for the production of quininone, by
the action of potassium tert^hutyl oxide on quinine in benzene solution

containing benzophenone, which provides yields up to 100 per cent, of the

theoretical, and so have made this substance readily available for investiga-

tion. When heated for six hours in toluene with 10 moles of sodium
wopropoxide, quininone is converted into quinidine and quinine in the

proportion 60 to 30 per cent, respectively.

On catalytic hydrogenation it furnishes mainly dihydroquinidine.

Benzoyl chloride converts it into the enol benzoate, m.p. 114-5°, and on

interaction with magnesium alkyl halides it forms alkylquinidines, e.g.,

methylquinidine, CgiHgeOgNg, 2HaO, m.p. 105-12°, [a]ff* + 168° (EtOH),

and i^obutylquinidine, m,p. 146-7°, + 148°. From these and other

data, Woodward, Wendler and Brutschy conclude that quininone has

the quinidine configuration (p. 445) and might be called “ quinidinone.”

On autoxidation by aeration in tertiary butyl alcohol containing

potassium /^r<-butyl oxide, quininone yields quininic acid (98 per cent.) and
meroquinenine t^rf-butyl ester, C 8H14N . CO . O . C 4H9, b.b. 127°/20 mm.,
dj?* 0*9882, [a]|®* + 50*0° (EtOH), identified by hydrolysis to mero-

quinenine (me^quinene) and conversion of this to the better-known ethyl

ester (p. 488). (Doering and Chanley,)

When cinchonine and quinine are oxidised energetically by chromic
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a43id, instead of these intermediate ketones, the products of the two nuclei

are obtained. The following scheme illustrates roughly the relationships

of these products to the parent alkaloids. Cinchonidine and quinidine

yield respectively the same products as cinchonine and quinine ;

—

Clncholoiponic acid,

Loipoalc acid,

Quinine gives in place of (1) quininone, C20H22O2N2 , in place of

(2) quitenine, Ci9H2204N2 ; and instead of (3) quininic acid, CnH,03N.
the other products being the same. Cinchoninic and quininic acids are

quinoline-4-carboxylic and 6-methoxyquinoline-4-carboxylic acids respec-

tively.

These results indicate that quinine and quinidine differ in structure

from cinchonine and cinchonidine in containing a methoxyl group in

position 6 in a quinoline nucleus. The identity of the other oxidation

products, meroquinenine, cincholoiponic and loiponic acids, in all four

cases indicates that the “ second half ” of the molecule has the same
structure in all four alkaloids. Further, this “ second half ” must be

H
joined to the quinoline nucleus at position 4 by a group capable of conver-

f sion into carboxyl.

Meroquinenine, (meroquinene), formed by the oxidation of

all four alkaloids and of cinchoninone or quininone and by the hydrolysis

of quinenine or cinchenine (p. 439), crystallises from methyl alcohol in

needles, m.p. 223-4° (dec,), [a]D + 27*5° (HgO). It gives a nitrosoamine,

m.p. 67°, and a monoacetyl derivative, m.p. 110°, and can be esterified

;

the ethyl ester hydrochloride has m.p. 165°. When oxidised by chromic
acid it yields formic and cincholoiponic acids. On reduction with zinc

dust and hydriodic acid, it adds on two atoms of hydrc^en forming

cinehohipon, C^H^^OjN, and when heated with hydrochloric acid at

250-60° gives 8-ethyl-4-methylpyridine (j8-colIidine).

Cincholoiponic acid, . HjO, results from oxidation of

cinchotenme, cinchotenidine, quitenine, quitenidine, meroquinenine or

cincholoipon, and, according to Skraup, is also formed dirwtly by the

oxidation of each of the fomr parent alkaloids. It erystalUses foom water
in prisms, m.p. 126° or 221^2° {dry)f is inscdubk in alcohol or etheTi foloble
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in water, and dextrorotatory, [a]f®* + (H2O). It furnishes a nitroso-

amine, a monoacetyl derivative and a diethyl ester (needles, m.p. 181°).

On oxidation with permanganate it produces loiponic acid, C 7H11O 4N,
and when heated with sulphuric acid, 4-methylpyridine and carbon
dioxide. Racemic a- and

j
8-cincholoiponic acids were synthesised by

Wohl and Losanitsch,^^ and were resolved into their components by Wohl
and Maag by crystallisation of the brucine salts. Of these, jS-d-cincho-

loiponic acid proved to be identical with the acid obtained from cinchonine.

Loiponic acid, C 7Hii04N, obtained in small quantity by Skraup
by oxidising cincholoiponic acid with cold permanganate, forms irregular

prisms, m.p. 259° {dec.), from hot water. It furnishes a diethyl ester, and
with acetic anhydride gives acetylloiponic acid anhydride, m.p. 101 °.

Konigs first pointed out the isomerism of loiponic acid with hexahydro-
cinchomeronic acid (piperidine-8 : 4-dicarboxylic acid). The latter acid

was found to be a mixture of the cis- and trans-forms, and by treatment
with potash was converted wholly into the more stable of these forms.

Loiponic acid, on treatment with potash, is also changed into this stable

form, and so must be regarded as a labile modification of this acid. From
the facts recorded above, the oxidation products of the “ second half ” of

the four alkaloids must be represented by the following formulae :

—

CH^CH-OH^-OOOH
I

» I
«

|*TB
I

Z

HH— 0]S^

Morpaalaanlne

eSL^ CB-00<m

ira— GH.
£

OlnoholQiPoaiio aold

OH^CH-OOOH
1
^

1.

HH— CHg

LoIpopIo aold

Action of Phosphorns Pentachloride. The oxygen atom in cinchonine

and cinchonidine and the second oxygen atom in quinine and quinidine

are present as alcoholic hydroxyls, since all four alkaloids yield monoacyl
derivatives, are not soluble in alkalis, and on gentle oxidation lose two
atoms of hydrogen forming ketones (p. 437). When acted upon by
phosphorus pentachloride, this hydroxyl group is replaced by an atom of

chlorine, forming cinchoninechloride, CigHgiNgCl (needles, + 50°,

m.p. 72°), cinchonidinechloride (MJf** + 78°, m.p. 108-9°), quininechloride,

C20H28ON2CI (minute needles, m.p. 151°, + 60°, gives the thalleioquin

reaction), and quinidinechloride (crystals, + 35°, m.p. 181-2°)

respectively ;
the specific rotations are for approximately 2 per cent,

solutions of dry base in 99 per cent, alcohol, and it is noteworthy that

they are all dextrorotatory, even in the cases of quinine and cinchonidine.

Action of Alcoholic Potash on the “ Chlorides.'' The products formed

in these reactions were the subject of a series of papers by Konigs and
collaborators published in the period 1880-1900. V^en cinchonine- or

cinchonidine-chloride is heated with alcoholic potash a molecule of hydrogen

chloride is split off with the formation of cinchenine {cinchene), C^gHgoNj,

leaflets, niup. 1^8-5®* Similarly quinine- or quinidine-chloride is converted

into amNENiNE {quinem), C80H22ON2, crystallising in trimetric prisms,
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m.p. 81-2®, and giving the thalleioquin reaction.^® When heated with

phosphoric acid at 175°, cinchenine and quinenine undergo hydrolysis

(Konigs (1894) ; cf, Livschitz et al. (1945) ) according to the following

equations :

—

C19H20N2 + 2H2O
Cinchenine

C20H22ON2 + 2H2O
Quinenine

== CJIjsO.N + C.oIIsN
Meroqutnenine Lepidine

{‘^-methylqui noline)

= -h C.oH,N(OCIl3)
Mcroptunenine (j-Melhoxtjlepidine.

These hydrolyses afford further evidence of the existence in the four

alkaloids of a quinoline nucleus and of a second ring system containing a

nitrogen atom. The formuhe of the two alkaloids maj^ therefore,

be extended thus : Cinchoniiiey CgHgN . CioHi 5
(OH)N

;
Quininey

CH 3O . C3II 5
N . CioHi 5(OH)N, the complex CioHi 5(OH)N being the

source of meroquincnine
(
1

)
in the hydrolyses of cinchenine and quinenine,

and
(
2

)
in the oxidation of tlie parent alkaloids.

Structure of the “ Second Half When cinchenine is heated with

haloid acids at 180®, it loses 1 mol. of ammonia, producing a new base,

apociNCHENiNE, C19H19ON, liecdles, m.p. 209-10®. Similarly, quinenine

heated with hydrohromic acid at 190® decomposes with the production of

methyl bromide, ammoiiic4, ...IJ '’^quinenine. Ci 9Hi90aN (crystalline,

m.p. 246°). The latter, when fused with zinc aij/*'^^/\ium chloride, gives

aminoapocinchenine, which, by diazotisation and treatment with alcohol

and copper powder, gives apocinchenine identical with that obtained from
cinchenine. 2® opoQuinenine must, therefore, be a hydroxyopocinchenine.

apoCinchenine furnishes cinchoninic acid on oxidation, so that the

changes involved in its formation from cinchonine and quinine must have
taken place in the “ second half.” Comstock and Konigs found that it

behaves as a phenol, giving ethers when treated with alkyl haloids in

presence of alkali. It may, therefore, be assumed that apocinchenine

contains the quinoline complex with a benzene ring, attached in the 4-

position with respect to the nitrogen atom ;
its formula may, therefore, be

written C9H9N . € 9X12(011 )
: C4H10 . The nature of the group C4H19 was

arrived at in the following way : apocinchenine ethyl ether, m.p. 70®, is

oxidised by acid permanganate to a,pocincheninic acid ethyl ether

y

the latter, when heated with hydrobromic acid, undergoes hydrolysis and
loses carbon dioxide, forming homoapocinchenine,« C„H„ON.

1

-COOH
''00^

^C|P6

w 0^ OjW

aDoCliiehMilat aBoOlMhoBiM
•tluri

avoOiaotaiiBio
aeid ttWr

H«PMpaelaelMal«»
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The latter, by a similar series of reactions, yields homoa^ocincheninic
acid ethyl ether

;
the silver salt of this on heating loses carbon dioxide,

giving a quinolylphenctole, which, on dealkylation with hydrobromic acid,

yields a quinolylphenol, identical with 4-O‘hydroxyphenylquinoline.

r«^<“A
C,HjH

OC2H3

Hemaapoe InelwiilPd Honoapoe Inehanlnlo antoolTXpheaetole
atliyl athar acH ethyl athar

CgH^H

W
Qalnolylphanol

In apocinchenine the hydroxyl group must, therefore, be in the ortho-

position relative to the point of attachment of the benzene ring to the

quinoline nucleus. The relative positions of the two ethyl groups are

determined by the fact that apocincheninic acid ethyl ether on oxidation

with lead peroxide and sulphuric acid gives the lactone of hydroxyapo-
cincheninic acid ethyl ether (I), which, on oxidation by sodium hypo-
bromite, yields quinolylphenetoledicarboxylic acid (II).

"
(ID

The latter must have its two carboxyl groups in the cr^Ao-position to

each other, since it readily yields an anhydride and, on fusion with

resorcinol, gives a fluorescein. apoCinchenine must, therefore, be repre-

sented by one of the formulfc I, II or III, of which Konigs considered (II)

the most probable, since it best explained the formation of nitroapo-

cinchenine by the action of nitrous acid,^^ position 5 (para to the HO

—

group) being then free for the entry of the —NOg group. Kenner and
Statham have, however, proved that (I) is correct by synthesising the

2'-methyl- and 2'-ethyl- ethers of 4-(4' : 5'-diethyl)-phenylquinoline and
showing that these are identical with methylapocinchenine (oil

:
picrate,

m.p. 200® {dec.)
)
and ethylapocinchenine (m.p. 70-1®, picrate, m.p. 179-

80®) respectively.

(I) CgHgN . CeHgEtg . OH (C^HeN : Et : Et : OH = 1 : 4 : 5 : 2)

(II) CgHeN , CgHgEtg . OH (CgHgN : Et : Et : OH = 1 : 8 : 4 : 2)

(III) CgHeN . CeHgEtg . OH (CgHgN : Et : Et : OH = 1 : 5 : 6 ; 2)

The facility with which the “ second half ” of the molecule furnishes

benzenoid derivatives recalls the similar behaviour of tropine and eegonine

(Comstock and Kdnigs (1892) ) and several formulae representing cincho-

nine and quinine, and their isomerides as containing a quinoline ring

attached to a bicyclic ring system similar to that of the tropine group

have been proposed.** The formula now accepted for cinchonine is due



442 QUINOLINE GROUP

mainly to Konigs,** and has received ample confirmation from subsequent

work, especially of Rabe and his collaborators :

—

/\A AA
CH

I

OT ' — I — - _

I

*

r*
CBj-ll

CH c a

i-(0H)-c^(r \h

CH«

I

*
0

I i

c CHCBU CH C C

\/\/aH— cb-chohV ^ch

(Ktmiss, 1006) Clnehonln# (Bab#, lOoe)

Rabe’s 1908 formula accounts satisfactorily for the following charac-

teristic reactions of this group of alkaloids. When cinchonine acid sulphate

is heated dry, or the base is boiled with various reagents, or with water

alone, it is converted into an isomeride, cinchonicine (cinchotoxine) (p. 451 ),

which may also be obtained in like manner from cinchonidine. Quinine

and quinidine, under similar treatment, give rise to quinicine (quinotoxine)

(p. 425), and the reaction also takes place with cupreine and with the

dihydrogenated derivatives of all five alkaloids. Cinchonicine and quini-

cine are keto-bases, and contain both a secondary and a tertiary nitrogen

atom. When treated with amyl nitrite they form oximino-compounds,
which, with phosphorus pentachloride, furnish, in the case of oximino-

cinchonicine, cinchoninic acid and meroquineninenitrile, and in the case of

oximinoquinicine, quininic acM and meroquineninenitrile.^^ Rabe has also

shown that cinchonine and cinchonidine methiodides both yield the same
methylcinchonicine (methylcinchotoxine).^® These reactions are readily

explicable from the following formula?, in which Q represents the quinoline

residue —

C

9H5N, and the at C® indicates the point at which oximino-

substitution takes place :

—

CN

Cff~N— CH.CHOH.^ CH~HH 'NH
8 B

Cinohonlpa Cincbonlelna Ueroquinanlnenltrila

CSgtCH.CH—CT—CHjj OHgtCH.CT— CH.IjH^!SHg.C0.Q
I

CHfi

CHp

•CHj'8

%
CHo:CH.CH

*
I

CH.

CH.CH9

/\J

Similarly the ketones cinchoninone and quininone (p. 487) react with

nitrous acid, furnishing oximino-derivatives which undergo characteristic

decompositions ; thus cinchoninone gives cinchoninic acid and an oxime

(j
5-vinyl-a'-quinuclidoneoxime), : NOH, which on hydrolysis by

acids yields meroquinenine and hydroxylamine. It must be assumed,

therefore, that in the formation of these ketones a secondary carbinol

group is converted into a • CO . group, so that cinchoninone may be repre*

sent^ by the following formula, where Q represents the quinoline residue®’ :

I

r*

G^«QB-0B-GB-0B^

^ BCNW) + QrOOCB

-04R»
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Cinchoninone is also formed by the action of alkali on iST-bromocincho-
nicine, and, since cinchoninone can be reduced to cinchonine,®’ it is

possible in this way to reconvert cinchonicine into cinchonine and quinicine
into quinine.®® On the basis of all these results, Rabe developed the
following general formula (I) for this group of alkaloids :

—

CH ““CH CHg
I

1

^

CH.
S

(ID OH—N— CH-CH^

In cinchonine and cinchonidine, R = . H
;
R' = . CH : CH^.

In cupeine, R = . OH ; R' = . CH : CH^.
In quinine and quinidine, R = . OCH3 ; R' = . CH : CHg.
In the dihydro-bases, R' becomes . CH2 . CHg.
In the alkylcupreines, R becomes . OAlk (homologues of quinine).

In the alkylhydrocupreines and alkylhydrocupreidines, R becomes
• OAlk, and R' becomes . CH2 . CHj (homologues of dihydroquinine and
dihydroquinidine).

Stereoisomerism in the Cinchona Bases

It was at first common practice to number the four sisynunetric carbon

atoms indicated in the general formida (I), 1, 2, 3 and 4, but this is now
replaced by the more general system introduced by Rabe,®® who suggested

the name ruban for (III), which can be regarded as the parent substance

of the natural cinchona alkaloids, and rubatoxan (IV) for that of the

quinicines (quinatoxines). The formulae, with notation, for ruban (III)

and rubatoxan (IV) are shown below, and the general formula (I) for

cinchona bases has been numbered in accordance with that scheme.

-OB,

ft 9 4' 5'

-CHg.CHg.O—c—

r

.OH,.
3'CH

e'CH
I

iXm

<*1—c—-4h

<nx> Rubma (X7) Rttbatoxan

On this basis cinchonine and cinchonidine are named 3-vinylruban-9-ol,

quinine and quinidine become 6'-methoxy-3-vinylruban-9-ol, cinchoninone

is B-vinylruban-9-one and quinicine is 6'-methoxy-3-vinylrubatoxan-9-one.

The four asymmetric carbon atoms become 8, 4, 8 and 9 respectively.

It has already been shown that both the Isevorotatory and dextro-

rotatory cinchona alkaloids on degradation yield scission products from

the qiiinuolidme nucleus, which are structurally and optic^ly identical,

fbr example, meroquinenine, + 27*5®
;

d-^-cincholDiponic acid,
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Wf?* + 30*1®
;
jS-vinyl-a'-quinuclidone oxime, [ajj,®" + 112-5® to + 118-5°.

In all these substances asymmetry at and remains, and this is also

true of cinchonicine and quinicine, in which C® and C® are no longer

centres of asymmetry. In all the eight principal cinchona alkaloids,

therefore, the total effect of carbon atoms C® and must be dextro-

rotatory. It will be shown later that it is possible to convert the vinyl group
of each of the four principal cinchona alkaloids into an ethylidene group

(: C®H . CH : CH2
“-> : C® : CH . dig) as in a- and jS-i^voquinine, so that C®

becomes symmetrical, a- and ^-isoQuinines have higher la3Vorotations

than^quinine, so that presumably C® in quinine is dextrorotatory. Further,

when jS-i^oquinine is hydrogenated, C® reverts to its asymmetrical status

and produces a mixture of dihydroquinine and epi-C®-dihydroquinine. The
latter is of higher laevorotation, [ajj,®"* — 255*7° (M/40, iV/lO-HgSO^) than
dihydroquinine, indicating that in the latter C® is dextrorotatory.

Solomon®^^®^ has shown that ^-i^oquinotoxine, in which d is the only centre

of asymmetry, is laevorotatory,.[a]Jf“ — 33-8° (M/40, N/IO HgSO^).

CH^ • CE i C"" ' " 'CH— "

I I

-
CHj-JI CH.CH(0H)Q

a- and 0—isoQulnines

CH».CH:C CH-

CHr-NH CHg.CO.Q

p-i

s

oQulnotoxlna

These changes have been experimentally demonstrated only for quinine

and quinidine, but in view of the optical identity of the quinuclidine

degradation products from the principal cinchona alkaloids, it may be

assumed that in all of them the total dextrorotatory effect at C® and

is made up of a dextrorotatory effect at C® exceeding a lievorotatory effect

at

The directions of rotation at C® and C® have been arrived at from the

following considerations. The deoxy-bases (II
; p. 443 : Q = quinoline

residue) obtained from cinchonine and cinchonidine are structurally

identical,®^ but optically different, and since they mi^t be optically

identical at C® and C^, and C® is no longer asymmetrip, the difference

between them (see table, p. 446) must be due to difference in direction of

rotation at C®, which must therefore be dextrorotatory in cinchonine and
Isevorotatory in cinchonidine, and this must also be true of quinidine and
quinine respectively and of the corresponding dihydro-bases.®® The
keto-bases, cinchoninone and quminone, might be expected to exist each

in two pairs, since carbon atom 8 is, according to the formula (p. 442),

asymmetric, but it is better represented by the tautomeric grouping ®® ;—

-

_®CO—®CHl5:®C(OH) : ®C<

(the evidence for this being that the bases show mutarotation and yield

derivatives of the enolic forms), so that in these keto-bases the asymmetry
of carbon atoms 8 and 9 virtually disappears, but it becomes evident on
reduction, as in the case of dihydrocinchoninone, which on reduction by
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aluminium in an alcoholic solution of sodium ethoxide yields dihydro-

cinchonine (cinchotine, [a]© + 190®), dihydrocinchonidine (cinchamidine,

[aju — 98®), and two new alkaloidal secondary alcohols having [a]© + 88*5®

and + 48® respectively,^^ now known as ^pidihydrocinchonine and epi~

dihydrocinchonidine respectively. Using these and other data referred to

above, King and Palmer,^® in a discussion of the contribution of each of

the four centres of asymmetry, came to the conclusion that the final direc-

tion of rotation of the eight principal cinchona alkaloids is made up by
dextrorotation at and C*, taken together, throughout both series, by
laevorotation at C® and C® in the laevorotatory series and by dextrorotation

at C® and C® in the dextrorotatory series. Since then Rabe and collabora-

tors have shown that when any one of the eight cinchona bases is heated

with potassium hydroxide in amyl alcohol it undergoes epimerisation

about carbon atoms 8 and 9, yielding an equilibrium mixture of four

stereoisomeric secondary alcohols. Thus such treatment of quinine

yields a final mixture of the following bases :

—

]

Quinine

I

«riQuinine ^{Quinidine

Carbon atom 8 +
Carbon atom 9 — + +
Carbon atoms 3 and 4 + + +

This reaction, in the case of quinine, has been investigated in detail

by Doering, Cortes and Knox in a search for a practical method of

converting quinine to quinidine. They find that when quinine is refluxed

in an atmosphere of nitrogen with the corresponding sodium alcoholate

in absolute n-butanol, w-pentanol, n-hexanol or heptanol-2, the amount
of quinidine formed increases rapidly to a maximum and then decreases

gradually. The reaction does not, as Rabe supposed, lead to a true equili-

brium and there are side reactions producing unidentified products, ^.g.,

in n-butanol after 24, 36 and 48 hours, the total yields of the four stereo-

isomerides were 74*5, 67-9 and 52*1 per cent, respectively and the amounts
of quinine and quinidine present were 87*7 and 16*6, 22*6 and 16*5, and
14‘8 and 12*6 respectively. For the mechanism of this reaction they

suggest that the first step is oxidation of quinine to quininone, the

asymmetry of the two centres C® and C®, concerned in the partial racemisa-

tion, being thereby destroyed, and an equilibrium set up between quininone

and quinidinone (p. 487) vid quinenol, : C® = C®(OH) . Q. The second step

involves reduction of this quininone-quinidinone system to the four

stereoisomeric bases. This mechanism is discussed in detail and relevant

literature quoted.

A similar mixture results from the reduction of quininone, and an

analogous mixture of cinchonine and cinchonidine, each accompanied by
its epimeride, results from alkali treatment of cinchonine or cinchonidine

or from the reduction of cinchoninone. The characters of the whole series
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of bases thus producible from the eight principal cinchona bases are shown
in the table below, in which the deoxy-bases have been included to

illustrate the effects of the disappearance of asymmetry in the case of

carbon atom 9. The constants given are those recorded by Rabe,®* who
has also discussed the influence of configuration on basicity in this series.

The last six items in the table relate to ruban and rubanol. Ruban
has one asymmetric centre (carbon atom 8 of formula III, p. 448). Ruban-

Direction of Rotation

Substance Mclting-poiiit

QIQQIIBB
Quinine .... - 158 2° 4- 177°

Deoxyquinine . ~ 977 ^
4- — Nil 48°

epiQuinine + 43-3° 4* — 4- Oil

Quinidine .... + 243 5° 4- 4- 4 168°

Deoxyquinidine + 21 11° + 4- Nil 80-82°
eptQuinidine -f 102 4^^ 4- + — 113°

Cinchonidine ~ 111° 4- 202°

Deoxycinchonidine - 29-9° 4- — Nil
epiCinchonidine + ()2-8° 4* — 4- 103-104'

Cinchonine . . . \ + 224-4° 4- 4- 4" 200°

Deoxycinchonine + 179 3° 4- f Nil 91°

eptCinchonine , -f 120 3° 4- 4- _ 82-83 ^

Dihydroquinine - 142 5° + — — 108-169°

( 4- )-Dihydroquinine . -f 143-5° 4- •4* 171 5°

Deoxydihydroquinine

.

~ 773° 4* Nil 70°

epiDihydroquinine + 325° 4- 4-
’

Oil

Dihydroquinidine . + 237-5° 4- 4- 108-109°
( — )-DihydFoquinidine — 237-7° — 17r
Deoxydihydroquinidine
fptDihydroquinidine .

4- 167-7°

4- 73-7°
4-

4-
4-

4-
Nil 85-87°

122°

Dihydrociiichonidine ~ 95° 1 4- 231-232
I>TOxydihydrocinchonidine .

- 21 2° 4" Nil 52°

epiDihydrocinchonidine 4- 48 3° 4- — -f 100°

Dihydrocinchonine 4- 200 0® 4- 4- -4-

Deoxydihydrocinchonine 4-’143 0° 4- 4- Nil 72°
epfDihydrocinchonine

.

4- 88-4° + 4- — 120°

9-Hydroxyruban . + 182-5° HI 4- 4- 230-5°

»»«,•»» • • •

Ruban. .... + 14-3° ISil 4- — 118-0°

+ 80-6"m 4- Nil Oil

9-Hydroxyruban . - 14-0°nB 4- 118-0°

, » * t» • • •

Ruban*
- 131-8° Nil — 2305°
- t8-4° Nil B Nil Oil

* As shown on p, 4i4, C* and C* taken together as a unit aie in total eff^t dextro*
rotatoiy, but C* is dextrorotatory throughout the series and C* is iievorotatoiy.^^)

9-one furnishes, on reduction, four stcreoisomeric rubanok (9-hydtroxy-

mbans) corresponding to tte two dihydro-^mehonines and -eindbo^dines
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yielded by dihydrocinchoninone. The rubanols on further reduction
(CHOH yield two stereoisomeric rubans, corresponding to the
two deoxy-bases, derivable one from the two dihydrocinchonines, and its

stereoisomeride, from the two dihydrocinchonidines. If comparison is

made of the values of the specific rotations of the ruban-9-one derivatives

with those of the dihydrocinchoninone derivatives given in the table, it

will be seen that they afford further evidence that the total effect of the

centres of asymmetry at C3 and C4 (absent in the rubanone derivatives) is

dextrorotatory in all the natural cinchona alkaloids.

The vinyl-free analogues of quinine and quinidiiie, viz.^ the 6'-methoxy-
ruban-9-ols were also synthesised in 1941 by Rabe and Hagen and
further details added by Rube, Schuler and Voss in 1943. 6'-Methoxy-
ruban-9-one, m.p. 89° (Prelog ei found m.p. 90-1° and picrate m.p. 211-
211' 5°

; the latter was confirmed by Kleiman and Weinhouse on hydro-

genation in dilute hydrochloric acid in presence of palladium black gave
two racemates

(+ +) ( ), m.p. 172° {dry) and (H )
( [-)> od* The

( +) and (— )
signs refer to the direction of rotation at C® and C® respec-

tively. The two racemates were resolved into two enantiomorphic pairs,

lor which the following and other data are recorded :

—

(a)
(+ +), B . HA m.p. 187° (dry)

;

[a]}r + 173-8° (EtOH),
(b) ( ), m.p. 187°

; [alff - 173-5° (EtOH).
(c)

( + ~), oil
; [air + 23-5° (EtOH).

(d) (-+), oil
; [air - 23-5° (EtOH).

Prelog and Zalan have investigated the spatial distribution about
positions C3, C4 and Cg and have shown that cincholoipon ethyl ester (V),

whether prepared from cinchonine or quinine, has [air +16*7° and
gives a hydrochloride [alff" — 9*6° (EtOH) or — 7-0° (HgO). The figures

found by ICaufman et were the reverse of these, viz,^ — 17-2° for the

ester and + 5*7° for the hydrochloride. The ester was degraded to (—)-8-

methyl-4-ethylhexane (VI) in which the C® of cincholoipon, and of the

cinchona alkaloids, is the only remaining centre of asymmetry. This

hydrocarbon belongs to the laevorotatory series, represented by the general

formula CHMe . CjHgR where R is an alkyl group with more than two
carbon atoms, and can be represented by the conventional projection

formula (VII). Cincholoipon was also converted by a series of mild

reactions, in wliich the configuration at C® and C* was unlikely to be

altered, into the optically inactive cis-l : 2-diethykt/cZohexane (VIII),

indicating that in cincholoipon and the cinchona alkaloids, the substituents

at C* and C* stand in the m- relation to each other. The dextrorotatory

alkaloids cinchonine and quinidine form isomerides (p. 451) in which there

is ether formation between the substituents at C® and C® (see, for example,

formula B, p. 449), whereas this type of isomeride is not obtainable from

the tevorotatory alkaloids, quinine and cinchonidine. It is assumed,

therefore, that pi the dextrorotatory bases the substituents at C® and C®

are both in the ^ndo-position (X), but in the Isevorotatory alkabids the C®

substituent is in the ends* and C® substituent in the ewo- position (IX).
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CH,— CH,—CH—CH,— COjEt CHj— CH2— CHEt

P 2 51

(VI NH CHj CH C^Hj

4
CHEtg

(VI) CH3--CHEt

(VII) CH3

CH,— CH,—CHEt

(VIII) CH^—CHj— CHEt

4
,CH XHv

I \h
CH, CH-'V CH, CH, CH-' V CH, V”2

I

^H el/R I L l/H
h2C^ ^^2 °c<. h,c^ 9^2 ^c:

(ix> (X)

R = Quinolylcarbinol or O'-nielhoxyijuinoIylcarbinol rcsiduo,

C,H,N . CHOH . or MeO . C.IIjN . CHOH.

Transformation Products of the Cinchona Ai-kaloids

The most important group of structural isomeriiics of the

cinchona alkaloids are the quinicines or quinatoxines (formula F,

CH 3 . CHOH . —>CH2 : CH .) of which only one, quinicine (p. 425)

occurs naturally. Other tjcansformation products have been obtained

mainly by three methods : (a) heating the alkaloids with 50 to 70 per cent,

sulphuric acid, (b) heating them under pressure with hydrochloric acid

(sp. gr. 1*125), or (e) the action of water, alkalis or silver nitrate on the

halogen acid addition products (D) of the four cinchona alkaloids con-

taining a vinyl side-chain. The nature of the products of these reactions

was first worked out for cinchonine mainly by Skraup and his collabora-

tors and by Jungfleish and L^ger.^®

One result of all these reactions is the change of the vinyl group to an
ethylidene group (CHg : CH . —^CHg . CH :) with the formation of the

apo-bases, e.g., apocinchonidine and jS-cinchonidine, which are the two
geometrical isomerides required by the formula (E ; Q = quinolyl residue).

In addition to this change, the elements of a molecule of water may
be added to the vinyl group with the formation of hydroxydihydro-bases

represented by formula (B). This change also appears to occur with all

the vinyl-containing alkaloids though neither of the pair of stereoiso-

merides so produced has been described for cinchonidine.

In the case of the dextrorotatory pair, cinchonine and quinidine, these

hydroxydihydro-bases may lose a molecule of water between the two
. CHOH .

groups at positions 9 and 10 with the formation of ether oxides,*®

represented by formula (C) of which there should be a pair of stereoiso-

merides for each alkaloid. This type of compound has not been obtained

from the laevorotatory bases, cinchonidine and quinine.

The fourth change is a remarkable one and probably occurs with all

four alkaloids, though the characteristic product does not appear to have
been observed in the case of cinchonidine. It only occurs in reaction (c).

The carbon atom at position 2 is eliminated as formaldehyde/^ 'Hie
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products are niquine from quinine and niquidine and t^oniquidine from
quinidine, which have been proved to be represented by formula (Ga)/*
This probably also applies to the a- and j5-cinchonhydrines derived from
cinchonine, though for these formula (Gb) was proposed by L^ger and
they have not been investigated reeently (cf. Langer^^).

The least desirable of the three reactions is {h) as this results in the

formation of some chlorodihydro-base and adds to the complexity of the

mixture of reaction products.

M. tO> 3 4- T
CIIgiCHtCH—CH—CHg

’‘CH2

•CHp

CHg-N CH
I

^CHOH
I

0.

(A) Natural ctnchona
alkaloid

CHa . CH ( Hal ) .CH—CH--CHp3
.

I

.
2

CH2

(jH2

CHg-N-

(D) Haloeenodihydro-base

1

CH^.CHOn—CH—CH-

CH2

CH2

CHp-N CH
I

‘'CHOH
I

Q.

(B) Hydroxydlhydro-
base

i

CH3 . 4h: ^ CH—CHg

-CH
I

CHOH

CH2

CH2

*CHp-N CH

CHOH
I

(E) apo-Base

CH3. CH—CH—CH—CH2

CHo
1

"

CH2
I

CH2-N CH

0 ?CH
I

Q

(C) Ether oxide base

CH3 . CHOH.CH—CH—CH2

CH2

fz
CH2-NH CHg

CO
I

Q

(F) Hydroxydlhydro-
quinicine

CH3.CR:CH.CH—
I

CH2

CH2

NH—

•CH2 CHj.CHiC -CH.CH2.CH3

—CH
I

‘‘CHOH
I

CH2—NH—CH

CHOH
I

0

(Oa) Niquidine (G k H) (Gb) C.inchonhydrine (L)

CHs.CH'.C CH—CHg

CH2
CHo
I

CH2

CH2-K- -C.OH
I

Q

(H) hetero-Base

(1) Q may represent quinolyl, 0-hydroxyquinolyl or 6-methoxyquinolyl.

(2) Derivatives of the alkaloids named may also be represent^ by the formulae

with the following changes ;

—

(A) Natural dihydro-cinchona alkaloids and ikeit epimerides, CH, : CH .
—^ CHg . CHj

.

(E) neoapoQuinidim. Ethylenic linkage C*® — C* transferred to C® ~ C*.

(P) Quinicines^ CH» . CHOH . —>CH, : CH isoquinicineSy CH, . CHOH -> CH, • CH ;

and dihydroquinicineSy CH, . CHOH—>-CH, . CH,.
(Oa) Dihydroniqft^ and dihydrmiquidine, CH, . CH : CH ->CH, . CH, . CH,.

XUSt JOJL 15
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In the cases of quinine and quinidine there is an additional complica-

tion, except for reaction (c), owing to partial de-methylation of the

methoxyl group, thus in the action of sulphuric acid on quinine there may
be four products of formula E, viz., the two geometrical isomerides

fl|?oquinine and woapoquinine (for which Q is 6-hydroxyquinolyl) and their

methyl ethers, fi-isoquinine and a-woquinine respectively (for which Q is

6-methoxyquinolyl).

The results of this additional complication may be illustrated by a

comparison of the reaction products in the cases of cinchonine and
quinidine.

Type of
Product.

Products from Cinchonine

Formula E apoCinchonine (aMocinchonine)

M B a- and )3-Hydroxydihydrocin-
chonines.

„ c a-woCinchonine (c'nchonihne)
j3-woCinchonine (cinchonigine).

,, Ga a-, p- and y-Cinchonhydnnes.

Products from Quinidine

apoQuinidine and its methyl ether.

neoopoQiiinidine and its methyl ether
(ne >i«oquinidine).

0-Quinidine.
a- and j3-Hydroxydihydroapoquinidines
and their methyl ethers, a- and
hydroxydihydroquinidines.

a-, p- and y-wfoQuinidines and iso-

apoquinidine of which jS-isoquinidine

is the methyl ether.

Niquidine and i^oniquidine.

It will be seen from the foregoing that there is no systematic nomen-
clature for these compounds. Some of them have been isolated by several

workers and with the impression that they were new substances have
been given new naraes,^* and this applies especially to the two wocincho-

nines and dihydrocinchonine. It will be noticed that instead of the two
geometrical isomerides required by formula (Ga) there are three cinchon-

hydrines. The a- and ^-forms are well-defin^ crystalline substances, but
the supposed y-form (see table, p. 452) is amorphous and its authenticity

doubtful.®® Formula (E) requires two geometrical isomerides, but quinidine

provides three possible claimants for this representation. When one of

these opo-bases is hydrogenated the ethylidene group CH3 . CH : is

converted into an ethyl group and C3 becomes a centre of asymmetry once
more as in the typical cinchona alkaloid (A) and a mixture of epimerides

about C3 is produced. When this process is applied to apoquinidine

methyl ether, neoi>oquitiidine or ^-quinidine, the hydrogenated product
in each case can be separated into dihydroquinidine and a new substance

epi-C®-dihydroquinidine. In all three substances therefore one end of the

ethylenic linkage must be at C® and it is suggested that the unexpected
thi^ substance, probably ^-quinidine, has its ethylenic linkage at —C*

11 10 3 11 10 8

instead of at C®— (E
; CH* . CH : C -CH3 . CH3 , C ,).

There is also for the quinidine ether oxide group (formula C) an un-
expected third isomeride, possibly due to epimerisation about carbon
atoms 9 and 10 . These quinidine isomerides are no doubt convertible,
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like a- and jS-iVocinchonines into hydroxydihydroquinicines (F) and a

study of these products might provide an explanation of this anomalous
third isomeride, since the centres of asymmetry would then be reduced to

C3 . c„ C,o of which the configurations at C 3 and C 4 are known (p. 443).

The two niquidines form the expected pair of stereoisomerides required

by formula (Ga).^^ On hydrogenation they both yield the same dihydro-
11 10 3

niquidine (Ga ;
CH3 . CH : CH . ^ CH3 . CH^ . CHg) and this, unlike

the normal cinchona alkaloids, but like niquidine itself, cannot be con-

verted into a quinatoxine but when subjected to the usual process for this

purpose yields a strongly laevorotatory substance, which is the epimeride

about C*, viar., q?i-C*-dihydroniquidine. Similarly, when the analogous

quinine derivative, dihydroniquiue is so treated it is converted into a

mixture of stereoisomerides from which dihydroniquidine and epi-C®-

dihydroniquidine have been isolated.

Structural isomerisation of a different type was brought to notice by
Rabe, Haeuszler and Hochstatter,*® who have shown that the “ epicincho-

nine ” of Suszko and Tomanek is not, as these authors supposed, an

epimeride of cinchonine, but is represented by formula (H) and the name,

heterocmchonine (^-cinchonine), has been coined for it. Recently Rabe

(1941) has indicated the existence of A^^erodihydrocinchonine and has

recorded the occurrence of heieroqmmne in “ precipitated quinine of

commerce.’’ Formula (H) makes these substances derivatives of azadi-

cyclo[8 : 3 : 2]nonane, which it is proposed to call /tomoquinuclidine.

In the following table the characters of the principal isomerides and
other transformation products of the cinchona alkaloids are summarised
and references are given to the chief papers dealing with them, and upon
which the foregoing account is based. The capital letters in brackets

printed after the names of the substances refer to the formulae and explana-

tory footnote on p. 449,

Kama and Formula * Characters Eeferences

C„H,.ON.
a-t«o€inchonine (C) • .

jS'tfloCinchonine (C)

c^oCinchonine (E)

Cinchonicine (F t)

Orthorhombic prisms

;

m.p.l30•4^[a]I> + 531°
Clinorhombic or ortho-

rhombic crystals ; m.p.

180-7°; [a]}f - 61-6°.

Needles ;
m.p. 216-8°,

falo + 150°.

Needles ;
m.p. 58-9°,

[<x]d + 40-62°.

Jungfleisch and Ldger *•
;

Hesse, Annalen^ 1893,
276, 88; Skraup, Monats,^
1901, 22, 1097;
Lippmann and Fleissner,

ibid., 1893, 14, 871 ; see
also, ref. 40.

Rabe ; Roques, Ann,
Chim, Phys., 1897, [vii],

10, 234 ; von Miller and
Rohde, Ber., 1900, 33,
8214.

h-Cinohonitie (H) M.p. 179-80°; [aff-+151°. Suszko *• (1988)

;

Rabe,«

* The capital kttera in bradEets refer to the lettered formulie (p. 449).

t See notes on formulas, p. 449.

16—
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Name and Formula • Characters References

CisH.^ONa
crpoCinchonidine (K)

j8-Cinchonidine (E)

Microscopic lamellae
;
m.p.

254*7-256*T‘’ {dec.),

- 134^

Needles ;
m.p. 240-1® (dac.),

[a]„ - 126-6® (Uger).

Hesse, Annalen, 1880, 205,

814 ; 1888, 243, 149 ; cf.

Paneth, Monais., 1911,

32, 257.

Neumann, ibid., 1892, 13,

651 ;
L^ger, Bull. Soc.

C/m».,19l9,[iv.],25, 571.

Dihydrocinchonicine (dihydro-

cinchotoxine) (F f).

Oil; [a]„ + 1° (Rabe),

4- 8-8° (Kaufman n),

benzoyl deriv., m.p.
121-2®.

Rabe, Ber., 1912, 45, 2927 ;

1918, 51, 1860;
Kaufmann, ibid.

,
1918,

46,2913; 1916,49,2304.

a-Cinchonhydrine

(5-cinchonine) (Ga).

j8-Cinchonhydrine (Ga)

y-Cinchonhydrine (Ga)

C1JH22O2N2
apoQuininc (j3-wocupreine, Suszko

;

a-apocupreine, Butler and

Cretcher) (E).

woapoQuinine (E)

npoQuinidine (E)

t^oapoQuinidine (C) .

neoapoQuinidine (E f ) .

CxsH^.O^N,
a-Hydroxydihydrocinchonine (B) .

jl-Hydroxydihydrocinchonine (B) .

Hydroxydihydrocinchonidine (B) .

Dihydrocupreicine (F f)

Needles
;

m.p. 144-4®, \

+ 188-8°.

Prismatic needles
;
m.p.

155-8“, [a]“* + 72-16°. .

Amorphous ; B . HCl
needles, + 122-0°

j

(c= 1 rdil.HCl).
)\

J^risms ; m.p. 184°

;

[a]ff“ - 214-8°.
j

Aggregates of needles ;

,

m.p. 275° (dec.)

;

[ajjf*'

- 261-7°.

Needles or prisms ; m.p. >-

172° or 185-90°; [ab
4- 181-8° or + 208-6°

(dfy).

Hexagonal prisms
;

m.p.

245°, [a]^” - 12-6°.

Prisms, m.p. 260°,

4- 206-2°.

Flattened prisms ; m.p."^

252° ((fee.), [«]{,*'+ 182°. [

Minute needles ; m.p. 278°
(

(dec.), [och -f 187-3°. J
Leaflets ;

m.p. 242-3°

((fec.),[a]|»’~185° (c = l,

" dil. HCl).

Oil ; B . HBr, m.p. 218-5°,

— 5-4° (water).

Jungfleisch and L6ger.**

Henry and Solomon, J.

C/iem. Soc., 1934, 1923 ;

cf. Suszko el al., Bee.

Trav. Chim., 1933, 52,

839 ;
and Butler and

Cretcher, J. Amort. Chem,
Soc., 1935, 57, 1083.

Henry, Solomon and
Gibbs, J. Chem. Soc.,

1935, 966.

Henry and Solomon (loc.

oil.).

Henry, Solomon and
Gibbs. 80(a)

Jungfleisch and L^ger**;
cf. Widmar, Monats.,
1901, 22, 976.

l>ger (see under

j3-cinchonidine).

Heidelberger and Jacobs,

J. Amor. Chem. Soc.,

1022, 44, 1094.

The capital letters in brackets refer to the lettered formulse (p. 440).

t See notes on formula;, p. 449.
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Name and Formula •

Ci9H240gN,
Niquidine (Ga) .

isoNiquidine (Ga)

Niquine (Ga)

Dihydroniquidine (Ga f

)

c/ji-C^-Dibydroniquidine (Ga f)

Dihydroniquine (Ga f)

a-Hydroxydihydroa:;?oquinine (B) .

j3-Hydroxydihydroaj>oquinine (B) ,

a-Hydroxydihydroapoquiiiidine

(B ; Q = 6-Hydroxyquinolyl).
^-Hydroxydihydroa/joquinidine

(B : Q = 6-Hydroxyquinolyl).

C..H.40.N.
a-i^oQuinine (methyl-woaj?o-

quinine) 80(a) (E).

j8-isoQuinine (apoquinine methyl

ether), woquinine, ^-quinine (E).

a-i«oQuinidine (C)

j3-i9oQuinidine (t^oquiiiidioe : iso-

qpoquinidine methyl ether (C).

Characters

Stellate groups of needles
;

m.p. 172°, [oL]\f -f 301-5°

(0-1 N . HgSOJ.

Prisms
; m.p. 163°,

+ 222-0° (0-1 N.HgSOJ.
B . HgO, needles, m.p. 187°

(dry), [al}f-.248° (0-1

N . HgSO*).

Needles, m.p. 165°, [a]}®**

+ 231-6°(0lN.HgSO4).
Amorj)hous

, [a]
J®*— 140-8°

(0-1 N.HgSO^): Bg,

3HBr, HgO, needles, m.p.

240°; [a]Jf - 102-8°

(HgO).

Needles, m.p. 85°,

- 210-1° (0-1 N . UgSO*).

Needles ;
m.p. 281-4°,

l(x\\f - 205-4° (dil.

sulphuric acid).

Amorphous, m.p. 120°

(<fec.),[a]J5‘’- 205-1° (dil.

sulphuric acid).

Prisms ; m.p, 205°,

f 252-6° (0-1 N.HjSO*).
Prisms, m.p. 190° (dec.)

[a]ff + 197“ {c = 0-5 ;

EtOH).

Transparent plates
;

m.p.

196-5“
;

[a]],®' - 245“.

Colourless needles, m.p.

188-5“, [a]}f - 201-9“.

Rhombohedrn, o.m. 80“,

111 “.

Silky needles ;
m.p. 72°

orl42“(*y),[a]””-9-7“.

lieferences

Domanski and Suszko,

Bull. Acad. Polon., 1935,

A, 457; Gibbs and Henry

,

J. Chern. Soc.y 1939, 240,
1294.

Gibbs and Henry, loc. cii.

Skraup, Monats.^ 1893, 14,

428
;

Leger ;
Suszko,

Bull. Acad. Polon., 1925,
A, 132 ;

Reyman and
Suszko, ibid., 1935, A,
360 ;

Solomon, J. Chem.
Soc., 1941, 77.

Gibbs and Henry, ioc. cii.

Gibbs and Henry, he. cit.

Solomon, loc. cit.

Henry, Solomon and

Gibbs (he. cit. 1935).

Henry, Solomon and

Gibbs.30(a)

Henry, Solomon and Gibbs,

J. Chem. Soc.y 1937, 592.

BOttcher and Horowitz,

Monats., 1911, 32, 793.

Henry, Solomon and

Gibbs (loc. cit. 1935)

;

Suszko et al., Rec. trav.

chim., 1933, 52, 839, 847.

Domanski and Suszko,

Bull, Inter. Acad. Pol.,

1933, A.123
; 1985,

A.465.
Pfannl, Monals., 1911, 32,

341 ; Konopnicki and
Suszko ; Henry,
Solomon and Gibbs (he.

cU. 1935).

The oapitial letters in brackets refer to the lettered formuhe (p, 449).

t See notes on fotnualtt, p. 4419.
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Name and Formula * Characters Beferences

^ 20^ 24^2^2
a/loQuinidine me thyl ether (E)

y-i^oQuinidine (C)

Minute needles
;

m.p.

180-1°, [a]Jf° + 193-2°.

M.p. 70° [a]J5° + 51°.

Henry, Solomon and

Gibbs {loc. cit.y 1935).

Domanski and Sus/ko,

Rec. trav. chim.y 1935, 54,

481.

neoi^oQuinidine == ncoopoquinidine

methyl ether. (E
; Q — 6-

methoxy-quinolyl).
^•Quinidine (E) f . . .

/jeteroQuinine (H)

/3-woQuinotoxine (F f) .

C„H.,0,N.
Dihydroquinicine (diliydroquino-

toxine). (F f).

epi-C*-Dihydroquinidine (E f)

epi-C*-Dihydroquinine (E f) •

^20^26^3^2
a-Hydroxydihydroquinidine =

methyl ether of a-hydroxy-
dihydroqpoquinidine (B ; Q =
6-methoxyquinolyl).

jS-Hydroxydihydroquinidine —
alto>quinidine (B : Q = 6-meth-
oxyquinolyl).

a-Hydroxydihydroquinine (B : Q=
3-methoxyquinolyl).

Prisms, m.p. 83°, -f
]

198-6° (01 N.HjSOJ.

Prisms, m.p. 150-5° (dry),
^

4- 249-4° (0-1 N .

HaSOj.
M.p. 167°

; Ba . HgSO^,
prismatic needles, m.p.
218° (dec.).

Oil
; [a]}f - 83-8°

(
0-1 N,

HjSO^)
;

B . C 4H 2O.,

needles, m.p. 192-4°,

[a]J,S° - 12° (H.O).

Oil; Bj . HjSO. . SIIjO, m.p.

174-6°
;

- 8-3°

(H,0).

M.p. 152° {dry)^ la]}^ \

+ 233-8°
(
0-1 N.HjSOJ.

M.p.l69°.B. 2HBr.3H20
needles, m.p. 234° (dec.);

[a]j> - 184° (HaO).

Prisms, m.p. 145°-50°,

[a]„ + 241-5°
(
0-1 N .

HaSO^).

Prisms, m.p. 257°
; [a]i)

+ 298-5° (0-1 N . HaSO^).

Needles, m.p. 247-9°, [a]}f"

- 197-5° (01N.H,S04).

Henry, Solomon and Gibbs

(toe. dt.).

Kabe, Ber. 1941, 74, 725.

Solomon, J. Chem. Soc.,

1988, 6 .

Hesse, Annalent 1887, 241,

273; Rabe, Ber., 1919,

52, 1842; 1931, 64,

2497 ; Heidelberger and
Jacobs, J. Amer, Chem.
Soc., 1922, 44, 1092.

Henry, Solomon and Gibbs
{loc. cit.).

Henry, Solomon and Gibbs
(toe. cU.),

Henry, Solomon and Gibbs
(toe. cit.)t cf. Ludwiczak
and Suszko, Bull. Acad*
Polon., 1986, A, 276.

Henry, Solomon and Gibbs

(toe. cU.),

The capital letters in brackets refer to the lettered formulae (p. 449).

t See notes on formulae, p. 440.

Syntheses of Cinchona Alkaloids

The cinchona alkaloids on degradation break down into derivatives of

(1) quinoline and (2) quinuclidine and the synthesis of any one of them
involves the preparation of each of these two “ halves ** in a form suitable

for combination,

Cinchmmk and Qmninie Adds* The “quinoline half” is usually

presented in the form of one of these acids, early syntheses of which are

due to Pictet and Misner and Eimfinaim and Pey^**^
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Rabe, Huntenberg, Schultze and Volger synthesised quininic acid

by an improved form of the process used by Knorr for 4-methylquinoline.

Ethyl acetoacetate was condensed with p-methoxyaniline and the resulting

acetoacet-p-methoxyanilide (I) converted into 2-hydroxy-6-methoxy-4-

methylquinoline (II) by 90 per cent, sulphuric acid at 100°. The hydroxyl

group was replaced by chlorine and the latter by hydrogen, giving

6-methoxy-4-methylquinoUne, which was then condensed with benz-

aldehyde to 6-methoxy«4-styryl-quinoline (III) and the latter oxidised

by permanganate to quininic acid (IV). This method has been improved
by Ainley and King and by Campbell ei and other methods of

preparing these two acids have been devised by Halberkann,*^ Thielpape

and Koelsch.^’

^3

CH

UeO C
I

HC

/ V

^CH

I

c

Cfl3 CFa

CO OH .0

ItoO.C^ 0 CH
I

^ > I II I

CO HC 0 C OH
/ \ /\ /
i II CH

CH CHPh
I

CH C

/ \ / \
ItoO

(j (j

CH

q CH

III

COOH
I

CH C

IteO C^ \ \h
HC C CH

IV X/N/
Quinticlidifie and its Derivatives, Though quinuclidine is not usually

found among the degradation products of the cinchona alkaloids being

represented therein by cincholoipon, meroquinenine, and cincholoiponic

and loiponic acids (p. 438), a good deal of attention has been given to

devising methods of preparing this substance and its derivatives. 3-Ethyl-

quinuclidine, which is the “ second half ’’ of the dihydrorcinchona bases,

was synthesised by Konigs and Bernhart,^® and quinuclidine itself by
Loffler and Stietzel in 1909 and in 1920 by Meisenheimer, Neresheimer
and Schneider,^® whose account of its properties, differing considerably

from that of Loffler and Stietzel, has been confirmed by more recent

workers.

Much interesting work has been done in the last ten years on the

bridging of pyrrole and piperidine rings. Early in their work on this subject

Clemo and Metcalfe (1937) prepared quinuclidine (V) by the reduction

of 8-ketoquinuclidine (IV), the latter resulting from the hydrolysis and
decarboxylation of the product (III) of a Dieckmann internal alkylation,

applied to ethyl piperidine-l-acetate-4-carboxylate (II), itself made by
condensing ethyl piperidine-4-carboxylate (I) with ethyl chloroacetate.

This synthesis came shortly after one by Prelog, Kohlberg, Cerkovnikov,

RSzek and Piantanida (1987) based on a series of reactions which, with

modifications and extensions, Prelog and his colleagues have applied to the

syntheses of bridged heterocyclic nuclei, of which this is an example.

4-Hydroxymethyltetrahydropyran (VI : R = . OH) is converted vid the

bromo-compound (VI ; R *= Br) and the nitrile (VI : R = CN) into

tetrahydrop3n:an-4-acetic acid of which the ethyl ester (VII) is reduced to

4-()8-hydroxyethyl)-tetrahydrop3rran (VIII). This is converted by fuming

hydrobromic acid into 3-(2-bromoethyl)-l : 5-dibromopentane (IX) which

with ammonia in methyl alcohol yields quinuclidine (V).

A second synthesis of the same substance was described by Prelog,
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Cerkovnikov and Ustricev (1938) starting from tetrahydropyran-4*

propionic acid (A : II == CHg . CHg . COgH), which was converted by
the Curtius-Schmidt method into 4-(2-aminoethyl)-tetrahydropyran

(A : R = (CH2 )2NH2), and this with fuming hydrobromic acid at 100®

CH.CO.OEt

CH^

H2cI JcH2"

(I)

Hac

H2C

(II)

CHo—CH2*‘”^r

I

H2C"’“"CH‘’“CH2

BrH2C

in) A

CH2Br

H2C

H2C

A!H.CH2.CH20H

V
CH2

CH2

H2C

H2C

(V) (IV)

CH.CHj.CO.OEtA CH.CH2.R

CH2
<

H2C| p2

CH2 H2cIAcH2

0 0

(VIII) (VII) (VI)

Syntheses of qxiiiiuclidlne (bicyclo-C2i 2i 2] aza-l-octane)

yielded 8-(2-aminoethyI)-l : 5-dibromopentane (B) convertible by dilute

sodium hydroxide solution into quinuclidine (C), The latter crystallises

in prims m.p. 158®, is readily volatile and yields a picrate m.p. 275® (dec,),

aurichloride m.p. 271®, platinichloride m.p. 288-40® (dec,) and ethiodide

m.p. 270®.

CHg—CHB-.(3Hg CHg —CH
1

—CHg

1

(CHg) 2
1

iHg—0 CHg (B) CHgBr RHg CHgBr (C) CHg N CH2

Of more direct interest is the preparation of 8-ethylquinuclidine by this

method (Prelog, So§taric and Gustak®* (1940) ). Ethyl tetrahydropyranyl
ketone (X : R = tetrahydropyranyl in X to XIV) was condensed with
ethyl bromoacetate (XI) to give the hydroxy-acid ester (XII) which was
dehydrated by potassium acid sulphate at 90® to ethyl a-(tetrahydro-
pyranyl-4)-pentenate (XIII) and this hydrogenated to the corresponding
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saturated ester (XIV) and the latter hydrolysed to the acid, which on
treatment with sodium azide in sulphuric acid (Curtius-Schmidt reaction)

is converted into l-amino-2-(tetrahydropyranyl-4)-butane (XV). This

with fuming hydrobromic acid gives l-bromo-4-(aminomethyl)-8-(jS'-

bromoethyl) hexane h^drobromide (XVI) which with N/10 sodium
hydroxide solution furnishes 3-ethylquinuclidine (XVII). The latter is a

(X) R.CO CgHg

+ —> R.ClOHlICaHjl.CHg.CO OEt B.C (CgHg ) : CH.COgEt R.CHCOgl^) .CHg.COgIt
(XI) CHgBr.WifcOOgHg (XII) (XIII) (XIV)

HgC

figC

(XV)

CH.CHEt CHg.SHg.HBr

BragC CHjjBr

(mi

H29—CH-

CHg

CHg
I

N CHg

(XVII)

colourless oil, b.p. 78-9°/12 mm., yielding a platinichloride, m.p. 220--3®

(dec.), aurichloride, . HCl . AuClg, m.p. 178-9°, and picrate, m.p.
153°. The acid tartrate on recrystallisation from water had [a]i> + 14*

3°

dz 2*0 (c = 4*76 : HgO) and did not separate into d- and Z-forms. A partial

separation was effected by crystallisation of the a-bromo-d-camphor-7r-

sulphonate, m.p. 188-188-5°, Md + 76-0° ± 0-5 {c = 1-9: HgO), but the

base recovered from this was still a partial racemate having as hydro-

chloride [ajo + 37° ±4° (c = 0-45 ; HgO) as against + 72-5° (c = 5 :

HgO) recorded by Konigs for 3-ethylquinuclidine hydrochloride, prepared

from d-cincholoipon ethyl ester derived from cinchonine.

Synthesis of the cinchona alkaloid structure has also been attempted

by Prelog, Seiwerth, Hahn and Cerkovnikov (1939). Ethyl tetra-

hydropyranyl-4-jS-propionate was condensed with ethyl cinchoninate to

j8-(tetrahydropyranyl-4-ethyI)quinolyl-4'-ketone (XVIII
: Q = quinolyl).

From this ketone the following compounds were prepared : the aminoderiv-

ative (XVnia) ;
a-tetrahydrop5rranyl-4-y-quinoline-4'-propane (XVIIIb),

and from the latter the dibromide (XVIIIc), the tetrahydropyran ring

being opened by the action of fuming hydrobromic acid. From this

dibromide, by the action of ammonia in methyl alcohol, a-piperidyl-4-y-

quinolyl-4'-propane (XVIIId) which is rubatoxan (p, 443) the parent

substance of the quinatoxines was obtained.

Q.CO.CHg
^

CHa

OUg

CHg C« CHfi

(mu

)

Q.CO.CHBr (fHgBr Q.CO.CH-

6h2—CH—CHg
(nx) (rx)

(CHo )»

I

CHa CH CHg

q.OO.OH.HHg
(J

OHe 4.CHg.(3H8 ^ CHg Q.CH^.QHg Br Br Q.CHg.CHg CHg-N

CH£ CHg CH2 CHg
I L i

I —^ I p I

CHa—CH— CHa—oa—OHa oHa—ch

—

cHg

tmiu) (xniiD) (xviiio)

CHg CH,

I I I

0Ha**~*CH'—Ch^

(mild)
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The ketone (XVIII) itself on treatment with fuming hydrobromic

acid is converted by the opening of the tetrahydrop3n'an ring into a

dibromide* which, with bromine in hydrobromic acid, forms the tribromide

(XIX) desired for the final operation, but all attempts to convert this

into the rubanone-9 (XX) failed. The ketone (XVIII) and the corre-

sponding carbinol, as well as (XVIIIa) and (XVIltd), proved to be inactive

in malaria in canaries. A second approach to the cinchona alkaloid

structure was made by Clemo and Hoggarth (1989), who condensed

8-ketoquinuclidine (IV) with quinoline-4-aldehyde to produce 5-keto-6 : 9-

rubanene (XXI
: Q = quinolyl). By Babe’s notation for the ruban

system (p. 443) this would be 7-keto-8 : 9-rubanene ;
it was hydro-

genated to 5-ketoruban (XXII). This on reduction by aliuninium iso-

propoxide gave ruban-5-ol (XXIII : R = H) and with ethylmagnesium

iodide furnished 5-ethylruban-5-ol (XXIII : R = . C2H5). The latter

was also formed when 5-ethinylruban-5-ol, produced by the condensation

of 5-ketoruban with acetylene, was hydrogenated catalytically.®^

CO-GH—CHs CO-CE— CBg HO-CR-CB— CBg

(xzi)
I

lcRth\ (zzii)
I

(CBR)e| (zxiii)
|

Q‘CH C S — CHg Q*CH2‘(E— H— GHg Q*C9Ss*<I!— H—CHg

There are a number of other synthetic substances analogous with or

approximating to the cinchona alkaloid structure which it is more con-

venient to deal with in discussing the correlation of chemical structure

with pharmacological action in this group (p. 469).

Duiydro-cinchona Bases. The degradation products of quinu-

clidine, meroquinenine, cincholoipon and cincholoiponic and loiponic

acids can all be regarded as derivatives of 8-ethyl-4-methylpyridine

(^-collidine) which is the primary material used by Rabe and his collabora-

tors in forming the quinuclidine nucleus in their syntheses of the dihydro-

cinchona alkaloids. It was first prepared by de Coninck ® by distilling

cinchonine with alkalis and later by Konigs from meroquinenine, but
was first synthesised by Ruzicka and Fornasir,®® starting with 2 :

6-

dihydroxy-8-ethyl-4-methylpyridine, prepared by the general method of

Rogerson and Thorpe,^® conversion of this into 2 : 6-dichloro-j3-collidine

and removal of the chlorine atoms by the action of hydriodic acid. In
addition to other and more recent syntheses of jS-collidine by Rabe and
Jantzen and Prelog, Komzak and Moor,^^<®^ a process for 8-vinyl-4-

methylpyridine has been devised by Stevens, Beutel and Chamberlin

;

new syntheses of JV-benzoyl-4-piperidinepropionic acid have been effected

by Koelsch and of ethyl 4-piperidyl-propionate by Webb and Corwin,

while reactions with meroquinenine as an objective for further synthetic

work have been examined by Robinson and Watt.®^^®^

The next stage is the conversion of j?-collidine into d- and Z-Aomo-

cincholoipon and d- and I*Jk>momeroquinenine, the most promising forms
in which the “ second half ” can be grafted on cinchoninie or quminic acid.

Kdnigs and Ottmann pr^ared d^-Aomocincholoipon by cond^sing
chloral with jS^Bidine (I) in presence of zinc chloride and treath^ the



SYNTHESES 459

8-ethyl-4-j5-hydroxy-yyy-trichloro-w-propylpyridine (II) so formed with
alcoholic potash to produce 8-ethylpyridyl-4-acrylic acid (III) which, on
reduction by sodium in hot amyl alcohol, gives /tomocincholoipon (IV)

(needles, m.p. 225° (corr.), aurichloride, leaflets, m.p. 178° (corr.) ). Thi*-

process was improved in various ways by Rabe and his collaborators,^*

who carried it a stage further by de-racemising the mixture of ethyl esters

of dZ-Aomocincholoipon (ethyl j3-8-ethyl-4-piperidylpropionate, b.p. 114-7°/

8 mm.) by conversion into the d-hydrogen tartrates, so obtaining an ester

b.p. 112-4°/0*l mm., [a]}f" + 19^ identical with the ethyl (+yhomo~
cincholoipon derived from the natural cinchona bases. In a later paper
Rabe and Schultze described the isolation from the mixture of racemic

ethyl esters of ethyl ( —)-/iomocincholoipon (oil, b.p. 124°/0*1 mm., [a]}?*

— 21‘17°) as the hydrogen l-tartrate. Meanwhile, Rabe and Kindler

had found that ethyl iV-l)enzoyl-Aowocincholoipon, prepared from N-
benzoyldihydrocinchonicine (A^-benzoylcinchoticine) by Kaufmann, Rothlin

and Brunnschweiler’s method,*^ condenses with ethyl cinchoninate in

presence of sodium ethoxide to form the jS-ketonic ester (V : Q = quinolyl),

which by hydrolysis with boiling 15 per cent, hydrochloric acid is con-

CHg—NH
(VIIaT

CHBr-CO-Q

(CH2)2
I

CH-CO-^
I

CHg—N
(IX)

'CH-OHOH-Q

iCHg ,CH-C

•CHo
I

*
I

00-Q

(X)
•star

CHg—CH—CHg

CHg

CHg—WH CH2-CO-Q

(XI) 9*Rubatoaanooe

CHg—CH—CHg CHg—CH—

C

CH2 CHo
1

MTV xf mrr ^

CHp

1

^

CHg—N CH-CO-Q Cflg—N CH-CHOH-Q

(XII) 9-gubanone (Xni) 9>Rubanols

verted into dihydrocinchonicine (VI). The latter, by the process described

below, yields dihydrocinchoninone,*® and this, on reduction with aluminium
and sodium hydroxide, furnishes a mixture of four isomerides from which
dihydrocinchonine and dihydrocinchonidine were isolated, and subse-

quently tiie two isomeric ejM-bases (p. 445). By a similar method the

same authors prepared dihydroquinicine, using ethyl quininate in place
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of ethyl cinchoninate,®^ and so obtained dihydroquinine and dihydro-

quinidine, and later on the corresponding ^jpi-bases.

Rabe and his collaborators have also effected the re-conversion of

cinchonicine, quinicine and dihydroquinicine into cinchonine, quinine and
dihydroquinine respectively, by treating them with sodium hypobromite,

forming the JV-bromo-derivative (VII) or the 8-bromo-derivative (Vila)

as first employed by Kaufmann and Huber and produced by the action

of bromine in hydrobromic acid. Either bromo-derivative is converted

by alkali hydroxide into the corresponding quina-ketone (VIII), which is

then reduced to the mixture of stereoisomerides of the dihydro-cinchona

base (IX) by means of aluminium powder and sodium cthoxide solution.

Later it was found that reduction can also be effected by catalytic hydro-

genation with palladium in the case of the dihydro-bases, but when the

latter process is applied to the vinyl-containing quina-ketones the side-

chain is reduced as well as the carbonyl group.

Using the ( —)-/io/wocincholoipon produced as described, Rabe and
Schultze,®® by the same sequence of reactions, have produced { -~)-dihydro-

quininone (m.p. 98-9°, — 70-0° (final value
;
EtOH) ), which on

hydrogenation in presence of palladium gave a mixture of bases, of which

( —)-dihydroquinidine and ( +)-dihydroquinine were isolated. The
characters of these mirrot-image isomerides of dihydroquinidine and
dihydroquinine respectively have been given already with the directions

of rotation at the centres of asymmetry C^, C®, C® (see table, p. 446).

Using the same method, Rabe and Riza have synthesised 9-rubanone,

first prepared by Rabe, Kindler and Wagner,®® by condensing ethyl N-
benzoylpiperidylpropionate with ethyl cinchoninate, hydrolysis of the

resulting jS-ketonic ester (X) to 9-rubatoxanone (XI, yellow crystals,

m.p. 30°) and conversion of this into 9-rubanone (XII, yellow needles,

m.p. 85-6°) via the 8-bromo-derivative (c/. formula Vila). The quina-

ketone, like others of its class, becomes in solution a mixture of four keto-

enol isomerides, and such a solution on hydrogenation furnishes the four

9-rubanols (XIII), particulars of which have already been given in the

table (p. 446). Similarly Rabe and Hagen, as stated already (p. 447),

have prepared the four stereoisomeric 6-methoxy-9-rubanols (XIII
; Q =

6-methoxyquinolyl)

.

The important rdte played by the quinicines (rubatoxanones, quina-

toxines) in the syntheses of the dihydrocinchona alkaloids and the

possibility that such substances might be used for the preparation of

products approaching quinine in therapeutical interest, has led to the

production of a l^irge number of quinolyl ketones of various types and the

corresponding secondary alcohols, and other derivatives obtainable from
them, of which mention may be made of Rubtzov’s syntheses of several

isomerides of dihydroqmnine.*®

Of special interest in this connection are the quinolylpiperidylcMrbinols,

of which items have been made by Rubtzov,®®^®^ and by Sargent et

The first substance of this type was synliiesised by Ainley and King,^^*^

viz., 4<^(6-nietil:K>!xy<|uii]^ (XIV), C53i^H*40j(N|,
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162-8®
; dihydrochloride, B . 2HC1, m.p. 281-2® {dec.) ; hydrochloride,

B . HCl, m.p. 221® {dec.) ; and the stereoisomeric t50-4-(6-methoxy-

quinolyl)-a-piperidyIcarbinol, m.p. 187-8®, hydrochloride, m.p. 206-7®

{dec.)y of which the first-named form is the more active in bird malaria.

These two substances only differ from niquidine (p. 453) as formulated
(XV) by Gibbs and Henry by the absence of the unsaturated side-chain

CHg • CH : CH . , and this investigation has been extended by King and
Work®^^“) to the preparation of a series of 6-methoxy-4-quinolyldialkyl-

aminomethylcarbinols, Q . CHOH . CHaNR^, and by Work®^<“^ to the

synthesis of compounds related to niquidine, including two preparations of

one of the four possible racemates of dihydroniquidine, distinguished as

dihydro-Z-niquidine (XV with . CH : CHMe . CH^ . CHaMe). This
crystallises as a monohydrate, €1^1*802X2 . H2O, m.p. 98-100®, and was
isolated as the hydrobromide B . HBr, m.p. 230-1 ®. It was prepared,
after a preliminary study of possible methods of joining the quinolirie

and piperidine sections of the niquidine structure, by condensing 5-bromo-
l-nitro-3-propylpentane, Br . CH2 . CHg . CHPr . CH2 . CHg . NOg, with 6-

methoxyquinolinc-4-aldehyde to give the nitro-carbinol (XVI). The latter

could not be crystallised but on catalytic hydrogenation, during which it

also cyclised, it gave some dihydro-X-niquidine. The latter was also

obtained by an alternative method, which like the first gave a very poor
yield, by condensing ethyl iV-benzoyl-4-propylpiperidine-2-carboxylate

with quininic acid chloride, using sodium triphenylmethyl as a catalyst.

The resulting keto-ester,

1 I

Q . CO . C(C02Et) . N(CO . Ph) . CH2 • • CHPr . CH2,

was hydrolysed and decarboxylated and the unstable keto-amine hydro-
genated in methyl alcohol with palladised charcoal as catalyst to the

desired product Q . CHOH . CH . NH . CHg . CH2 . CHPr . CHg (XV
with CH: CHMe ->Pr).

' (XI?) (X?) (X7I)

fS— OH2— CBs Olg— CH — CHj GB2—OHPr—QH2111 1 I

CH8— IH 0H-CHaH*a €«£— BH — CH-GHOH-Q Bt-CHe K>8— OH-CHaH-Q

Q e 6-liethoz7qulaol7l

Babe’s general formula (p. 448) for the cinchona alkaloids was pub-

lished in 1908 and a partial synthesis of quinine was effected by Rabe
and Kindler in 1918,®* but a complete synthesis of this alkaloid did not

become available until 1945 when Woodward and Doering described their

ingenious process.

Synthesis of Quinine. This required a parallel series of operations

in which the still unknown substance Aomomeroquin^ine (3-vinylpiperi-

dine-4-propionic acid) replaced its dihydro-derivative, Aomocincholoipon,

for the final condensation with ethyl quininate. The first step was taken

by ProStenik and Prelog, who converted cinchonine to cinchonicine
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(cinchotoxine) and the latter to the oxime of the JV-benzoyl derivative,

which WPS then submitted to a Beckmann transformation by the use of

p-toluenesulphonyl chloride and alkali as used by Kaufmann ei

and the resulting amide hydrolysed by alkali to ^omomeroquinenine (see

VIII, below), which was isolated as the ethyl ester, b.p. 102-4°/01 mm.,

Wir + 42-2° (EtOH), giving a iV-benzoyl derivative, b.p. 190*-4®/0*l mm.,
and an aurichloride, m.p. 110*5-112® (dec,). /lowoMeroquinenine forms

tablets, m.p. 211-2® (dec,), [a]ff + 50*4® (HgO) and yields a dibenzoyl-d-

tartrate, m.p. 186® (dec,). The JV-benzoylAomomeroquinenine ethyl ester

was condensed with ethyl quininate in presence of sodium ethoxide at

80-90® and the resulting j9-ketonic ester (IX) hydrolysed to quinotoxine,

characterised as the dibenzoyl-d-tartrate, m.p. 183® (dec,), [a]|P" — 16®

(EtOH — CHCI3 = 1:2). Since quinotoxine is convertible to quinine

(p. 460) this constitutes a partial synthesis of the latter alkaloid. A com-

plete synthesis was achieved by Woodward and Doering, who started

from 7-hydroxyt5oquinoline (I), m.p. 229*5 to 280*5®, prepared by the

method of Fritsch.^^^^^ This was condensed in methylic alcohol solution

with formaldehyde and piperidine to give 7-hydroxy-8-piperidinomethyl-

woquinoline (II), m.p. 81*5-82-5®, which was converted to 7-hydroxy-8-

methyli^oquinoline (III) by heating for 10 hours at 220® in methyl alcoholic

sodium methoxide. The phenolic base was purified by sublimation, and
then had m.p, 282-33*5®. It was hydrogenated to the tetrahydroi^a-

quinoline and this acetylated giving A^-acetyl-7-hydroxy-8-methyl-

1:2:3: 4-tetrahydrowoquinoline, m.p. 187-98®. On hydrogenation in

ethyl alcohol over Raney nickel at 150® and 8,000 lb. pressure, the aromatic

ring was fully reduced producing a mixture of stereoisomeric iV-acetyl-

7-hydroxy-8-methyldecahydroi5oquinolines (IV) which in solution in acetic

acid was oxidised by chromic acid to a mixture of isomeric JV-acetyl-

7-keto-8-methyldecahydroi5oquinolines from which the d^-isomeride (V)

was isolated as the crystalline hydrate, m.p. 80*5 to 82*5®. The black dots

in formula V represent hydrogen atoms situated above the plane of the

paper.'^®^*! The m-^-acetyl-7-keto-8-methyldecahydroi5oquinoline was
rendered anhydrous by evaporation of its solution in benzene and treated

in dry alcohol with ethyl nitrite and sodium ethoxide to produce JV-acetyl-

10-oximinodihydroAo7nomeroquinenine ethyl ester (VI) by a type of

cleavage reaction, used by Ctoke, Lapworth and Wechsler.^^^f ^ The pro-

duct crystallised in labile, m.p. 96-8®, and stable, m.p, 108*5-109®, forms.

On hydrogenation a mixture of stereoisomeric amino-compounds was
obtained, a new centre of asymmetry, indicated by an asterisk in (VII),

having been produced. The mixture of A^-acetyl-lO-aminodihydroAowo-

meroquinenine ethyl esters was treated with methyl iodide in alcoholic

solution over potassium carbonate and the resulting JV-acetyl-lO-trimethyl

ammonirnndihydroj^omomeroquinenine ethyl ester iodide (VII), a colour-

less, glassy mixture of epimerides, differing in configuraticm at was
heated to 180® with a concentrated solution of sodium hydroxide? it

evolved trimethylamine and produced the required Aomomeroq|U]neiuiie
(VIII). This was isolated town the reaction product, additbsi of
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potassium cyanate, as the uramido-compound, m.p. 165- 2-165*8'', which
on boiling with N/HCl provided Aomomeroquinenine hydrochloride and
this on treatment with silver oxide regenerated dZ-cw-Aomomeroquinenine,
m.p. 219-20° (dec,). AT-benzoylAomomeroquinenine ethyl ester, a colour-

less, odourless, viscous liquid, was prepared by acid hydrolysis of the

(iiir

OH A.C

(IV)

AO

(V)

?H3

:0

(VI)

C(Me):N0H
Acir y .cOgKt

GH2 CHz

GH2.CH2.Q0gEt

He ) .BMegl

H201,JgH2

(MJ1}SAq

O
CHg’CHg-COgH

CH2

CH2

( VIII

)

H2C:HC*CH -CH.CHg-CH-CO-

CH2 C02Bt
I

^2
GH2-H*C0*Ph

(IX)
OMe

uramido-derivative, followed by esterification of the Aomomeroquinenine
and A^-benzoylation of the ester, the crude benzoyl derivative being purified

by molecular distillation. The final condensation of the iV-benzoyl deriva-

tive with ethyl quininate in presence of sodium ethoxide proceeded

smoothly to crude iV-benzoylquinotoxinecarboxylic acid ethyl ester (IX)

which was hydrolysed by boiling with aqueous (1:1) hydrochloric acid to

crude dZ-quinotoxine (VI with Et—^.CHiCHg and Q = 6-methoxy-

quinolyh p. 459). Although Pasteur had found that dZ-tartaric acid

could be resolved into d- and Z-forms by the use of natural d-quinotoxine

(d-quinicine), Woodward and Doering found that dZ-quinotoxine could

not be resolved by the use of d-tartaric acid, but resolution could be

effected by the use of dibenzoyl-d- and Z-tartaric acids. The d-quinotoxine

so obtained was an oil, with [ajp + 43'' (EtOH), giving a hydrogen d-

tartrate, m.p, 15(1-8° (dr^) and a dibenzoyl-d-tartrate, m.p. 185*5-186°,

The Z-quinotoxine had [a]x) — 48° and its dibenzoyl-Z-tartrate, m.p. 185--6°,

Minor Cinchona Alkaloids »

Qtlinamine, CigHjiOgN,. This alkaloid was isolated from Cinchona

mccirabra bark by Hesse and subsequently found by him in the barks of

severed cinehbnft spp, but especially in C. kdgeriana bark. It has been

exitmtned in detail recently by Henry, Kirby and ShawJ^^^^

The base crystallises in needles, m.p, 185-6°, [a]D + 104-5° (EtOH)
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and contains neither a methoxyl nor a methylimino- group. The hydro-
chloride, B . HCl . IljjO, has m.p. 166-7°, [aji, -f 1()2- 8° (HjO), the hydriodide,
ip.p. 224°, [«]d 4- 84-8° (EtOH) and the nitrate, m.p. 186-8°, [afn -f 94-9°

(HjO). The picrate crystallises from boiling water in small yellow needles,

m.p. 175-6°, [aju -j- ao-0° (M/40 ; acetone). Nitrosoquinamine is amor-
phous but forms a crystalline picrate, CigHajOjjN,, . NO . CgHjO,N 3, m.p.
161°, and a crystalline acetyl derivative, CigH2202N2(N0)(C0 . Cllg),

small yellow cubes, m.p. 137-141°. Quinamine forms a monomethiodide,
m.p. 250-1°, [aji) -|- 114-2° and a methoehloride, m.p. 287-40°, [ajp

111-9°, and on hydrogenation produces a dihydro- base, m.p. 184-5°,

Wn + 119-8°, yielding a picrate, m.p. 176-8° and a monomethiodide,
m.p. 219-25°. When refluxed with acetyl chloride in benzene the
alkaloid is converted into amorphous acetylapoquinamine giving a picrate,

C^gHgiON^ . CO . dig . CgHjO^Ng, m.p. 143-5°, and yielding on alkaline
hydrolysis crystalline apoquinamine, CjgHggONg, m.p. 115-7°, [ajo ± 0°

(EtOH) or — 32-9° (M/40 ; N/lO-HgSOg), which ferns a hydriodide,
m.p. 207-9°, a picrate, m.p. 172-4°, and a methiodide, m.p. 219-20°,
and on hydrogenation in alcohol with palladised barium sulphate as
catalyst gives rapidly a dihydro-derivative (picrate, m.p. 179-81°) and
very slowly a tetrahydro-derivative (picrate, m.p. 175-7°). The formation
of nitrosoacetylquinamine and the dehydration to opoquinamine in the
reactions described above, indicate that in spite of the two replaceable
hydrogens found by the Zerewitinoff method, quinamine probably contains
three such hydrogens, two as hydroxyl groups and one as a secondary
nitrogen. When either quinamine or rtpoquinamine is subjected to
prolonged ebullition in dilute acetic acid it is converted into quinamicine,
the apo-base being apparently first hydrated to quinamine. Quinamicine,
like the quinicines (p. 425) in general, could not be crystallised, but a
crj'stalline picrate, CigH2402N2 . CgHgO^Ng, m.p. 203-5°, fa]D - 17-46°

(M/40
; acetone), 2 : 4-dinitrophenylhydrazone, m.p. 289-40° and

oxime, m.p. 217-20°, [ajo -f 82-2°, were obtained and by the action of
methyl iodide, iV-methylquinamicine methiodide, CigHgaOgNg . CH. . CHgl,
m.p. 275-6°, Md - 89-8° (EtOH).

Quinamine differs from all the cinchona alkaloids previously examined
in not yielding a quinoline derivative on oxidation but instead is oxidised by
chromic acid to a vinylquinuclidinecarboxylic acid, CjjHijOgN, m.p. 206-8°,

Wd + 57-9° (CHClg) isolated as a copper salt (CigHigOgNlgCu . HgO. The
acid, on treatment with diazomethane and distillation of the reaction
product, is decarboxylated to a base CgHijN (picrate, m.p. 148-6°) which is

assumed to be 8-vinylquinucljdine, since it absorbs one molecule of hydro-
gen to form 8-ethylquinuclidine, identified as the picrate, m.p. 151-8°,
which showed no' depression of melting point on admixture with the
picrate of 8-ethylquinuclidine prepared by the method of Prelog et aZ.®®

(1940). Assuming that the central . CHOH group is present in quinamine
and is attached to C* of the quinuclidine nucleus as is usual in the Hnchona
alkaloids, the oxidation acid must be 8-vinylquinuclidine-8-carboxyIic
acid, and &om the data given above the empirical fonnula of quinamine
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may be extended to I (Qn = quinuclidine residue) and assuming that

quinamicine is formed just as the quinicines (p. 448) arise from the normal
cinchona alkaloids, the formula of quinamicine can be written as II

(CgH^N = piperidyl residue). (I) CII 2 : CH . Qn . CHOH . C^HgON.
(II) CHg : CH . CgHgN . CHg . CH^ . CO 1 CgHgON.

It is also clear from the data given above tliat in the undetermined
residue, . CgllgON, the nitrogen atom is secondary and the oxygen is

probably present as a hydroxyl group. Evidence as to the structure of

this residue was provided by Kirby, who identified 2 : 3-dimethylindole

among the products formed when quinamine is heated with zinc dust at

320®. The alkaloid and its proximate, transformation products all show
indole colour reactions and it and the apo-base give a positive pine-shaving

test when heated with zinc dust. On this basis Kirby has suggested the

following formulse (Qn — quimiclidyl) for quinamine (III) and apo-

quinamine (IV)
; that for quinamicine on this basis is obvious from II

and the structure now suggested for the residue, CgHgON.

HH H2C 1

The attachment of the vinylquinuclidylcarbinol residue at C^ in the

indole nucleus is based on the assumption that, like most of the indole

alkaloids, quinamine is a tryptamine derivative and the connecting

. CHOH . group is justified by analogy with the other cinchona alkaloids

and the formation of the keto-base quinamicine corresponding to the

quinicines (p. 448). The primary carbinol group at C^ is indicated by the

evolution of formaldehyde when quinamine is heated above its melting

point and by the formation of small amounts of methyl iodide, when
quinamine is subjected to the Herzig-Meyer process for the estimation of

methylimino groups, and it accounts for the dehydration to apoquinamine

by the action of acetyl chloride in which the hydrogen of the NH group

must play a part since iV-nitrosoquinamine can be acetylated without

dehydration.

According to Hesse, conquinamine, an isomeride of quinamine {see

table below) yields, on appropriate treatment, quinamicine and apoquin-

amine. Raymond-Hamet has shown that cinchonamine {below) and
aricine (table, p. 466) give indole colour reactions and in that respect

resemble quinamine.’^

The remaining minor cinchona alkaloids are described in the tables

on page 466.

Alkaloids of Bemijia Purdieana, The bark of Remijia Purdieana, a

tree related to that yielding cuprea bark, contains a little cinchonine and

a series of other alkaloids, for which Hesse gives a scheme of separation

with descriptions.

Cinchoiiamliie, Ci 9Ha40N2,
first isolated by Arnaud,^® crystallises in

triboluminescent,^^ orthorhombic needles, m.p. 194®, [ajD + 121* 1®
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Minor Cinchona Alkaloids

Name and Formula Source Properties References

Conquinamine, C. succiruhra, Triclinic crystals, m.p. Hesse, Ber. 1877, 10,

C„H„0,N,. C. Ledgeriana, 121°, [a]D + 204-6°

(EtOH). Crystalline

salts.

2158 ; Annakn,
etc. 1881, 209, 62 ;

Oudemans, ibid., p.
88.

Hesse, Annakn, 1878,Paricine, C. succiruhra M.p. 136°, amorphous
Cj.HigON,

.
4HgO. from

Darjeeling.
salts, [aji) i 0°. 166,268; Pharm. J.,

1879, [iii], 9, 993;
Howard, iiid.

, p. 792

.

Dicinchonine C. rosulenta Amorphous
;
m.p. 40°,

[a]}f 4-65-6° (EtOH);
Hesse, Annalen, 1885,

(Dicinchonicine), and 227, 154.

LggHggOjNg. C. succiruhra. B . 2HC1, crystalline.

Diconquinine Quinoidine.’' : Amorphous, dextrorota- Hesse, Ber., 1877, 10,

(Diquinicine),

C4oH4.0aN*.
tory. 2155.

Javanine C. Calisaya
var. Javanica.

Rhombic plates. Hesse, Ber., 1877, 10,

2162.

Alkaloids of Cusco Bark (Cinchona Pelletierana, Wedd.)

Name and Formula Properties References

Aricine
(Quinovatine),

Cusconine,
. 2H,0.

Cusconidine
Cuscamine
Cuscamidine .

Prisms, m.p. 188°, [a]i>

~ 58 3° (EtOH),-f"14-5°
(acid). Oxalate sparingly
soluble in water. Green
colour with nitric acid.

Leaflets, m.p. 110° (dry),

[ajD - 54-3° (EtOH).

Amorphous.
Prisms, m.p. 218°. \

Pelletier and Corriol, J. Pharm,,
1829, 15, 565 ; Hesse AnncUen,
1878, 166

, 259; 1876, 181, 58;
1877, 185, 310 ; Pharm. J., 1882.
[iii], 12 , 517 ; Howard, J. Ckem.
Soc., 1875, 28 , 809 ; Moissan and
Landrin, Bull, Soc. Chim,, 1890,
[iii], 4, 258.

LeverkOhn, Hep. Pharm., 1829, 33,
857 ; Hesse, Pharm. J., 1882, [iii],

12, 507 ; Annalm, 1877, 185, 301.
Hesse, loc. cU.

Hesse, ibid., 1880, 200, 804.

(EtOH). No methoxyl is present. It forms a series of crystalline double

chlorides with cadmium, zinc or copper,’® does not give the thalleioquin

reaction, and solutions of its sulphate are not fluorescent. It is diacidic

and forms two series of salts ; of which the nitrate, B . HNO^, crystallises

in minute prisms, m.p. 196^, insoluble in water. Cinchonamine hydro-

chloride, B . HCl, laminae or B , HCl . H^O, cubical crystals, has been
suggested for use in the estimation of nitrates.’® When warmed with
strong nitric acid the alkaloid furnishes dinitrocinehonamine. It gives

an amorphous, monoacetyl derivative, and forms a methiodide, m.p«

which with silver oxide yields an amorphous methylcinchonamine*
Raymond-Hamet found that cinchonamine gives typical indole C4^ur
reactions and is piobaldy an indole alkaloid*’’ 13iis seems to have befm
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the first indication of the occurrence of this type of alkaloid in a plant

closely allied botanically to the cinchonas. The same author showed
subsequently (1945) that aricine (table, p. 466) also gave indole

reactions, but in the meantime definite proof had been provided of the

presence of an indole nucleus in quinamine by Kirby (p. 465).

Concusconine, C23H26O4N2 . HgO, crystallises in monoclinic needles,

+ 40*8® (Hesse) or + 19‘57® (Howard and Chick),’® melts at 144®

and re-melts at 206-8®, is insoluble in water, very sparingly in cold alcohol,

easily soluble in ether or chloroform. It dissolves in concentrated sulphuric

acid with a bluish-green colour, becoming olive-green on warming. The
salts are amorphous. Concusconine contains two methoxyl groups, and
forms a- and jS-methiodides, #hich in turn furnish a- and jS-metho-

hydroxides, the former crystalline, the latter amorphous.
The chief characters of the remaining bases from this bark are stated

in the following table :

—

Name and Formula Crystalline Form Optical Rotation
[<xJd

Colour Reactions

Chairamine, Needles or + 100°(EtOH). A solution in acetic acid gives

prisms, m.p.
233° (dry).

a dark green colour with
nitric acid.

Conchairamine, Prisms, m.p. 4- 68-4° at 15° As above ; also sulphuric acid
C„H„O.N,.H,0. 120‘’ (dry). (alcohol). gives a brown colour, becom-

Chairamidine, Amorphous
; + 7-3° at 15°

ing green.

Sulphuric acid gives a green
C„H..O,N,.H,0. m.p. 126-8°. (alcohol). colour. Nitric acid colours a

solution in hydrochloric acid

Conchairamidine, Crystalline, - 60° at 15° Sulphuric acid gives a deep
C„H„O.N,.H.O. m.p. 114°

(dry).

(alcohol). green colour.
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Pharmacological Action of the Cinchona Alkaloids. The
cinchona alkaloids are of special interest as items in chemotherapy because

they can be modified in structure in numerous ways and the effects of

structural change on pharmacological action, e.g., potency as anti-malarial

agents, can be tested biologically in at least a roughly quantitative fashion.

Much work has been devoted to the correlation of molecular structure in

the group with anti-malarial action, beginning with the work of Grimaux
and Amaud on homologues of quinine, which was continued and

largely exten<ied by Giemsa and his co-workers.^^*^

It should be understood that in the following account the ascription
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of anti-malarial activity to a substance does not mean that it is an effective

remedy in human malaria ; all that is implied is that the substance

exhibits anti-malarial activity in tests on the particular infection-ip the

laboratory animals specified, Plasmodium r^Zic/wnTliPcanaries, P.
gallinaceum in chicks, P. lophurce in ducklings^ or P, Tmowlesi in monkeys,
a method now in constant use as a screening test.^^®^ Curd has produced

a useful summary, with an exhaustive bibliography, of the results of

biological tests (1914-1942) with the known anti-malarial drugs, in the

malaria of man, monkeys and birds, in which infections with nineteen

species of Plasmodium are dealt with and in addition two species of

Haemoproteus, used for testing possible gametocidal action in anti-malarial

drugs.^^^^

Since 1886, when the Madras Cinchona Commission, as the result of

comparative clinical trials, arranged the four chief cinchona alkaloids in

the following descending order of anti-malarial efiiciency
: (1) quinine

and quinidine, (2) cinchonidine, (3) cinchonine, the relative merits of these

four alkaloids and their dihydroderivatives have been frequently examined

and discussed. Giemsa, Weise and Tropp,^^^^ in trials in bird malaria, found

that there was little difference in the activity of quinine, dihydroquinine

and quinidine, but that cinchonine was definitely inferior. MacGilchrist,*

in a clinical trial in human malaria, placed dihydroquinine first, quinine,

quinidine and cinchonine about equal, and cinchonidine inferior. Hegner,

Shaw and Manwell ^ arrange four of these alkaloids in the following descend-

ing order as regards absorption by red blood corpuscles, which they regard

as an indication of efficiency against malaria. The figures are partition

coefficients (concentration in corpuscles over concentration in serum) for

chicken blood. Quinine, 5*0
;

quinidine, 4-4
;

cinchonine, 4-3
; cinchoni-

dine, 3*8. In 1925 the results of a comparison carried out under the

auspices of the British Medical Research Council ® established the practical

equivalence of quinidine and quinine.
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As found in commerce, the cinchona alkaloids are not necessarily pure ;

quinidine, for example, may contain up to 30 per cent, of dihydroquinidine.

Working with carefully purified specimens of the four chief cinchona

alkaloids and their dihydro-derivatives, Buttle, Henry and Trevan ^

found the results recorded in the table (p. 471) in tests with malaria in

canaries. The figures in brackets represent the dose of quinine necessary

to produce the same degree of protection as unit dose of the alkaloid

named. To the results are also added the data found later by the same
authors, with Solomon and Gibbs,^ for some of the transformation products

(p. 449) of quinine and quinidine. The Roman numeral at the head of

each column refers to the type formula on p. 470.

On these results the primary cinchona alkaloids and their dihydro-

derivatives arrange themselves in the following descending order of

activity : (1) dihydroquinine, (2) quinine, (8) dihydroquinidine, (4) cincho-

nidine and quinidine, (5) cinchonine, dihydrocinehonidine and dihydro-

cinchonine.

Since then Seeler, Dusenbery and Malanga ^ have shown that when
tested against P, lophurce in ducklings, cinchonidine, cinchonine, quinidine

and quinine are about equal in activity. On the other hand, Marshall,^

using the same purified alkaloids as Buttle et ah, but against P. gallivaceum

in chicks and a different method of testing, obtained results indicating the

following descending order of activity : (1) Dihydroquinine and cinchonine,

(2) niquidine, quinidine, dihydroniquidine and cinchonidine, (3) quinine,

(4) niquine. Marshall also determined (a) the percentage of alkaloid

absorbed from the gut after two hours, (b) the concentration of alkaloid

in the red blood corpuscles, and (c) the weight of alkaloid destroyed

by 0-5 gramme of chick liver in two hours and found that the anti-malarial

activity could in most cases be correlated with factors (a) and (b). The
first two factors are much lower, and the third much higher for quinine

than for quinidine, and it would be interesting to know whether it is

these factors which determine the differences in the relative activities

found for quinine and quinidine when tested for anti-malarial activity

against different Plasmodium species infecting different animals.

There has been a good deal of discussion ® as to the influence of the

6-methoxyl group on activity in the cinchona alkaloids and other anti-

malarial drugs and in general it has been held to be better than either

hydroxyl or hydrogen at that point, but Marshall’s results ® do not support

that view, cinchonidine being more active than quinine and cinchonine

than quinidine. The two apoquinines (III) as shown in the table are also

exceptions, the quinine equivalent in their case being reduced on their

methylation to the and jS-wquinines. Fourneau ® has stated that in

the case of the quinoline polyamines, the 6-methoxyl group is advan-

tageous but not essential. Judging from the frequency with which 6-

methoxyquinoline occurs in the numerous series of polyamines prepared

for tests in avian malaria, this opinion seems to be generally accepted

though here also there is an exception to be noted. For a series

R . Q . NH[CHj1j . NEtj in which R was hydrogen, hydroxyl or an alkoxy-
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group in position 6 in the quinoline nucleus, Q, and the amino- side-chain

was as usual at C®. Kritschevsky and Sternberg,® using siskins as test

birds, recorded the following changes in the chemotherapeutic index :

—

-OCII, -OC.H, -OC,n, -OCJI, -OCsH„
Index . 0 i;j-3 0 4 1 0 0

This series is exceptional, not only in showing a fall in the chemo-
therapeutic index on 0-alkylation of the phenolic base but the fall continues

as the series is ascended, whereas in general the index rises to a maximum
as a homologous series is ascended and then declines. Such investigations

among anti-malarial drugs of both the cinchona and the polyamine type
have produced anomalous results of another kind. Thus in the series of

alkyl ethers of upoquinine (IIJ), Cij>H2202N2, and dihydrocupreine (II),

C,9H2402N2, the following quinine equivalents were found ^ for the members
of two homologous scries : (a) apoquinine, C2oH24^2^2 C30H44O2N2,
and (b) dihydrocupreine, C2oIl26^2^2 ^20^46^2^2 •

—

Series • ^10 1 20 ^21 C22 t^23 ^24 ^25 ^26 O27 ^2 8 ^22 f'SO

(a) Odd . . 0-98 — 118 — 110 — 1-72 1-6 — 118 :—
Even ,

— 069 — 1*23 1-47 — 1*21 — 0*98 — 0-75

(6 ) Odd . . 0*92 — 1*05 — 1-87 — 1-50 — 1*43 — 1-6 —
Even .

— 1-35 — 1*49 — 1-33 — 1-70 — 112 —

-

1-25

Similarly Magidson et in a series of 6-methoxyquinolines substituted

at C® by the chain . NH—[CHgJn—NEtg found in anti-malarial tests in

siskins, the following changes in the chemotherapeutic index :

—

Value of n ..2 3456789 10 11
Index (odd) . . — 26 — 25 — 34 — 40 — 5
Index (even) . .6 — 11 — 13 — — — — —

Each of these three series has two maxima, one for odd and one for

even numbers of carbon atoms. It will be noted that in each the rise in

the homologous series is due to the lengthening of an aliphatic chain and
it is known that an alternation of some physical constants may occur in

a homologous series so constituted. There is a general tendency now to

attach greater importance to the physical and biochemical properties of

drugs as influencing modes of action, and possibly explaining some of the

many anomalies in the pharmacology of structurally related compounds.

The cases just cited might provide useful material for a physical and
biological investigation on these lines.

According to the table, saturation of the vinyl side-chain in quinine

or quinidine (I) ~>(II) increases a^jtivity but reduces it in the case of

cinchonidine and has little or np effect on cinchonine.^ Addition to the

vinyl group of hydrogen chloride, a halogen,^^^^ or the elements of a molecule

of water (I —> V) ^ reduces activity. Oxidation of the vinyl group to

carboxyl as in quitenine (p. 486
)
abolishes it, though it is restored on

esterification of the carboxyl group,* but not by conversion of the latter

to the amide or methylamide.’ Work ® found that when the vinyl group

is oxidised tp . CHO as in the conversion of quinine to quininal, activity in

scarcely affected, but reduction of the . CHO group to CHjOH, as in
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quininal to quininol, results in inactivity. Ozonisation of jS-woquinine (III)

produces 3-acetyl-6'-methoxyrubanol (III : CHj . CH . —^CHg . CO .)

which is still active.®

The effect of removal of the vinyl group, as in 6'-methoxy-9-rubanol

(p. 447) is curious, as the racemate, (+ +) ( )
at C® and C®, is active,

while the racemate (H )
( h) and each of the four components of the

two racemates are inactive in malaria in canaries.

The central . CHOH . group in the cinchona alkaloids seems to be
essential to anti-malarial activity.^^*^* ^ Conversion into quinicines

[quinatoxines
;

(I) —> (VII)] destroys activity and so do such changes as

. CHOH . . CHCl
.
(cinchona chlorides) or . CHOH . . CHg

.
(deoxy-

cinchona bases) or . CHOH . —> . CO . quina-ketones), or acylation of the

hydroxyl group except in the case of quinine ethylcarbonate.

The effect of change in the spatial relations at C® and C® is not clear

since, as explained above, there is doubt as to the relative activities of

the components of the two pairs, quinine and quinidine, and cinchonidine

and cinchonine, but ^pi-C®-quinine and ^pf-C®-quinidine are only slightly

active ^ or, according to Dirscherl and Thron, inactive.® This result

supports Neeman’s view that for anti-malarial activity the direction of

rotation must be the same at C® and C® but that does not explain the

inactivity of the (++) and ( )
forms of 6-methoxy-9-rubanol as

recorded by Rabe and Schuler (p. 447), who also state that the (++ )
form

(vinyl-free quinidine) shows the cardiac activity characteristic of quinidine.

Tbough synthetic compounds, in which basic aliphatic chains or

heterocyclic nuclei were associated with a quinoline nucleus through a

carbinol group, were prepared by various workers, no detailed records

of anti-malarial tests of these substances seem to have been published

and it was not until 1988 that the quinuclidine nucleus was shown to be
unnecessary, by the discovery that niquidine, t^oniquidine and niquine ^

were all active in malaria in canaries and the subsequent proof that in

these substances the quinuclidine nucleus was replaced by piperidine (VI).

Thus, scission of the quinuclidine nucleus between positions and C®
and elimination of a CHj group produces an active substance (VI), while

scission between and C® and formation of a carbonyl group gives rise

to the inactive quinicine (VII). To Ainley and King belongs the credit

of S5mthesising for the first time a simple form of the typical cinchona

alkaloid in which the vinylquinuclidine nucleus is replaced by piperidine,

as already described (p. 460). The 4-(6-methoxyquinolyl)-a-piperidyl-

carbinol (IX), CieH2402N2, and its diastereoisomeride, (the iso- form) are

active in avian malaria, the first-named form being the more active.

These substances differ structurally from niquidine (VI) by the

substitution in the latter of a propylidene chain at C*. Ainley and King
having already found that d- and /-dihydroquinicinols (VIII) which are

y-substituted piperidine derivatives, were inactive, it appeared from these

two sets of results that the strongly basic centre should not be separated

by more than two carbon atoms from the point of attachment to the

quinoline nucleus. King and IVork therefore prepared a series of
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carbinolamines of the type Q . CHOH . CHg . NR^R^ in which R^ is an
alkyl radical and Q is quinolyl or O-methoxyquinolyl, or is replaced by
naphthyl or methoxynaphthyl. For the four series so made only three

substances were active and these all belonged to the 6-methoxyquinolyl

series, viz,, the dibutyl-, diamyl- and dihexyl-aminomethyl-6-methoxy-
quinolylcarbinols, the lower and higher homologues in this series being

also inactive. In a scries of the same type, with the amine group . NR^R^
replaced by NR^R^ e,g,, butylhexylaminomethyl-6-methoxy-4-quinolyl-

carbinol, King and Work (1942) found no active substance.

Work also prepared a series of carbinolamines and polyamines

without a quinoline nucleus but, in other respects, conforming in type
and range of molecular weight, with quinoline compounds known to possess

plasmocidal activity.^® As none of these were active, it seems clear that

the quinoline nucleus in the cinchona alkaloids and in certain synthetic

anti-malarials is a potent factor in the production of plasmocidal action.

Later the same author made (1942) a series of lepidylamine derivatives

of the form R . Q . CHg . NH[CH2]n . NEtg, which were found to be in-

active, m spite of their similarity to the active examples of the type

R . Q . NH[CH2]« . NEtg prepared by Magidson and Rubtzow.^® Rubtzow ^®

(1989) has also shown that an isomeride of dihydroquinine (II) with the

quinuclidine nucleus attached vid the carbinol group at C® in the quinoline

nucleus was inactive in an infection of Plasmodium prcecox in finches.

Derivatives of sulphanilamide and of 4 : 4'-diaminodiphenylsulphone

were tried extensively as anti-malarials during the war. Special methods
of testing them were devised,^’ for example by Marshall, Litchfield

and White, using ducks infected by Plasmodium lophurcs, and the

technique devised by Coggeshall, Porter and Laird for observing the

effect of drugs on exoerythrocytic forms of P. gaUinaceum by wl ich

sulphadiazine appeared to give promising results. The technique of

testing anti-malarial drugs is discussed by Tonkin and Hawking.^^

Other novel types of anti-malarials are various diamidines, €,g,,

1 : 11-diamidinoundecane and 4 ; 4'-diamidinostilbene and the

comparatively simple p-tolyl- and p-anisyl- guanidine nitrates, which

King and Tonkin found to have some retarding action on a sporozoite-

induced infection of P. gaUinaceum in chicks,

a

form of activity also

found later by Stephen, Tonkin and Walker for certain tetrahydro-

acridones. The minimum effective dose (mgm./lOOg. chick) for a selection

of these derivatives of 1 : 2 : 8 : 4-tetrahydroacridone were : 7-methoxy-

(12'5) ; 7-ethoxy- (inactive) ; 7-chloro- (100) ;
8-methoxy- (25) ;

7-

methoxy-8-methyl- (inactive) ;
8-methoxy-3-methyl (50), The corre-

sponding dose for sulphadiazine was 25. Another new type of anti-

malarial drug is to be found in the long series of a-phenyl-jS-dialkylamino-

alcohols prepared by Lutz and a team of collaborators.^^^®^

Much work has also been done bearing directly or indirectly on the

mode of action of quinine and other anti-malarial drugs. The absorption,

distribution and metabolism of quinine has been investigated by various

workers of whom Kelsey, Gelling, Oldham and Dearborn (1944)
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isolated a well-defined, crystalline metabolite, produced when quinine

hydrochloride is incubated with ground rabbit liver at 38"^ under specified

conditions. This substance, C20H24O8N2, m.p. 247-5°~248-5®, — 65*5®

(EtOH) was examined in detail by Mead and Koepfli,^® who, from
its reactions and the resemblance of its absorption spectrum to that of

2-hydroxy-6-methoxy-4-methylquinoline, regard it as Z-2'-hydroxyquinine

(2'-hydroxy-6'-methoxy-8-vinylruban-9-ol). According to P. B. Marshall,^®

this metabolite is inactive in chick malaria, but Kelsey et al,^^ (1946) find

that at a dosage of 40-70 mgm./kilo./day, it exercises about the same
degree of suppression as 15 mgm./kilo./day of quinine, and quote E. K.
Marshall for the observation that it has about one-twentieth the activity

of quinine in the malaria of ducks.

Of the papers dealing with the mode of action of anti-malarial drugs,

Hewitt and Richardson find that quinine, mepacrine and pamaquin
produce similar degenerative changes in malarial parasites and suggest

that these drugs arc directly plasmocidal. Keogh and Shaw have put

forward the view that quinine interferes with the life cycle of the parasites

by lowering in the red blood corpuscles the amount of calcium required

for the growth and reproduction of the plasmodia. The suggestion as to

mode of action, which seems to find most favour is inhibition of the enzyme
system controlling respiration. Christophers,^® found that isolated

malarial parasites in vitro utilise glucose and continue to take up oxygen
after the glucose is exhausted and this oxygen uptake is inhibited by anti-

malarial drugs, whose potency he states is associated with their basic

character and correlated with their pH constant. Christophers and Fulton

had already, in 1938,^® devised methods of using the erythrocytic stage of

P. knowlesi in vitro, and this technique has made it possible to acquire

knowledge of the biochemistry of malaria parasites, as is clear from a

symposium on this subject held recently in the United States, at which
papers on the enzyme systems and the chemical and nutritional

requirements of the parasites were dealt with. Interesting observa-

tions were made on possible lines of drug antagonism pointing to competi-

tion for an enzyme protein and the method has also been used to study

the action of naphthaquinones, one of the new and unexpected sources of

anti-malarial drugs, on P. lophurce and P. knowlesi, and especially their

anti-respiratory effect on these parasites.^®^^

Up to 1939 it was possible to give within reasonable compass an
account of the development of synthetic anti-malarial drugs, but with the

outbreak of war an intensive campaign was started to protect troops

fighting in tropical areas from the ravages of malaria. Manufacture of

mepacrine was undertaken in this country and the United States, special

efforts were made to increase supplies of cinchona bark (p. 418), clinical

trials were carried out with quinine, mepacrine and the sulphonamide

drugs to determine the most efficient methods for their therapeutic use

and work was organised on a huge scale, especially in the United States,

for the preparation of new compounds to be tested for anti-malarial action.

As a result thousands of new substances have been made and tested, anti-
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malarial activity has been discovered in new types of compounds, and
much knowledge has been gained regarding the chemotherapy of malaria.^^

There is already a voluminous literature recording the results of this

work and more is still being published. A comprehensive summary of

the results obtained in the United States is provided in “ A Survey of

Anti-malarial Drugs, 1941-1945,” edited by F. Y. Wiselogle.^^ Volume I,

453 pages, gives a history of the co-operative wartime programme of

work and, after other introductory and explanatory matter, deals with
biological methods. Volume II, 1,921 pages, in two parts, tabulates for

each compound under a survey number (S.N.) its formula, name and, so

far as they are recorded, its toxicity and anti-malarial action. References

to this valuable and well-arranged publication are given below.

As a practical result there are mm at least six synthetic anti-malarial

drugs available to malariologists, including the three pre-war drugs,

pamaquin» mepocrine and plasmocide.

Quinoline Derivatives

Chloroquine. 7 - Chloro - 4 - (a> - diethylamino-a-methylbiityl) - amino-

quinoline.^^ (Wiselogle, S.N. 7618, Vol. II, p. 1145.)

Pamaquin. 6-Methoxy-8-(co-diethylamino-a-methylbutyl)-aminoquino-

line.2^ (Wiselogle, S.N. 971, Vol. I, p. 409 ;
Vol. II,

p. 1191.)

Pentaquine. 6 - Methoxy - 8 - (a> - i^opropylaminoamyl) - aminoquinoline.^®

(Wiselogle, S.N. 13276, Vol. II, p. 1183.)

Plasmocide. 6 - Methoxy - 8 - (cu - diethylaminopropyl) - aminoquinoline.^®

(Wiselogle, S.N. 3115, Vol. II, 1179.)

Acridine Derivative

Mepacrine, 2 - Chloro - 5 - (co - diethylamino - a - methylbutylamino) -

7-methoxyacridine.2’ (Wiselogle, S.N. 390, Vol. II, 1344.)

Guanidine Derivative

Paludrine. N^-jt?-Chlorophenyl-N® i^opropylbiguanide.

Cl . Ph—NH—C( : NH) . NH . C( : NH) . NH . CHMe^.

Since the introduction of pamaquin and mepacrine much chemical

and biological work has been done on potential, anti-malarial drugs based

on quinoline or acridine and possibilities in these directions are fairly

well known. Paludrine is especially interesting as a drug of a new type

and its possibilities are in process of clinical exploration. The chemical

researches, which led to its discovery are described in a series of papers by
Curd and Rose with several collaborators ;

^8 the biological side of the work

is dealt with in a second set of papers by a team of workers, beginning

with two by Curd, Davey and Rose detailing the biological methods used,

and discussing fully the limits and difficulties met with in devising a

standard method of testing and in assessing anti-malarial activity.

Parts III to IX are concerned with the pharmacology of, and accounts of

clinical trials with, No. 8849, 2-jp-chlorophenylguanidino-4-j3-diethyl-
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aminoethylamino-6-methylpyrimidine, one of the active precursors of

paludrine. Papers X to XIV deal with the testing of paludrine (No. 4888)

and its N®-methyl derivative,

Cl . Ph . NH . C( : NH) . NH . C( : NH) . N(CH8) . CHMea .

(4430), and refer to the discovery that both these drugs, and especially

paludrine, are at least as active schizonticides as quinine or mepacrine, and
in addition are active against these forms (variously called exo-erythro-

cytic, cryptozoites, post-sporozoite, etc.) of the malaria parasite, which,

in the incubation period, intervene between the sporozoite injected by the

bite of the mosquito and the schizonts, or blood-forms, which invade the

red-blood corpuscles. These exo-erythrocytic forms have been observed

in various types of avian malaria and recently by Shortt and Gamham
in monkey malaria,®® and though they have not been observed in human
malaria, there is indirect evidence of their existence, and their survival,

after clinical cure of malarial attacks by drugs, is now believed to

be the cause of the relapses which are so persistent in benign tertian

malaria. A drug lethal to either the sporozoites or the exo-erythrocytic

forms of all four types of human malaria is the ideal causal prophylactic

to be sought for. The results of clinical trials already conducted,®^ and
especially that carried out by the Australian Army Research Station at

Cairns under the direction of Dr. N. H. Fairley indicate that paludrine is

an advance in that direction. According to Fairley it is, in non-toxic
doses, a complete causal prophylactic in malignant tertian malaria, a
partial causal prophylactic in benign tertian malaria, and a potent

schizonticide for both types. A considerable amount of biochemical and
pharmacological work has also been done on paludrine, e.g., on methods
of estimation in biological material,®® on the absorption, distribution and
excretion of the drug,®® and on its inhibition of various types of esterase.®^

No conclusive evidence as to its mode of action seems to have been obtained,

but suggestions on this subject have been made and discussed.®®

The cinchona alkaloids, and particularly quinine, have other thera-

peutic claims in addition to anti-malarial activity, and up to the introduc-

tion of the sulphanilamide derivatives as bactericidal agents, the chemo-
therapy of bacterial diseases was monopolised by quinine derivatives after

1911, when Morgenroth ®® began publication of his successful results in

the treatment of bacterial infections in animals with such substances, and
thereby showed that chemotherapy could provide weapons against

bacterial disease, as well as for the protozoal infections, with which up
to that time success had been achieved. Morgenroth’s studies led to the

introduction of the ethyl, isoamyl and isooctyl ethers of dihydrocupreine

(II). Of these the first-named has been used for pneumococcal infections,

but is liable to produce optic atrophy. Further work was done by Giemsa
and Halberkann,®^ and by Jacobs and Heidelberger,®® on the dihydro*

cupreine series, but it was not until 1985, when Cretcher and his colleagues®®

began their studies of apocupreine (III) (apoquinine) ethers and their

possible therapeutic application, that substantial progress was made.
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Out of the numerous compounds these investigators made, they eventually

selected j8-hydroxyethylapoquinine for clinical trial owing to its low
toxicity, relatively high bacteriostatic power and lack of deleterious side-

effects. The following table summarises the data available on these two
points for this drug and its near relatives. The name opocupreine is used

by Cretcher for crpoquinine (p. 452).

Alkoxy-others of <7/)oQuinine. Substituent at
C* in Quiuolyl Nucleus

C,H, . O .

HO . CaH4 . O
(CHj)^ . CH . O
HO.CH a. CH(CH8).0
(HO . CH2)2 . CH . O,

Toxicity Approx.
L D.50 (mice) mgm.

Bacteriostatic
Concentration of Drug

4 1:8 X 10®

7 1:8 X 10®

4 1 : 16 X 10*

7 1 : 16 X 10*

9 1:8 X 10*

Bracken et al. found that hydroxyethylapoquinine and “ sulpha-

pyridine ” (a-sulphanilylaminopyridine) gave equal protection to mice
against virulent pneumococci, and the use of either chemical enhanced
the protective action of the other.^® Dawson et found from the

ophthalmoscopic and histological examination of the eyes of dogs that,

while massive doses of quinine or the qpoquinine alkyl ethers (III) caused

destruction of the cells of the ganglionic layer, no damage could be detected

after similar dosage of jS-hydroxyethylapoquinine. Maclachlan and his

colleagues used the drug successfully in a large number of cases of

human pneumonia,*and no visual disturbance was observed in any patient.

Hegner et aL found the drug as active as quinine in avian malaria, and less

toxic.*® A risumi of the literature on “ Structure and Anti-pneumococcic

Activity in the Cinchona Series ” has been published by Renfrew and
Cretcher.**

None of the quaternary salts of the cinchona alkaloids have given

promising results as pneumococcicidal agents, but quinine methochloride

and ethochloride have received some attention recently as curarising

drugs.*^

The alkyl ethers of dihydrocupreine (II) are known to exhibit local

anaesthetic action, which appears to be at a maximum at t^oamyldihydro-

cupreine, but local anaesthetic action in this group does not depend on the

intact quinuclidine nucleus, since t^oamyldihydrocupreicine (VH) is more
potent than i^oamyldihydrocupreine (II), producing local anaesthesia in

the cornea of the rabbit at 1 in 2,000 compared with cocaine at 1 in 50.**

Of the other cinchona bases, the dextrorotatory forms cinchonine

and quinidine have been used as anti-malarial drugs in cases of idio-

syncrasy to quinine, a subject to which Dawson *'^ has given much atten-

tion. Quinidine is used to control auricular fibrillation, and its value for

this purpose in comparison with dihydroquinidine has been investigated

by sevei^ workers.** Dawes has recently devised a method of testing
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substances for quinidine-like activity by observing their action on the

effect of electrical stimulation of isolated rabbit auricle, and has found

that many local anicsthetics and spasmolytics exhibit such action. The
most promising synthetic substitute is the bcnzilic ester of piperidino-

ethanol, which is 5*4 times as active and has a therapeutic efficiency index

three to six times that of quinidine, depending on whether the toxicities

are compared in mice by intravenous or iiitraperitoneal injection. Taking

the activity of quinidine as 1, that of quinine is 0*5 and of niquidine 0*35.

The King and Work series of carbinol amines, already referred to (p. 474),

show quinidine-like action irrespective of whether they arc anti-malarial

or not, the most active substance being 2-a-naphthyl-2-hydroxyethyl-

piperidine hydrochloride, which is 2*8 times as active as quinidine.*®

Macintosh and Work had already shown these substances to be potent

local anaesthetics, though they arc too irritant for practical use.

a-Fagarine has been suggested as a possible substitute for quinidine

in the treatment of auricular fibrillation (p. 414).

Raymond-Hamet has investigated (a) dihydrocinchonidinc, (h)

cinchonidine, (c) cinchonamine and (d) aricine, especially as regards syrn-

pathicolytic action and effect on blood pressure.
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INDOLE GROUP
Abrine, This substance is not well named as it is liable

to be confused with abrin, the toxic albuminoid product obtained from
the same source, jequirity seeds, Ahrus precatorius L. It was isolated by
Ghatak and Kaul,^ and is stated to melt at 295°,^ or at 270—95°, depending
on the rate of heating and to have + 46° (0*5 N/HCl) or + 62*4°

(0*5 N/NaHO).^ The following salts have been prepared :
^ hydrochloride,

m.p. 221*5° {dec,) ; nitrate, m.p. 143° {dec,)
;

picrate, m.p. 194° {dec,),

though 186-7° has been recorded frequently. Abrine was shown
by Hoshino ^ to be d-a-methylamino-j8-8-indolylpropionic acid,

CgHgN . CHg . CH(NHMe) . COgH, which makes it a close relative of

tryptophan, CgHgN . CHg . CH(NH2 )
. COgH, and hypaphorine (p. 386).

This constitution has been confirmed by the syntheses of the d/-form by
Gordon and Jackson^ and Miller and Robson,® who record respectively

m.p. 297° and 245° for the melting-point of the synthetic base, and though
the m.ps. found for the picrate are in good accord, that for the hydro-
chloride (M. & R. : 192-3°) does not agree with Ghatak’s figure {see above),

Cahill and Jackson ^ have shown that when d-abrine and Z-tryptophan are

methylated and the resulting methyl ester methiodides,

CgHeN . CHg . CH(NMe 3l) . CO^Me,

are converted to the corresponding betaines, the product in both cases is

hypaphorine, the specific rotations found being 4^113*7°, + 113*9° and

H- 113*4° respectively. It follows that abrine, like trytophan and the

natural amino-acids in general, belongs to the Z-series, and in accordance
with the accepted notation ® should be described as Z(-|-)abrine. It is of

interest to note that as a growth-promoting substance, tried in rats,

abrine is less effective than Z-tryptophan, and more active than eZZ-abrine

whence it is suggested that d{ —)abrine would probably be inactive, in

growth promotion in the rat.^
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Hypaphorine (a-trimethyl-8-indolepropiobetaine). See alkaloids of

Eryihrina spp. (p. 886).

Gramine {Donawine), CiiHi4Na. This substance was first found in

barley mutants by von Euler and Hellstrdm,^ and later in Arundo donax
484
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L, by Orekhov and Norkina,^ who named it donaxine and characterised it.

From the same grass Madinaveitia ^ isolated a second alkaloid donaxarine,

and obtained evidence of the presence of a phenolic base.

Gramine forms flat needles or leaflets, m.p. 188-9°, [a]p i 0 °, and
yields a picrate, m.p. 144-5°, perchlorate, m.p. 150-1°

;
platinichloride,

red needles, m.p. 180-1° (dec,) and a methiodide, m.p. 176-7°.^ Aecording
to Madinaveitia,® gramine on treatment with methyl iodide in methyl
alcohol yields trimethylamine, tetramethylammonium iodide and a
substance presumed to be 8-hydroxymethylindole. With ethyl iodide in

acetone a normal ethiodide, Ci 3Hi0N2l, m.p. 176°, is formed.

von Euler and Erdtman ® first suggested the identity of donaxine and
gramine and represented it as 2-dimethylamino*8-methylindole. Wieland
and Hsing * found tliat magnesiuni.-8dndolyl iodide reacted with dimethyl-

aminoacetonitrile to give gramme, identical with the natural alkaloid,

which must therefore be 8-dimethylaminomethylindole. It has also been
synthesised by Kiihn and Stein * by the interaction of indole, formaldehyde

and dimethylamine in acetic acid at room temperature. Gramine has

been used recently as a primary material for the synthesis of tryptophan ®

and for the preparation of alkyltryptamines.®^"^

According to Powell and Chen,’ gramine, used as the unstable hydro-

chloride, m.p. 191° (dec,), raises the blood pressure in anaesthetised cats

in small doses, but lowers it in doses of 80 to 40 mgm. per kilo., with a

secondary rise. It reduces the chief effects of adrenaline without reversal.

The toxic dose for rats is about 68 mgm./kilo. Supniewski and Serafinowna ®

state that gramine excites the central nervous system in mammals, but
in large doses causes paralysis. At 1 in 25,000 it causes contraction of the

isolated uterus.

Donaxarine, CigHigOgNg, crystallises from acetone, has m.p. 217°

[ajo db 0 °, contains one active hydrogen atom and one methylimino but

no methoxyl group : no C-methyl group was found. It gives no colour

reaction with the dimethylaminobenzaldehyde or glyoxylic acid reagents,

but the vapour gives the pyrrole reaction with pine-wood (Madinaveitia ®).
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Calycanthine and Associated Bases. Calycanthine was isolated from

the seeds of Cdlycanthus glaucm Willd by Eccles.^ From the same source

Gordin * obtained wocalycanthine, now stated to be a low-melting form
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of calycanthine (Manske and Marion *). Spath and Stroh * later found

calycanthine in the seeds of C. Jloridm L., from which, in 1988, Barger,

Jacob and Madinaveitia ^ isolated a second alkaloid, calycanthidine. A
third source of calycanthine was discovered by Manske ® in Meratia prcecox

Rehd. and Wils., which also contained two other alkaloids, distinguished

as a-, m.p. 197-8°, and jS-, of which the hydrochloride has m.p. 219-20°
;

both give Ehrlich’s reaction. Manske and Marion * have also found

calycanthine in the seeds of C. occidentalis, Hook and Arn. All four plants

belong to the botanical family Calycanthaceae.

Calycanthine, C22H28N4 . The formula, CiiHi4N2,
adopted by Gk)rdin,*

was doubled by Spath and Stroh ® and altered as now given by Barger,

Madinaveitia and Streuli.’ The base crystallises in octahedra, m.p. 216°,

or after drying at 120° in vacuOy 242° (Barger), 248-4° (Gordin) or 245°

(Spath)
; [aJif** + 684-8° (EtOH). It forms a nitrosoamine, m.p. 175-6°

(d€C,)y contains one methylimino group and shows two replaceable hydrogen

atoms at 22 ° in pyridine, and four at 95° (Barger). According to Spath

and Stroh it forms a dimethiodide, C22H2eN 4Me2 . 2MeI, m.p. 261-2°, but

Barger et uZ., like Gordin, obtained anomalous products on methylation,

viz, {a) calycanthine dihydriodide, B . 2HI . HgO, m.p. 218-9° or 226-7°

(dry)
;

(b) calycanthine hydriodide, B . HI, m.p. 260°
;

(c) an oxygenated

quaternary sdt, C22H26ON3I .tHgO, m.p. 240-2° and (d) an oxygen-free,

quaternary salt, C21H22N3I, m.p. 817-8°. The oxygen in (c) does not

seem to be present as a methoxyl group. Manske ® found that calycanthine

was converted by benzoyl chloride into an amorphous substance, which
on oxidation with permanganate in acetone yields benzoyl-A^-methyl-

tryptamine (I : R = CO , Ph), m.p. 202 °. The latter is also pro-

duced, according to Barger et along with calycanine {see below)

when the benzoylation product is heated with calcium oxide at 800°. The
same authors found that calycanthine heated with soda-lime in a closed

vessel at 300-20° gave A'-methyltryptamine (I : R = H), CuHuN.,
m.p. 86°, in a yield of 88 per cent, of that required if it forms, or is readily

obtainable from, one moiety of the calycanthine molecule, as seems to be

agreed by both groups of workers,

The nature of the second half of the molecule is uncertain. Barger

ei alJ heated the alkaloid with calcium oxide at 805° in a closed tube for

15 hours and identified among the neutral reaction products indole, pro-

bably methylindole and either ethyl- or dimethylindole, and in the basic

fraction, calycanine {see below)^ .^-methyltryptamme and a substance,

CJ2H10N2, m.p. 188°, picrate, m.p. 252°, whose reactions and characteristics

indicated that it was a methyl-3-carboline, isomeric with harman (p. 490).

The products of a similar experiment with soda-lime on benzoylcalycan-

thine were a substance, CuHxiN, m.p. 2 °, 2-phenylindole and quinoline.

Manske and Marion* have recorded the following products from the

dehydrogenation of calycanthine by selenium : 8-methyl- and 8-ethyl-
indole, 4-methylquinoline, 8-carboline (norharman, p. 491) and calycanine

{see below).

Both ^ups of workers have proposed tormulm for caiycantMae.
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Barger et aL’^ took the view that the alkaloid contains two tryptamine
residues, one represented in the degradation products by iV-methyltrypt-

amine, and the other by methyl-3-carboline, and on this basis proposed

formula (II). Manske and Marion, ^ on the contrary, regard iV-methyl-

tryptamine and 8-carboline as originating from the same moiety of the

molecule, the other half being represented by 4-methylquinoline, and on
this conception based formula (III).

Calycanine, CieH^oNg or CaiHisdsiNg. This substance was first described

by Marion and Manske ® as resulting from the dehydrogenation of caly-

canthine by selenium or distillation of the base with zinc, but was first

fully characterised by Barger, Madinaveitia and Streuli,^ who obtained

it in a number of reactions including the oxidation of calycanthine with

chromic acid in acetic acid. It has m.p. 296-7®, or 810° after sublimation,

is a weak but remarkably stable base, contains one reactive hydrogen
atom and does not give the Ehrlich colour reaction. Both groups of

workers at first assigned to it the formula CigHjoNg, but Manske and
Marion * changed this to CgiHigNj or C21H15N 3 . Barger et aU proposed

for it formula (IV) and Manske and Marion suggested (V) or (VI) based on
their formula (III) for calycanthine. Hargreaves ® has made an X-ray
examination of crystals of calycanine and obtained evidence which.

though not conclusive, favours CieHioN2 as the empirical formula.

Marion, Manske and Kulka^ have recently synthesised the substance

represented by formula (VI), and find that it is not identical with calyca-

nine. Molecular weight determinations with calycanine give anomalous

results, and m view of the results of the X-ray investigations, they suggest

the empirical formula, with which the combustion results agree,
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and consider that calycanine may be represented by a fused carbazole and
pyridine nucleus.

Calycanthidine, CigHieNa- The base has m.p, 142°, [a]^f —* 285°

(MeOH), and yields the following salts : hydriodide, m.p. 182°
;

per-

chlorate, m.p. 158°
;

platinichloride, m.p. 198-200°
;

picrate, m.p. 192°
;

chromate, m.p, > 300°. With m^hyl iodide it gives a product, m.p*

180-215°, which, on further treatment with methyl iodide and potas-

sium hydroxide or carbonate in methyl alcohol, gives a salt (A)

MeO . CjaHaaN , NMcjI, m.p. 221°, also obtainable from the base directly

by similar treatment. The alkaloid has the composition and character

of a iV-methyltetrahydroharman (VII), and on this basis (A) is represented

by (VIII). d^-AT-methyltetrahydroharman (VII), synthesised by con-

densing A^-methyltryptamine (I : R == H) with acetaldehyde, has m.p. 112°,

gives a normal methiodide, m.p. 228-9°, and differs in other respects from
calycanthidine. As the latter could not be racemised and the synthetic

dZ-isomeride could not be resolved, precise comparison could not be made
(Barger et

The statement made by Gordin ^ (1905) that calycanthine produces

symptoms similar to those due to strychnine and acts as a stimulant to

the spinal cord and as a cardiac depressant, have in general been confirmed

by Cushny,^® and by McGuigan and von Hess for the low-melting form
i^ocalycanthine (Manske ^hen, Powell and Chen state that caly-

canthine hydrochloride is toxic to rats at 17-2 mgm. per kilo., reduces

blood pressure and cardiac contraction in anaesthetised cats, stimulates

the isolated intestine and uterus of rabbits, but has only a slight effect

on isolated guinea-pig uterus.
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ALKALOIDS OF PEGANUM HARMALA
The seeds and root of this rutaceous plant contain four alkaloids,

harmaline, Ci 3Hi40N2 , obtained by Gkiebel,^ harmine, CijHijONa, isolated

by Fritsche * and harmalol, C12H12ON2, first prepared by O. Fischer.®

From the S. American narcotic drug,^ yage,” “ caapi ” or “ ayahuasca,”

derived from Banisteria spp. (Malpighiacese), viz., B. cctapi, Spruce,® B.
metaUicolor or B. lutea, an alkaloid has been isolated by various workers
and named “ telepathine,” ® “ yageine ’ or “ banisterine ” ®

; there is

good reason to believe that only one alkaloid is concerned and that it is

identical with harmine.®»® The fourth alkaloid is vasicine (pegauine),

described later (p. 617) under its original source. Harmala seeds contain
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2*5 to 8 per cent, of alkaloids, of which half to two-thirds is harmaline.

A number of processes have been published for the isolation and estimation

of the alkaloids.

Harmaline, crystallises in colourless, or pale yellow, glancing

prisms, m.p. 239-40° (dec,), [ajjp zh 0°. The hydrochloride, B . HCl . 2H2O,

occurs in yellow needles
; the platinichloride is microcrystalline.

Harmaline forms a characteristic mercurichloride and a crystalline acid

chromate, which is insoluble in water. Solutions of the salts give with

potassium cyanide a precipitate of the hydrocyanide, B . HCN, which
reacts as a simple base and forms a hydrochloride, C,4Hi,ON 3 . HCl.
Harmaline forms an A'-acetyl derivative, m.p. 204-5°, colourless needles ;

and with methyl iodide gives iV^-methylharmaline iodide and dimethyl-

harmaline iodide, CigHj^ON^l, m.p. 220°
;

from the former, A-methyl-
harmaline, needles, m.p. 162°, can be obtained by the action of baryta.

Harmaline contains a methoxyl but no methylimino group and, on
demethylation, yields the phenolic base, harmalol, CigHigONg . SHgO,
which also occurs in the seeds. It crystallises from water in brown
needles, m.p. 212° (dec,), and is readily soluble in hot water or alkaline

liquids. It oxidises in the air.

On reduction harmaline yields tetrahydroharmine, CjaHigONg, m.p.

199°, and on gentle oxidation is converted into harmine.^^

Hartnine, C13H13ON3, crystallises from methyl alcohol in colourless

rhombic prisms, m.p. 266°, [ix]d ± 0°. The hydrochloride, m.p. 269*5-

270*5° (Chen ®), nitrate, platinichloride, m.p. 264-6°, acid chromate and
oxalate crystallise well. The salts show a deep blue fluorescence in dilute

solution. Harmine behaves as a monoacidic base. It gives a methiodide,

from which methylharmine, needles, m.p. 209°, may be prepared, and this

in turn yields methylharmine methiodide. On demethylation harmine

yields the phenolic base iiarmoi., CigHioONg, m.p. 321°.^^

Constitution of Harmine and Harmaline, Harmaline is a dihydro-

harmine. Both bases on reduction yield tetrahydroharmine and in both

the single oxygen atom is present as methoxyl. Knowledge of the con-

stitution of the two alkaloids is mainly due to the work of O. Fischer and his

colleagues, and more recently to the researches of Perkin and Robinson.

On oxidation with chromic acid both alkaloids yield harminic acid,^^ ,

CgH2(COOH)2N2 ,
which has the properties of an o-dicarboxylic acid.

This when heated in vacuo loses in two stages the two carboxyl groups,

and furnishes apoHARMiNE, CgHgNg, m.p. 183°, a secondary base yielding

well-crystallised salts (aurichloride, m.p. 240°, picrate, m.p. 247°). With
strong nitric acid harmaline gives, in addition to harminic acid, m-nitro-

anisic acid.^® Harminic acid, on further oxidation by dilute nitric acid,

yields wonicotinic acid (pyridine-4-carboxylic acid). There must
therefore be present in harmaline a methoxybenzene and a pyridine ring.

Further, Perkin and Robinson showed that harmine condenses with

benzaldehyde to form benzylideneharmine, CigH^ONg . CH : CH . CgH 5 ,

(jrystallising from alcohol in pale yellow prisms or needles, m.p. 191-2°,

and giving solutions in neutral solvents showing a violet-blue fluorescence.
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The formation of such a derivative is typical of substances containing a

pyridine ring with a methyl group in the a-position. Harmaline also

condenses with benzaldehyde, but the compound formed is benzylidene-

diharmaline (CijHiiONj . CH2)2 : CH . C^Hg, insoluble except in boiling

pyridine from which it separates in colourless microcrystals, m.p* 245°

(dec,). This compound resembles that similarly formed with a-methyl-

indole. Benzylideneharmine on oxidation under special conditions

furnishes worharminecarboxylic acid, . COOH, and this on
decarboxylation yields norharmine, CjjHioONg, colomless needles, m.p.

218°. The changes so far described may be represented as follows :

1(»0. CgBjj . CgB^K2( CBjj

)

Harming

BOfiC.C.

HOgC.C'^

1I.0.CjH3.C^5N8(CH3)

Harmllna

I

Benzylideneharndne

Hamlnlo acid

HC.

aC
V aPOHamlna

Me0.C5H3.C5H3N2.C0^

norHarmlnecarborylie acid

i
lleO.CgHs.CgH^Ng

norHannina

ca

CB
iBoHleotlnlc aeid

CH

»4Ii:^£SaBlSiSLfi£id

Perkin and Robinson suggested that harmine and harmaline probably

had a structure composed of three rings—^pyridine, pyrrole and benzene
fused together—^but the sequence of these rings was in doubt. Fischer’s

observation that m-nitroanisic acid and wonicotinic acids are produced
on oxidation, indicated that the benzene and pyridine rings occupy terminal

positions, but the first definite evidence of the presence and position of

the pyrrole nucleus was afforded by Perkin and Robinson’s discovery

that the base harman^ CjjHioNg (I), was identical with a base obtained by
Hopkins and Cole by the oxidation ” of tryptophan (II) with ferric

chloride. Harman was prepared by Fischer by treating harmol with
zinc chloride ammonia, so converting it into aminoharman. This, on
replacement of the amino-group by hydrogen, yields harman, which
crystallises from benzene in prisms, m.p. 288°, picrate, m.p* > 250° (dec,)

:

aurichloride, m.p. 211-8° (dec,). It has not been found in plants yielding

harmine or harmaline, but Spath has shown that “ aribine,”

C23H20N4 • 8H2O, obtained by Rieth and Wohler®^ from the bark of

AraHba rubra (Sickingia rubra Schum ; Rubiacese), and “ loturine ” found
by Hesse ^ in Symplocus racenwm Roxb. {Symplocacece)^ are identical with
harman, while “ coUoturine,” which accompanies “ loturine,” Is probably
a form of harman.

The formula thus arrived at for harman provided confirmation for
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the fonnulse for harmine and harmaline, already provisionally selected,^*
as shown below.

In view of its possible interest as the mode of formation of harman,
harmine and harmaline in plants, Kermack, Perkin and Robinson
investigated the conversion of tryptophan (II) into harman (I) and nor-

barman (IV). The latter is produced when tryptophan is condensed with
formaldehyde in presence of dilute sulphuric acid and the product (III)

oxidised by potassium dichromate. Harman is formed when formaldehyde
in this process is replaced by acetaldehyde.

2:8:4: 5-Tetrahydroharman, m.p, 179-80®, has been prepared by
a number of workers by a modification of this reaction, oia., by the

interaction of tiyptamine (8-jB-aminoethylindole) with acetaldehyde or

paraldehyde and Hahn et have obtained a series of derivatives of

tetrahydnmorharman by the use of other aldehydes and a-ketonic acids

under biological ” conditions of pH and temperature, while Asahina
and Osada,*^ by the action of aromatic acid chlorides on the same amine,

have prepared a series of amides from which the corresponding substituted

dihydronorharmans have been made by effecting ring closure with phos-

phorus pentoxide in xylene solution.

Since 1921 much work has been done to confirm the formula for

harmine and that provisionally assigned to harmahne, both by synthetic

methods and by reactions to explore and explain peculiarities in the
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behaviour of harmaline and certain of its derivatives. To facilitate

reference to the synthetic products, the names pyrindole (V) and
carboline have been introduced for the skeletal structures of apoharmine

and worharnian respectively, and these are shown below, with the notation

adopted : thus apoharmine (VI) is 8-methyl-7-pyrindole. This pyrindole

must not be confused with the synonym for pyrrocoline (p. 21). In the

case of carboline two systems of notation have been used. The one

adopted here is that of Gulland, Robinson, Scott and Thornley,^^® who
suggested that to indicate the position of the pyridine-iV the Greek letters

a, y-, S- should be used in place of the numbers 2, 3, 4, 5. On this basis

therefore worharman (VII) is 3- (or jS)-carboline. It is however still

frequently described in the literature as 4-carboline, which belongs to the

older notation still extensively used.

CH

(VII) 3-(or B )~Carbollne . (V) 7-Pyrindole (VI) apoBarmlna
norHarman

In ordinary rnethylliarmine (p. 489) the methyl group is attached

to the nitrogen atom of the pyridine ring (VIII). When it is treated with
propyl iodide, and the resulting methylpropylharmine iodide converted
to chloride (IX), the latter is not identical with the chloride (X) obtained
with the two alkyl reagents applied in the reverse order ; the first is

Pi/-iV-methyl-ind-iV-propylharmine chloride (IX) and the second is Py-N-
propyl-md'iV-methylharmine chloride (X).^^ Iyer and Robinson have
shown that when dimethylharmine chloride, m.p. 280-2° (IX or X with
Pr® — Me) is heated at 290-800°/10 mm. it furnishes a methylharmine (by
loss of methyl chloride) crystallising in needles or plates, m.p. 124-5®

(dry), which differs from Pi/-iV^-methylharmine (m.p. 209°) and must be
ind-iV-methylharmine (XI), since it furnishes the usual dimethylharmine
iodide with methyl iodide.
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On oxidation with permanganate, methylharmaline is converted into

a neutral substance, C13H14O2N2, m.p. 228°, which, on reduction with
sodium and n-butyl alcohol yields iV-methyltetrahydronorharmine (XVII),

the synthesis of which is described below and about whose constitution

there can be no doubt. The neutral substance must therefore be repre-

sented by (XII) and harmaline must be 4 : 5-dihydroharmine (XIII).^*

The formulae which would naturally be assigned to acetylharmaline

and methylharmaline on this basis are not fully representative of these

substances, thus the oxidation of methylharmaline (or harmaline metho-
sulphate) to keto-iV-methyltetrahydronorharmine (XII) implies that

methylharmaline must be represented by (XIV). Similarly, since acetyl-

tetrahydroharmine is formed by the catalytic hydrogenation of acetyl-

harmaline, the acetyl group must be attached to the pyridine-nitrogen.

Further, acetylharmaline, CigHjgOgNg, is oxidised by permanganate to a

neutral substance, €14111403X2, m.p. 207-8°, which is represented by
formula (XVI), since on hydrolysis by alkali it furnishes a product,

C12H12O2N2, m.p. 198°, which has been shown by synthesis to be 2-keto-8-

methoxytetrahydro-jS-carboline (XII, NH replacing NMe ^®). These facts

indicate (XV) as the formula of acetylharmaline, analogous with (XIV)
assigned to methylharmaline,

Apart from the syntheses already quoted as of possible biological

interest, mention must be made of a series which are primarily of chemical

interest. Kermack, Perkin and Robinson prepared norharman, t.e.,

j8-carboline (VII) by warming iV-methylindole-2-carboxyacetalylamide

(XVIII) with alcoholic hydrogen chloride, thereby converting it into

2-keto-l-methyl-2 : 3-dihydro-j3-carboline (XIX), which on distillation
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with zinc dust yielded a product from which Tiorharman (VII) was isolated.

The process may be represented thus, the methyl group attached to the

indole nitrogen being lost in the last stage.

By a similar method the same authors have prepared A^-methyl-

tetrahydronofharmine (XVII), starting with 6-methoxyindole-2-carboxylic

acid, the acid chloride of which was condensed with methylaminodimethyl-
acetal to give 6-methoxyindole-2*carboxydimethylacetalylmethylamide

(XX), and this on boiling with alcoholic hydrogen chloride gave 8-methoxy-
2-keto-8-methyl-2 : 8-dihydro-^-carboline (XXI), which on reduction with
sodium in n-butyl alcohol yielded iV-methyltetrahydroworharraine (XVII).
Among other syntheses by the same authors may be mentioned those of

fljpoharmine ** and harmaline.*® The latter is of special interest, being

(mi)

(mil)

(mv)

( CO
)
gN . c CHg] 3 . CHAC . COgBt

COgNa . . CO . NH . [ CHg 13 . CHAc . COgSa

C02H*C3H4.C0,IIH.[CH2]3*CAo:M.HH.C3H4.0M*

1&)

C684<C0>»- t CHgjj .CAO

(XW)
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designed to confirm the location of the two hydrogen atoms added to

harmine. The method used is as follows :

—

Ethyl 8-phthalimido-a-acetylvalerate (XXII) was hydrolysed to sodium
S-o-carboxybenzamido-a-acetylvalerate (XXIII), and the latter coupled

with m-methoxybenzenediazonium chloride in alkaline solution, losing a
carboxyl group in the process and forming f-o-carboxybenzamidohexane-

jSy-dione j8-m>methoxyphenylhydrazone (XXIV) which was converted by
acetic anhydride into the corresponding phthalimide (XXV). A previous

investigation had shown that of the two possible positions (a) and (b) for

ring closure in this compound, (a) was the favoured site, and on boiling

with n-butyl alcoholic hydrogen chloride, 6-methoxy 2-acetyl-8-j3-phthali-

midoethylindole (XXVI) was formed, which with hydrazine hydrate gave
insoluble phthalylhydrazide (XXVII) and harmahne (XXVIII).

Of ^ the two other possible formulse for harmaline with the chain

CHj:C.NH.CHa.CHa— or —CHMe . NH . CH : CH— in place of

—a4e : N . CH, . CH,— in positions 2 to 5, only the first is consistent

with this synthesis, and, as work on methyl- and acetyl-harmaline (p. 498)

has shown, this form is assumed with difficulty.

Spath and Lederer have published a simplified synthesis of harmaline

consisting in treating the acetyl derivative of 6-methoxytryptamine

(XXIX) with phosphorus pentoxide in boiling xylene, the harmaline thus

produced being converted into harmine by catalytic dehydrogenation

at 200®.

By the*application to 1 : 2'-pyridylbenztriazole of the Del^tra-Ullmann

process of preparing carbazoles by heating arylbenztriazoles, Lawson,
Perkin and Robinson were able to obtain 2-carboline, but were unable

to prepare 8-carbolines, owing to the non-reactivity of O-halogenopyridines

with o-phenylenediamine. Spath and Eiter found later that in presence

of a little water and copper sulphate, 8-bromopyridine condenses with

o-phenylenediamine to give N-8-pyridyl-o-phenylenediamine (XXX),
m.p. 125*5-6®

;
this with nitrous acid yields the required 1 : 0'-pyridyl-

benztriazole (XXXI), m.p. 186*5-7®, which on heating at about 850® for

eight hours gives 8-carboline (norharman XXXII), or on heating with zinc

chloride at 820® for 15 minutes produces 8-carboline, 8-anilinopyridine and
5-carboline, m.p. 214-5®.

oca-aia^W
(za) (zm) (zzzii)

Pnidcner and Witkop ** have compared the ultra-violet absorption

spectra of a series of alkidoids and alkaloidal nuclei, with special reference

to the effects produced 1^ substitution on the harman group leading to

(p. SdS) and its derivatives.

Pharmae^itgy «/ Hartnm Derwatirxs. Medicinal properties have
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been ascribed to harmala seeds from the time of Dioscorides. They have

long been used as an anthelmintic in India and also as narcotics, and the

source of a red dye. Flury and others have shown that harmine and
harmaline exhibit anthelmintic action.

Exact knowledge of the pharmacology of the alkaloids is largely due

to the work of Gunn and his collaborators. In a summary of his results

Gunn states that in large doses harmine causes tremors and clonic

convulsions, the latter occurring without marked increase in spinal reflex

excitability and not being shown in frogs. With poisonous doses the

convulsions are followed for a short time by motor paralysis, due to

depressant action on the central nervous system
;

respiration is paralysed

and in mammals there is a fall in temperature. Harmine induces a fall in

blood pressure chiefly due to w'eakening of the cardiac muscle. It arrests

the perfused heart in diastole and diminishes the contractions of most
forms of smooth muscle with the exception of the uterus, which, parti-

cularly in the rabbit, is made to contract powerfully. It is more toxic to

most protozoa than quinine. Harmaline (dihydroharmine) is about twice

as toxic to most laboratory animals as harmine, but the addition of two
atoms of hydrogen affects the degree of activity rather than its pharma-
cological character, as is also the case for tetrahydroharmine. The minimum
lethal doses of the three bases for the rabbit are in the following ratio :

harmine : harmaline : tetrahydfoharmine = 2 ; 1 : 3. The character of the

action is still unaltered in tetrahydroworharman, but in changing the

ethers, harmine and harmaline, to the respective phenols, h^mol and
harmalol, the capacity to induce clonic convulsions disappears, and the

two phenols cause a progressive paralysis of the central nervous system

without initial stimulation. The protozooicidal action is also much
reduced. In harmol alkyl ethers (homologues of harmine), the initial

stimulant action of harmine diminishes as the weight of the alkyl group
increases and at nonylharmol the action is purely depressant. Dilatation

of the coronary vessels of the perfused heart shown by tetrahydroharmine

is intensified with harmol, and is still more pronounced with the alkyl-

harmols attaining a maximum at amylharmol. The harmala and cinchona

groups of alkaloids exhibit much similarity in action in spite of their

dissimilarity in chemical constitution, and it is suggested that in cases of

this kind the action must be due to a conunon chemical factor in the tissues

concerned.

Raymond-Hamet has made a special study of the vascular action

of the harmala alkaloids and certain of their proximate derivatives,

including their influence on the pressor and other effects of adrenaline in

comparison with that of yobyrine and ketoyobyrine (pp. 505-6).

The possible therapeutic applications of these alkaloids as proto-

zooicidal agents, coronary dilators and ecbolics, and in nervous diseases,

for example in the treatment of post-encephalitic conditions, have been
discussed by a number of authors,®® The alkylharmols, referred to above,

form part of an extensive series prepared by Coulthard, liCvene and
Pyman,®® and tested by these authors for bactericidal properties and by
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Coulthard for amoebicidal action. Each kind of activity increases to

a peak as the series is ascended and then diminishes. In the 0-n-alkyl

series the peak is at 0-n-butylharmol for Bacillus typhosus, at 0-n-amyl-

harmol for Staphylococcus aureus and at O-n-nonylharmol for Entamceba

histolytica. In the -diethylaminoalkyl series the peak for B. typhosus

is at 0-a>-diethylaminononylharmol. No trypanocidal or anti-malarial

action was observed in a selection of the compounds tested.

The simpler substance Afpoharmine according to Flury causes increased

reflex excitability in the dog. In the frog it produces a like effect which
with larger doses goes on to tetanus. Esterification of harmol with

methylcarbamic acid induces affinities with the physostigmine type of

drug.^2
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ALKALOIDS OF EVODIA RUTASCARPA
Several species of Evodia have been stated to contain berberine, but

recent workers have failed to confirm this observation.^ In the Chinese

drug, “ Wou-chou-yu,” which is the dried fruit of E. rutascarpa Benth.

and Hook., Asahina and co-workers found two alkaloids, evodiamine and
rutsecarpine,* to which Chen and Chen ® added a third, wuchuyine,

C18H1JO2N, m.p. 287*5®, — 60*8®. According to Mayeda,^ E.

Danielli Helms, contains no alkaloids.

Evodiamine, Cj^Hi^ONj, yellowish leaflets, m.p. 278®, + 852®

(+ 251®) ® (acetone) is a weak base, insoluble in dilute acids. Wien heated

in alcohol with hydrochloric acid it absorbs water, being converted into

evodiamine hydrate (woevodiamine), CigHigOiN,, rhombic leaflets,

m.p. 146-7®, [a]D ± 0®, -which forms a hydrochloride, Ci^Hj^ONs . HCl,
crystallising in plates, m.p. 255-6® or 265-7® {dry), and a nitrosoamine,

m.p. 120®. Acetic anhydride at 150® reconverts ** t^vodiamine ” to

optically inactive evodiamine. Evodiamine is decomposed by boiling

alcoholic potassium hydroxide into JV-methylanthranilic acid and
dihydronorharman.^ Evodiamine hydrate undergoes fission under like

conditions into carbon dioxide, iV-methylanthranilic acid and a base,

C10H1 J1
N2,

which was at first regarded as 2-j3-aminoethylmdoIe, but was
eventually shown to be 8-^-aii»noethylindole.® When ** ieoevodmoixm

hydrochtoide ** is heated dry it evolves water and methyl chloride and
forms rutfiecarpine.^

Rataecatpine, crystallises from boiling alcohol in cdburiess
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needles, m.p. 257-8° (261-2*5°),

® [ajj) i 0°, and is decomposed by
potassium hydroxide in boiling amyl alcohol, yielding anthranilic acid and
8-j3-aminoethylindole-2-carboxylic acid, C

1JH12O2N2 ,
silky crystals, m.p.

257°. Unlike evodiamine, rutsecarpine yields a monoacetyl and a mono-
benzoyl derivative melting at 184-6° and 194° respectively.’

To these alkaloids Asahina and Mayeda * assigned formulae, based on
the reactions described, and on the first assumption, referred to above,
that 2*j3-aminoethylindole was the scission product of evodiamine.

Kermack, Perkin and Robinson * pointed out that the evidence did not

exclude the possibility that the base produced was in reality 8-j8-amino-

ethylindole, in which case evodiamine and rutaecarpine could be repre-

sented by the following formula?, which would bring them into line with
harmine.

These formulae explain the scission products of the two alkaloids and

the conversion of evodiamine into rutaecarpine, and were accepted by
Asahina.® A partial synthesis of rutaecarpine was effected by Asahina, Irie

and Ohta,® who prepared the o-nitrobenzoyl derivative of 8-jS-amino-

ethylindole-‘2-carboxylic acid, and reduced this to the corresponding amine

(partial formula I), which on warming with phosphorus oxychloride in

carbon tetrachloride solution furnished rutaecarpine. This synthesis was
completed in 1928 by the same authors by the preparation of 8-j8-amino-

ethyUndole-2-carboxylic acid by the action of alcoholic potassium hydroxide

on 2-keto-2 : 8 : 4 : 5-tetrahydro-8-carboline. An equally simple synthesis

was effected almost simultaneously by Asahina, Manske and Robinson,®

who condensed methyl anthranilate with 2-keto-2 : 8 : 4 : 5-tetrahydro-8-

carboline (for notation, see p, 492) by the use of phosphorus trichloride

(sec partial formulss II). Ohta has also synthesised rutaecarpine by
heating a mature of 2-keto-2 ; 8 : 4 : 5-tetrahydrocarboline with isatoic

anhydride at 198^ for SO minutes.
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In the synthesis of evodiamine e:ffected by Asahina and Ohta,i® N-
methylanthranilic acid was converted by ethyl chloroformate into iV-

methylisatoic anhydride, which, on treatment with 3-jS>aminoethylindole,

furnished 3-j9-o-methyIaminobenzoyIaminoethyIindole (III), and this with
ethyl orthoformate at 175-180° gave d/-evodiamine, m.p. 278°, convertible

by boiling alcoholic hydrogen chloride into ^5oevodiamine, m.p. 147°, as

shown above.

In a recent paper, Schopf and Steuer^®^"*^ describe the synthesis under
physiological conditions of rutaecarpine from 4 ; 5-dihydro-8-carboline

perchlorate and o-aminobenzaldehyde.
According to Raymond-Hamet,^^ evodiamine and rutaecarpine on

injection induce increased arterial pressure.
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ALKALOIDS OF YOHIMBE AND QUEBRACHO
Yohimbehe bark, originally believed to be derived from a species of

Taberncemontana (Apocynaceac), but now assigned to Pausinystalia

yohirriba, Pierre (Fam. Rubiaceae ; syn. Corynanthe yohimbe, Schum.), a

tree native to the Cameroons and French Congo, contains alkaloids on
which pioneer work was done by Spiegel.^ Some of the alkaloids are of

uncertain individuality, e.g., Spiegel’s “ yohimbenine ” and the unnamed
base described by Danckwortt and Luy.^ It is convenient to deal with

quebracho alkaloids also in this group, since Foumeau and Page’s *

identification of quebrachine with yohimbine is generally accepted.® This

involves the inclusion of Vallesia glabra as this has one alkaloid, aspido-

spermine, in common with quebracho. It has also been shown recently

that the gelsemium alkaloid, sempervirine, can be isomerised to yobyrine,

one of the degradation products of yohimbine, but as most of the gelsemium
bases are still of imknown structure it is not thought desirable to deal

with this plant in this section. The alkaloids of Pseudocinchona africana

Chev. {Corynanthe africana Br.) are included as one of them, corynantheine

is probably a constituent of yohimbe bark, and Janot and Goutarel have

stated * that the corynanthidine isolated from this species (1945) is possibly

identical with the a-'yohimbine of yohimbe bark. The validity of the genus

Pseudocinchona is still under discussion^ From time to time yohimbe ”
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barks have appeared in commerce, which are not derived from P, yohimba^

Pierre, and have been examined. Among these is P, macroceras, Pierre

(Corynanthe macroceras (K. Sch.), Brandt), which contains inactive alka-

loids and little yohimbine ^ and Pausinystalia paniculata, Welw., in which,

along with paniculatine, yohimbine is present, according to Raymond-
Hamet,®^"^ as it is also in P, trillesiiy Pierre, examined by Dupouy and
Beille.®^*^ From Taherncemontana coronaria Br. Ratnagiriswaran ai^l

Venkatachalan have isolated two alkaloids, taberncemontanine, C 2oH2e03N2 ,

rn.p. 208-210®, and coronarine, C44H53O3N4 ,
2 *5H20 ,

m.p. 196-8°

Processes for the isolation and purification of yohimbine have been

described by Thoms,’ Feldhoff,® Chemnitius,® Schwyzer,^® Raymond-
Hamet ® and otliers. Some of these processes have been modified to

provide for estimation of the yield of yohimbine, usually as the hydro-

chloride, from the bark, or to fiicilitate the identification of this alkaloid

in commercial yohimb^ bark, which is apt to vary both in quality and in

botanical origin. According to Witkop (1943) modern technical

yohimbine hydrochloride may contain a little t^oyohimbine but no alio-

yohimbine.

Yohimbine {Quebrachine), C2xH2e03N2,
crystallises from dilute alcohol

in colourless needles, m.p. 234° (Spiegel, Warnat), [aj^ 50*9° (S)

;

+ 56°

(EtOH, Fourneau), + 62-2° (EtOH, Witkop), or + 84-1° (pjTidine,

Hahn ®), is readily soluble in alcohol or chloroform, sparingly so in ether.

The hydrochloride is crystalline, m.p. 295-500° (dry, dec,), 286° (dec.,

Witkop), [a]f®’ + 105° (H^O) ;
the nitrate, m.p. 269-270°, forms colourless

prisms ;
the thiocyanate separates from hot water in rectangular crystals,

m.p. 233-4° (Siedler) the tartrate, B . 6H2O, melts at 213° and remelts

at 278° (F). Yohimbine gives a methiodide, B . CH3I . H2O, m.p. 250°.

It contains one methoxyl group and one alcoholic hydroxyl group yielding

a sulphuric ester,^* m.p. 292-5°. On acetylation it furnishes an 0-acetyl

derivative, m.p. 133°, and an 0

:

A^-diacetyl derivative, m.p. 183°

;

cf. Schomer (1927).

When yohimbine is heated with potash solution it is converted into

potassium yohimbate, from which yohimbicacid (the forms yohimboic and
yohimboaic are also used and no/yohimbine), C20H24O3N2 . H2O, is

liberated by acetic acid
;

it crystallises from water in lustrous prisms,

m.p. 269° or 299° (dry, dec.), [a]p + 188-8° (pyridine), and, on esterification

with methyl alcohol and its homologues, reproduces yohimbine and its

homologues, analysis of which by Field confirmed the view that

yohimbine is methyl yohimbate, and has the formula assigned to it by
Fourneau and Page,*

For the detection and identification of yohimbine, Deniges uses a

microcrystallographic method ;
the alkaloid in sulphuric acid gives with a

minute crystal of potassium dichromate violet streaks, changing to slate-

blue and finally green. With nitric acid, the hydrochloride gives a green

coloiirchangingto yellow. Other characteristic colourreactions are described

by Rossi et and others, mostly dependent on the coloured products

formed by indole derivatives with aldehydes in presence of mineral acids.
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The remaining yohimW alkaloids are described below : ten of them
are isomerides of yohimbine, and for convenience of comparison are dealt

with in the table on p. 502.

There is great similarity among the first three alkaloids in this table,

and the suggestion has been made that they are identical, though a-

yohimbine is Isevorotatory and the other two are dextrorotatory. Also

ethyl yohimbate has m.p. 190°, whilst ethyl i^oyohimbate is usually

stated to melt at 248°, though Wibaut and van Gastel recorded 202 °

for the ester monohydrate.

The data given in the table for corynanthine are due to Foumeau and
Fiore.*^ Haymond-Hamet later foimd that corynanthine on alkaline

hydrolysis gave a dextrorotatory acid, which Scholz confirmed and
identified its methyl ester as yohimbine and suggested that corynanthine

is a stereoisomeride of yohimbine. Foumeau and Benoit have con-

firmed that corynanthine on acid hydrolysis gives /-corjmanthic acid

(m.p. 284°, [a]© 85*9°
;

pyridine), but on alkaline hydrolysis, even in

the cold, some raceraisation occurs and the resulting acid is of low laevo-

rotation. They also point out that both yohimbine and corynanthine yield

yohimbone on dehydrogenation {cf., p. 504) and are probably stereoiso-

merides.

Raymond-Hamet,® as evidence for the validity of the genus Pseudo-

cinchona^ has shown that the bark of P. africana Chev. contains corynan-

thine and corynantheine {see below), but no yohimbine. Janot and Goutarel

(1948) have recorded that corynanthine on acetylation furnishes a diacetyl

derivative, C2iH2408Nj,Ac2, m.p. 194~5°, [a]i> — 105° (pyridine) and a

monoacetyl derivative, C2iH2503N2,Ac(Me0H), m.p. 148°, [aji) — 60°

(pyridine). The same authors have compared the ultra-violet absorption

spectra of yohimbine, corynanthine, corynantheine and certain of their

derivatives and find great similarity in the spectra of yohimbine and
corynanthine, the corresponding acids and of acetylcorynanthine ; such

differences as are found are believed to result from the blocking of a

hydroxyl group, e.g,, by methylation or acetylation.

The paniculatine mentioned in the foregoing table must not be confused

with that found in Aconitum paniadatum (p. 674).

In addition to the natural isomerides of yohimbine listed in the fore-

going table, several resulting from chemical reactions with yohimbine are

known. Witkop has described e-yohimbine, C2iH2e03N2 ,
m,p. 208°

(dec.), [a]fP* + 29-8° (pyridine) produced along with yohimbine, by the

esterification with methyl alcohol of the yohimbic acid sulphuric acid ester

described by Barger and Field.^® The same author has called attention

to the similarity of S-yohimbine {see table) and the Z-yohimbine, m.p. 258-4°

;

B • HCl, [a]^* — 27*2°, which Schomer (1927) obtained as a transforma-

tion product of ycAimbine, Witkop has also described oL-isoyohimbine,

m.p. 804°, + 58*2° (acetic acid) to which the formula C21H24O2N2,

2£^0 is assigned. It was produced in a catalytic hydrogenation experi-

ment on ajpoyohimbine, CtiH|402N2, which resulted only in the addition

of water. It hydrolyses to a-isoyohimbic acid, CsoHiaOtNg, 1 *5H20,
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m.p. 238°, and is converted by the action of acetic anhydride and fused

sodium acetate into a new apoyohimbine, m.p. 230°.

Corynantheine. This alkaloid was found by Karrer and Salamon,^^

along with 0-yohimbine (table, p. 502) in residues from yohimbine manu-
facture, as an amorphous base, yielding a crystalline hydrochloride,

^22^28^4^2 • HCl, m.p. 205°, [a]D + 12*15° (HgO), soluble in chloroform.

It was compared by Raymoud-Hamet with the alkaloid which Fourneau
had found with corynanthine in Pseudocinchona africana (p. 500). The
two hydrochlorides had m.p. 200° and [aJIf* + 7*0° or 7*2° (MeOH). Both
hydrochlorides were soluble in chloroform and gave blue colours with
Frohde’s reagent and with Kiliani’s reagent (ferric sulphate in sulphuric

acid). Raymond-Hamet’s results indicate that the purified hydrochloride

has the composition, C22H28O 3N2 . HCl .
(cT lies between 1 and 2 ).

The alkaloid contains two methoxyl groups, and on alkaline hydrolysis

yields corynantheic acid, C2iH2603N2 , which crystallises from methyl
alcohol, has + 7*53° (MeOH) and contains one methoxyl group.

Janot and Goutarel 22 have confirmed Raymond-Hamet’s results and have
obtained crystalline corynantheine, C22H28O 3N2 ,

m.p. 115-6°, [a]^^

+ 28*1 to 28*8° (MeOH), yielding a hydrochloride, [a]|) + 43*8°, and in

their 1941 paper state that Raymond-Hamet has also prepared

corynantheine hydrochloride, [ajo + 40*5°, from Pseudocinchona

pachyceras,

Corynantheidine, Cg^HggOgNg. This isomeride of corynantheine was
found by Janot and Goutarel (1944) in the residual, benzene-soluble

alkaloids of Pseudocinchona africana,^^ It was isolated as the picrate,

m.p. 252°, [aJJ,®" — 152° (acetone). The base, B . COMcg, had m.p. 117°,

142° (MeOH), or —
- 165° (solvent-free, MeOH)

; B . HCl . 2H2O,

m.p. 213°, [ajjf'* — 128° (MeOH), styphnate, m.p. 246°, — 138°

(COMea).

Corynanthidine, C2iH2 e03N2 . This fourth crystalline alkaloid of Pseudo-

cinchona africana, and a new isomeride of yohimbine, was also isolated by
Janot and Goutarel (1945-46), who point out that it resembles Lillig’s

a-yohimbine (table, p. 502). It has m.p. 243-4°, 11*5° (MeOH)
or — 18*3° (pyridine), forms a hydrochloride, m.p. 288°, [ajjf** + 57*4°

(HaO), a picrate, m.p. 281-2°, [a]Jf* -f- 6 ° (acetone) and a monoacetyl
derivative, m.p. 231-2°. On hydrolysis it furnishes corynanthidic acid,

m.p. 322-3°, + 48*3° (pyridine) and on selenium dehydrogenation

yields yobyrine, tetrahydroyobyrine and ketoyobirine. Oxidation by the

Oppenauer process leads to a product different from the yohimbone
yielded by yohimbine and corynai^thine.

Constitution of Yohimbine and its Isomerides, The yohimb^ alkaloids

are methyl esters of acids. Yohimbine, yohimbene, me^oyohimbine
(i^ayohimbine) and y-yohimbine (table, p, 502) are hydrolysed to four,

distinct, monocarboxylic acids, C20H24O8N2, each of which on decarboxyla-

tion by heating with soda-lime yields “ yohimbol,’’ ^ long supposed to

be a secondary alcohol, Cj2H240Na, but which Witkop has shown to

be a ketone and has re-named yohimbone, C12H22ON2, m.p. 307° {dec,)^
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[«]© — 108*9® to 105*8® (pyridine)
; it yields the following salts : B . HCl,

m.p. 328®
;

picrate, m.p. 171°
; B . Mel, HgO, m.p. 286° (dec,) ;

the

2 : 4-dinitrophenylhydrazonc hydrochloride crystallises from methyl
alcohol in needles, m.p. > 300®. Witkop made a detailed study of the

decarboxylation of yohimbic acid and found that the best yields of

yohimbone are obtained under oxidising conditions, €,g,^ distillation with

copper and copper oxide as used by Dewar and King,*^ or by the dehydro-
genation of the acid, or yohimbine, by the action, under dry conditions, of

aluminium phenoxide with c^cZohexanone as reagent, and xylene as

solvent (Oppenauer process). When the latter process is applied to

i^oyohimbine or y-yohimbine, yohimbone is also produced, but yohimbene,
or yohimbenic acid, yields a new ketone isonieride, yohimbenone, C 19H22ON2 ,

m.p. 268® (dec,), giving a 2 : 4-dinitrophenylhydrazone hydrochloride,

m.p. 280® (dec,). The structural difference between yohimbine and yohim-
bene appears therefore to remain during the Oppenauer process, but to

disappear under distillation with soda-lime at 350®, as the acid from each

of these alkaloids then yields yohimbone. The latter, on reduction by
aluminium tVopropoxide in isopropyl alcohol and xylene, gives the true

yohimbol, C19H24ON2 ,
m.p. 243® (dec,)^ — 63-4°, (EtOH), charac-

terised as hydrochloride, B . HCl, 0 *5H2O, m.p. 291®
; [ajff"* — 51*5®

;

(MeOH), methiodide, m.p. 282®, and methochloride, m.p. 259° (dec,)

;

it

is accompanied by the trans-isomeride,epiyohinibol,m,p, 258®, [a]D — 80*1°

(MeOH), the proportion of which increases with the duration of the experi-

ment.
flZ/oYohimbine and the corresponding acid yield “ aZZoyohimbol,” now

also known to be a ketone and re-named alloyohimboney Ci 9H220N2,

m.p. 230° (dec,), [a]}®’* 144*6® (pyridine)
;

it gives a 2 : 4-dinitrophenyl-

hydrazone hydrochloride, m.p. 264® (dec,), a-Yohimbine and corynanthine

yield neither yohimbone nor alloyohimhone, and a-uoyohimbic acid is

unchanged by the Oppenauer process.

By heating yohimbic acid with thallium hydroxide at 800®/0*l mm.,
Witkop obtained deoxyyohimbol, Ci9H24N2 , m.p. 149°, [a]f?“ — 24*8®

(pyridine). When soda-lime was used at 330® the chief product was
tetrahydroyobyrine, C19H20N2, m.p. 167®

; B . HCl, m.p. 236°, a substance

first obtained by Mendlik and Wibaut by selenium dehydrogenation of

any of the four yohimbine isomerides yielding yohimbone. In this reaction

it was accompanied by yobyrine and ketoyobyrine. Yobyrine,

m.p. 217-8®, is optically inactive and shows a blue fluorescence in acid

solution ; the hydrochloride has m.p. 271® (dec,) and the picrate, m.p. 239®

(dec,). Tetrahydroyobyrine is dehydrogenated by platinum black at 280®

to 2-(8-woquinolyl)-3-ethylmdole, m.p. 128®, but this process leaves

yobyrine unchanged. The latter is hydrogenated, in presence of platinic

oxide as catalyst, to hexahydroyobyrine, C12H22N2 , m.p. 197®. The presence

of a reactive methylene group in yobyrine is indicated by its capacity for

condensing with aldehydes, e.g., with paraldehyde in presence of sodium

ethoxide to give ethyUderwyebyrine, CaiHjgNg, m.p. 298®. With chromic

acid or selenium dioxide yobyrine is oxidised to yobyroncy CiJEL^fiN^y
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m.p. 185®. The third product of the selenium dehydrogenation of

yohimbine, viz.y keloyobyrine, C2oHigON2, has m.p. 880® (dec.).

Barger and Field showed that when the sulphuric acid ester of

yohimbine is hydrolysed with alkali it yields (a) yohimbic acid stdphufic

ester, C20H24O2N2S, 0-5H2O, m.p. 289® (dec.) of which the hydrochloride

has m.p. 808® (dec.) and (b) spoyohhnbine, C2iH240aNa. The latter crystal-

lised from ethyl alcohol has m.p. 252®, but from methyl alcohol it retains

one molecule of solvent and then melts at 187®
; the hydrochloride has

m.p. 299-800® (dec.). Each of these products can be hydrolysed to

apoyohimbic acid, CaoHjaOjNa, m.p. 806® (dec.). On esterification with

methyl alcohol this acid regenerates some apoyohimbine, but also produces

an isomeride of apoyohimbine, which becomes yellow at 160® and decom-
poses at 201®

; and a substance, m.p. 228®, of uncertain formula which
appears to contain an opoyohimbine, identical with that, m.p. 280®, formed

by the action of acetic anhydride on a-t^oyohimbine (p. 508). Lead
tetracetate oxidises apoyohimbine to tetrahydroyobyrinecarboxylic acid,

CgoHjoOjNj, HjO, m.p. 286® (dec.), [a]^f + 217*6®, which, in turn, is oxidised

by selenium dioxide in pyridine to tetrahydroyobyronecarhoxylic acid,

isolated as the hydrochloride, CgoHjgOjNj, HCl, 0*5 or iHgO, m.p. 244®

(dec.).

The empirical relationships of these proximate derivatives of yohimbine

may be summarised as follows :

—

CHOI )( COOQH3

Yohln^lxM Tohimbio aold lolilmtoo. TohlAbol

apolfoltimblo «oid apoYohlnfolne

Ci^iglg.COCK

Totrahydroyobyrine-
oarboxylio ftoid

OOXOOOH)

Tetrahydroyobyrone-
oarbozyllo aold

Katoyobyrlne letrahytlroyobyrine

0l9%6%

Yobyrine

CO)

Yobyrona

The first indication of the nature of the nuclear structure of yohimbine
was secured by Barger and Field, (1915) who, by distilling the alkaloid

with soda-lime, obtained a base, CjoHijN (m.p. 56®
;

picrate, m.p. 157®),

which was believed to be either an ethyl- or a dimethyl-indole. It was
later prepared by Wamat *• from yohimbic and oKoyohimbic acids, and
by Winterstein and Walter,*^ but though various isomerides were synthe-

sised for comparison by Wamat and by Mendlik and Wibaut,*® it has not

yet been identified. Indications of an indole nucleus were also provided

by Wamat’s obsmration®® that o-hydroxyphenylcarbimide, an indole-

carboxyUc acid (m.p. 197-200®) and a dicarboxylic acid, which Sp&th and
Bretschneider ®® identified as .^-oxalylanthranilic acid (I) arc formed by
the permanganate oxidation of yohimbine. Similarly, Hahn and Just

obtained 6-nitroindazol^8*carboxylio acid (III) by the oxidation of ON*
diacetylyohimbine with nitric add with, no doubt, the action of nitrous

acid on o-aminophenylacetic acid as an intermediate step as shown in (H).

More important is the base, obtained by Wamat ®® by Ifa^
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distillation of yohimbic acid, accompanied by a second base, CiaHioN2,

according to Winterstein and Walter, when yohimbine is dktilled with
zinc dust, or with steam at 800° in presence of alkali. Barger and Scholz

were able to show that the base, C^gHigNa, is really CigHioNg, has m.p. 282°,

and is hanhan (p. 490), and that is probably also true of the base

(picrate, m.p. 240-250°) obtained by Winterstein and Walter, These
degradations may be illuFtrated by the following formulse :

—

HC

HI N

HO,

(I)

HC

CH

II

A
^'CH 'm

Har»an

CH
I

N

X.Me

C.OOOB

CO.

\ /
COgH

HC

HO-.C

(^OOH jca

HC^

A
(II) ^CH H.HO

N0,.C^

(HI) '^ch'

OOH

/\«/

The production of harman accounts for about three-fifths of the

molecule of yohimbine. The remainder is represented by other fragments

recorded by various workers as products from reactions with yohimbine
or its proximate degradation products. They include succinic acid,

o-toluic acid, m-toluic acid, o-phthalic acid, 2 : 8-dimethylbenzoic acid

(XIII) and berberonic acid (X), the specific sources of which will be referred

to later. Taking these fragments into account, Barger and Scholz

proposed formula (IVa) for yobyrine, which they regarded as a skeletal

structme for yohimbine. Witkop has critically reviewed the chemistry

of yohimbine and provided new experimental evidence, which necessitates

modifications in the formulation of certain of the yohimbine degradation

products. He proposes formula (IVb) for yobyrine on the ground that this

base behaves as an unreduced substance. The reactivity of the methylene

group at is regarded as that of an a-substituent in a pyridine ring.

The new formula accounts equally well for Scholz’s observation that

yobyrine is oxidised by sodium dichromate in acetic acid to phthalic acid

(ex ring E), o-toluic acid (ex ring E) and yobyrone. Witkop represents

yobyrone as (V), which accounts satisfactorily for Scholz’s finding that it

is hydrolysed by potassium hydroxide in amyl alcohol, giving as one

product an amphoteric acid, m.p. 255°, which Witkop regards as nor-

harman-8-carboxylic acid (XII with . COOH at C®). Tetrahydro-

yobyrine,” Witkop suggests, is misnamed and should be called 2-[8'-

tetrahydroisoquinolyl]-8-ethylindole (VI), this constitution having been

established for it by Scholz,®® who found that it is oxidised by ozone or

chromic acid to a substance, CigHgoOgNj, m.p. 154*5°, which, since it is

hydrolyaed by 10 N*sulphuric acid, to o-aminopropiophenone (VIII) and
5:0:7: 84etr^ydrow<Kjuinoline-8-earboxylic acid (IX) and by nitric

acid to berberonic acid (X) is represented by (VII). The other important
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degradation product of yohimbine, viz.^ ketoyobyrine, is formulated by
Witkop as (XI), which accounts for its hydrolysis by potassium hydroxide

to Tiorharman (XII) and 2 : 8-dimethylbenzoic acid (XIII) (Mendlik and
Wibaut,25 1931 ; Barger and Scholz ^). In 1985 Scholz proposed for

yohimbine a formula identical with (XIV), with the exception that the

. CHOH group was at It is placed at in (XIV) as recent evidence

favours that position. The location of the carbomethoxy group in

yohimbine is indicated by the formation of 2 : 3-dimethylbenzoic acid

(XIII) from ketoyobyrine (XI) and by the work of Hahn, Kappes and
Ludwig, whose conclusions have however been somewhat modified in

detail by Witkop. These authors found that yohimbine is dehydro-

genated b}^ lead tetracetate to dehydrohydroxyacetylyohimbic acid,

C22H24O 5N2 , m.p. 850-5"", [a]f®* + 391‘7° (dilute acetic acid) or, under
suitable conditions, to tetradehydroyohimbine (XV), C2iH2203N2 , m.p.
248-250"" {dec,), + 229*4° (dilute acetic acid), which can be hydro-

lysed to tetradehydroyohimbic acid (XV ;
Me —>H), C20H20O 3N2 . 2H2O,

m.p. 230-5°, [a]ff" + 247-4° (dilute acetic acid), and this, on boiling with
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potassium hydroxide in amyl alcohol, gives harman (XVII) and m-toluic

acid (XVIII).

Witkop applied the lead tetracetate process to apoyohim-
bine, C2iH2402N2 > obtained “ tetradehydroopoyohimbic acid,*'

C20H20O2N2 . HgO, m.p. 286° {dec.), [a]© + 217*6° (EtOH). This is

fluorescent in alcohol containing a little mineral acid and yields a hydro-

chloride, B . HCl, 2H2O, m.p. 308° {dec.), [a]??* + 807*3° (EtOH) which
also shows a blue fluorescence in alcohol. Pruckner and Witkop
compared the absorption spectra of yobyrine (IV6 )

and “ tetradehydro-

apoyohimbic acid ” with that of the “ tetradehydroyohimbic acid ” of

Hahn et al. {see above) and found all three so similar that they must be
regarded as similarly conslituted. Witkop therefore proposes to

make the following descriptive changes : “Tetradehydroyohimbic acid,*’

C20H20O3N2, 2H2O (XV, Me —>11) becomes hexahydrohydroxyyobyrine-
carboxylic acid, C20H22O 3N2 , HgO (XVI) and “ tetradehydroapoyohimbic

acid,” C20H20O 2N2 , HgO becomes tetrahydroyobyrinecarboxylic acid (XIX)
with unchanged empirical formula. These changes in formulation do not

affect the main conclusion reached by Hahn, Kappes and Liidewig that

the final formation of harman (XVII) and m-toluic acid (XVIII) from

yohimbine in this series of operations indicates as the position of the

carbomcthoxy group in the parent alkaloid as suggested by Scholz (XIV).

Hahn and Werner pointed out that this hydrolysis of “ tetra-

dehydroyohimbic acid ” to harman and m-toluic acid implies that carbon

atom 14 appears as the methyl group of harman (XVII), and carbon

atom 21 as the methyl group of m-toluic acid (XVIII), and that this

precludes carbon atom 14 as the site of the hydroxyl group, as suggested

by Scholz. They preferred to place it at 17 with 18 or 19 as other possible

positions. In support of this view they condensed m-hydroxyphenyl-

pyruvic acid with tryptamine hydrochloride and decarboxylated the pro-

duct to 8-m-hydroxybenzyl-3 : 4 : 5 : 6-tetrahydronorharman (XX). This

reacts with formaldehyde, forming a product which, on treatment with

alkali, gives a hexadehydroyohimbol (XXI), When in this series of

operations m-hydroxyphenylpyruvic acid is replaced by the p-isomeride,

the formaldehyde condensation fails, and it is argued that as this is a
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synthesis under biological conditions, it probably represents what occurs

in the plant, and therefore provides evidence in favour of carbon atom 17

as the location of the hydroxyl group. The views as to the mechanism of

the reaction were modified in a later paper by Hahn and Hansel

describing the synthesis of 5 : 6 : 3 : 14-tetrahydroyobyrine.

Other contributions to this discussion have been made by Harvey,
Miller and Robson,^* and by Dewar and King,^^ and important additional

experimental evidence for the location of the . CHOH group at has

been provided by Witkop.^^ who explains the improvement in the yield of

yohimbone, which occurs when the decarboxylation of yohimbic acid

takes place under oxidising conditions, as due to the primary formation

of a /3-ketocarboxylic acid, wliich is readily decarboxylated. This may
be represented, using part of the yohimbine formula (XIV), as follows ;

—

MeO . OC . CH .
1’ CHOH . ->HO . OC . CH . CHOH .

HOOC . CH CO . ^ CHj . CO.

The same author has shown by repetition of the early experiments already

referred to (p. 507) that when yohimbine hydrochloride is distilled with

zinc dust there is formed in addition to harman (XVII), p-cresol, which
must originate from ring E of the yohimbine formula (XIV) by inclusion

of C^^ as the methyl group. Witkop’s formula for yobyrine (IV6) received

prompt confirmation by Clemo and Swan’s synthesis of this base by
condensing o-tolylacetic acid with tryptamine to

8-[j3-(o-toIylacetamido) - ethyl] - indole (XXII),
which was cyclised by treatment with phosphoryl

chloride and the product dehydrogenated in

presence of paUadimn black at 180®, giving a
base, m.p. 216-7®, which proved to be yobyrine.

The latter was also obtained by dehydrogenation

of 7 : 8-benzo-l : 2“(2' : 8'-indolo)-6 : 4 : 6 : 9-

tetrahydropyridocoline, synthesis^ by a com-
plex series of reactions. A similar syntfaedis

of yobyrine has been effected by Julian,

Meyer,®* who have also shown that the
dihydroyobvrifie {2-(a-inethyIbeiizyl)-4 : 5-dihydro-j8-carbolme],

nup. 178^ , formed in the penultimate stage of this synthesis undergo^
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atmospheric oxidation to yobyrone, which Clemo and Swan also prepared
by refluxing their synthetic yobyrine with selenium dioxide in xylene.

Julian et al. have also synthesised the so-called “ tetrahydroyobyrine” (VI) by
condensing 3-carboxy-5 : 6 : 7 : 8-tetrahydroisoquinoline with propyllithium
to 8-butyryl-5 : 6 : 7 : 8-tet^ahyd^o^soquinoline, C9H10N.CO.CH2.CH2.CH3,
which in the Fischer indole synthesis produced tetrahydroyobyrine,” i.^.,

2-[3'-(5 ; 6 ; 7 : 8-tetrahydro/«oqumolyl)]-3-ethylindole.

The general problem of the mechanism of dehydrogenation in the

yohimbine series has been discussed by Janot and GoutareP® and by
Julian, Magnani, Pikl and Karpel.®®

Quebracho Alkaloids. Quebracho, from quebrahacho (axe-breaker),

is the name used in Argentina for the barks of several hard-wood trees,

distinguished as “ bianco/’ “ Colorado,” “ palarosa,” etc. The three

mentioned all yield alkaloids, but quebracho bianco and palarosa belong
to the botanical family Apocynaceae, are derived from Aspidosperma
quebracho Schlecht, and are only of interest for the alkaloids they contain,

whereas “ quebracho Colorado ” is collected from Quebrachia {Loxoptery-

gium) Lorenlzii Griseb. (Anacardiaceae) and though it contains alkaloids

(p. 782) is mainly of interest as a source of tanning extract. In this account

quebracho bark will be taken to mean the bark of Aspidosperma quebracho

Schlecht and its varieties. Alkaloids have also been isolated from “ payta
bark ” {Aspidosperma sp.) and are known to occur in A. polyneuron^^^

Miill-Arg. while the bark of A. quirandy, Hassler, according to Floriani,

contains aspidospermine, aspidosamine and two other alkaloids, haslerine^

m.p. 237®, and quirandine, m.p. 218®, with four more which have not been

completely separated.^®

Floriani has recently examined bark from Aspidosperma quebracho

bianco Schlecht f. pe'ndulce Speg, in which he found the known alkaloids,

quebrachine (yohimbine) and aspidospermine, as well as Hesse’s aspidos-

amine, CgoHggOaNg, and a new base, aspidospermicine^ Ci7Ha40N, I’SHgO
(1938).*® Hartmann and Schlittler*^ have shown that the alkaloid
** vallesine ” from VaUesia glabra (Apocynaceae) is aspidospermine, and
this has been confirmed by Deulofeu et al,y^^ who have also found it in

F. dichoioma. Later Schlittler and Rottenberg by chromatographic

analysis of the mother liquors of aspidospermine isolated a second alkaloid

for which they used the old name Vallesine (1948).*^

Quebracho bark was first examined by Fraude,** who isolated aspido-

spermine, and later by Hesse,*® who obtained quebrachine (yohimbine)

and four other bases, aspidosamine, aspidospermatine, m.p. 162®, [a]D

— 72»8®, hypoquebrachine and quebrachamine, of which the last has

been confirmed by other workers ; the first and third, according to Ewins,**

are possibly decomposition products of aspidospermine. In the course of

an investigation of this alkaloid Ewins isolated two unnamed bases.

One of these, m.p. 149-'150®, is probably quebrachamine*®; the other

crystallises from ethyl acetate in octahedra, m.p. 176-7®.

ASfrfdOSpemiiJie, CjaH^oO^Nj, crystallises from alcohol in needles,

m.p. 208^ b.p. 22a®/l~2 mm., — 99® (EtOH), — 98® (CHCl*). It is
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feebly basic and does not form crystalline salts. It dissolves unchanged
in cold sulphuric acid, but addition of potassium dichromate produces a

brown coloration changing to green : perchloric acid gives a rose-red

colour and aldehydes such as piperonal or vanillin give a violet colour in

presence of hydrochloric or sulphuric acid. The alkaloid contains one

methoxyl group, and no evidence of a methylimino group could be got

by the Herzig-Meyer method, but the residue from this reaction contains

a new base, aspidosine, Cj^HgeONg, which crystallises from alcohol in

rectangular prisms or plates, m.p. 236-244*5°, [a]© — 16° (EtOH), and
gives intense colour reactions, rose-red with sulphuric acid, greenish-blue

with ferric chloride, and deep orange-red with sulphuric followed by
nitric acid. The hydriodide, B . HI, crystallises from hot w^ater in octa-

hedra, m.p. > 280°.

When boiled with dilute hydrochloric acid, aspidospermine evolves one
molecule of acetic acid forming deacetylaspidospermine, CgoHggONg,
needles, m.p. 110- 1 °, b.p. 210°/l-2 mm., [ajo -f 2 * 8 ° (EtOH). In sulphuric

acid it gives with nitric acid a violet, with potassium dichromate a deep
brownish-purple colour, and with ferric chloride a deep magenta tint.

The hydriodide, B . 2HI, crystallises from hot dilute hydriodic acid in

rectangular prisms, m.p. 235-243°, and is very sparingly soluble in water.

The benzoyl derivative forihs rhombs, m.p. 186 -7° from alcohol, and the

diniethiodide, CgoHggONg, 2MeI, octahedra, m.p. 176-7°. On acetylation

the deacetyl base is reconverted into aspidospermine. With nitrous acid

it forms a nitro-nitroso derivative, C2oH2e04N 4 ,
m.p. 155-160° (dec,),

which boiling hydriodic acid converts into aspidosine (see above). On
oxidation with chromic acid, aspidospermine yields a new base,

crystallising from ethyl acetate in stout prisms, m.p. 192-3°.

Ewins suggests that deacetylaspidospermine is a secondary-tertiary

base, and that aspidospermine is a derivative of a reduced quinoline.

Quebrachamine, CigHgeNg. According to Field, this alkaloid forms

rhombohedral leaflets from dry alcohol, has m.p. 147°, [a]i> —- 109*5°

(acetone), and can be distilled in a high vacuum at about 240-250°. The
sulphate, B . H2SO 4 . 2H2O, forms prisms, sparingly soluble in cold water :

the oxalate, B . H2C2O 4, has m.p. 217°
; the picrate occius in two forms,

yellow and red, m.p. 195-6°. The base yields a monomethiodide, m.p. 234°,

and a methosulphate, P . Me2S04 , m.p. 235°. On oxidation with nitric

acid it gives a small yield of picric acid. Quebrachamine is unaffected by
cold sulphuric acid, but develops a blue colour on further addition of a
trace of an oxidising agent : it gives colour reactions (a) purple, (h) violet,

or (c) blue, with (a) Ehrlich’s reagent, (//) vanillin and hydrochloric acid

and (c) Hopkins-Adamkiewicz reagent respectively. It behaves as a
monoacidic, tertiary base. The second nitrogen atom may be present as

an imino-group, while the scarlet picrate and the colour reaction with

Ehrlich’s reagent may indicate the presence of an indole group.

VaUesine, m.p. 154-6% sublimes at 180^/0-05 mm.,
crystallises from actone or ether in asbestos-like clusters of needles and
has [aJS** — 91® ± 2 (EtOH). The hydrochloride, B . HCl, has m.p. 247*-
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251° and the oxalate, B . H2C2O 4 ,
m.p. 233-4° (dec,). The second nitrogen

is present as an N-formyl group and is neutral. The base does not give

an Ehrlich colour reaction
; it contains one methoxy], one methyl joined

to carbon but no methylimino group or replaceable hydroge n (Zerewitinoff).

It does not hydrogenate and on hydiolysis by standing in 2N-hydroehloric

acid it yields deformylvallesine, Ci9H2gON2 ,
which closely resembles

deacetylaspidospcrmine, CjoHagONa, in physical constants. It has m.p.
107-8°, 7° i 2°, forms a dihydrfodjde B . 2HI, m.p. 280°, and
on treatment with formylacctie anhydride reconstitutes vallesine. The
residues from the crystallisation of defomiyUallesme horn n-pentane on
similar treatment with foimyla<*etyi anhydride gave a formyl derivative,

m.p. 148-154°, from which a hydrochloride, CgiHggO^Ng . IICl, m.p. 245-
250° (dec,), resembling vallesine liydior hloride, and apparently identical

with formyideaoetylaspidospennine hydiochloride, was prepared.

Aeetyldeformylvallesine had m.p. 208-210° and — 107° ± 2° (EtOH).
It is physically indistinguishable fiom aspidosperminc but satisfactory

combustion results could not be obtained. On tieatmerit with benzoyl
chloride in benzene deformylvallesine yields a normal benzoyl derivative,

^^26H8 o02N2, m.p. 187-190°, and a neutral substance C 26W34O 4N2 ,
m.p.

203-5°, in which deformylvallesine seems to have been benzoylated and
abo to have ab^- orbed the elements of two molecules of water (1948).^^

PAYTA BARK. From this material Hesse isolated tw^o alkaloids

payiamine, C21II24ON2 ,
amorphous and distinguished from its associated

base by not being precipitated from solution by potassium iodide, and
paytine, C21H24ON2 . HgO. The latter crystallises from alcohol, has

m.p. 156°, [ajn — 149*5°, and yields a crystalline hydrochloride, B . HCl,
prisms from hot water : with perchloric acid it gives a magenta red

colour.

Pharmacological Action, Y^ohimbine lowers blood pressure, increases

the depth and frequency of respiratory movements and in toxic doses

paralyses respiration, death being due to this cause in mammals, the

heart remaining active for some time longer. It possesses local anaesthetic

properties and resembles ergotoxine and ergotamine in sympatholytic

action.^’ Though quebrachine 4ias been shown to be identical with

yohimbine, differences in pharmacological action have been noted.^® The
other alkaloids of the group are stated to resemble yohimbine qualitatively

in action, but Raymond-Hamet has observed differences in the action of

aspidosperminc.*® According to Edmunds and Gunn,®® yohimbine is the '

most active of the group, closely followed by aspidosperminc
;

quebrach-

amine and aspidosamine are less potent. Kreitmair found a-yohimbine

less toxic than yohimbine, equally potent as a local anjcsthetic and similar

in action on the genital organs of the dog. Various authors have stated

that yohimbine exerts no oestrogenic activity. Rothlin and Raymond-
Hamet showed that jS-, 8-, meso- and ai/o-yohimbines, yohimbene,

corynanthine and corynantheine are all to be regarded as true sympatho-

lytic agents and that in this respect corynanthine is more active and

much less toxic than yohimbine. Raymond-Hamet also found that

mWT ALK, 17
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corynanthine is more active on the genital organs of the dog and that

on the rabbit cornea, the local amnsthetic action of yohimbine, cocaine

and corynanthine is of the order 2:1: 0*25.^® Paris, Janot and Goutarel

state that corynantheidine is as effective in sympatholytic action as

either corynanthine or corynantheine, and less toxic than the former,

the M.L.D. being 0*55g./kg./mousc, against 0‘25g. /kg./mouse for cory-

nanthine by subcutaneous injection.

Hesse and Langer say that as a vasodilator yohimbine is the most
potent, followed by and a-yohimbines, yohimbene and alloyoh\mh\no

in descending order. Yohimbine is principally used in veterinary medicine

as an aphrodisiac.^’

The sympatholytic activity of yohimbine, as indicated by its reversal

of tlie action of adrenaline, has attracted much attention from pharma-
cologists, particularly in regard to effects on blood pressure.^® Much
work has also been done on the inlluence of alkaloids of the yohimbine

group on other responses to adrenaline.'**® Yonkman, Stilwell and Jeremias

have pointed out that some of these responses may be lost by the action

of sympathetic depressants, such as yohimbine, but may still persist under

electrical stimulation
;
with larger doses of the depressant drug electrical

stimulationmay also fail to evoke response. These two conditions are spoken of

as adrenolytic and sympatholytic respectively. Thus in their experiments on

cats, ana*sthetised by urethane, it was found that yohimbineand ethylyohim-
bine are adrenolytic for the subrnaxillary salivation effect at doses of 2 to 7

mgm. per kilo, of body weight, and arc symi)atholyt ic for the same response at

4 mgm./kilo and 6 mgm./kilo respectively for the two drugs. For syrnpatho-

lysis of the nictitating membrane response, the necessary doses are yohim-

bine hydrochloride 28 mgm./kilo or ethylyohimbine hydrochloride

15 mgm./kilo. The ethylyohimbine used in these experiments was the

least toxic of a series of yohimbic acid esters tried by Chase, Yonkman
and Young in relaxation experiments on arterial muscle contracted by
adrenaline or ephedrinc. The series included the allyl, allylamine, butyl,

phenyl and diethylaminoethyl esters, all of which acted as antisympatheti-

comimetic agents like yohimbine itself. According to Raymond-Hamet,
the diacetylation of corynanthine or yohimbine has little effect on their

power to invert hypertension induced by adrenaline. As a vasodilator

diacetylyohimbine is about as effective as the parent alkaloid and is less

toxic, but according to Janot, Bovet and Montezin the mono- and di-

acetyl derivatives are respectively two and five times as potent as the

parent base.®^ Sympatholytic activity is also shown by deoxyyohimbol
and by Hahn’s synthetic hexahydroyohimbol.®^

Witkop tested in frogs for eurarising action, quaternary derivatives

of yohimbine, qpoyohimbine, yohimbine sulphuric acid ester, deoxy-
yohimbine, yobyrine, 2-(3'-tetrahydroisoquinoline)-3-ethylindole, harmine
and harmaline. The methiodides were usually sparingly soluble and
methochlorides proved more suitable for tests. .They were either

inactive or feebly active, a dose of 500y being required in most cases to

produce an effect* The most active of the series was 2-(3'-tetrahydro-
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?,9oquinoline)-8-ethylindole methochloride, which at a dose of 200y produced
complete paralysis. Raymond-Hamet found that yohimbine methio-

dide, in doses 50 to 100 times as great as the dose of yohimbine hydro-

chloride, necessary to produce complete inhibition, hardly affected the

hypertension response, but did suppress the renal vasoconstrictive action

of moderate doses of adrenaline.

A number of substances having sympatholytic properties have been
synthesised and of these several have been submitted to detailed pharma-
cological investigatiorj, notably 3-dietliylaminomcthylbenzodioxari

(F883), piperidinomethylbenzodioxan (FOBS) and N : N-dibenzyl

ehloroethylaminc/^ A comparative study of sympatholytic drugs has

been made by King.
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ALKALOIDS OF ERGOT
Ergot consists of the mycelia of Claviccps purpurea, a fungus whieli

occurs on grasses and cereal crops, especially on rye. Wcnzell ^ prepared

from it two basic products, ergotinc and ccbolinc. A crystalline alkaloid,

ergotinine, was lirst obtained by Tanret, who also isolated from the

mother liquors ‘‘ amorphous ergotinine.” Tanret ’s crystalline ergotinine

is probably identical with “ picrosclerotine ” (Dragcndorlf and
Podwyssozki) ® and with “ secaline ” (Jacobi).^ Robert ^ showed that

ergotinine was physiologically inactive, whilst the amorphous alkaloid,

which he called cornutine, was active. The latter was described in detail

for the first time by Barger and Carr,® who named it ergotoxine, and
almost simultaneously by Kraft, who called it hydroergotinine, since it

was assumed to be converted into ergotinine by loss of water. Subse-

quently, owing to a scarcity of ergot arising out of the first world war,

Spiro and Stoll ® examined ergot of Central European origin and found

that it gave a new alkaloidal pair, ergotamine and ergotaminine, not

present in the ergot of international trade derived from Spain and Russia.

In 1930 Smith and Timmis ® isolated from Spanish ergot a fifth alkaloid,

0-ergotinine, which was isomeric with and convertible into ergotoxine.

In 1985, as the result of clinical experiments by Moir on the action

of aqueous extracts of ergot, a third active alkaloid was isolated as ergo-

metrine by Dudley and Moir,^^ as ergotocine by Kharasch and Legault,^^

asergobasine by Stoll and Burckhardt,^® and as ergostetrine by Thompson.

Stiill another name, ergonovine, is adopted in the United States Pharma-
copoeia XIII. Comparison of specimens left no doubt that only one

alkaloid is involved,^® for which, in this account, the name ergometrine,

accepted in the British Pharmacopoeia, 1932, is used. Its inactive ergotinine

analogue was isolated from ergot by Smith and Tinamis and named
ergometrinine. The same authors added ergosine and its ergotinine

analogue, ergewsinine, in 1987. A further alkaloid, ergomonamine,

CigHii04N, was isolated by Holden and Diver. It has m.p. 132-182*5®,

yields a picrate, m-p. 163-4®, and differs from other ergot alkaloids in not
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giving indole colour reactions. Stoll and Burckhardt in 1987 described

an additional pair of alkaloids, ergocristine and ergocristinine, the latter

proving jater to be identical with ergotininc. Further progress was
reported by Stoll and Hofmann,^® in 1943, with the isolation of two new
alkaloids, ergokryptine and ergokryptinine, and the re-characterisation of

ergotoxine and 0-ergotinine under the names ergocornine and ergocorni-

nine. By^ these changes in terminology proposed by Stoll and Hofmann
the historic names ergotoxine and ergotininc, would no longer be used for

pure substances but kept as group names. These proposals have been

commented upon adversely by Foster and by Foster, Smith and Timmis,

who emphasise that the re-naming of well-known alkaloids, which had
been obtained pure, or substantially pure, many years earlier, is unnecessary

and likely to eause confusion. Two other alkaloidal products need mention.

Ergoclavine, isolated by Kussiier,^® has been shown by Smith and Timmis
to be an equimolecular mixture of ergosine and ergosinine, and sensi-

bamine has been found by Stoll to be a similar complex of ergotarnine

and ergotarninine. Useful resumes of work on the alkaloids of ergot have

been given by several authors,^^ of whicli that by Stoll is of special interest

as dealing with recent developments in the pharmacology of these alkaloids.

There are also present in ergot of rye a considerable number of simple

bases and amino-acids, probably formed, at least in part, by the fungus

from the proteins of the host plant. They include p-hydroxy-j8-phenyl-

ethylamine (tyramine),^^^'^^ ergothioneine (thiolhistidine betaine),”^

4-^-aminoethylglyoxaline (histamine),*'^ ^ secaleaminosulphonic acid,

NHg . CigHggOij . SO 3H (ergotic acid),^® 8-guanidylbutylamine (agmatine),^^

putrescine, cadaverine, i>oamylamine, 2® trimethylarnine, choline, acetyl-

choline,^® betaine, clavine,®® (shown by Barger and Dale to be a mixture

of leucine and aspartic acid tyrosine, histidine and tryptophan.®®

Holden and Diver have also obtained a crystalline potassium salt,

C^HAiNK.^s
The ergot of commerce is usually collected from rye crops, but ergots

from other botanical sources are occasionally available and have attracted

considerable attention during the war.®® Attempts have also been made
to cultivate ergot on host crops, and Stoll’s description (1945) indicates

that this can be achieved successfully.^®^®^ The commercial separation of

ergot sclerotia from grain crops by hand is a laborious operation and
labour-saving methods are being investigated. ®®^^^

Ergot and its galenical preparations are apt tci deteriorate on storage

and the conditions necessary to minimise this have been investigated.^

Attention has also been given to methods for complete extraction of the

active alkaloids from the drug in making galenical preparations such as

the liquid extract.®®

Poisoning by ergot still occurs occasionally in countries where rye is

extensively used as a food grain or where ergotised grain is liable to be fed

to cattle and methods for its detection have been devised,®® but interest

in the analysis, of ergot centres chiefly on the estimation of the active

alkaloids in the crude drug or its preparations. The methods used may
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be wholly chemical, and usually based on colour reactions, such as the

blue colour produced with all the ergot alkaloids by dimethylaiuirio-
beiizaldehydc,^’ or combinations of chemical with physical or biological

methods,^® or wholly biological,'"^® based on the cock’s comb test, as was
speeiiicd in the United States Pharmacopeia XII, or on the uterus con-

traction test devised by Eroorri and Clark. 3® The earlier papers are

concerned either with estimation of the total alkaloids or with the deter-

mination of ergotoxine or ergotaminc. Since 1085 special attention has

been given to the separation and estimation of ergotoxin# (with ergotinine)

and ergometrine (with ergometrinine), and also to the estimation of

ergometrine in presence of ergometrinine.^® Biological methods are

available lor estimating the pharmacologically active bases, ergotoxine, or

ergotaminc, and ergometrine in liie alkaloidal fractions obtained.^

^

Figures varying from 0*1 to 0*4 per cent, have been recorded for total

alkaloids in ergot. V’on B(^^kesy has found 0*7 per cent, in a cultivated

ergot and has directed attention to the importance of selection in such

experiments. The British Pharmacopoeia, 1032, 6th Addendum, requires

“ prepared erg^t ” to contain 0-2 per cent, of total alkaloids, calculated

as ergotoxine, of which not less than 15 per cent, must be water-soluble

alkaloids, calculated as ergometrine. In the United States Pharma-
copaia XII, the potency of ergot was defined as one gramme to be

equivalent in biological action to 0-5 milligramme of the standard ergo-

toxine ethanesulphonatc, but ergot is not official in U.S.P. XIII.

For detailed information on ergot the late Professor (i. Barger’s mono-
graph (1931) should be consulted.^®

Chief Characteristics of the Ergot Alkaloids. There are six pairs of

ergot alkaloids ;
the members of each pair are interconvertible and

appear to be related to each other in the same way, constituting two
series which may be called the ergotoxine and ergotinine series after the

first pair discovered. Each pair consists of a laevorotatory and physio-

logically potent member (ergotoxine series) and a strongly dextrorotatory,

but physiologically weak member (ergotinine series). Members of each

series are in some eases difficult to distinguish from each other, except by
careful comparison of crystalline form, case of crystallisation, solubility

and specific rotation in more than one solvent. Members of each pair

have a tendency to crystallise together, and Kofler has described the

crystalline forms of such mixtures, of which “ ergoclavine ” and “ sensi-

bamine ” are examples. There is a general tendency in the ergotoxine

type to form additive compounds, thus they all crystallise with solvent

and the addendum is usually only removable with difficulty. The ergotinine

type usually crystallises without solvent. The potent alkaloids are also

unstable, particularly in solution, on exposure to light, and they show
mutarotation. These contrasts in chemical, physical and pharmacological

behaviour are associated with comparatively small differences in structure

or configuration in the two types and both show even more striking simi-

larities in physical and chemical characteristics. Thus the members of

each pair yield the same products of hydrolysis one of which is lysergic
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acid. It will be shown later that this acid is a constant product of hydrolysis

throughout the six pairs of alkaloids and that the “ ergotoxine ” bases are

derived from this acid and the “ ergotinine ” bases from its isonieride i>oly-

sergic acid. To these two acids is ascribed their property of giving the same
group of indole colour reactions, viz,, ia) a deep blue colour, with dimethyl-

aminobenzaldehyde,^ {b) a purplish-blue colour when a drop of sulphuric

acid is added to a solution of one of the alkaloids in glacial acetic acid

containing a trace of ferric chloride, (c) a blue colour with glyoxylic acid

in presence of sidphuric acid, and (d) a yellow colour with nitric acid

containing a trace of sodium nitrite. These colour reactions are also

given by lysergic and i.9olysergic acids, and their amides, t\9oergine and

ergine. The alkaloids also give similar absorption spectra, viz., a peak at

A 3,180 and a less pronounced inflexion with a maximum at A 2,420, the

former, but not the latter, being also shown by ergine. Salts of tlie alka-

loids show a blue fluorescence in aqueous solution.

The following is a list of the known alkaloids, with their specific rotations,

as recorded b}^ Smith and Timmis,^® or by Stoll, Burckhardt and Hofmann.^®

Ere>ot07?ine
Series

Specific
Rotation*

Ergotinine
Series

Specific
Rotation*

Formulae

Erf.otoxin0 - 226^ Ergotinine + 466®?

-Ergotinine ih 5130 }

Ergotamine - 192® Ergotaminine + 462®

Ergo sine - 193® Ergosinine + 522° *'36^3705*^5

Ergooristinel^ . 21 - 217® Ergooristinine + 460® ‘*35**39*^5“5

Ergocornine - 226® Srgooornlnine + 518° **31^3905*5

Ergokryptine - 226® Ergokrjrpt inine + 508® <*321*4105195

Ergome trine - 160
( pTTldlne
as solvent)

Ergometrinlne 580® <*19**2302”3

*
f

<

1^5451 solution In chloroform, unless stated otherwise.

Isolation ofErgot Alkaloids. In the papers already quoted (refs. 6 to 19)

the processes used for the isolation of the total alkaloids and the separation

of the component bases are given ; to those may be added references to

methods by other authors.*® There are also numerous patented processes,

some of which are quoted in the following special sections.

Ergotoxine and the Ergotinines. Ergotoxine and ergotinine were
first described in detail by Barger and Carr,® who assigned to ergotoxine

the formula, CggH^iO^Ng (C, 60*9; H, 0*6; N, 11*2), and to ergotinine,

CS5H89O5N5 (C, 08-9; H, 0*5; N, 11-5). There has been no difficulty

about the empirical formula of ergotinine. The analyses quoted by Smith
and Timmis ® (C, 09*05

; H 6*5 ; N 11‘9) conjfirm this formula, which is

also supported iby the work of Soltys,®^ and by Stoll and Hofknann,^*
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who identify ergotinine with ergocristinine, to which this formula was
assigned by Stoll and Burckhardt.^® Identity of ergotinine and ergo-

cristinine being accepted, it is pertinent to point out that the name
ergotinine has priority over ergocristinine.

The formula for ergotox:ine has presented more di licnlty. This

alkaloid was iirst obtained crystalline by Smith and Tiniinis,^’ who did

not suggest a formula, but stated that it appeared to be isomeric with
(/»-ergotinine for which they quoted analyses (C, 66*6

; H, 6*7
;
N, 11 * 8 ),

and for ergotoxine (N, 1 1*8 to 12 * 0 ). They added tliat these results required

a modiiication of the formula, C 35H 4iOeN5, for ergotoxine, a suggestion

also made by Soltys.-*’ The formula, C 3iH 3g05N5 (C, 66*27; H, 7*0;

N, 12*47), which Stoll and Hofmann propose for ergocornine and ergo-

corninine accommodates the analytical ligures Sniitli and Timmis got for

^-ergotinine, though the nitrogen ligure is rather low. Here also the

name 0-crgotinine has priority over ergoeorninine.

As regards ergotoxine, the analytical results and the physical constants

found by Smith arul Timmis for their crystalline ergotoxine are in close

agreement with those recorded by Stoll and Hofmann for their ergocornine,

and Foster has shown that the analytical data for ergotoxine ethane-

suiphonatc, prepared from ergotoxine purilied by Stoll and Hofmann’s
method, differed but little* from those prescribed by the British Pharma-
copoeia, e.g., specific rotation + 124° as compared with the official require-

ment of [a]D + 119^122°.

The objections raised by Foster,^® and by Foster, Smith and Timmis
to the adoption of the new name ergocornine for what is still essentially

ergotoxine, have been referred to already. In cases of this kind the

objections are usually somewhat academic, but in this instance there are

the real practical diiliculties, that the substance has been named ergo-

toxine in chemical, pharmaceutical, pharmacological and medical literature

for nearly forty years, much of the work on the structure of the ergot

alkaloids has been published under this name, and ergotoxine ethane-

sulphonate, of specihed quality, has become a standard for biological and
colorimetric assays of ergot preparations. The British Pharmacopoeia,

1982, with the First Addendum thereto, includes a monograph on this

salt, and another has been adopted by the Health Organisation of the

League of Nations.*’ In view of this it seems necessary to describe ergo-

toxine, ergotinine and ^-ergotinine in the following account, as well as

their respective equivalents, ergocornine, ergocristinine and ergoeorninine,

in case both sets of names come into use just as, unfortunately, the three

names ergometrine, ergonovine and ergobasine are already in use for

another ei^ot alkaloid.

Ergotoxine (Hydroergotinine). The alkaloid separates from benzene

in rhombic crystals (for description, see Kofler containing 21 per cent,

of the solvent and having [aJJJj — 179° (c === 1 , CHCI 3)
or — 226° (solvent-

free base) : heated from 170° it softens at 180° and melts at 190-200°.

Ergotoxine phosphate, B . HgPO^ . HgO, crystallises in needles, m.p.

186-7°. The methanesulphonate, B . CHj , SOgH, m.p. 214° {corf.), and
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the ethanesulphonate,^® B . CgH^ . SO 3H, m.p. 209° {corr, dec,), also form

clusters of needles from alcohol : the latter is official in the British

Pharmaeopa'ia, 1932. The hydrochloride, B . HCl, forms diamond-

shaped plates, rn.p. 205°
;

the hydrobromide, B . IIBr, acieular prisms,

m.p. 208°
;
and tlie acid oxalate. B . H2C 2O 4 ,

minute prisms, m.p. 179°.

The statement that er^otoxine is convertible into ergotininc by boiling

with methyl alcohol (Kraft ’) or by treatment with acetic anhydride

(Barger and Carr needs revision
;

the product of this action should be

^-crgotinine.

Ergotinine, C35H3905N5
(ergocristinine), crystallises from dilute acetone

in long, stout prisms (descriptions of this and other forms arc given by
Kofler 21

), m.p. 229° (corr,, dec,) [aji) + 365°, [a]546i -f 459° (c — 0-35,

CHCI 3 ). The statement that it is convertible into crgotoxine by boiling

with ethyl alcohol containing phosphoric acid, or on standing in solution

in acetic acid (Kraft ’) or lactic acid,^® needs revision ; the product should

be ergocristine.

0-£rgotinine crystallises from alcohol in thin needles, has m.p. 239°

(dec,) and + 513° (c — 1 , CHCI 3). It is transformed into crgotoxine

phosphate when boiled with ethyl alcohol containing phosphoric acid.®

Ergotamine and Ergotaminine, C33TI3505N5 . Stoll has published ®

(1945) an interesting and exhaustive monograj^h on ergotamine, on which

the following description is based. It is stated that there arc two strains

of ergot, one y ielding alkaloids of the crgotoxine group and another pro-

viding ergotamine. In normal times commercial ergot comes mainly

from Spain and Russia and is of the former type. In Hungary and Bulgaria

both types occur. Another source of supply is the ergot collected from tall

fescue grass in New Zealand (Smith and Timmis ^^), which also contains

ergometrine (Foster and Grant ^’).

Ergotamine crystallises from a variety of solvents but always with

the solvent, e,g,, from aque^ous acetone, which is recommended as a
medium, it separates in rectangular plates, B . 2H2O . 2C 3II 3O, decom-
poses at 180° and has, for solvent free base, — 160° and — 192°

(e = 1
;
CHCl 3)or [ajff'*— 12-7° and [ajMei— 3-6° (c= 1

;
pyridine). Kdfler®®

has described crystals of the alkaloid with various solvents. Ergotamine is a
weak, monoacidic base. The following salts have been described : B . HCl,
m.p. 212 ° (dec,)

;

B . HBr, m.p. 213° (dee,)

;

Bg . H2SO 4 , m.p. 205° (dec,)

;

B . H3PO 4 , EtOH, m.p. 200 ° (dec,). The methanesulphonate melts at

210° (dec,) and the ethanesulphonate at 207° (dec,). The tartrate crystal-

lises from methyl alcohol in thick, rhombic tablets, Bg . C 4H 3O 3 . 2MeOH,
m.p. 203° (dec.). This salt is official in the U.S. Pharmacopoeia XIII and
is assigned m.p. 177-184° with [0]^®* — 150° in chloroform for the base
recovered from a specified qxiantity of the salt by the method
directed.®^

Ergotamine, like ergotoxine, is unstable, especially in aqueous solutions

of its salts exposed to light ; the rate of deterioration for both alkaloids

has been measur^ by Wokes and Elphick.®^

Ergotaminine. This base is sparingly soluble in most organic solvents
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and does not retain solvent of crystallation. It can be crystallised from
boiling methyl alcohol (1 in 1,500) and forms thin, rhombic f)lates, m.p.
241-3" {dcx], [a]ff + 360° (c =- 0-5

;
CHCI 3 )

or + 307° (c 0*5
;

pyridine) or [aJfUj” + 462° and + 407° in chloroform and pyridine respec-

fivcly for (c) -- 0*5. It does not form crystalline salts.

.Ergosine and Ergosinine, C30II37O5N5 . Tliis pair of alkaloids was
isolated by Smith and Timmis .^7

Ergosim is prepared by boiling ergosinine with phosphoric acid in a

mixture of alcohol and acetone, or with potassium hydroxide in diluted

alcohol, mixtures of the two alkaloids being formed and requiring special

methods of separation
;

it crystallises from ethyl acetate in prisms,

m.p. 228° (dUx.), \a\f - 161°; - 193° (c - 1 ; CHC^) or + 24°

(e ~ 1 , acetone). The hydrochloride. B . HC'i . ('OMcg, separates from
acetone in diamond-shaped pdates, m.p. 235^ (dec,). The hydrobromide,

B . IIBr . C0M(^ 2 ' forms needles from acetone, darkens at 200 ° and decom-
poses at 230°. The nitrate. B . HNO 3 . COMcg, crystallises in needles from
acetone, darkens at 185' and decomposes at 215°.

Ergosinim* crystallises readily from various solvents in prisms, m.p.

228° {dec,), or from methyl alcohol in needles, B . 0-5MeOH, m.p. 220 °

(dec ,) ;
the solvent-free base has + 420°

; + 522° (c = 1,

CHCI 3 ) or + 475° (c — 1, acetone) ; the hydrochloride is amorphous,
darkens at 200 ° and decomposes at 206°.

Ergocristine and Ergocristinine, C35H39O5N5 . From the double

compound of these two alkaloids, m.p. 172-5° {dec.), + 105°

{c 0*92
;

CIICI 3 ), Stoll and Burckhardt isolated ergocristine, as the

hydro(‘hloride, which crystallised from alcohol on addition of ether in long

tablets, m.p. 205° {dec.), + 105*7° {c = 0*2
; EtOII). The base

crystallises from acetone in prisms with 1 mol. of solvent, and has m.p.

160-175° {dec.) and — 183° or [a]^ — 217° {c = 1 ;
CHCI 3 ). Stoll

and Hofmann have isolated ergocristine from commercial ergotoxine

(p. 518) as the di-(p-toluoyl)-*Martrate, Bo, CaoH^gOj, m.p. 191° {dec.)

[ajf®" + 58° {c ~ 0*2
; EtOIl). The phosphate has m.p. 195° {dec.),

ethanesulphonate, m.p. 207° {dec.) and tartrate, m.p. 185-190° (dec.).

On boiling in methyl alcohol ergocristine is changed into the dextrorotatory

isomeridc ergocristinine (crgotininc), m.p. 226° {dec.), + 366° or

+ 460° (c ~ 1
;

CHCI 3 ), which is reconverted to ergocristine by
boiling with phosphoric acid (1 per cent.) in alcohol.

Ergokryptine and Ergokryptinine, C32H41O5N5. Ergokryptine was
isolated as tkc di-(p-toluoyl)-hydrogen-^tart^ate from commercial ergo-

toxine (Stoll and Hofmann, 1943). The base crystallises from boiling

benzene in prisms, m.p. 212° {dec.), — 187° or — 226° {c == %

1 ;
CHCI3). The following m.p.’s are recorded for its salts : hydrochloride,

208° {dec.)
;

phosphate, 198-200° (dec.) ;
tartrate, 209° {dec.)

;
ethane-

sulphonate, 204° {dec.). The di-(p-toluoyl) - hydrogen -Z- tartrate,

B . C^oHigOg*, forms long needles, m.p. 186° {dec.), from boiling methyl

alcohol and has [a]ff + 103° {c = 0*2
;
EtOH). Ergokryptine is converted

by boiling in methyl alcohol into its ergotinine analogue, ergokryptinine.
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which crystallises from boiling methyl alcohol in needles, m.p. 240-2° {dec.),

[aj?r + 408^ or [a\Z + 508° (c - 1 ; CHCI 3).

Ergocornine and Ergocorninixie, C31H39O5N5 . Ergocorninc was
prepared by fractional er3^stallisation of the di“(p-toluoyl)-/-tartrates of

commercial ergotoxine by Stoll and Hofmann (1948). It cr^^stallises

from methyl alcohol (1 in 20) in polyhedra, melts at 182 -4^ (dec,) and has

— 1^^'' or — 226° (r 1
; CHCI 3 ). The following melting

points are recorded for its salts : hydrochloride, B . HCl, 228° (dec,) ;

hydrobromide, B . lUir, 225° (dec.)

;

phosphate, 190-5°
;

ethane-

sulphonate, 209° (dec.). The di-(p-toluo3d)-hydrogen /-tartrate,

B . CaoHigOs* melts at ^80-1° (dec.) and has + 108° (c = 0-2
;

EtOH).
Ergocorninine formed from ergocorninc on standing in aqueous alcoholic

potash crystallises best from boiling alcohol (1 in 15) in massive prisms,

m.p. 228° (dec.), and has + 409° or -f 512° (c ; CHCI 3).

Ergometrine and Ergometrinine, The isolation of these

alkaloids has been referred to already’ (p. 517). A method for the prepara-

tion of ergometrine has been described by Dudley,®® and the following

characters are mainly those given by that author :

—

Ergometrine crystallises, with solvent, from benzene in needles or

from metli^l ethyl ketone in prisms ; both forms have m.p. 162-8° (dec.).

From ethyl acetate it cr^^stallises at — 4 ° in thin, solvent-free plates,

m.p. 160-1' (dec.), and at atmospheric temperature on concentration in

vacuo ill diamond-shaped plates, B . 0’5EtAc, m.p. 180-2° (dec,), from
which the combined solvent is not removed at 100° in vacuo. By
crystallisation from acetone, Grant and Smith obtained a second form
in long needles, m.p. 212 ° (dec.), which appears to be the more stable,

since the form, m.p. 162-8°, tends to pass into it on keeping. Ergometrine

has [a]D - 44° (CHCla) ; + 42*2° or + ^2 - 6° (c = 1-7, EtOH) or

pyridine).®® The hydrochloride forms needles,

m.p. 245-6° (dec.), [ajf®° -f 68*0° (c == 0-87, HgO) ; the hydrobromide,

needles, m.p. 286-7° (dec.), and the oxalate, needles, m.p. 198° (dec.),

[aji) + 55*4° (c = 0*59, HgO). Ergonovine (ergometrine) maleate is

otheial in the United States Pharmacopoeia XIII with the standard

-f 48° to 57° (c = 1 ; HgO). The picrate exists in two interconvertible

forms : fine yellow needles (hydrated), m.p. 148° (dec.), and ruby-red

prismatic columns (anhydrous), which decompose suddenly at 188-9°.

On hydrogenation the base yields dihydroergometrine, m.p. 225-280°

(dec.).^ ^ *

Ergometrinine crystallises from acetone in short, stout prisms,

, m.p, 195-7° (dec.), [a]??* + 414° (CHCI3), [aC + 520° (c = 1 , CHCla) or

+ 413° (c = 0*7, MeOH). The hydrochloride, B . HCl, HjO, forms small

needles, m.p. 175-180° (dec.)

;

the hydrobromide, B . HBr . HgO; crystal-

lises from aqueous acetone on addition of ether, in needles, m.p. indefinite

(180-190°)
; the nitrate, B . HNOj, forms stout prisms, m.p. 235° (dec.),

+ 282° (c «= 0*98, HaO), from aqueous methyl alcohol on ad^tion
of ether, and the perchlorate, needles which discolour at 210° and deeom-
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pose at 225°. Ergometrine and ergometrinine are interconvertible by the

methods referred to under ergotoxine.®^

Constitution ofthe Ergot Alkaloids, Ergotoxine and ergotinine, according

to Soltys,^’ owe their amphoteric character to a weakened carbr3xyl group.

No methoxyl group is present in either, or in ergotamine and ergotarninine,

but each of the four contains one methylimino group. EjkjIi on boiling

with dilute alkali liberates one molecular proportion of ammonia, probably
derived in the case of ergotoxine from the i^obutyr^ iformamidc (dirnethyl-

pyruvamide), which Barger and Ewins dete<‘ted in that alkaloid. Soltys

also found evidence of the presence of four replaceable hydrogen atoms
in each of the four alkaloids, and on oxidation each yielded with per-

manganate bc’nzoic acid ajid with nitne acid p-nitrobenzoie acid.®® In

the same year Smith and Timnns showed that each of the four alkaloids

is hydrolysed by potassium hydroxide in alcohol to ammonia and ergine,

Ci 4Hi2N(NMc) . COgNllg {sei' below)f^ which proved to be tlie amide ot

lysergic acid, Ci 4
H^ 2N(NMe) . €0211 (see below), which Jacobs and Craig

later obtained by more energetic alkaline hydrolysis of ergotinine. The
formation of ergiiie accounts for about half the molecule of each of these

four ergot alkaloids; and the differences between the two pairs must be

due to differences in structure betw^een the remaining halves, the nature

of which is now known from a study of their hydrolytic products. Jacobs and
Craig found that ergotinine on alkaline hydrolysis yielded dimethylpyruvic

acid and a dipeptide, C14II18O 3N2 , in.p. 252"^ (dec.), which, on acid hydrolysis,

appeared as d-prolinc (pyrrolidinc-2-earboxylic acid) and Z-phenylalanine

(^-phenyl- a- aminopropionic acid), CgH^ . CH2 . CHlNHg) . COOH.
Ergotinine is therefore regarded as made up from the fragments, d-proline

and Z-phenylalanine in a peptide linkage with dimethylpyruvic and
lysergic acids and possibly ammonia. The same authors from similar

evidence concluded that ergotamine and ergotarninine differ from ergo-

toxine and ergotinine in yielding pyruvic in place of dimethylpyruvic

acid.

For the third pair of alkaloids, ergosine and ergosinine, the latter was

shown by Smith and Timmis to yield lysergic acid (or its amide, ergine),

pyruvic acid and Z-leucine, while on distillation under reduced pressure it

furnished a product, m.p. 148°, [a]Z, + 105° (c = 1, H2O),

which must be Z-leucyl-d*prolinelactam (3 : 6-diketo-5-wbutyl-l ; 2-

,
trimethylenepiperazine), since it gave Z-leucine and d-proline on acid

hydrolysis. As ergosine and ergosinine are interconvertible, it is safe to

assume that ergosine yields the same hydrolytic products as ergosinine,

with the excejption that, as explained later, the basic hydrolytic product

. may be lysergic or i^olysergic acid, depending on the primary material

and the conditions of hydrolysis.

Of the fourth pair, ergometrine was found by Jacobs and Craig ^ to

yield lysergic acid and d-j8-aminopropyl alcohol (/-( -f)-j3-aminopropyI

alcohol), and. the same products were obtained by Smith and Timmis

from its isomeride, ergometrinine. This pair of alkaloids must therefore

be hydroxyijopropylamides of lysergic acid. The first member of each
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of the remaining pairs of alkaloids, ergocristinc—ergocristinine, ergo-

kryptine—ergokryptinine, ergoeornine—ergocorninine, have been hydro-

lysed by Stoll, Hofmann and Heeker and the products identitied, with

the result that these six alkaloids are shown also to be derivatives of

lysergic, or ? 6‘olysergie acid, and the differences between the pairs to lie

in differences in the amino-a(*ids of the residual portions of the molecules,

the hydrolytic products of which for the whole series of ergot alkaloidal

pairs are shown in the following summary, in which' ergotoxine and
ergotinine are placed with their presumed equivalents, ergoeornine and
ergocristinine respectively, for the reasons already given. The names of

the substances actually h} drolysed to give these results are marked with

an asterisk :

—

Ergoeornine * (ergotoxine)—ergocorninine (i/f-ergotinine). Dimethyl-

pyruvic acid, d-prolinc, /-valine (1943).

Ergocristinc *—ergocristinine (ergotinine *). Dirnethylpyruvic acid,

d-proline, /-phenylalanine.^®’

Ergokryptine *—ergokryptinine. Dirnethylpyruvic acid, d-proline, /-

leucine.^®

Ergotamine *—ergotaminine. Pyruvic acid, d-proline, /-phenylalanine.*^"’

Ergosine—ergosinine.* Pyruvic acid, d-proIinc, /-leucine.

Ergometrine *—CTgometrinine.* /-( -f)-/S-aminopropyl alcohol.

This sumiiiary show^s that of the six pairs of ergot alkaloids the first

five are peptides divisible into two sub-groups, which differ mainly in

having either dirnethylpyruvic or pyruvic acid as a characteristic hydro-

lytic product. The sixth pair, ergometrine—ergometrinine, are acid amides

According to Stoll (1945),’^^^"! when ergoeornine is treated with one

molecule of sodium hydroxide it is hydrolysed to lysergic acid amide
and the polypeptide.

MegCn . CO . CO—NH . CH(CHMe 2 ) . CO—N . CH(COOH) . CHg . CHg . dig
Dimethylpyiuvyl /-valyl d-proline

Synthetic experiments have established the constitution of the poly-

peptide and the succession of the amino-acids, proline being always at

the distal end and the second amino-acid in the middle.

Ergine and f^oErgine, CigHi^ONg. Ergine, first obtained by Smith
and Timmis,®® crystallises from methyl alcohol in prisms, B . MeOH,
m.p. 135® (dec.), or from aqueous acetone in colourless plates, B . 2H2O,

m.p. 115® {dec,). It has -f 514® (c == 1 ,
acetone) or + 598° (c = 1 - 5 ,

CHCI 3). Ergine is alkaline in reaction and yields well-defined salts,

B . HCl, plates, m.p. 255-260® (dec.)

;

B . HBr, prisms, m.p. 260° (dec,),

and B . HCIO 4 ,
slender needles, m.p. 225° (dec,). It gives the same colour

reactions as the ergot alkaloids (p. 520) and still retains one methylimino-

group. On hydrolysis by alkali it yields 1 mol. each of ammonia and
lysergic acid, CigHjgOgNg. Impressed by the high dextrorotation of

ergine, Smith and Timmis applied to this base the methods used in the

isomerisation of dextrorotatory ergot alkaloids to the laevorotatory iso-
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merides (ergotinine to ergotoxine type) and so converted it into isoergine,

prisms from methyl alcohol, m.p. 242"" {dec.), + 10
°

(e—0-5, pyridine). The hydrochloride, B . HCl . HgO, forms needles,

m.p. 269° (dec., dry). On boiling with alcoholic alkali there is rapid

interconversion of ergine and ?,9oerginc, but under special conditions the

latter can be hydrolysed to lysergic acid {see below).

The Lysergic Acids, Ci4Hi2N(NMe) . COgll. Lysergic acid, hrst

obtained by Jacobs and Craig, crystallises in plates, m.p. 238° {dec.),

+ 4-0° (pyridine), and yields a hydrochloride, m.p. 208-210°, and
acid sulphate, m.p. 220 °. It gives indole reactions similar to those of the

ergot alkaloids (p. 520). On reduction it yields dihydrolysergic acid,

m.}). 386° {dec,), — 88 ° (c ~ 0*5, pyridine),^** subsequently obtained

from ergotamine or ergutoxme by hydrogenation followed by hydrolysis

and named a^dihydrolysergic acid, whilst the isorneride, similarly obtained

from ergotaminine, was called y-dihydrolysergic acid, m.p. 300-330°,

(pyridine).®’ Smith and Timtnis found that lysergic acid,

^ pyridine), on boiling in aqueous solution, was
converted into /.9olysergic acid, Cjgll

4 g02N 2 . 2H2O, m.p. 218° {dec.),

[a]ffgi -|- 368°, + 281° {c ~ 1, dry : pyridine), which yields a nitrate,

needles, m.p. 185° {dec.), and a methyl ester, slender rods, m.p. 174° {dec.),

[a]^“ + 236° {c — 0*5, CHCI 3), and is reconverted into lysergic acid on

treatment with alkali. It appears, therefore, that lysergic acid and iso-

ergine belong to the ergotoxine series, and f^olysergic acid and ergine to

the ergotinine series. The same authors prepared dMysergic acid by
heating the d-form in dilute barium hydroxide solution at 150° in an

atmosphere of nitrogen. It crystallised in leaflets, m.p. 250° {dec,),

Stoll and his collaborators have separated the d/-form of ?5olysergic

acid into the hydrazides of the d- and /-forms and converted the latter

into the corresponding lysergic acid hydrazides. When hydrazine reacts

with a member of either the ergotoxine (hevorotatory) or ergotinine

(dextrorotatory) series, d/-i$olysergic acid hyJrazidc, m.p. 240° {dec.),

hexagonal plates from alcohol, is produced. This forms a salt with di-p-

toluoyl-/-tartaric acid which, from the boiling methyl alcohol, used as a

solvent, deposits d-/5olyscrgic acid hydrazide hydrogen di-p-toluoyl-Z-

tartrate, + 238° (d =0-4 ;
EtOH 50 per cent.). From this, d-iso-

lysergic acid hydrazide, plates or prisms, m.p. 204° {dec.), + 452°

— 0 * 8 ;
pyridine), can be recovered. From the mother liquor of the

d-form, the stereoisomeric Z-i^olysergic liydrazide, m.p. 204° {dec,),

__ 4540 0-7
;

pyridine), can be regenerated. From this pair of

stereoisomerides the corresponding pair of Ivsergic acid hydrazides can

be prepared by the action of potassium hydroxide in aqueous alcohol.

Thus Z-i9olysergic acid hydrazide yields Z-lysergic acid hydrazide, long

needles or prisms, m.p. 218° {dec.), [a]ff — 11 ° (c = 1
;

pyridine) and in

like manner d-i^olysergic acid hydrazide furnishes d-lysergic acid hydrazide,

m.p. 218° {dec.), [a]ff + 11 ° (c = 1
;

pyridine). dZ-Lysergic acid hydra-

zide similarly prepared from dZ-i^olysergic acid hydrazide separates from

hot alcohol in long needles, m.p. 220°.
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These hydrazides on treatment with nitrous acid are converted into

azides, which with appropriate amino-alcohols, furnish ergometrine and
its isomcndes and analogues. The four pairs of stcreoisomeric “ ergo-

metrines ” and “ ergonietrinines ” in the following list have been prepared

in this way with l-( -f)-^-aminopropyl alcohol or its d-{ —)-isomeride.

No. Name m.p.
((UC.)

Activity on
rabbit uterus

1 c?-Lysergic-Z-(+ )-^-propanolanude
(d-ergometrine)

162° + 90° 10

2 /-Lysergic-d-(~ )-jS-propanolamide .

(/-ergometrine)

162° — 89° 00

3 d-Lysergie-d-( — )-^-propanolafnide 220° - 11° 10
4 /-Lysergic-/-( 4 )-j3-propanolamide . 220° + 10° —
5 d-/s«Lys«'rgic-/-(+ )-j3-proj)anolamide

(d-ergometriniiie)

196° 4“ 414° —
6 /-iSoLysergic-d-(— )-j5-propanolamide

(Z-ergonietriiiine)

196° -- 415° —
7 d-isoLyvsergie-d-( — )-)3-propanolamide 195° f 3.53° —
8 /-i5oLysergic-/-( + )-)S-propanolamide 195° - 351° —
9 d-Lysergicethanolamide .... 95° - 10° 0 3

10 d-Lysergie-( 4- )-/3-butaiiolamide 172° ~ 45° 1-3

11 d-Lysergic-/-( -f )- S-metliyl-^-pentanolainide 130° - 38° 0-3

12 d-Lysergic-d-norephedride .... 230° t 4- 14° 005
13 d-Lysergic-/-riorephedride .... 130° - 17° 10
14 l-Lysergic-l-norephedride .... 230° t - 16° 00

The propanolaniine obtained by hydrolysis of ergometrine and ergometrinine is

dextrorotatory, but belongs to the I- series and appears to be fully described as
/-(-{- )-j3-aminopropyl alcohol.

t Melting point of hydrochloride : the bases are amorphous.

In the fifth column of this table are recorded activities on the rabbit

uterus in situ in relation to that of ergometrine taken as unity, (a) illus-

trating the effect of stereoisomerism, derivatives of /-lysergic acid being

inactive, (b) of three homologues (Nos. 9-11) of ergometrine, indicating

the existence of a peak of activity in the homologous series, and (c) of three

lysergic acid derivatives of d- or /-norephedrine (Nos. 12-14) showing that

aliphatic amino-alcohols are not essential to this type of activity in the

group and also illustrating the effect of stereoisomerism on activity. As
an example of the necessity for caution in drawing conclusions from the

results of biological experiments it may be pc>inted out that d-lysergic-

( +)-jS-butanolamide (No. 10) has proved at least as active in clinical

trials as ergometrine itself, thus confirming the high activity found in

the pharmacological tests, but d*lysergic-/-norephedride (No, 18), which
also ranked as high as ergometrine in these pharmacological experiments,

was inferior to it in clinical trials.

Several formulae for the lysergic acids have been proposed by Jacobs
and Craig and their collaborators.^^ The tetracyclic nucleus was suggested

in 1986. Its present form is shown by formula (2) and is based maimy on
the following considerations :

—
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The occurrence of two optically active forms of each of the acids,

lysergic and iVolysergic, implies the existence in each of one centre of

asymmetry (C®).

The free 2-position in the pyrrole ring (B) explains the indole colour

reactions given by these acids and the parent alkaloids.

Rings (C) and (D) account for the production of quinoline, when the

tribasic acid, Ci4n908N, m.p.>350‘^, obtained by the oxidation of

ergotinine with nitric acid, is distilled with soda-lime.’®

The formation of l-methyl-5-aminonaphthalene when dihydro-

lysergic acid is fused with potassium hydroxide requires rings (A) and (Cb

The presence of an indole nuoh'us (rings (A) and (B)
)

is established by
the formation of 3 : 4-dimet)iyliedole, m.p. 115-7% picrate, m.p. 185-7°,

by decarboxylation of an indole acid obtained when dihydrolysergic acid is

fused with potassium hydroxide.’^

Since both acids \deld dihydro-derivatives there must be a readily

reducible cthylenic linkage, the position of which must be conjugate

with the indole nucleus to satisfy the character of the absorption spectra

(Jacobs, Craig and Rothen and must account for the fact that lysergic

acid is a weaker base than its isomeride, implying that in the former the

ethylenic linkage is nearer the : NMc group, which is met by placing it at

C® for lysergic acid and at C®-C^® for ?5olyscrgic aeid.’^

The carboxyl group, and therefore the centre of asymmetry, was first

placed at C’, but of the four possible positions that at C® is now considered

HOOC . HC -^2 Ue.HC CO Me W CHo

NWe d V NMe Hgc/ \ mo HgcX NhMb
\io

Bssa^ X \ /
^ ' ly WH

CHz ^ ® CHg X CH2 ^ XcHg
HcX / HC

f/^\
; /

pA.
c

A 1 B
1 1

HC|^
'JL

JcH HC |cH Hcl J UCH

CH NH CH NH CH m CH NH

(1) isoLyaerglc acid (2) Lysergic acid (3) Saturated lactam
( 4 ) 6: B-Dimethvl

*^ 16^180^2 ergollne ^
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the most likely, C® being occupied by the ethylenic linkage in uolysergic

acid, while would give a tryptophan character to the structure, which

is not shown by either acid, and of C’ and C®, the latter is favoured by
the dissociation constants and the

j
8-amino-acid character of the change

from lysergic acid (2) to the lactam (3).

Jacobs et have synthesised tetracyclic products of these types, of

which the most interesting is ergoUne, C\ 4HigN2 ,
m.p. 175-183°, which may

be regarded as the parent base for lysergic and /.^olysergic acids. Recently

(1042) it has been shown that dihydrolysergic acid can be degraded to

6 ; S-dimeth} lergoline (4). dZ-Lysergic acid, m.p. 252° (dec.), with sodium

in butyl alcohol gives rZ/-dihydrolysergic acid, which on heating at 350°

under 25 mm. yields as a sublimate the unsatUTated d/-lactam, CiellieON,,

m.p. 313-6°. This is hydrogenated to the saturated lactam (3), Cigll^gONg,

existing in two forms, m.p. 332-6° and 310 5°, and reducible by sodium in

butyl alcohol, probably to 7-hydroxy-6 : 8-dimethylergoline, which when
heated to sublimation at 200°/0-2 mm. yields d/-dehydro-6 : 8-dimethyl-

ergoline, CjglligNg, m.p. lS2-6 °, convertible by hydrogenation into

d/-6 : 8-dimethvlergoline, CieHgoNg, (4) found in two crystalline forms,

m.p. 227- 9°. This work repeated with a-dihydrolyscrgic acid as a starting

point, yielded an optically active 6 : 8-dimethylergoline, m.p. 246.-8°,

[aj?r - 49° (c -- 0-286
;
CHCI 3 ).

Synthesis of 6 : 8-dimethylergoline for com])arison with the degradation

product was effected by converting 3-amino-l -naphthoic acid by the

Darzens and Meyer form of the Skraup reaction,’^ in which the ay-dicthyl

ether of jS-methylglyecrol is used in place of glycerol, into 3-methyl-5 : 6-

bcnzoquinoline-7-carboxylic acid (5) whicli was nitrated in the 3'-position

and the nitro-derivative
(
6

)
reduced to the lactam (7) and this in turn

converted via the meth iodide to the rncthoehloride. The latter on catalytic

hydrogenation gave 1 : 2 : 3 : 4-tetrahydro-3'-amino-l ; 3-dimcthyl-5 ; 6-

benzoquinoline-7-carboxylic acid lactam (8 )
and this on reduction by sodium

in butyl alcohol gave a mixture of products from which d/-6 : 8-dimethyl-

ergoline (4) was isolated as the hydrochloride, m.p. 222-8° (Jacobs and
Gould 1939).73

Further evidence for this formulation of lysergic acid is provided

by the synthesis of dZ-diliydrolysergic acid by Uhle and Jacobs.’®

They converted cyanoacetal, (EtO )2 . CH . Cllg . CN, b.p. 99°/14 mm.,
D

2JI
0*9496, into the sodium derivative of cyanomalonaldehyde,

(CH0)2 : C(CN)Na, and condensed the latter with 3-aminonaphthostyryl

to produce 2-cyano-2-formylethyIiden-3-aminonaphthostyryl (I), m.p.
290-2°, which, on fusion with zinc chloride, and hydrolysis of the reaction

product with hydrochloric acid, gave 8'-amino-5 ; 6-benzoquinoline-8 : 7-

dicarboxylic acid lactam fll). This does not melt up to 860°, but yields

a methyl ester, crystallising in golden-yellow needles, m.p. 800-1°, and a
methochloride, m.p. > 860°. The latter proved difficult to hydrogenate
to the 1:2:8: 4-tetrahydro-derivative, but the reaction was eventually

effected in hot dilute hydrochloric acid in presence of platinum black*

The tetrahydrolactam-acid was isolated vi& the copper salt and regenerated
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from this as golden-yellow needles, m.p. 230-5° [dec.). On reduction with'

sodium in boiling butanol it gave dZ-dihydroIysergic acid (III), subliming
at 200“230° under a pressure 10“^ mm., and giving a methyl ester, m.p.

UH SB m
(I) (II) (III)

145-175°, and in these and other characteristics agreeing with f/Z-dihydro-

lysergie acid, derived from dZ-lyscrgic acid. Jacobs and Craig have
also provided evidence for the view tliat the dimethylpyruvic and
pyruvic acids, formed in the hydrolysis of the ergotoxine and ergotamine
types are derived from a-hydroxyvaline, McgCH . C(OII)(NH2

)(COOH),

and a-hydroxyalanine. Me . C(OH)(NIl2)(COOH), residues, respectively,

and on this basis ha\e proposed the following formula for these alkaloids.

Stoll and Hofmann's recent results (p. 523) involve change of the name,
ergotoxine to ergocristine for this formula, as it is the latter which yields

phenylalanine on hydrolysis. For convenience of comparison the formula

of ergometrine, now the most important ergot alkaloid, is added.

Recently Hofmann has found that when the azide hydrochlorides

of the lysergic and wolysergic acids, or of their dihydro-derivatives, are

boiled in dilute hydrochloric acid, a Curtius reaction occurs and the

carboxyl is replaced by an amino-group. In this way he has prepared

the following amines. They melt with decomposition and the specific

rotations are for pyridine as solvent :

—

6-Methyl-8-aminoergolen, Ci 5Hi,N3,m.p. 258°, [a]f“°+ 96°; ex lysergic acid.

6-Methyl-8-amino«soergolen, C15H17N3, m.p. 198°, [a]^® + 249°
; ex

isolysergicr acid.

These two are represented by formula; (
2

)
and ( 1 )

respectively in the
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set on p. 529, with in each case the COOH group at C® replaced by NH2.
6-Methyl-8-aminocrgoline, C15H19N3, m.p. 243°, [ajfP'* ~ 117°, ex dihydro-

lysergic acid.

6-Methyl-8-arainoi>oergoline (I),

C16H19N3, m.p. 275-280°, [a]ff - 66°

6-Methyl-8-aminoi5oergolme (II),

203
, [a]if + 29

A homologous series of urethanes of lysergic and i^olyscrgic acids has

been prepared by Troxler by boiling the respective azides in benzene

and addition of the appropriate alcohol. They have the general formula

R . NH . CO . O , R\ where R is the 6-methylergolenyl residue and R'

is an alkyl group, methyl to butyl. The two methyl derivatives are

(6-methylergolenyl-8)-carbamie acid methyl ester, m.p. 236-7°

{dec,), [ajf®” + 50° (pyridine) and (6-methyh‘5oergolenyl-8)-carbamic acid

methyl ester, Ci7Hi902N3, m.p 180° {dec,), [ajff“ + 346° (pyridine).

These urethanes and the amino-compounds descril)ed above do not

isomerise or racemise like the lysergic acids and the ergot alkaloids,

which is taken to indicate that the carboxyl group at C® is an important

factor in this reaction.

DihydrO'derivaiives ofErgot Aklaloids, (1) Laworotatory Series, Though
Jacobs and Craig succeeded in obtaining the well-defined products a-

and y-, dihydrolysergic acids, by the reduction of lysergic acid wuth sodium

in amyl alcohol (1934), or by hydrolysis of the hydrogenation products

of ergotoxine and ergotamine and of ergotinine, ergotamininc and ergine

(1936), and they as well as Kharasch’® had obtained dihydroergometrine

(1936), Stoll and Hofmann first succeeded in preparing well-defined

dihydro-dcrivatives of the laevorotatory and pharmacologically active

ergot alkaloids, using dioxan as a solvent with palladium black as catalyst

at a temperature of 60-70° and a pressure of 30-40 atmospheres (1943).

The dihydro-derivatives crystallise well, form crystalline salts and on

hydrolysis yield the a-dihydrolysergic acid of Jacobs and Craig, which is

re-named ( —)-dihydro-d-lysergic acid. The principal characteristics of

these dihydro-compounds are given in the following table ;

—

(2) DexiforotaRyry Series, Using palladium or platinic oxide as ca^lyst,

in glacial acetic acid, with hydrogen at a pressure of 10-25 atmospheres,

Name rormula
M.p.
(dec)

Dihydroergotamine . C„H„O.N. 239°

Dihydroergosine C..H,.O.N. 212°

Dihydroergocristine ,
1

C„H„O.N. 180“

Dihydroergokryptine . C.,H„O.N. 285°

Dihydroergocomine .

(— )-Dihydro-ddy8ergic
C„H„0,N,
CiaHjgOjNj

187“

>300“
acid.

Dihydroergometrine . CijHgjOiNj 280“

(<
(pyridine)

Salts or Derivatives

- 64° B . HCl, m.p. 220-5°
; B . CH, . SO,H,

m.p. 230-5°
; Bg . C4H40 e, m.p. 210-5°

- 52°

- 56° —
- 41° —
- 48° —

,

- 122° Hydrazide, CnHg^ON*, m.p. 247°

(dec,), - 128° (pyridine).
- 145°

ex dihydro?,90-

lysergic acids I

and II (p. 533).
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Stoll, Hofmann and Petrzilka (1946) have also succeeded in obtaining

dihydro-derivativcs of this scries (ergotinine type) of ergot alkaloids.

Each of these bases yields two dihydro-derivatives, distinguished as

isomerides I and II. Their chief characteristics are summarised in the

following table :

—

Hams Formula

iBomaride I Isomeride II

M.p.

(dec) ( pyridine

)

M.p.

( dec) ( pyridine)

DihyaroergotoEilnlne C33H3 .

7
O5B5 836® 97° 206° -7°

Dlhydrosrgoslnine ^30^39^5% 834° 108° 823° 3°

Bihydroergooristinine 848° +109° 175° +13°

DihydroergokryptInina C32H4305»5 868° 186° 226° +86
°

Dihydroargooorninine ^31^41^5% 864° +147° 180° +32°

Dihydroargometrinine ®19^25^2%* 811° 8° 218° +45°

The difiydro-bases of type (I) yield on treatment with hydrazine the

expected ( --)-dihydro-d-mlysergic acid (I) hydrazidc, but on hydrolysis

with alkali the reduced t^olysergic acid residue is irreversibly isomerised

to the dihydrolysergic acid residue and the product obtained is ( —)-dihydro-

d-lysergic acid (c/, p. 532).

The second type, dihydro-bases (II), hydrolyses with alkali or with
hydrazine to ( -f-)-dihydro-d-i5elysergic acid (II), which is probably identical

with the y-dihydrolysergic acid of Jacobs and Craig. The principal characters

of the dihydro-lysergic and ?6*olysergic acids and their derivatives are

summarised in the following table :

—

Dihydroisolyisergic acids
j

Dihydrolysergic
acidName Formula

][* "
i

M.p.
00

M.p. Ww
00

M.p.
00

iloid
(

°16%802®8 880° -86° 310° +17° 318° -188°
1

Hydraside ^16^20^% 227° -83° 260° 56° 247° -183°

Azide - - -48° - - - -79°

Amide ®16%9®^3 875° 0
° 307° 17° 876° -131°

Methyl Ester ^17^20^2^2 190° 1 CDM
0 - - 187° -96°

^ This aold orystalllses with a molecule of water, which ie not
lost at 135-140° in a high vacuum^

Pharmacological Action. Certain of the simple amines and amino-adds

found in ergot are pharmacologically active and have some influence on
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the total activity of tlie crude drug and its galenical preparations, but

the specific effects arc associated with the alkaloids proper. These form

a series of pairs of isomeric amides, one member of each pair being derived

from lysergic acid and tlie other from ?A‘olysergic acid. The lysergic acid

derivatives, typilied by ergotoxine, arc hevorotatory and highly active

pharmacologically, while those of /.volysergic acid, typified by ergotinine,

arc strongly dextrorotatory and though they may have the same kind of

action as their laevorotatory isomerides, are always less potent.

White has shown that the lysergic acids themselves exhibit weakly
some, but not all, of the types of activity characteristic of the alkaloids

of higher molecular weight. Both acids produce a slight transitory

cyanosis of the cockscomb and cause ataxia and delayed miosis in the

cat and also relax the isolated rabbit intestine. On the whole, lysergic

acid appeared more active than the isomeridc.

The simple amides of these two acids, f^oergine (lysergic acid amide)

and ergine (f^olysergic acid amide) also induce in some degree the same
type of pharmacological effect as the more complex ergot alkaloids. In

the cat both amides produced some of the “ sham rage ” symptoms, so

commonly seen with the larger ergot alkaloids and intracardially in

monkeys, ergine and /.soergine produced drowsiness, jerkiness and dilli-

culty in maintaining sustaiiK‘d movement. In the fowl, intravenously,

1-2 mgm. per kilo of either amide caused cyanosis of the comb. Both
reduce the contraction of the isolated rabbit intestine and have little or

no sympathicolytic activity, but show an oxytocic effect on the isolated

guinea-pig uterus in concentrations of 1 to 50,000 to 1 to 100,000. In

contrast, ergosine, a typical hevorotatory ergot alkaloid, may be active

on the guinea-pig uterus in concentrations down to 1 : 6,000,000, while

ergosinine, its dextrorotatory isomeridc, is only active in concentrations

of the order of 1 : 125,000 to 1 : 250,000. It is only among the alkaloids

larger than ergornetrine that a true sympathicjolytic activity is observed.

White’s observations on the pharmacological activity of the lysergic

acids and their simple amides are of practical, therapeutic interest in view
of the possibility of preparing from natural supplies of these acids, partially

synthetic oxytocic substances of which a first series by Stoll and Hofmann
has been described (p. 528), including d-lysergic-( +)-j8-butanolamide,

already the subject of promising clinical trials."^®

Of the typical ergot alkaloids, six pairs (table, p. 526) are now known.
The first five pairs are more complex in structure than the sixth pair,

ergornetrine and ergometrinine.

Of these twelve alkaloids, three are of practical, therapeutic importance,

viz,, ergotoxine, ergotainine and ergornetrine, and round them a vast

pharmacological and clinical literature has accumulated, but for the present

purpose it is sufficient to mention the results of comparisons which have
been made between the chief types of pharmacological action exerted by
ergornetrine and the longer-known ergot alkaloids ergotoxine and
ergotamine.

Brown and Dale have shown that ergornetrine (a) produces central
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excitation with general sympathetic stimulation, but with only a trace of
paralysing action on motor sympathetic effects

;
(b) causes cyanosis of

the cockscomb, but has a much smaller tendency to produce gangrene
than ergotoxine and its congeners

;
(c) exerts a pressor action much less

marked than that of the ergotoxine group and is less toxic
;
and (cL) as its

most characteristic action produces a long, persistent rhythm of powerful
contractions in a uterus normally cpiiescent as in tlic early puerperium.
In a discussion of oxytocic drugs Chassar-Moir points out that ergo-

metrine acts more quickly than the alkaloids of the ergotoxine group, is

more eertain in action when given orally, that tlie^’c is little difference in

the duration of the action, and that ergometrine is less loxic and its use

involves no risk of puerperal gangn nc.

The ergotoxine group of ergot alkaloids all exert pressor action, produce
gangrene of the cockscomb, rt verse the action of adrenaline on plain and
especially uterine muscle, and induce contraction of the puerperal uterus.

It is for this last purpose that ergotoxine and ergotamine are chielly used

in medicine. Considerable use is also made of ergotamine for its central

action in migraine. Earlier comparisons did not suggest any differences

in pharmacological action between the two alkaloids, but more recent

work has shown that ergotamine is less loxic to mice and that its

sympathicolytic and hyperpyretie activities are less than those of

ergotoxine.

In the series of papers already referred to, White has recorded for

various animals the action of doses of the newer alkaloids, ergosine and
ergocristine, likely to produce toxic sym{)toms. The ergotoxine ethane-

sulphonatc used for comparison in these experiments was of ergoeornine

quality (p. 524) and free from ergocristine. The effects, in the fowl, for

example, are like those induced by ergotoxine or ergotamine,®*^ and ergo-

sinine had a similar but less powerful action, while ergometrinine in ten

times the dose used for ergosinine was virtually inactive. Like all the

bases of the ergotoxine group ergosine produces a fall in rectal temperature

in mice but a tendency towards a rise in this factor in rabbits, though here

the response is variable in kind and degree. In this respect ergosinine is

inactive in mice like all the alkaloids of the ergotinine type tried, and is

much less potent than ergosine in rabbits. In the pithed cat ergosine and

ergocristine have a pressor action, and the adrenaline response of the

perfused cat hind limb is reversed by both alkaloids and is reduced by

ergosinine, Ergosine and ergosinine both lower the activity of isolated

rabbit intestine, the former being the more active, as it is also in its effect

on the adrenaline response. In action on isolated guinea-pig intestine,

ergosine, like ergometrine and i6*oergine, causes contraction, but ergoeris-

tine, like ergosinine, ergometrinine, ergine, the two lysergic acids and

ergotoxine, relaxes the intestine. Taking the sympathicolytic activity of

ergotoxine as 1, the relative potencies of other ergot alkaloids are approxi-

mately as follows: ergotamine, 0*8; ergosine, 1*9; ergosinine, 0*088;

ergocristine, 0*75* On isolated guinea-pig uterus ergosine, ergosinine,

ergocristine, ergometrine, i>oergine and ergine all show oxytocic activity,
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as do also ergosine, ergometrine, ergometrinine, ergotoxine and ergotamine

on rabbit uterus in situ,

Stoll (1945) has pointed out that the polypeptide ergot alkaloids

have two main types of activity :

—

(1) Action on smooth muscle (uterus, blood vessels, intestine, etc.).

(2) Inhibiting action on the sympathetic functions of the vegetative

system.

Ergometrine and its homologues exert only the first type of acitvity.

The principal results of hydrogenation of any of the ergot alkaloids are

to lower toxicity and to reduce greatly the action on the musculature.

Dihydroergometrine and its homologues are almost inactive substances

and the dihydro-derivatives of the polypeptide bases, ergotamine, ergo-

cornine, etc., exert only the second type of action uncomplicated by
action on smooth muscle. The effects on toxicity are shown in the following

table. The figures are for L.D.50, in mgms./kilo. by intravenous injection

in rabbits :

—

Ergotamine . .3*55 Dihydroergotaminc . . 25-00

Ergocornine . .1-17 Dihydroergocornine . 35-00

Ergocristine . . 2-15 Dihydroergocristine . 27-00

Ergokryptinc . .1-05 Dihydroergokryptine . 20-50

The effect of hydrogenafion is markedly displayed by the method
adopted by Rothlin and Briigger^^ to estimate the relative activities of

four ergot alkaloids and their dihydro-derivatives in inhibiting the action

of adrenaline on the isolated seminal vesicles of the guinea-pig. Using

ergotamine as standard (activity == 1) their results for action on isolated

rabbit uterus (R) and on guinea-pig seminal vesicles (S) are as follows :

—

R S R S

Ergotamine . . 1-0 1-0 Dihydroergotaminc

.

2-25 7-0

Ergocornine

.

. 0-5 2-0 Dihydroergocornine 2-5 25-0

Ergocristine

.

. 1-0 4-0 Dihydroergocristine 8-6 35-0

Ergokryptinc . 1-5 4-0 Dihydroergokryptine 5-0 85-0

This simplification in the range of activity in the dihydro-bases pro-

vides possible new therapeutical applications, and clinical trials on these

lines are now in progress, particularly with dihydroergotaminc.

Ergothioneine is under investigation as a possible remedy for thyro-

toxicosis.

As cases of ergotism still occur in man and animals, mention may be

made of the recent investigation by Fitzhugh, Nelson and Calvery of

the effects ot long-continued feeding of known percentages of ergot in the

diet of rats ; one of the numerous symptoms of chronic toxicity recorded

is retardation of growth in the early stages, this effect being increased

with diets low in protein.

Useful general articles on the phannacology of the ergot alkaloids have

been published by Nelson and Calvery,®* White,®®* and Barger,®® and
monographs on ergotamine and the alkaloids of ergot by Stoll (1945)*
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ALKALOIDS OF CALABAR BEAN

The seeds’ of Phtjsostigrna vemnosuvi, Balf., have long been used in

West Africa as an ordeal poison. From them Jobst and Hesse, ^ isolated
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physostigmine in an amorphous condition. Vee first obtained the alkaloid

crystalline and named it eserinc.^ The “ calabarine ” subsequently

obtained by Harnack and Witkowski ® consists of decomposition products.

The second well-delined base to be isolated was eseridine * and the third

eseramine.^ The next addition was ^‘ophysostigmine, isolated by Ogui.®

Salway ’ in 1911 obtained a fifth alkaloid, physovenine, and four years

later Polonovski and Nitzberg isolated a new base, geneserine.® A method
for the assay of Calabar beans for ether-soluble alkaloids has been published

by Salway.® The alkaloidal content varies from 0*05 to 0*8 per cent.

Physostigmine (Eserine), CigHgiOgNa. Tlie alkaloid is l^st prepared

in the laboratory by Salway ’s process.’ Methods of manufacture are

described by Chemnitius and by Schwyzer.^®

Physostigmine crystallises in two forms, m.p. 86-7° and m.p. 105-6°,

the latter being the more stable. It dissolves easily in alcohol, ether or

chloroform
;

the solutions are alkaline and hevorotatory, [ajj) — 75*8°

(CHClg), —

-

120 ° (CgHg). The hydrobromide, B . 2HBr, forms colourless

needles, m.p. 224-6°. The salicylate occurs in colourless, acicular crystals,

m.p. 186-7°. The sulphate, B 2 . H2SO 4 , is a microcrystalline deUqucsceiit

powder, m.p. 145°
;

the aurichloride, B . 2HAUCI 4 ,
yellow leaflets, m.p.

168-5°, and the platinichloride, B . HgPtClg, orange-yellow needles,

m.p. 180°. The mercuric iodide derivative, B . HI . Hgig, crystallises in

small prisms, m.p. 170°, the benzoate forms prisms, m.p. 115-6°, and the

picrate, yellow feathery needles, m.p, 114°. The colourless salts, such as

the sulphate and salicylate used in medicine, are apt to become red on

exposure to hght and air.

Physostigmine dissolves in nitric acid to a yellow solution, which on
warming becomes red and on evaporation to dryness leaves a green

residue. A neutral solution of the sulphate gives with dilute solution of

sodium hydroxide a white precipitate, which gradually becomes pink

and dissolves in excess of the alkali, forming a reddish solution, which
eventually becomes yellowish-green.^^

Johnson lias described a method for the estimation of physostigmine

in the salicylate ; for the determination of minute amounts of the alkaloid

Ellis, Plachte and Straus have devised processes depending on (a) inhibition

of serum choline-esterase by the alkaloid, or (5) measurement of the colour

intensity produced by the conversion of physostigmine to rubreserine in

an alkaline medium.
Constitution, Physostigmine behaves as a monoacidic, tertiary base.

On treatment with alkali it is converted into eseroline, Ci5Hi80N2,
methylamine and carbon dioxide, these two by-products being derived

from a urethane group in the parent alkaloid.^® With sodium ethoxide

the products are eseroline and methylurethane, whilst if the alkaloid be

heated at its melting-point, methylcarbimide, CONHMe, is evolved.

Eseroline can be reconverted to physostigmine by the action of methyl-

carbimide in ether in presence of sodium and, using other carbimides,

homologues of physostigmine have been prepared.^* Eseroline forms

colourless needles, m.p. 129°, [a]D —107° (EtOH), and, like physostigmine
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behaves as a monoacidic tertiary base
; it contains two methylimino

groups. On exposure to air it undergoes oxidation to rubreserine,
^18^16^2^2 • H2O, crystallising from water in deep red needles, m.p. 152°
{dry), and under certain conditions to eserine blue, C17H23O 2ISI 3 , which
appears to be a combination of eseroline with one of the degradation
products resulting from the oxidation (Salway

;
the linal product is

“ eserine brown.” Methods of preparing these various breakdown products
of physostigmine have been described by Ellis, who has also compared
the absorption spectra of rubreserine, adreno^hronie (oxidation product of

adrenaline) and 2-iodoadrenochrome, and suggests that rubreserine, like

adrenoclirome, contains a 2 ; 3-dihydromdoie-5 : 6-quinone group. Massart,

Vandendriessche and Dufait have showii that indophenol oxidase attacks

eseroline at pH 7*3, two atc^ms oxygen being used per molecule of

eseroline, with the productioti of rubrecrine.

Eseroline yields a series c.f alkyl ethers of which the ethyl ether,

eserethole, oil, b.p. 308-310°, [a]x>
— 81 °, X)ierate, m.p. 133°, is the most

interesting. When eseroline mefhiodide is heated at 200 ° in an atmosphere
of carbon dioxide it is converted into physostigmol, CioHijON, colourless

needles, m.p. 103°, which still contains a methylimino group and. the

phenolic hydroxyl group of eseroline (Straus ^“). In like manner eserethole

methiodide, when heated in a high v^aciium at 180”220°, furnishes

physostigmol ethyl ether, CigHi^ON, lustrous plates, m.p. 86 °
;

picrate,

m.p. 05°.^® This substance has been synthesised by Stedman by
condensing p-ethoxyphenylmethylhydrazinc with a-ketoglutaric acid to

form 5-ethoxy-2-earboxy-l-methylindole-3-acetic acid (I). This, on
decarboxylation, yielded 5-ethoxy-l : 3-dimethylindole (II), which proved

to be identical with physostigmol ethyl ether, and so established the validity

of the formula (HI) for physostigmol proposed by Straus and settled

the position of the phenolic hydroxyl group in this substance and in

eseroline.

Another synthesis of physostigmol ethyl ether was effected by Keimatsu

and Suganuma,^® and conhrmaiion of the physostigmol formula was

provided by the synthesis of dihydrophysostigmol methyl ether by

Spath and Brunner. Based upon the Straus formula (III) for physo-

stigmol, several formulte for eseroline and physostigmine were put

forward before the position of the hydroxyl group and the location of the

methyl group in the
/
9-position of the indole ring in physostigmol were

thus demonstrated. The most interesting of these is the group of formulue

suggested by M. and M. Polonovski,^® based mainly on a.study of the

reduction and exhaustive methylation of eserethole. They found that this

was reduced by zinc and hydrochloric acid to the secondary base, dihydro-

eserethole (oil ; oxalate, needles, m.p. 204°), which must be formed by



542 INDOLE GROUP

the scission of a heterocyclic ring.^® Further, when cserethole methiodide

is treated with alkali, eserctholernethiue, prisms, rn.p. 89°, [a]n + 10°, is

formed. This is reconverted to cserethole methiodide by hydriociic acid,

and witli methyl iodide furnishes a quaternary methiodide, rn.p. 100 °,

[a]j) — 11 * 8 °, which is decomposed by alkali givdng trimethylamine and a

new base etheseroline, • OEt, prisms, rn.p. 48°, [a]j) — 98° (EtOII).

The formation of these substances was explain(‘d (1924) by the following

formulae ;
—

Hc/\-
I
Ito

IBC

/ \
-HC

BC

Esaretbol^ plhydroaserethola

CH CHp

HC C HC^ ^CH
I
EtO

II
I I

HC C UC.OH CH

\ / \ / /
CH Mis NM*2

2

2

gaeretholeae thine

To develop the formula of physostigmol into that of eseroline it is

necessary to add on a residue, C 3H 7
N, in which the nitrogen atom is basic

and tertiary (Salway) and is present as -NMe (Straus), whence the

residue may be expanded to —CHg—CH2—NMe, which imj)lies a pyrroline

ring. The formula now generally accepted for eseroline (IV) and that for

physostigmine (\") deducible from it, were proposed by Robinson, and

the additional evidence for^ them provid(‘d by Rarger and Stedman
may be summarised as follows :

—

CH

HO.C?
I II

HC C^ HC

(I7)^GH

/\
Ue(j^ ^CHg

I
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CH CHp

HSMe.CO.O.C^ C—MeC^ ^CH.
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(V)^CH ^NUe
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The formation of dihydroeserethole by reduction of cserethole is readily

accounted for by the opening of the pyrrolidine ring. It was shown by
Barger and Stedman that the reconversion of eseretholemethine to

cserethole methiodide by hydriodic acid is analogous with the behaviour

of Brunner’s alkylene indolines.^^ For this reason M. and M. Polonovski 2^

reinvestigated the formation of eseretholemethine and showed that it was
produced by tautomeric change from methyleseretholinium hydroxide

and not by loss of water. These changes may be represented by the

formulae shown on p. 548.

The indolinol character of eseretholemethine is indicated by the

fact that the methiodide on treatment with picric acid yields a diquaternary

picrate (rn.p. 170°) with the loss of the hydroxyl group. More definite

proof is afforded by the oxidation of eseretholemethine with ammoniacal
silver nitrate or potassium ferricyanide, when a dehydroeseretholemethine

(oxyeseretholemethine of Polonovski), picrate, m.p. 199°, is produced

which is assumed to have formula (VI), since on exhaustive methylation

it yields trimethylamine and an unsaturated product (deep-red picrate,

m.p. 108°), which absorbs two atoms of hydrogen, forming 5-ethoxy-l : 8-

dimethyl-8-ethyl-2-indolinone (VII), colourless cubes, m.p. 68^ The
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mine, showed no change in melting-point, whilst the d-basc rnethopicrate

on similar admixture showed a rise of melting-point to 198-4°, identical

with that of the synthetic dl-hase rnethopicrate.

Robinson and Suginome had already achieved the synthesis

of the complete ring system of physostigmine by the preparation

of dl-norescrethole. For this purpose phthalo-y-bromobutylimide,

CH3—CHEr—CHg—Cllg—N—(CO)2~CgH 4 , was condensed with ethyl

sodioacetoacetate to ethyl 8-phthalimido-a-acctyl-j8-methylvalerate (XIV),
which, on coupling in alkaline solution with p-ethoxybenzenediazonium
chloride, lost the acetyl group and formed ethyl 8-phthalimido-a-keto-^-

methylvalerate p-ethoxyphenylhydrazone (X\^). The latter underwent
ring closure on treatment with hydrogen chloride in alcohol, to ethyl

5-ethoxy-3-methyl-3-j8-phthalimidoethylindolenine-2-carboxylate (XVI),

in which the replacement of the carbethoxy-group by a hydrogen atom
proved troublesome, but was achieved by hydrolysis to the dicarboxylic

acid (XVII), which, when heated in boiling xylene, gave as chief product

AW'-phthaloyldiVioreserethole (XIX) the desired base 5-cthoxy-3-methyl-

3-(^-phthalimidoeth>l)-indolcnine (XVIII) being formed only in small

amount. In a subsequent paper by King, Ijguori and Robinson this

ditHculty w^as avoided by applying the indolenine synthesis toy-phthalimido-

a-methylbutaldehyde and ;Aethoxyphenylhydrazine and so obtaining

(XVIII) directly. The transformation of the latter to ^iorescrethole (XXI)
was accomplished by treating the methosulphate (XX) with hydrazine in

alcohol to eliminate the phthalic acid residue as phthalylhydrazide ;

ring closure then took place on addition of hydrochloric acid to the filtrate,

I XIV) CgH^C^^^^.lCHglg.CHMe.CHAC.COgSt >

(XV) CgH^^^N.CCSglg.CHIto.ClCOglt) NgH.CgH^.OZt >

•ptth as phthalyX r«0idu«
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with the formation of dl-noreserethole (XXI). The latter is a strongly

basic syrup giving a hydrochloride, bluish-grey needles, m.p. 191-2°, a

platinichloride, yellowish-brown prisms, m.p. > 185° (dec,), and a picrate,

redaish-orange prisms, m.p. 180-1°.

The same authors subsequently devised another method of completing

the tricyclic physostigmine system.^^ 5-Methoxy-l : 3-dimethyl-3-j3-

bromoeth3d-2-indolinone (XXII), already used as an intermediate in the

synthesis of dehydroesermetholemethine (p. 543), was converted vid the

phthalimido-derivative into the corresponding ethylamine (XXIII),

wliich was cyclised by phosphoric oxide in boiling xylene to the amidine

(XXIV), and this on catalytic hydrogenation gave dZ-noresermethole

(XXV), a basic red oil giving a picrolonate, m.p. 227° (dec.), and yielding

on methylation the quaternary base isolated as d/-esermethole rnetho-

picrate (XXVI), which occurs in two forms, m.p. 190° and m.p. 183-4°
;

a mixture of the two forms melts at 183-4°, and admixture of each form
with Z-esermethole methopicrate (m.p. 194°) prepared from physostigmine

lowers the melting-point of the latter to that of the added component.^®

d/-7?orEserethole (XXV : MeO —> EtO), unlike worcsermethole, on
treatment with methyl p-toluenesulphonate, undergoes mono-AT-alkylation

and furnishes di-eserethole (XXVII : . MeO —> EtO .), identified as the

methopicrate, m.p. 184-6° (King, Robinson and Suginome ^®). As this

substance, like various analogues in this series, contains two asymmetric

carbon atoms, efforts have been made to resolve the synthetic dZ-base,

which has been obtained crystalline by King, Liguori and Robinson. 2® It

forms rectangular plates, m.p. 79-80°, and furnishes a dimorphic picrate,

m.p. 139- 140° and 150-1°, As explained below, this variety of dZ-eserethole

should be distinguished as dZ-eserethoie-5.

In the course of work on the tricyclic system of physostigmine,

Hoshino and Kobayashi started with 5-ethoxyindolyl-j8-ethylamine,

which was treated with magnesium ethyl iodide and the product heated

with methyl iodide in benzene. From the resulting mixture a supposed

d/-dinoreserethole (XXVIII) was isolated. It had m.p. 35-9°, b.p. 145-150°/

1 mm.
;
gave a picrate, m.p. 170-1°, and on treatment with methyl iodide

was presumed to yield dZ-dinoreserethole hydriodide and dZ-methylesere-

thole,*® m.p. 80-1°, b.p. 184-5°/4 mm., which gave a methopicrate,

VLAXT AIK, IS
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m.p. 174-5®, and was represented by (XXIX). After a direct comparison
of specimens, King and Robinson believed this substance might
be a dZ-eserethole. Kobayasbi later provided evidence that the

substance, C15H22ON2 , was not (XXIX) but 5-ethoxy-8-methyl-8-

dimethylaminoindolenine, and this was subsequently confirmed by its

synthesis in 1939 by a new method.

Hoshino and Kobayashi (1935) have also described the resolution of

dZ-eserethole by crystallising the mixed d-hydrogen tartrates from alcohol,

when d-eserethole d-hydrogen tartrate [m.p. 173-4®, [a]J®“ + 115° (HgO) ]

separated first. The base recovered from the mother liquors yielded with

Z-tartaric acid, Z-base Z-hydrogen tartrate (m.p. 173-4°, [a]}®* — 115°). The
active picrales had m.p. 135-6° and the dZ-picrate m.p. 152°.

Still another method of building up the tricyclic system of physostig-

mine, simpler than any of the foregoing, has been devised by Julian and
Pilvl, and applied to the preparation among others of the following products:

dZ-deoxynoreseroiine,^2 j^-deoxyeseroline,®® dZ-eserethole,^ Z-eseroline and
physostigmine. The following process was used for dZ-eserethole,

p-a-Bromopropiono-iV-methylphenetidide (XXXII) on treatment with

aluminium chloride yielded 5-hydroxy-l : 3-dimethyloxindole (XXXIII),
the ethyl ether of which, with chloroacetonitrile in presence of sodium
ethoxide, gave 5-ethoxy-l : 3-dimethyloxindolyl-3-acetonitrile (XXXIV),
which on catalytic hydrogenation furnished the corresponding amino-
compound (XXXV) convertible by the action of methyl iodide on its

benzylidene derivative into the 1 ; 3-dimethyl-3-j8-methylaminoethyloxin-

dole (XXXVI), which is reduced by sodium in alcohol to dZ-eserethole

ixxnx)
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(XXXVn). The latter crystallises from a well-cooled solution in ether

and light petroleum, has m.p. 38°, b.p. 181“3°/12 mm., and yields an orange-

yellow picrate, m.p. 155°. The product of action of methyl iodide upon
the new base gave a yellow dipicrate, m.p. 169-171°, which on recrystallisa-

tion from alcohol passed into the red monopicrate, m.p. 191°. This

synthetic base King and Robinson suggest should be called d^-eserethole-a

and they regard it and (iZ-eserethole-5 (p. 545) as possibly related to each

other as cis-cis and cis-trans isomerides. Julian and Pikl were unable

to resolve dZ-eserethole, but they succeeded with dZ-5-ethoxy-l : 8-dimethyl-

oxindolylethylmethylamine (XXXVI) by the successive application of

d-camphorsulphonic acid (which removes the d-amine, [alff** + 30° (EtOH) ;

picrate, m.p. 175°) and d-tartaric acid, which isolates the Z-base
( [a]^“

— 30° (EtOH)
;

picrate, m.p. 175°). The latter, on reduction by sodium
in alcohol, furnished Z-eserethole, — 81*6°, d-hydrogen tartrate,

m.p. 168°, picrate, m.p. 185°, agreeing with Z eserethole (p. 541), prepared

from physostigmine. The Z-cserethole so obtained was de-alkylated by
the action of aluminium chloride suspended in light petroleum to Z-eseroline

(XXXVIII), m.p, 128°, identical with the product obtained from physo-

stigmine (XXXIX), and, as the latter had already been synthesised from
Z-eseroline by Polonovski and Nitzberg,^^ the work of the American authors

constituted the first complete synthesis of physostigmine.

Geneserine, C15H21O3N3 ,
was obtained by Polonovski and Nitzberg

by extracting calabar beans previously soaked in 2 per cent, sodium
hydroxide solution with ether. It forms orthogonal crystals, m.p, 128-9°,

Md — 175° (EtOH), — 188° (dil. H2SO4 ), is a weak base, does not give

crystalline salts with mineral acids, but yields a salicylate, m.p. 89-90°,

picrate, m.p. 175°, and a methiodide, m.p. 215°. At 160° it evolves

methylcarbimide and is decomposed by sodium in alcohol, furnishing

OENESEROLiNE, which is analogous with eseroline (p. 540)

and, like it, yields methyl and ethyl ethers, e.g., the ethyl ether, geneser-

ethole, is obtained by the action of ethyl bromide on geneseroline in presence

of sodium ethoxide, Geneserine differs from physostigmine by one atom
of oxygen, shows parallelism in its reactions and is reduced to physostig-

mine by zinc dust and acetic acid in alcohol, whilst physostigmine can be
oxidised by hydrogen peroxide to geneserine. On these grounds

Polonovski regards it as an amine oxide of physostigmine, and has also

produced evidence for the existence of a tautomeride, distinguished by
its greater power of decolourising methylene blue. There is ground for

the view that geneserine and eseridine {see below) are identical.

Eseramine, C13H23O3N4, was first obtained by Ehrenberg,®® and its

occrirrence in Calabar beans was confirmed by Salway.®® It forms colourless

needles, m.p. 245° {dec.) and is sparingly soluble in ether, chloroform or

benzene, but readily in hot alcohol.

i>oPliysostigmine, C16H21O2N3, obtained by Ogui^® is insoluble in

ether and furnishes a crystalline sulphate, m.p. 200-2 °. Salway was
unable to confirm its occurrence in Calabar beans.®®

Escridtaei Ci5H*s08Nj, was obtained by BOhringer and SOhne,*^ and
18-—

3
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subsequently examined by Eber>* It is stated to melt at 182® and to be

converted into physostigmine when heated with dilute mineral acids.

Salway was unable to obtain evidence of its presence in Calabar beans.

It has been stated that geneserine and eseridine are identical.

Physovenine, C14H18O3N2 ,
was obtained by Salway from the mother

liquors left after the separation of eseramine. It crystallises from a mixture

of benzene and light petroleum in small, colourless prisms, m.p. 123®. Its

salts are dissociated by water. With barium hydroxide physovenine

liberates carbon dioxide and assumes a deep red colour, and, owing to the

similarity of this behaviour with that of physostigmine, Salway suggested

that physovenine may be an intermediate product in the formation of

eseroline from physostigmine.

Pharmacological Action, The action of physostigmine on the para-

sympathetic nervous system w^as early recognised. In 1873 its potentiating

effect on the stimulation of such nerves was observed, for example, on the

cardiac vagus.^* Its antagonistic effect on the action of curare (p. 391)

was noted in 1900, and in the light of more recent knowledge of the mode
of action of both drugs the nature of this antagonism is being investigated

in detail.^®

The explanation of the action of physostigmine began with the discovery

of the parasympathetic action of acetylcholine by Hunt and Taveau and
Dale,^® and the observation by Loewi that on stimulation of the frog’s

cardiac vagus, a substance having the properties of acetylcholine was
liberated. Loewi and Navratil later suggested that the action of

physostigmine on the heart was due to the inhibition of the destruction of

acetylcholine by an esterase normally present there. Engelhart and
Loewi and Matthes showed that the normal destruction of acetyl-

choline was largely enzymic in character and specifically inhibited by
physostigmine.

Feldberg and Gaddum proved that acetylcholine was involved as

the transmitter of the nervous impulse in the autonomic ganglia. Later

papers by Dale et al^^ showed that acetylcholine functions as the trans-

mitter of the voluntary nervous impulse in mammalian muscle and the

possible intervention of analogous mechanisms in the central nervous

system has become apparent.®^ This work has been reviewed, especially

in its clinical aspects, by Fraser. The results have led to much researcli

on the details of such actions, e.g,, on the distribution, specificity and
purification of the choline-esterases, methods of estimating the activity

of these enzymes and study of the interaction ot enzyme, substrate

and alkaloid.^^f®^ It should be added that this essentially chemical

hypothesis does not tell the whole story of this physiological problem,

and an interesting account of an electrical explanation of transmission has

been given recently by Eccles,^^^**! and Cunliffe, Barnes and Beutner

have called attention to the electrogenic properties of acetylcholine.

Ellis, Krayer and Plachte have shown that the degradation products

of physostigmine, eseroline and eserine-brown do not inhibit choline-

esterase, but rubreserine and eserine-blue are inhibitors in vitro, having
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about 1 per cent, of the potency of physostigmine, and also show the same
types of activity as the parent alkaloid in other directions.

The three items in the reactions described above have all been varied

in experimental investigations. Hawkins and Gunter have used benzoyl-

choline and acetyl-jS-methylcholine as substrates, in addition to acetyl-

choline, and have employed specific choline-esterase as well as the non-

specific type (p5cwc/o-choline-esterase).^^("^ Prelog, Junasz, Rezek and
Stern have prepared the sulphur analogue of acetylcholine chloride,

viz. dimethyl-j5-acetoxyethylsulphonium chloride and shown that it

closely resembles acetylcholine in its behaviour with choline-esterase, but
is less active pharmacologically and acceleration of fission by the enzyme
is less. Zeller has dealt with types of choline-esterase and their

inhibition by various chemotiieraj^eutic and pharmaceutical substances,

Vincent and Beaujard have shown that many alkaloids exert this

inhibiting action though none is as potent as physostigmine, and Wright
has found effective inhibitors for the choline-esterase of human blood in

phenanthrenedialkylamino-alcohols of the type Ar . CHOH . CHg . NAlkg.

According to Scheiner,^®^^^ jS-naphthylquinoline methiodide is twice as

active in this respect as physostigmine and about equal to prostigmine [see

below). Probably the most interesting addition to inhibitors of choline-

esterase is dit^opropyl fluorophosphonate, on which there is now a con-

siderable pharmacological literature. It is one of a series of toxic inhalants

of the type (RO)2POF, prepared by a team of chemists led by McCombie
and Saunders, and tested biologically by a group of workers directed by
Adrian. In the most potent items so far described, R is ct/eZohexyl, or

an unsubstituted, secondary, alkyl radical, such as isopropyl or ^ccbutyl.

Their miotic action was noticed owing to their effect on the eyes of the

chemists working with them and this led to their examination for physo-

stigmine-like properties. They were found to be potent inhibitors of

choline-esterase in vitro, the more active of them causing inhibition at a

concentration of 10”^^ M. Inhibition by them, unlike that due to physo-

stigmihe, is progressive and irreversible and takes place with ordinary

esterases as well as with choline-esterase.

The miotic effect induced by physostigmine lends itself to investigation

of the interrelation of chemical constitution and pharmacological action,

and Stedman has devoted much attention to this subject. Eseroline is

devoid of miotic activity, so that the latter actioh in physostigmine must
be mainly due to the fact that it is a methylurethane, and, since activity

only becomes evident in the urethanes of phenolic bases or phenols with a

basic side-chain, a basic nucleus for the urethanes appears also to be

essential.

In the series NHR . CO . O . C„H4 . NMcg all the members tried in

which R is a methyl group were active, but when R is ethyl or hydrogen,

miotic action is reduced or may even disappear, thus the p- and m-
dimethylaminophenyl esters of ethylcarbamic acid {R = CgHg) are

inactive but the o-ester is active, indicating that activity is also influenced

by the position and nature of the basic group. When ihe tertiary basic
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group in this series becomes quaternary, the activity of the m series

increases, wiiilst that of the o- and jp-isomerides disappears. In the series

of urethanes derived from the isomeric hydroxybenzyldimethylamines

similar relations are exhibited
; miotic activity is shown by the methyl

—

but not by the ethyl—or phenyl—urethanes, and in the methyl series the

order of activity is as follows for the position of the side-chain : ortho- >,
para- >, meta-. Conversion into the quaternary bases increased the

activity of the or/Ao-eompound, diminished that of the meta- and abolished

activity in the para-derivative.®'^ One of the substances made by E. and
E. Stedman,®® the methylurethane of a-r«-hydroxyphenylethyldimethyl-

amine (XL :
“ miotine ”) had miotic activity of the same order as physo-

stigmine, and was examined along with similar products by White and
Stedman ®® and shown to be qualitatively identical with physostigmine

as a parasympathetic stimulant. Stedman and Stedman also found
that the miotic urethanes in general inhibited the action of liver esterase,

though the relative inhibitory activities did not always run parallel with

miotic action in the same series. In view of the differences sometimes
observed in the action of stereoisomerides, it is of interest to note that

Easson and Stedman found I “ miotine ” more active than the d-form

when applied to isolated rabbit intestine. A more extensive comparison

of d- and ^-miotines by White and Stedman confirmed this as regards

general toxicity and physiological action.

A fmther development of this subject is due to Aeschlimann and
Reinert, who found that in the series represented by (XLI) thedimethyb
carbamic ester (XLI : R = Me) and the methylphenylcarbamic* ester

(XLI : R = Ph) were at least as active as physostigmine in stimulating

peristalsis. The miotic activity of the dimethylcarbamic ester (prostig-

mine, neostigmine) is similar to that of physostigmine, that of the methyl-

phenylcarbamic ester being weak.

Recently Aeschlimann and Stempel have prepared a series of

analogues of prostigmine in which R of (XLI) is a substituted phenyl

group. These have been submitted to a wide range of pharmacological

tests in comparison with prostigmine. Several of them showed curare-like

action in the frog rectus, and this type of action has been further investi-

gated by Lehmann in another series of inhibitors of choline-esterase of

which the most potent curarismg agent was (2-hydroxy-3-ct/ctohexylbenzyl-)

-methylpiperidinium bromide dimethylcarbamate. These substances are

more effective after muscle tension is augmented by prostigmine or

physostigmine than on normal muscle : the reverse is true of curare,

R. D. Haworth et aL^ have prepared series of compounds related to
“ miotine ” and to “ prostigmine,” and have used them to investigate the

correlation of structure with toxicity in the two series.

Physostigmine can be regarded as the methylcarbamate of a p-amino-

phenol, with an alkyl chain substituent in the o-position, relative to the

amino-group. Stevens and Beutel,^® with this in mind, have prepared

substances of the type p-R^RjN . CO . O . C^HsR . NMe^X, where R is an
alkyl radical, e.g., isopropyl, in eithar the o- or mrpositkm relative to tibe
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amino-group. Preliminary pharmacological results were promising.

Chaikin has recently investigated the stability in solution, under biological

conditions (pH, 7*4 and temp. 88°), of three compounds of this type,

I I

IMcgN . C : CH . CH : C(0 . CO . R) . CH : CPr^ in which R = NHMe or

NMcg or NCgHjQ. Tested in the form of iodides, the second and third were
stable for four days and the first (R = NHMe) was unstable.

Hawkins and Gunter have found that the dimethylcarbamate of

(2-hydroxy-5-phenylbenzyl)-trimethylammonium bromide,

I 1

Ph . C : CH . C{CH, . N(Br)Me8) : C(0 . CO . NMe^) . CH : CH,

an analogue of prostigmine, shows marked inhibition for ^-choline-

esterase, but is only slightly active towards true choline-esterase.

Physostigmine and certain of its analogues, especially (XLI : R = Me),

have been used in the treatment of Myasthenia gravis, a condition in which
the motor nerve-endings are easily fatigued, so that the victim after but
slight exertion may become immobile. A considerable literature has

accumulated on this subject since the original successful experiment by
Dr. Mary Walker.*® Pritchard has suggested on the lines indicated above
that this disease may be due to failure of the acetylcholine action in the

transmission of the nerve impulse.*^ Guanidine has also been considered

for trial in this condition *® and dii^opropyliluorophosphonate, already

referred to, has been tried ; it appears to be effective but has certain

disadvantages .
* ®

[XL) Miotinc (XLI) R = Me, Ph or H.
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ALKALOIDS OF STRYCHNOS SPECIES

Strychnine and brucine occur most abundantly in nux-vomica seeds

{Strychnos Ntuv-vomica, L.) and Ignatius beans {S. Ignatii, Berg.). Both
drugs contain from 2 to 3 per cent, of alkaloids, of which about one-half

is strychnine in the former and two-thirds in the latter, the rest being mainly

brucine. A third alkaloid vomicine is present in nux-vomica seeds, ^ and
a fourth, strychnicine, in nux-vomica leaves. ^ A fifth alkaloid, struxine,

was isolated from deteriorated nux-vomica seeds by Schaefer,® and in

1931 Warnat ^ added a-colubrine, jS-colubrinc and p,v^i/dostrychnine,

found in the residues of strychnine manufacture. The alkaloids of other

Strychnos species are shown in the following list ^ :

—

S. aculeata Sol. (W. Africa). Traces of brucine in fruit (Hubert, J. Pharm.
Chim., 1908, [vi], 27, 151).

S. Castelncei Wedd. (Brit. Guiana). See curare (p, 372).

S. cinnamomifolia Thwaites (Ceylon, India). Strychnine and brucine

(Short, Year-hook Pharm., 1924, 646).

S. colubrina L. (East Indies). Brucine and strychnine (Pelletier and
Caventou, Ann. Chim. Phys., 1818, [ii], 8 , 323 ; 1819, 10, 142 ; 1819,

12, 113).

S. Henningsii (S. Afriea). Two crystalline alkaloids : (
1

)
^28^28® 6^2 >

m.p. 280-5-282°, — 80° (EtOH) ;
contains one methoxyl, but

no methylimino group and is possibly phenolic
; (

2
)
C24H3QO 5N2 ,

m.p. 214-5-215°, contains two methoxyl groups and gives a violet

coloration with Frohde’s reagent. The alkaloids are possibly mono-
and di-methoxy derivatives of the same parent base. Amorphous
alkaloids are also present and possibly a third crystalline base (Hindi,

S. Afr. J, Sci., 1929, 26, 50 ; Trans. Boy. Soc. S. Africa, 1981, 20, 59 ;

(with Sapiro), ibid., 1936, 23, 361),

S. Ugustrina Bl. (East Indies). Seeds 0-6 to 1-5 per cent., nearly all

brucine ; stem bark 2-2 per cent, of which 0-5 per cent, is strychnine.
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Rowaan {Ph, WeekbL, 1941, 78, 1125 ; c/. Greenish, Year-hook Pharm.y

1879, 2, 1018).

S, lucida (West Australia). Seeds : strychnine, 0*84 per cent. ; brucine,

1*5 per cent (Watson, J. Roy. Soc. W. Aust, 1940-1, 27, 117).

S. Rheedei (India), Brucine.

S. Tieute Lesch. (Java), “ Upas tree.” Strychnine with traces of brucine

(Pelletier and Caventou, Ann. Chim. Phys., 1824, [ii], 26, 44 ;
van

Boorsma, Bull. Inst. Bot. Buit., 1902, No. 14, 3, 7).

S. Toarifera Schomb (Guiana). See curare (p. 372).

S. Vacacoua Baill. (Madagascar). Bakankosine, CieHgsOgN . HgO, an
alkaloidal glucoside ; colourless crystals from alcohol

; m.p. 157° and
200®, [a]D — 205-2°. Hydrolysed by acids to d-glucose and the

aglycone, Ci^HigOgN. Non-toxic (Bourquelot and H^rissey, Compt.

rend., 1907, 144, 575 ; 1908, 147, 750 ; J. Pharm. Chim., 1907, [vi],

25, 417 ; 1906, [vi], 28, 433 ; Arch. Pharm., 1909, 247, 857).

S. potatorum Limi. and S. nux-hlanda, Hil. The seeds ar^ stated not to

yield alkaloids (British Pharm. Codex, 1984, p. 675) and this is also

true of S. spinosa grown in Florida (Lofgren and Kinsley, J. Arne?.

Pharm. Assoc., 1942, 31, 295). The Chinese drug “ fan-mu-pieh,”

reported by Jeng-Hung-Chu to contain strychnine and brucine

(J. Chin. Pharm. Assoc., 1940, 2, 246) is listed in Read’s “ Chinese

Medicinal Plants ” as nux-vomica.

Isolation and Estimation qf Strychnine. The British Pharmacopoeia,

1932, specified for the official nux-vomica a content of strychnine not less

than 1-2 per cent. This pharmacopoeia prescribes a process for the estima-

tion of strychnine, depending on extraction of the total alkaloids, and
oxidation of the brucine by nitric acid under defined conditions, the

unaltered strychnine being then isolated and estimated.® A method for

the estimation of strychnine in the total alkaloids, depending on the

sparing solubility of strychnine ferrocyanide in water, was devised by
Dunstan and Short ’ and has again received attention recently, particularly

in regard to conditions necessary to ensure complete precipitation. For
the isolation of strychnine from biological material, Fabre and Oficjalski

have applied their process of electrodialysis, and chromatographic methods
have been described by Bjorling, by Brownlee and by Christensen.®^^^

For the estimation of isolated strychnine, Rasmussen ® has used a method
based on the colour developed by the alkaloid with ammonium vanadate
in sulphuric acid, and Allen and Allport ’ have described a process based

on the colour reaction of nitrites with “ reduced strychnine ” (Denigis).

Strychnine is frequently used in medicine in association with other alka-

loids and special methods have been devised for its estimation in such

cases. Appropriate methods are also available for its isolation and
estimation in toxicological investigations,^^ and for its assay in vermin
killers "and poisoned baits.

Strychnine, This alkaloid was discovered by Pelletier

and Caventou in 1817, and was investigated by Regnault,*® wlm provided
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the formula given above. For the extraction of strychnine and brucine

on a laboratory scale the finely ground Strychnos seeds may be mixed with
slaked lime and made into a stilf paste with water. This is dried at 100 ®,

powdered, and exhausted with boiling chloroform. From this the alkaloids

are removed by agitation with dilute sulphuric acid, which is then filtered,

excess of ammonia added, and the precipitate extracted with 25 per cent,

alcohol, which dissolves the brucine and leaves most of the strychnine

undissolved. The latter is purified by recryslallisation from alcohol, in

which brucine is more soluble. For operation on a larger scale processes

have been devised by Watson and Scn,^^ Schwyzer and Volck.^®

Strychnine crystallises in colourless rhombs, m.p. 268-290®, dependent
on the rate of heating, [a]i> — 109*9® (EtOH, 80 per cent.) — 139*3°

(CHCIg).** Acf*ording to Loebisch and Sclioop, it distils unchanged at

270°/5 mm. The base is slightly soluble in water (1 in 6,400 at 25°, 1 in

3,000 at 80°) or ether (1 in 5,500 at 25°), more so in 90 per cent, alcohol

(1 in 110 at 25° or 1 in 28 at 60°), or ben 2:ene (1 in 150 at 25°), readily so

in chloroform (1 in 6 at 25°). The aqueous solution is alkaline and has a

bitter taste, even in a solution containing 1 part in 700,000. It behaves as

a monoacidic base ;
the salts crystallise well.

Strychnine nitrate, B . HNO 3, occurs in colourless shining needles,

soluble in water (1 in 42 at 25°), alcohol (1 in 120 at 25°), or chloroform

(1 in 156 at 25°)
;

lajvorotatory. The sulphate, Bg . HgSO^ . 5H2O, forms

colourless prismatic crystals, m.p. 200° {dry), and is soluble in water (1 in

31 at 25°), or alcohol (1 in 65 at 25°), less so in chloroform (1 in 325 at 25°).

The hydrochloride, B . HCl . 2H2O, forms colourless, efflorescent, trimetric

prisms, soluble in cold water (1 in 35) or alcohol (1 in 80). The aurichloride,

B . IIAuCl^, crystallises from alcohol in orange-yellow needles. The
hydriodide, B . HI . HgO, is sparingly soluble in water, as is also the

periodide, B . HI .I2.
reddish-brown prisms from alcohol. The dichromate,

B . HgCrgO^, is slightly soluble in cold water (1 in 1,815 at 18°) and
crystallises from boiling water in orange-yellow needles. The tetra-

chloroiodide, B . HICI4 ,
is a pale yellow, crystalline powder, m.p. 91° {dec.).

The benzylidene derivative crystallises in pale lemon yellow leaflets,

m.p. 235-7°, and on solution in sulphuric acid (60 per cent.) gives a deep

blue coloration with potassium dichromate. Strychnine N-oxide^ C21H22O 3N2 ,

m.p. 210-2 °, the preparation of which has been improved by Oesterlin,^’

has been the subject of several investigations into its reactions, as have
also the N-oxides of three derivatives of strychnine, described later, viz.,

iVostrychnine N-oxide, which is amorphous but yields a crystalline per-

chlorate, m.p. 149-150°, strychninic acid N-oxide, C21H24O4N2, m.p. 232—4°,

and n^ostrychnine oxide, C21H22O 8N2, 3H2O, m.p, 179-180°.

Strychnine is not coloured by sulphuric acid, even on warming. With
nitric acid it gives a yellowish coloration, and the residue left on evaporating

the liquid at 100° gives a reddish-purple colour with ammonia. A fragment

of the alkaloid in a drop of sulphuric acid gives, with a crystal of potassium

dichromate, manganese dioxide, ceric oxide or potassium permanganate

stirred in it, a series of coloixrs, beginning with blue, which gradually passes
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through violet and red to yellow.^* The only other alkaloids which

resemble strychnine in this respect are “ curarine and gelsemine. Certain

other alkaloids give a somewhat similar colour reaction, but most of these

are also coloured by sulphuric acid alone. Brucine gives a deep red colour

when oxidised, with nitric acid, and this is apt to obscure the colour

change produced by strychnine, so that if brucine is present it should

first be eliminated. Organic matter also masks the reaction, and may be

removed by warming with sulpliurie acid and recovering the strychnine

by adding w^ater and ammonia and shaking out with chloroform.^®

Sulphuric acid containing ammonium vanadate gives with strychnine a

deep bluish-violet colour, changing to purple and linally to red.^®

Owing to its use as a vermin-killer and to its importance in toxicology,

a great deal of attention has been given to methods for the isolation of

strychnine from biological materials and the detection of minute quantities.

For critical reviews of such methods see Ainsworth Mitchell,®^ Steyn,^^

Ward and Munch. ^2 A microchemical method for the differentiation of

strychnine and brucine has been described by Martini. 2

^

Brucine, C23H26O4N2 . Brucine was fii-st obtained in 1819 by Pelletier

and Caventou from Strychnos Nux-vomica bark, then supposed to be

derived from Brucea ferru^inea. Its composition was determined by
Regnault.^®

Preparation, The mother liquors from strychnine manufacture are

concentrated and the alkaloids precipitated as neutral oxalates. JThe

precipitate is dried and extracted with dry alcohol in which the strychnine

salt is the more soluble. The less soluble salt dissolved in water is decolorised

with charcoal, the alkaloid regenerated with ammonia and purified by
crystallisation as the sulphate. According to Saunders, pure brucine

may be obtained by slow crystallisation from a solution of the pure
hydrochloride in alcoholic ammonia. 22 A method of separation depending
on the greater solubility in water of strychnine hydriodide was employed
by Shenstone,2^ whilst others have made use of the sparing solubility of

strychnine chromate for the removal of small quantities of this alkaloid

from brucine. For a large scale process see Schwyzer.^^

Brucine crystallises from water or aqueous alcohol in monoclinic

prisms containing 4H2O, m.p. 105° or 178° {dry), [aji) — 119° to — 127°

(CHClg) or —80*1° (EtOH). The alkaloid is slightly soluble in cold

water fl in 320), more so in boiling water (1 in 150), very soluble

in alcohol, chloroform, or amyl alcohol, sparingly soluble in ether

(1 in 134).

Brucine is a monoacidic base ; the salts crystallise well and are

readily soluble in water. The hydrochloride, B . HCl, forms needles, the

hydriodide, B . HI, leaflets, sparingly soluble in water and the sulphate,

Bg . H2SO4 . THgO, long needles.

Brucine is easily distinguished from strychnine by not giving the

characteristic play of colours when oxidised with chromic acid in sulphuric

acid and by affording an intense red colour with nitric acid, which may be
distinguished from that given by morphine by cautiously adding stannous
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chloride, when, in the case of brucine, the red colour changes to violet. A
series of other colour reactions has been described by Fran9ois.*®
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pseudoStrychnine {^-Strychnine), C21H22O3N2. This alkaloid and the

two colubrines described below, were isolated by Warnat ^ from the

mother liquors of strychnine manufacture. It can also be prepared by
the oxidation of strychnine with air or ozone and has been the subject of

investigation by Leuchs et Blount and Robinson,® and Kotake et al.^

The base forms a crystalline powder, m.p. 266—8°, and in alcohol has

— 43*8° or in chloroform — 86° (W), — 129° (L) or — 118° (K). It

gives the same play of colours with sulphuric acid and potassium dichromate

as strychnine, but is a weaker base and less toxic. It forms a series of

crystalline salts; B.HCl. 2H2O, [a]r+ 8* 9° (H^O) ; B. HNO3, [ab
7*6° (EtOH) ; B • HCIO4, prismatic needles ; and ferrichloride,
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CtAaOaNXLFe, orange-red plates, m,p. 284r-5^ {d^c.) from acetic acid.

The nitroso-derivative, C2iH2i04N8,
has m.p. 292-4° and [aJjj® + 228*8°

(CHCI3).

On solution in hot methyl or ethyl alcohol, 0-strychnine is converted

into 0-methyl- ^-strychnine, C 22H24O 3N2 ,
m.p. 198-200°, — 70* 1

°

(CHCI3) and 0-ethyl- ^i-strychnine, C23H2603N2 »
224-5°, [a]ff — 56-8°

(CHCI3) respectively. These ethers are formed by the replacement of a

molcule of water by a molecule of the alcohol, which is not lost on drying

at 110 °, but hydrolysis of eitlier ether to ^-strychnine occurs on solution

in cold dilute acids.

^

With methyl iodide, the methyl ether formed what appeared to be a
normal methiodide, C23H27O 3N2I, m.p. 216° (dec.), giving on treatment

with potash in boiling methyl alcohol a base, C28H26O 8N2 ,
m.p. 174-5°

(dec.) regarded as des-N : O-dimethyl-^-stryehninium hydroxide. The
latter was hydrolysed by boiling dilute hydrochloric acid to N(5)-methyl-

c^ano- ^-strychnine, C22H24O3N2 , m.p. 270-1° (dec.), giving a perchlorate,

blackening at 250° and exploding at 290°, and a characteristic dibenzyli-

dene derivative, lemon-yellow prisms, m.p. 284-5° (dec.), while its dihydro-

derivative, C22H26O 3N2, m.p. 296-7°, furnishes a monobenzylidine deriva-

tive, m.p. 264-6°.^

(For explanation of the symbol N(5) and the term chano see pp. 561

and 576 and the strychnine formulae, p. 574.)

Leuchs,2 on the contrary, finding that the methiodide, C23H27O 3N2I,

contains no methoxyl group suggested that the methyl ether methiodide

first formed suffered transfer of the 0-methyl group to N (6 )
thus :

; C(O.Me) , N(5) —> : CO N(5)Me, the N-methyl base, C22H24O 8N3 , so

produced becoming available as the methiodide as isolated. Part of the

original pseudostrychmne methyl ether methiodide was also believed to

undergo hydrolysis thus ;

—

: C(O.Me) . N(6)MeI : C(OH) . N(6) :
(Mel) -> ; CO N(5)Me, HI

.

and to become obtainable eventually as the hydriodide of the same N-
methyl base, C22H24O 3N2,

the evidence for this being that on conversion

of this, by the action of methyl sulphate, into the quaternary base, the

latter can be isolated as the perchlorate, m.p. 285-298° (dec.), identical

with the perchlorate prepared from the methiodide, C28H27O 8N2I.

The constants and characters assigned by Leuchs to the base,

C22H24O 3N2, indicate its identity with Blount and Robinson’s
N(b)-methy\chanopsetidostrychnine (see above). On reduction in acid

solution with zinc dust ^-strychnine is converted into strychnine. On the

basis of these results Blount and Robinson * suggested that ^-strychnine is

a hydroxystrychnine and contains a group =C(OH)—

N

=, the alkyl deri-

vatives being ethers =C(OR)—^N= and the nitrosoamine =CON(>—-Nss=.

This view makes the alkaloid analogous with the carbinol bases, berberine

and cotarnine, but, unlike them, it furnishes normal instead of anhydro-
salts. It is a tertiary alcohol, since the group =^NH—CHOH~ is usually

easily oxidised to =»N—CO—, whereas ^-strychnine is stable to potaSsiu^
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ferricyanide, cannot be oxidised to a cyclic amide, and its methylation
product hydrolyses to a keto- and not an aldehydo-amine. The hydroxyl
group is situated on a carbon atom contiguous to N(6) of the strychnine

formula (p. 574) in a group—CHg—C(OH)—^N(6)=. Evidence confirming

that view has been provided by Prelog and Koc6r ; it implies (formula

XXVII p. 582) as the position of the hydroxyl group.^

Under the action of alkali, according to Kotake, Sakan and Kusumoto,*
»/»“Strychnine fields Iryptaminc, and N•'meth}l67^a/^0' ^-strychnine produces

N-methyltryptamino
Leuchs attributes the occurrence of ^-strychnine iu mother liquors

from the manufacture of strychnine, atmospheric oxidation of the
latter and has d(*scribcd the pre naration of </r-str\ chnine by the action of

air on strychmue in presenct of tMipric liydroxidc and solution of ammonia.
In this process there are formed as by-products, strychnone, CgiHgoOgNg,
rn.p. 26vS” {dec.), [a] — 6i57'^jd (CIIClji) and ijj-strychnone, CgiHgoO^Ng,
m.p. 815-7° {dec.), [a| -f 33-3°/d (CIICI3). In the former the : ^N{b) - ^CHa—
group (I, p. 574) iias been converted to : N(^>) . CO . (Leuchs and Rack).^

0-Strychnine condenses with malonic acid to give strychnine-9-acetic

acid, C23H24O 4N2 . 3H2O, m.p. 270-2° {dec.), — 54s"'jd (II2O) or — 75°Jd

(acetic acid) which on heating is decarboxylated to 9-methylstrychnine,

C22H24O2N2. 2H2O. The latter resinifies on drying, sinters above 95° and
decomposes at 105-8° (Leuchs et al.,^ 1943).

Dihydro-0-strychnine, C21II24O3N2, m.p. 240-3° {vac.), [a]D -f 38*7/d

(CHCI3), forms a methyl ether, m.p. ^ 209° {vac.) and a benzylidene

derivative, m.p. 209-215° (Leuchs and Rack, 2 1940). Unlike 0-strychnine,

the dihydro-derivative can be converted, either by boiling with acetic

anhydride or by condensation with malonic acid, into the corresponding

9-acetic acid, in this case dihydrostrychnine-9-acetic acid, ^23^2004X2,

m.p. 300-3° {vac. dec.), [a]fp* + 43-0° (H2O) (Leuchs et al.,^ 1942).

Strychnine-9-acetic acid yields a typical yellow benzylidene derivative,

m.p. 285-8°, but dihydrostrychnine-9-acetic acid forms a colourless

compound, isolated as the perchlorate, C83H30O4N2, H2O, HCIO4, m.p. 205-

225° {dec.), which may be an i^obenzylidene derivative, though it gives a

transient blue colour with sulphuric acid and potassium dichromate.

0-Bmcine, CgaHaeOgNa. This substance was prepared by Leuchs and
Tessmar ® by the aerial oxidation of brucine in Fehling’s solution and is

thus an analogue of the similarly prepared 0-strychnine {see above). It

has m.p. 258-268°, and [a]JP* — 100° (CHCI3) and yields a methyl ether,

m.p. ^100°, a benzylidene derivative, m.p, 165° {dec.), a N-nitroso-

compound, m.p. 248° (dec.), and a dihydro-derivative, m.p. 258-260°

{dec.), [a]p° + 29°/(i (CHCI3). Its reactions have been investigated in

detail by Leuchs and his collaborators ® on the same lines as their study

of 0-strychnine, with results which are largely parallel. It is sometimes

called 9-hydroxybrucine, but this location of the hydroxyl group has not

been fully established.

a-Colidirine, CaaK^OaNa . 4HaO. This alkaloid crystallises from hot

dilute alcohol. The anhydrous base has m.p. 184°, —
• 76-5° (EtOH,
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80 per cent.). The hydrochloride, B . HCl . SHgO, forms long leaflets,

Wd — (EtOH, 80 per cent.), and the sulphate, Bg . HgSO^ . lOHgO,

glancing leaflets. On oxidation with alkaline permanganate a-colubrine

yields .Ar-oxalyl-4-methoxyanthranilic acid (dimethyl ester, m.p. 168®),

whence the alkaloid is assumed to contain the structure f I) corresponding

with (III) and (IV) in strychnine and brucine respectively.^

jS-Colubrine, crystallises from dilute alcohol, has m.p. 222 °,

— 107-7® (EtOH, 80 per cent.), and yields a crystalline hydrochloride,

B . HCl . HgO, [a]x) — 32*7® (HgO), and sulphate, Bg . H2SO 4 . OHgO,
crystallising in long prisms. On oxidation with alkaline permanganate
j9-colubrine yields A^-oxalyl-5-methoxyanthranilic acid, identified as the

dimethyl ester, m.p. 176°, presumably derived from structure II.

O-
\Ci MoO/

[IN.C: IIn.C;

(I) g-Colubrina (II) fi-Colubrlne (III) Strychnine (IV) Brucine

It is not certain that the rest of the molecule in these two alkaloids is

identical in structure with that in strychnine and brucine.

Struxine, C21H30O4N2, obtained by Schaefer ® from deteriorated nux-
vomica seeds in about 0*1 per cent, yield, is regarded as a decomposition

product of strychnine or brucine. It forms rhombic crystals from alcohol,

is colourless, but becomes yellow on exposure to light and chars at 250®.

It yields normal and acid salts, the latter only from excess of acid. With
sulphuric acid it gives no coloration, but addition of potassium dichromate

produces a yellow colour changing to green.

Strychnicine. This alkaloid, isolated from nux-vomiea leaves grown
in Java,’ forms needles, m.p. 240® (dec.)^ and is characterised by the follow-

ing colour reaction. When sodium hydroxide solution is added drop by
drop to a solution of a salt of the alkaloid in water, the precipitate formed
dissolves on addition of more alkali, forming an orange-coloured liquid

which develops a violet colour on addition of hydrochloric acid. Strychni-

cine is scarcely poisonous, but is said to produce tetanus in frogs.

REFERENCES

(1) Uelv. Chim, Acta, 1981, 14, 997. (2) Leuchs, Ber., 1987, 70, 1548, 2465 ; 1988,

71, 660 ; 1940, 73, 1892 ; 1944, 77, 675 ;
(with Gbunow and Tessmak), 1937, 70, 1701 ;

(with rack), ibid,, 1940, 73, 731, 811 ; (with Gundermann), 1942, 75, 168 ;
(with

FukMMERFELD, ViiXAiN and SchOne), 1948, 76, 1065. See also Pausacker and
Robinson, J. Chem 6V., 1947, 1557. (8) J. Chem, Soc„ 1982, 2806 ; 1984, 695 ;

Prelog and Kocor, Helv, Chim, Acta, 1947, 30, 859. (4) Pap. Inst. Phys. Chem. Res.

Tokyo, 1939, 35, 416. (6) Leuchs (with Tessmar), Ber., 1937, 70, 2869 ; 1989, 72,

965 ; 1940, 73, 1892 ;
(with Seeoer), 1989, 72, 495 ;

(with Louis), 1989^ 72, 1488,

1588 ; (with Boit), 1940, 73, 99, 885, 1892 ;
(with Teuber), 1942, 75, 920 ; (with

Hwang), 1942, 75, 168 ;
(with Tuschen and Mangelbero, 1944, 77, 408* (6) J.

Amer. Pharm. Assoc,, 1914, 3, 1677. (7) van Boorsbia, Bull, Inst, hot. BuUenz,, 1902,
No. xiv, p. 8.



8TEYCHN08 ALKAL0ID8 561

Cc^TiTUTiON OF STRYCHNINE AND Brucine. Though Strychnine is

notr-fne most complex of alkaloids when judged merely by its molecular

weight, its compact structure and lack of detachable fringes made the

determination of its structure a difficult problem on which much labour

and ingenuity have been expended and over 200 papers published. The
results of this work are voluminous, interesting and important, but it is

impossible to condense them into a complete account of the chemistry of

these alkaloids within such space as can be spared in this volume. It is

hoped that the following account mentions as many of the constitutionally

important substances and reactions as are necessary to make clear the

processes by which constitutional formulae for these alkaloids have been

developed. The workers on strychnine and brucine have been compara-
tively few. Valuable pioneer work was done by Hanssen and by Tafel,

and in recent years the investigation has occupied three teams of workers,

that of Leuchs since 1908, that of Perkin and Robinson beginning in 1909,

and that of Wieland since 1929. These authors have had the foresight to

include the words strychnine, brucine or Stryehnos in the titles of all their

papers, so that readers who desire fuller information than can be given

here will have no difficulty in compiling a bibliography of the most impor-

tant contributions to the constitutional chemistry of the two alkaloids

by consulting the entries under the names of the six authors and three

subjects mentioned above in the excellent periodical indexes issued by
the British or American abstract journals. Readers may also be referred

to Sir Robert Robinson’s Bakerian lecture (1931) on “The Molecular

Structure of Strychnine and Brucine ” ^ for a critical review of the principal

reactions and theoretical data upon which formulae for these two alkaloids

can be constructed and the conditions such formulic must fulfil, and to

the paper (1946) by the same author with Briggs and Openshaw,^ which
brings these views up to that date.

Strychninic Acids (Strychnic Acids). Although strychnine contains

two atoms of nitrogen, it behaves as a monoacidic base. Warmed with

a solution of sodium ethoxide it takes up a molecule of water, ^ forming

strychninic acid, C21H24O 3N2 ,
which crystallises in minute needles, m.p. 215°,

is soluble in water and forms salts with mineral acids, but when warmed
with excess of the latter reverts to strychnine. Strychninic acid forms a

nitrosoamine, dissolves in alkaline solutions to form unstable salts, under-

goes indirect esterification, and with methyl iodide yields methylstrychninic

acid methiodide. These reactions indicate that it is an iminocarboxylic

acid produced by the hydration of a lactam group, in strychnine thus :

—

C2oH220N(N(a)—CO) > C2oH220N(NH)(COOH)

The nitrogen atom included in the lactam group is non-basic and is

conveniently distinguished as N(a), the second and basic nitrogen being

written N(6).

In the conversion of strychnine to strychninic acid, Tafel * pointed

out that a second acid is formed, identical with Gal and Etard’s ® “ dihydro-

strychnine ” and now known as i^ostrychninic acid. The preparation of
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the latter has been improved by Oesterlin and Imoudsky,® who agree with

Tafel * that it crystallises as a monohydrate, C2iHa408Na . HgO, m.p. 247-8®.

Leuchs and Schulte ® give m.p. 245-8® {vac, dec.) and [ajff** — 151®/d

(N/NaOH). The acid forms a N-nitroso derivative, m.p. 248®, which is

isomerised by hydrogen chloride in alcohol to a C-nitrosouostrychninic

acid, decomposing at 238-240®. Oesterlin was unable to effect condensa-

tion of the acid with o-toluenesulphonyl chloride, but according to Leuchs
and Schulte ® it yields an O-acetyh'^ostrychninic acid, C23H2e04N2 . SHaO,
m.p. 180-5® (dry) with acetic anhydride, though Siddiqui * states that the

product is an acetyhmstrychnine, m.p. 196®. Oesterlin ® coupled the acid

with various diazonium salts. The derivative so formed with diazo-

benzenesulphonic acid, occurs in orange-red needles, m.p. 810® (dec.), and
on reduction by stannous chloride in hydrochloric acid yields aminoi>o-

strychninic acid, CgiHasOaNa, decomposing at 240-5®. The formation of

this azo-derivative is made the basis of a method for the detection and
estimation of small amounts of ij?ostrychninic acid in strychninic acid.

i^oStrychninic acid is not convertible into i^ostrychnine by any of the

ordinary methods (Oxford, Perkin and Robinson *), but the reverse

process is feasible, and according to Bacovescu and Pictet ^ ^5^)strychnine

(prismatic needles from benzene, m.p. 223-4®, [ajp 4'24*1® to +25*1®
[EtOH]) is formed when strychnine is heated in water at 160-180®, or better

with ammonia and methyl alcohol, and this with sodium ethoxide in

alcohol yields i^ostrychninic acid. «VoStryclmine, unlike strychnine,

contains a hydroxyl group and yields an acetyl derivative, m.p, 188-4®

(Oxford ei al.^) but which Leuchs and Schulte (1942) * describe as amor-
phous, and yielding a crystalline perchlorate, m.p. 206°. According to

the same authors, t^ostrychnine forms with benzaldehyde a derivative,

which is abnormal in being colourless, and is named f^obenzylidene-

strychnine. It is amorphous, has [a]fP“ — 655°jd (CHClg), and can be

isolated as the crystalline sulphate, CorHo-OoNo , HoSO^ . SHoO, or per-

chlorate, m.p. 60-70® or 160-170° (dry).

When strychnine is treated with hydrogen bromide and red phosphorus

in boiling acetic acid, it is converted into a complex bromodeoxyuo-
strychnine hydrobromide, (C2iH2iON2Br)fl:, which is hydrolysed by boiling

N-sulphuric acid to t^ostrychnine (see above), now distinguished as I, and
t>ostrychnine-II, m.p. 218-9®, [ajff’ — 258® (EtOH), which with acetic

anhydride gives the acetyl derivative of i^ostrychnine-I (see above).

A similar study of the action of hydrogen bromide on brucine and the

resulting derivative of wobrucine is in progress (Leuchs and Schulte,

1942).»

Strychnine combines with methyl iodide, forming a methiodide, which
on successive treatment with silver sulphate and baryta gives methyl-

strychnine,* also formed when strychninic acid methiodide is treated with

silver oxide.® Methylstrychnine, C22H20O3N2 . 2H2O, crystallises in long

prisms, is soluble in water, gives the characteristic colour reactions of

strychnine, and though not bitter, still exerts a ph]rsiological action likt

that of strychnine. It behaved as a secondary amine^ and gives a meth^
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iodide, which on heating with silver sulphate and barium hydroxide yields

dimethylstrychnine, CggHggOgNa . 6H2O.® This base is also produced
from strychninic acid by conversion of the latter into the corresponding

methiodide, which in presence of caustic soda and methyl iodide furnishes

A^-mcthylstryehninic acid methiodide : this readily loses a molecule of

hydrogen iodide when warmed with silver oxide, forming the corresponding

betaine of iV-methylstrycbninic acid, usually called dimethylstrychnine.

The latter with nitrous acid yields nitrosodimethylstrychnine which
resembles nitrosodimethylaniline in giving dyes by condensation with

benzaldehyde, etc. Such behaviour is also characteristic of iV-methyl-

tetrah} droquinoline, whence Tafel suggested that this base is the nucleus

of the strychnine molecule.®

In like manner i^ostrychninic acid fumishes methyhVostrychnine,

CggHgeOgNg . THjO (needles from water), and dimethyh'^ostrychnine,

CgaHagOsNg . 3H2O (microscopic needles, from water).

The formation of this series of alkylation products may be represented

by the following sch< me :

—

.00 CH^ /COOII
^ ^

U 2 02oH2^0^^
- 2 ^20^^22°^^ * ^20^280^^

Strj^ohnlne StryohnlriLo aoid methiodide Methyl etryohnlne (R=Ht

Dimethyletryohnlne (BaCH^)

Reduction Products. The more important results of the reduction of

strychnine and /^astrychnine are summarised in the following scheme :

—
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Deoxystrychnine, C21H26ON2 . SHgO, is formed when strychnine is

boiled with hydriodic acid and phosphorus for eighteen hours ; it melts

at 75® or 172® (dry). When heated with sodium methoxide in alcohol it

is converted into deoxystrychninic acid, C 2iH2 g02N2 . HgO, which forms

colourless, microscopic needles and yields a crystalline nitrosoamine.

Deoxystrychnine gives with sulphuric acid and potassium dichromate a

bluish-violet coloration changing to brown, whilst the corresponding acid

gives an intensely red colour with the same reagents. It is clear from the

above that the lactam group is still present in deoxystrychnine, and that

it is the second oxygen atom which has been eliminated. When deoxy-

strychnine is further reduced ’ with sodium in amyl alcohol strychnoline,

^21^26^2 , colourless needles, m.p. 175-8®, from dilute alcohol, is produced
;

whilst dihydrostrychnoHne, CgiHggNa. colourless prisms, m.p. 129®, b.p. 267-

270®/16 mm., [alo + 10*5® (CHCI3), is formed when deoxystrychnine is

reduced electrolytically. The relationship of these products to strychnine

may be represented thus :

—

.00 .00 .CHg
C£0ll220K^j^ C2oH26%^ -T

Stryohnine Deoxystryohnine Stryohnollne

Strychnidine, C2iH240N2.^ This base, formed by electrolytic reduction

of strychnine (Tafel ^
; Clemo, Perkin and Robinson ®) crystallises from

alcohol in stellate groups of needles, m.p. 250*5® (dec.) with some sintering

at 246®, b.p. 200-5®/14 mm., [alfp” — 8*28® (CHCI3). In acid solution it

gives an intensely red eoloration with oxidising agents. Strychnidine

yields a yellow azo-compound with diazobenzene chloride, but does not

form a benzylidene derivative. Both nitrogen atoms are basic and it gives

two series of salts ; the dihydrochloride, B . 2HCI, forms colourless needles

and is converted into the monohydrochloride by crystallisation from water.

Teirahydrostrychnine, C2iH2e02N2 . HgO. This substance, also formed

by the electrolytic reduction of strychnine,® crystallises from alcohol in

prisms, m.p. 202®, gives colour reactions of the strychnidine type, and
yields both neutral and acid salts

;
the hydrochloride, B . HCl, occurs in

small needles readily soluble in water and the dihydriodide, B . 2HI . 2H2O, in

pyramidal crystals. The base yields an amorphous nitrosoamine, the hydro-

chloride ofwhich crystallises from warm water in lustrous, yellowish prisms.

It also furnishes a crystalline monoacetyl derivative, and on heating with

hydrochloric acid or phosphorus oxychloride is dehydrated to strychnidine.

Strychnine, strychnidine and tetrahydrostrychnine are all converted

into dihydro-derivatives on catalytic hydrogenation, indicating the pre-

sence of one ethylenic linkage in these substances, and dihydrostrychnine

in turn yields on electrolytic reduction dihydrostrychnidine and hexa-

hydrostrychnine. The formation of this group of reduction products from
strychnine may be represented thus :

—

Stryohnlna 70tral17d.rostryobnlo* Strfokmldlaa
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The results so far recorded indicate that strychnine contains one
ethylenic linkage, that one of the nitrogen atoms is basic and tertiary

(N(^) ), that the second nitrogen atom is not basic and occurs in a cyclic

amide group (=N—CO— ), that the cyclic amide group can be reduced

to the form (—CHgOH NH=) as in tetrahydrostrychnine or (—CHg—N =)
as in strychnidine or strychnoline. Further, since strychnine forms a
benzylidene derivative, it must contain an activated methylene group,

and, as the only other oxygen atom is not present as a carbonyl group,

activation must be due to the cyclic amide group pmd a heterocyclic ring

in strychnine must contain the group -~N(a)—CO—CH^. There remains

to be dealt with the second oxygen atom,** which is eliminated in the

formation of deoxystrychnine, but is still retained in strychnidine. This

oxygen in strychnine, and all the derivatives which retain it, is inert

towards the usual reagents for carbonyl and hydroxyl groups, indicating

its possible presence m a cyclic ether linkage.

Clemo and Raper ® have liydrogenatcd stry(‘hnine under drastic

conditions (Raney nickel
;

temp. 220*^
;

pressure 150 atm.). The chief

product is base “ D,” CgiHgeOgNg, m.p. 252°, which forms an acetyl

derivative, m.p. 194°, possibly indicating a secondary alcohol, gives strych-

nine colour reactions and on electrolytic reduction yields a base, CgiHggONg,
m.p. 217°, containing one active hydrogen (ZerewitinofT) and giving colour

reactions of the strychnidine type. The characters of “ D ” indicate that

the : N(a) . CO . system remains intact, that : N(6) . is still tertiary, but

that the cyclic ether linkage has been opened producing a primary or

secondary carbinol group.

Oxidation Products. The evidence for the existence of a benzene

ring in strychnine has been summarised by Robinson. ^ Claus and Glassner

prepared a dinitrostrychnine hydrate, C 2iH2203N2(N02 )2 >
which was

examined by Tafel,’ and more recently by Siddiqui,^ who has shown it to

be dinitrostrychninic acid. Tafel also obtained a series of nitrated

degradation products, including dinitrostrycholcarboxylic acid, referred to

later. Picric acid was obtained by Shenstone and 3 : 5-dinitrobenzoic

acid by Menon, Perkin and Robinson by the action of hot dilute nitric

acid on the alkaloid, degradations which Robinson ^ represents as occurring

in the following manner — *

Strychnine can also be halogenated and sulphonated,^^ and among its

high temperature decomposition products indole and carbazole have been

recognised.^®

In the following groups of oxidation products it is the benzene ring

which is first destroyed. Hanssen showed in 1884 that brucine, on

oxidation with chromic acid, furnished an acid, later corrected
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to CjgH20O4N2, which he subsequently obtained by the same method from
strychnine, and pointed out that both alkaloids must contain the nucleus

that the differences, C5H4 and C7H8O2, between this nucleus

and strychnine and brucine, might represent phenyl and dimethoxyphenyl
groups respectively, in the two alkaloids and that brucine is probably a

dimethoxystrychnine. Subsequently Hanssen showed that cacotheline

(see below) was oxidised by bromine to an acid, CJ9H24O7N2, later changed
to CigHg^OgNa, which in turn was oxidised by chromic acid to the Cje acid

referred to above. Hanssen’s investigations and conclusions have been

confirmed and extended by Lreuehs and by Wieland and the relationships

of these products to brucine and strychnine may now be represented by
the following scheme :

—

CH3O

CH^O

,GH

Hansaen*a acid

(^4Hi0ON) C02H.(C,4Hie0N)

> \ and

CO NH.CO NH2 'COgH

Strychnine (R = H) Ransaep^a acid < Wieland* a acid

Rruclne (R - (Me)

OOgH.CO.lC^^gON)

Cacotheline (Bidemethylnitrobrucinehydrate nitrate). This substance

was first obtained by Gerhard t,^^ and later on was prepared by Strecker

and others, but its nature was first ascertained by Moufang and Tafel

and its constitution determined by Leuchs and collaborators.*® It is the

nitrate of a base, C21H21O7N3, crystallises in yellow tablets and is dextro-

rotatory in alkaline solution. From such a solution the free base can be

isolated by neutralisation with acetic acid. It crystallises in yellow

leaflets containing 2 mols. of water, becomes anhydrous at 105® and
explodes on further heating. It furnishes with acids three sets of differently

coloured salts, and yields an oxime, . 2H2O, yellow needles
;

which on reduction gives a diaminophenol, of which the trihydrobromide,

C21H24O3N4 . 8HBr, forms colourless needles or leaflets. The methyl
ester hydrochloride, C2oH2o06Na • COOCHj . HCl . H2O, crystallises in

reddish-brown needles. Cacotheline base forms a methosulphate,

C21H21O7N8 . Me2S04, crystallising in reddish-brown leaflets.

Hanssen's Acid, C49H22O4N2 . 2H2O. Hanssen’s preparation of this

acid by the action of bromine on cacotheline was confirmed by Leuchs,

Mildbrand and Leuchs** and by CcMrtese.** The add crystallises in

colourless prisms or plates, — 87*0® (as sodium salt in water). The
salts with acids crystallise well ; the nitrate has — 80*0®
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The acid yields a methyl ester (hydrochloride, slender needles
; methiodide,

pale yellow prisms) and a dimethyl ester, crystallising in colourless prisms
and yielding a methiodide, C2iIl260eN2 . CHgl, which forms hexagonal
plates. The silver salt is converted by methyl iodide in methyl alcohol

into the betaine, C2oH240gN2, colourless prisms, [a]}®* — 5*6° (II2O).

On reduction with sodium amalgam the acid adds on two atoms of hydro-
gen ; the resulting amorphous acid yields a crystalline dimethyl ester,

^21^28^6^21 colourless prisms, m.p. 143-7° {dec.). On hydrogenation in

presence of platinic oxide as catalyst 2 mols, of hydrogen are absorbed to

form the acid, CigHg^tOeNg, colourless prisms, [ajn + 17 7° (HgO).^^ On
oxidation with chromic acid the acid is converted into Wieland’s

acid and Hanssen’s acid.^*^

Wieland^n Acid. lu Wieland and Munster^ showed
that brucine, on oxidation with chromic acid, yielded two acids

:

(a) Cj7H220gN2 . SHgO and (b) Hanssen’s Cjg acid. Cortese ^ found
subsequently that strychnine and Ilanssen's C^g acid also yielded these

two acids on oxidation wnth chromic acid, while Leuchs also obtained

the acid less directly from strychnine and from brucine, and drew the

conclusion from this and other observations that brucine must be 0-

dirnethoxystrychnine. The 0^7 acid separates from hot water in hexahedral

crystals, darkens at 250-280°, m.p. > 345°, and has + 49*2° (HgO).

On catalytic hydrogenation it yields an acid, €171122^^5^2 • ^HgO, m.p.
224-7°, by absorption of a molecule of hydrogen and loss of a molecule

of water, with formation of a lactam group. The semicarbazone has

m.p. above 300°. On oxidation wuth chromic acid or hydrogen peroxide

the Ci7 acid is converted into Hanssen’s acid.

Hanssen's (\q Acid, CigHoo04N2 . 2 or 4H2O. This acid, obtained by
the oxidation of either strychnine or brucine and certain of their deriva-

tives as described above, forms cubical or bipyramidal crystals, m.p. 311°

(dec.), — 116*8° (HgO), and yields a dihydro-derivative, CigH2204N2 ,

m.p. 292-4° (dec.), [ajff"* — 6 *01 ° (HgO), identical with the product obtained

by the direct oxidation of dihydrobrucine with cliromic acid. Diazo-

methanc converts the acid into the methylbetaine, C17H22O 4N2 , m.p. 250-2°

(dec.), — 92*6°, which loses carbon dioxide on heating and is probably

a jS-betaine.^»

These substances can be regarded as derived from strychnine (or

brucine) by the loss of carbon atoms of the benzene ring, and Xeuchs and

Wegener have suggested they should be named as derivatives of hypo-

thetical bases 7iuciiie and nucidhie, arising from strychnine and strychnidine

in the following way

Strychnine . . (Ci2Hi80N)(—CO—N(a)—CeH4—C^)
Nmine . . (Ci8HiaON(—CO—^N(a)—CHg—CHg—^s)
Strychnidine

.

. (CiaHjgON)—(CHg—^N(a)—CgH 4
—C^)

Nucidine . . (CigHigON)—(CHg—^N(a)—CHg—CH^—^C^)

The following is an example of the application of this system of nomen-

clature, Strychnidine (p. 564) is oxidised by chromic acid to 2 : 8-diketo-
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nucidine, C17H20O3N2 , m.p. 267-9% [a]}/** + 55*6® (H2O), which is reduced

by zinc and hydrochloric acid to 2-keto-8-hydroxynucidine, m.p. 252-4°,

and is oxidised by hydrogen peroxide to carboxyaponucidine, isolated as

A-
I r

N(

Stryohnidlne

CO—KCaMCHg

2 :

3

-Diketonuol(Und

C0gH.(C^4Hig0H)

->

(a)HH—CHg

Carbonraponuo1dlne

ON)

CHo

HUoldlne

OT(OH)—(Cj^^H^^qON)

CO

2-Keto->5~hydroxrnueldiiie

the perchlorate, C16H22O 3N2 . 2HCIO4 . HgO, in which the original benzene

ring is now represented only by a carboxyl group, and which on decarboxy»

lation yields cf^onucidine, C15H22ON2 , m.p. 123-4° {dry),^'^

Dinitrostrycholcarhoxylic Acid^ CjoUgOgN^. This important degradation

product of strychnine, prepared, along with other nitrated products of

the alkaloid, by Tafelj^s by treating strychnine first with dilute and finally

with concentrated nitric acid, crystallises from alcohol in needles, loses

solvent of crystallisation at 110 ° and melts at 300°. On reduction with tin

and hydrochloric acid it gives diaminostrycholcarboxylic acid, CJ 0H 9O 4N 8,

indicating the presence of two nitro-groups, and when heated with water

in sealed tubes at 200-210° loses one carboxyl group forming dinitro-

strychol, C3H5O 4N3, slender needles, m.p. 282° {dec,). The remaining

oxygen atoms were long supposed to be present as hydroxyl groups and
dinitrostrychol up to 1930 had been regarded as a dinitrodihydroxy-

quinoline or isoquinoline.^® Menon, Perkin and Robinson^® found that

dinitrostrycholcarhoxylic acid could be esterified by alcohol and a mineral

acid catalyst to a substance at first regarded as ethyl dinitro-O-ethylstry-

cholcarboxylate. This, on application of the Curtius reactions gave a
urethane regarded as C 9H2N(N02)2{0H)(0Et)—^NH—

C

02Et, which was
converted by boiling nitric acid into picric acid, and on hydrolysis by
sulphuric acid, followed by oxidation by permanganate in acid solution

yielded 5 : 7-dinitroisatin (V). The conclusion was drawn that dinitro-

strychol must be either 2 : 3-dihydroxy-6 : 8-dinitroquinoline-4-carboxylic

acid or 8 : 4-dihydroxy-6 : 8-dinitroquinoline-2-carboxylic acid, either of

which could yield dinitroisatin (V) and picric acid. It was already known
that dinitrostrycholcarhoxylic acid, on further treatment with nitric acid,

has its presumed single carboxyl group replaced by a nitro-group yielding

trinitrostrychol. Menon and Robinson found that the latter yields a
methyl ester, which, by the Curtius degradation process, yields a urethane
identical with that obtained by nitration of the urethane produced in like
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manner from dinitrostrychol. The latter must therefore still contain a
carboxyl group distinguished by unusual stability. On this basis and
bearing in mind its ready degradation to 5 : 7-dinitroisatin, dinitrostrychol-

carboxylic acid must be 5 : 7-dinitroindole-2 : 8-dicarboxylic acid (I) and
dinitrostrychol probably 5 : 7-dinitroindole-2-carboxylic acid (II), The
latter conclusion was confirmed by Menon and Robinson,*^ who prepared
5 : 7-dinitro-2-indoIylurethane (HI) from dinitrostrychol, hydrolysed it

to 5 : 7-dinitro-2-aminoindole and converted this to 5 : 7-dinitroisatin-8-

oxime (IV), a substance obtainable by the action of hydroxylamine on
dinitroisatin (V) and which can be hydrolysed to the latter. Further proof
was provided by Hill and Robinson’s ^ synthesis of dinitrostrycholamide

(5 : 7-dinitroindole-2-carboxyamide) (VI), identical with the amide
obtained from diniti-ostrycho* (li).

While this work was in progress Spath and Bretschneider showed that

strychnine, on oxidation with permanganate in alkaline solution, furnished

A^-oxalylanthranilic acid (VII), brucine yielding oxalyl-4 : 5-dimethoxy-

anthranilic acid, the latter observation providing confirmation of the

evidence previously adduced that the two methoxy-groups in brucine are

in the o/iAo-position relative to each other as indicated by Lions, Perkin

and Robinson.®* The results so far considered indicate the presence in

brucine and strychnine of the complex (VIII), which can be extended to

(IX) if accoimt is taken of the readiness with which carbazole can be

obtained from strychnine and brucine and certain of their derivatives by
decomposition with alkali at temperatures ranging from 200® to 400®.

Knowledge of the structure of the rest of the molecule is mainly due to

the results of the exhaustive study by Leuchs and his pupils of the oxidation
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products of strychnine and brucine. The following scheme represents the

course of the primary oxidation of the two alkaloids by permanganate in

acetone solution, followed by reduction and hydrolysis of the initial

products. Some of the substances have been re-examined recently by
Holmes et ah and by Prelog et al.^^

Strychulna Bruolna

oxldatl<ax bj KUaO

.

Stryohnlnonlo acid
(O-CHg-OOgH

)

i
Bruclnonlo aol4

C^gHg^O27N-CO)2(C0i (O-GH^-COgB)

raduetlon b^ aodiua
floal^an

Strychnlnolle acid

®16®17 ^
2 (O-CH^-COgH)

Bruelaollo aeld

C

i

8H21°2 (N-CoygICHDH) (O-CHg-00 gH)

alkaline hydrolysis

Stryohninolone (a,b,o forma)

and
glycol lio acld,"^

Bruolnolone (5 foams)

glyoollic acid.

Sirychninonic acid, C21H50O 6N2 . 2H2O, obtained by Leuchs in

1908, crystallises from hot water in colourless prisms, m.p. 265-7° (corr.^

dry), [a]f?" — 43*3°, yields a monoethyl ester, m.p. 209-210° (corr,), and
an oxime, m.p. 268-271° (dec.). It shows no basic properties whence it is

assumed that both nitrogen atoms are present in the form of —N—CO

—

groups, and in confirmation of this the acid absorbs 2 mols. of water

when heated with dilute hydrochloric acid, forming a dihydrate,

C21H24O 8N2 . HgO, rectangular prisms, m.p. 235-240°.

Strychninolic acid, C21H22O 5N2, obtained by reduction of strychninonic

acid with sodium amalgam, forms long prisms, m.p. 288°, and yields an
acetyl derivative, needles, m.p. 281° (corr.).

Strychninolone, CigHjgOgNg, is formed when strychninolic acid is kept

for several hours in A/'-sodium hydroxide solution, glycollic acid being also

produced. It crystallises from alcohol in glistening prisms, m.p, 228-281°,

[a]^" — 112*4°, yields an acetyl derivative, CaiH2204Na, m.p. 241-8°

(decJ), and with
,
hydrochloric acid at 100° forms two monohydrates,

which have the properties of amino-acids, and result fit>m

the separate hydrolysis of two ==N—CO— groups. The dihydro-base hasr

m.p. 268-270° and [a]x) — 12° (acetic acid). This a-form of stryohninolone

passes into the isomeric 5-form on longer cont€W5t with alkali. Strychnine-

lone-5, CjaHigOgNa . HgO, crystallises in prisms, m.p. 228-280° (dry),

— 87° (acetic acid). On reduction it furnishes a mixture of the

a- and c-forms of dihydrostrychninolone (Prelog),^ and not dihydrostarych-

ninolone-6 as Leuchs,' Dieb and Domov supposed. On prolonged

action of alkali or when ammonia in methyl alcohol is used> a third form
is produced, strychninolone-c ; it forms hexagonal prisms, m»p. 261-^°,

MiT — 176*1° (acetic acid) ; the acetyl derivative has m,p. 266-7^^ and
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[*3i7 — 281"8‘’ (acetic acid) and the dihydro-derivative, m.p. 227-9® and
Wd - 88® (acetic acid).»»

Brucinolone, C21H22OJN2. This substance is produced from brucine,
in the same way as strychninolone (see above) from strychnine, vid brucinonic
acid, (Me0)2(Ci,Hi5)(N--C0)2(C0)(0—CHj—CO 2H), (colourless prisms,
with iHgO, m.p. 178-188® (corr.) or 266° (dry, corr., dec.), [a]“° - 48-5®)

and its reduction product brucinolic acid, C28H2eOfN2, m.p. 250-1® (coir.,

dec.), — 22°, which in alkali decomposes into glycollic acid and a
mixture of brucinolone-a and brucinolone-fe. The a-form has not been
isolated, but its existence is known by the formation of brucinolonic
acid (a) on further oxidation and the dihydro-derivative, m.p. 285-290'^

(tfec.), has been prepared by Brucinoloiic is obtained from the
crude mixture by puriOcation ihmiigh the hydrate or the acetyl derivative
(m-p. 253-4®) and then has m-p. 270®, [a]^“ — 37®. On reduction it gives
a mixture of (a) and (c) dihydrobrucinolones (Prelog,®® cf, Leuchs, Diels
and Dornov *’). Potassium hydroxide in alcohol converts it into brucino-
lone-c (cTi/p^obrucinolone), which has m.p. 190-2°, [ajo — 151*1® (acetic
acid), yields an acetyl derivative, prisms (m.p. 272-4®, [aju — 199*5®),

and is reducible to dihydrobrucinolone-c, m.p. 180®, [ajp — 78® (acetic

acid).®®

The formation of strychninolone and brucinolone was first explained
by Fawcett, Perkin and Robinson,^® who suggested that the loss of
glycollic acid from brucinolic acid must be due to the change, indicated
by (a )

:

—

(^) fe*G-0-CH2®000H C;6+H0*CH2*C00H

and that this implies the rearrangement (6) during the formation of
brucinonic acid from brucine, or strychninonic acid from strychnine.

{b) CH'C'0«CH2*GI1:6 C®0 • GHg* COOH CO

Robinson ^ has pointed out that the formation of dihydrostrychninonic

acid, C2iH220eN2, rectangular plates, m.p. 315°, + 4*8°, as a by-
product in the oxidation of strychnine by permanganate, can be explained

if certain assumptions are made, cf.g., the change represented thus :

—

•Q “ CC
^

(I) ' ^0=OH-OH2-0- (II) _^_^C(0H)-C0-CH2-0-

would give a product (II) which could undergo hydrolytic fission to

dihydrostrychninonic acid. In this system the CO* group must be that

formed in association with N(6) as N(a)—CO is known to be joined to a
methylene group. The existence of this system assumed to explain the

formation of the dihydro-acid implies the presence in strychnine of the

group

N(6)—CH,—C(—CH—)
=CH—CH,—O—.«»
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When acetylbrucinolone-5 is oxidised with permanganate in acetone,

acetylbrucinolonic acid, C23H24O9N2, is formed, which on acid hydrolysis

produces acetic acid (from the acetoxy group), malonic acid and a new
base curbine, CigHgoO^Ng, crystallising in slender needles, m.p. 322 ®, and

giving a red colour with nitric acid. The change involved in the degrada-

tion of brucinolone-fc to curbine is explained in the following way :

—

:5(a)-(X)-CH2

:C\ I

^C = CH

:]f-CO-CH2-COOH ;KH and
COOH

COOH

The nitrogen atom in this system must be N(a), since its associated —CO

—

is followed by —CHg—and the double bond concerned must be that

formed in the conversion of brucinonic acid to brucinolone.^® The whole

change of groups in the conversion of acetylbrucinolone ^I) tlrrough

acetylbrucinolonic acid (II) to curbine may therefore be represented by
the following extended formulae, in which the index figures above the

symbols correspond with the items in the graphic formuhe (V) and (VI)

on p. 574 ;
the unit in square brackets is the eliminated malonic acid.

0llHii(0Me)2 (:N(d)-SQ-) (8h*OAo) ( : 1?( A l-CO-CHg-CH^CC :CH)-CH« )

(II)
^ ^

( :W(6)-C0-) (CH-OAo) ( ;ll(a,)-CO-CH2.COOH) (;C-CO-C:)

{ :W(6)-C0-) (CH«OH and Ao*OH) ( :lf{a)H) [COOH-Sie-COOH] ( i-W-Ci )

The three brucinolones are structural isomerides, but as brucinolone-a

has not been isolated, the corresponding degradation of acetylstrych-

ninolone-a may be given. In this case the final product corresponding to

curbine is an amino-acid, Ci7Hig04N2 (needles or prisms, m.p, 280 ® (dec.) ),

together with oxalic acid. Here it is assumed that the system initially

present changes as follows :

—

:lI(a)-C0-CH CO-COoH :UH (COOH)?
: C N. II ; C

. ^C3H-C00H

From the foregoing it appears that strychninolone-a and brucinolone-6

must contain the systems (IV) and (V) respectively attached to N(a) :

—

^C: /-Ci

(IV) •00-ai;CH-0H (V) •C0’CH2'GH:0

and, having regard to the formation of these ketones from strychnine
and brucine, these two must be derived from the system (VI) in the two
parent alkaloids
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. '0, ,
II n It i yC:

(VI) :ll(a)*C0-0H2*CH*ffl r

j

^0 :

The first formulae for strychnine and brucine were suggested by Perkin

and Robinson in 1910 and were modified by these authors and their

collaborators, as further knowledge accumulated from the protean trans-

formations to which the two alkaloids have been subjected.^ Formula (I)

indicates the views current up to 1939. Robinson and Leuchs were both
in agreement as to the main features of the structure to be assigned to

both alkaloids, but there was still discussion as to whether the . CHg . CH2 .

chain, which begins at in ring D, has its second terminal at carbon
atom 4, as suggested by Menon and Robinson,^ at carbon atom 3, as

adopted by Leuchs,*^ or at carbon atom 5, proposed by Blount and
Robinson,*®’ *’ as a possible alternative to C*. The latter authors have
pointed out that strychnine does not behave as a dihydroindole, as is

implied by the adoption of C® as the second terminal. Therefore one of

the carbon atoms, a or in the indole nucleus, C* or C® in formula I,

must be attaclied by a carbon chain to N(6
)
and selection of C* has the

advantage of providing the required tryptophan nucleus. The most
probable position for the second terminal was therefore C*, but this could

not be reconciled with the results of the action of bromine water on
2 : 3-diketonucidine, as recorded by Leuchs.*® This substance is produced

by the oxidation of strychnidine or brucidine with chromic acid and
would be represented by (II) if the second terminal of the . CHg . CHg .

chain is at C*. When 2 : 3-diketonucidine (p. 568) is treated with bromine
water at 0 ® it forms, according to Leuchs, bromo-2 : 8-diketonucidine

hydrate, isolated as the perchlorate, Ci 7H2i04N2Br . HCIO 4, -f 98®/d.

Leuchs assumed that the . CHg . CHg . chain in strychnine and brucine

had its second terminal at C® and that carbon atom 4 had a free hydrogen

in the parent alkaloids, and in 2 : 3-diketonucidine, which was replaced by
a bromine atom in this reaction. On repeating the bromination experiment,

Holmes and Robinson ** found that bromine was absorbed but were

unable to isolate any well-defined reaction product. In their repetition of

the experiment Leuchs and Grunow *® confirmed the original experimental

data but gave a new interpretation of the results, which did not involve

bromine substitution at C* in 2 : 3-diketonucidine. Though this change

of view provides no positive evidence for C* as the second terminal of the

. CHg . CHg . chain, it eliminates the chief objection to it and left the

Menon and Robinson formula (IIIA) as giving the best all-round explana-

tion of the reactions of brucine and strychnine up to that time.

In the following account of some reactions and derivatives of the two

alkaloids the Leuchs variation (IIIB ; note the different system of number-

ing adopted) is sometimes used for the convenience of readers, who may
need to consult original papers in which it appears, but there is no difficulty

1 1

in making the simple transfer N(6) . CHg . CHj . C® to N(6) . CH^ . CHg . C*
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GHg -

CH

R-C

R’C

GHo

CH-

CHs

R*C

CHo R*C'

SH,

I

flCH-

yC J3H .CH CHp R*CV ^ ^CH /^CHg\/\/\/\/ \/\/\r/\/^ w rw . ^ W) Oi
CH N

I

CO

Oi

I

.CH

CH

AJ .un CSi

\/ \ I

(llli) X
Stryotmloe . RsH (Menon end Robinson)

'S '5CH .CH

(IIIB) CHg
O-J^CHg

Stryohnlne . R«H (Leuohs)

in such formulae. The changes which take place in the conversion, already

described fp. 572), of brucine into brucinolone and curbine are illustrated

by partial formulae (IV) to fVI) based on the Leuchs modification (IIIB),

which is also used in formulae (VII) to (IX), showing the structure and
interrelationships of the Hanssen and Wieland series of acids, C19 , C17 and

C19, obtained by the oxidation of strychnine or brucine (p. 566). It will

be observed that the chain N(a) to N(6), referred to on p. 578, the evidence

(IV)

VA f
. X
) CHp

CHo
I

®

CH

-CHo

I

N

w® I
c

I dJ
^

^

M

I E I
00 ^OH

\/
(V) CHg (VI)

00

CH-OH

OH,

Bmolponio aold

Bruolaollo aoia 00*-^0H*0H

Bmoinoione Curbing and llajlonto

aaii
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for which in strychnine end brucine was summarised by Robinson,^ forms

the branched chain of carbon atoms 10, 11, 12, 13-0-14, 15, 6, 7, 8, 9 in

formula (I).
| |

rVr-]

[ »
I

" i

COgH C

t 1
F

CO
,\ I^0 QRg

(vil) SanaB^n’ ii ^oid

COJ . CO . CH

r 0
I

D I'
CH GH C

. -TV '

1 I
r

cooa.cE^.

(Fin) Wlglan^** C,„ Add

COgH.

r^A-1
CB If

un

NBf^ \c
I 1

nch

s
I r

CO CH

^ctf^ ^0

Of the reactions of strychnine and brucine which have been studied

in detail since the stage of formula (I)* was reached, the most difficult

and the most interesting arc the attempts at Hofmann degradation.^®

When N(5)-alkylstrychnidmium salts are heated with an alkali hydroxide

in methyl alcohol, the usual Hofmann elimination does not occur and
there is formed a methoxyalkyldihydrow4?ostrychnidine, which on boiling

with dilute acid reconstitutes a quaternary alkylw^ostrychnidinium salt

and this, in the case of the chloride, on heating loses alkyl chloride and
forms n^ostryclmidine (XI, a or 5), m.p. 203-4*^. In a strictly analogous

manner strychnine methosulphate can be converted into neostrychnine,

and in the brucine series, neobrucine, m.p. 225-6®, and neobrucidine,

m.p. 198-9®, have been prepared.^® On catalytic hydrogenation the

neo-bases yield the same dihydro-bases as the parent alkaloids, so that

their isomerism must be due to a change in position of the ethylenic linkage

of strychnine and brucine and this change is illustrated by strychnidine (X)

and ?ieostrychfiidine, the new position of the ethylenic linkage being

placed at —®C (XIa), whilst Leuchs prefers to place it at C®— (XI6).

The arguments for (XIa) have been fully stated by Reynolds and Robinson.

An important substance, needing consideration in this connection, is

methoxymethyldihydronoostrychnine, CgaHagOgNa, m.p. 141-8®, formed
by the action of sodium methoxide in methyl alcohol on methylstrychnine

and represented by (XII). This, when heated with dilute sulphuric acid,

loses methyl alcohol and the solution, after neutralisation and addition of

sodium iodide, yields methylneostrychninium iodide, m.p. 825® (dec,),

convertible by the action of silver chloride to the corresponding chloride,

C2iHjs|02N(NMe)Cl . MeOH, m.p. 289-290®, which on heating yields

neostrychnine, CgiHjjOjNjj, m.p. 228-9® (XIV).®^ The latter still retains

the : N(a)—CO—CH2— group of strychnine, since it yields a benzylidene

derivative, m.p. 158-9®. It hydrogenates catalytically with more diffi-

culty than strychnine to the same product, dihydrostrychnine,

CaiH240aN2, . 20*0, m.p. 220-2® {dry): On electrolytic reduction it yields

two products, analogous, but not identical, with those aflforded by steych-

* The foimitlie of strychnine and its derivatives, especially the neo-bases, are at
present under revision (see A^ldendum, p. 582).
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nine (p. 563), viz, n^ostrychnidine and tetrahydron^ostrychnine, C 2iir26C) 2N 2 >

m.p. 167-8°, and a third product, hexahydrostrychnine, C2iH2g02N2,
m.p. 197-9°, identical with that similarly obtained from strychnine.

On oxidation with perbenzoic acid, methoxymethyldihydron^?ostrych-

nine (XII) is converted into a keto-amide, which has been named methoxy-
methylc/ianodihydrostrychnone (XIII), C23H28^6N2» I^>8-9° (diy). It

is neutral and therefore contains the groups : N(a)—CO— and : N(6)—CO

—

and forms a monoxime and a/^-nitrophenylhydrazone.®^ (see also Addendum,
p. 582). The particle chano is employed to denote ring-opening by a real or

imaginary process of isomeric change.®^ and Robinson point

(JC) Stryohnldlne. R • H (Xla) »’e<>stryohnldlnd (Robinson)

Bruoldine. R » OMe

(jSHg ^2
GH GH N

( Xlfa) ne^Stryohnldia* (Louobs) (XII) Itothoxynwtbyldlhydro^i^ostryolmlne

(XXIX) itetboxTOotbylc/ton^ltiydrottryobiioai (IIV) ni^Stryoliaint
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out that the formation of a keto-amide in this reaction confirms the

occurrence of the group . C=C—^CH—

;

in the n^e-bascs (cf, Leuchs
This difficulty in the application of the Hofmann process led to attempts
to effect degradation by the use of the Emde method on strychninium
and strychnidinium salts. In both cases complex mixtures of products

were obtained. From the mixture resulting from the action of sodium
amalgam, in hot water in presence of carbon dioxide, on strychnidine

methosulphate there were obtained :

—

(1) Methylstrychnidinium salts.

(2) Methylneostrychnidiuium salts, due to migration of the ethylenic

linkage (see p. 575).
*

(8) Hydroxydihydro-N(5) me^ hylc^^7nodihydro//cc>btrychnidine-^,

C22H80O2N2, m.p. 285 -6*^, which is a hydrate of (4) and convertible

into it by the action of phosphoryl chloride. *

(4) N(5)-Methylc/ia/iodihydroiicostrychnidine-0, C22H28ON2, m.p.142-3°,

dc,9-base-A identical with (b) in the next series (see below).

It contains one double bond and on catalytic hydrogenation
yields N(5)-methyldihydrocAanodihydroncostrychnidine-A, m.p.

177°, isomeric with (5).

(5) N(b)‘Methyldihydrochanodihydrostrychnidme-0, C22H30ON2, m.p.
192-3°.

Finally, it was thought that the reaction might be simplified by the

use of the Hofmann process on mcthyldihydrostrychnidinium salts and
Achmatowicz and Robinson®® started with dihydrostrychnidine-A which
was converted into mcthyldihydrostrychnidinium-A and this used as

the hydrogen carbonate or hydroxide (XVI) for thermal decomposition,

which produced the following mixture of compounds ;

—

(a) Dihydrostrychnidine-A, CgiHg^ONg, m.p. 214-5°.

(b) A d^^-base, C22H28ON2, m.p. 143-4°, dc^-base-A, identical with (4)

from the Emde degradation of a methylstrychnidinium salt (see

above). Formula (XV) for dc^-base-A has been modified recently
;

the ethylenic linkage is now placed at —C® instead of at

—C® (see Addendum, p. 582).

(c) Methoxymethyltetrahydrostrychnidine, C23H32O2N2, m.p. 220°,

previously obtained,^® by the electrolytic reduction of the

methoxymethyldihydrorieostrychnidine, which results from the

digestion of strychnidine methosulphate in methyl-alcoholic

potash •

(d) Hydroxymethyltetrahydrostrychnidine hydrate, C22H30O2N2 . HgO,
m.p. 158-9°, of which (c) is tlie methyl ether.

{<?) A dc^-base, CgaHggONa, m.p. 196-7°; anhydromethylstrychni-

dinium-D hydroxide or d^^-base-D.

The most interesting of these products are the two d^^-bases of which

cfefi-base-A is represented by (XV). The second, (e) or de^-base-D, on
PLANT ALK. 19
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subjection to conditions for catalytic hydrogenation in acetic acid,

undergoes internal alkylation and yields two isomerides, the mcthyl-

dihydrostrychnidinium acetates, distinguished as A and D. The D-form,

C24H8203^l 2 , has m.p. 307-8®, and is convertible into the iodide,

C22H29ON2I . HgO, m.p. 325-7®, and the chloride, C22H2oONaCl . HgO,
m.p. 318-9®. The latter on digestion with sodium methoxide in methyl

alcohol regenerates cfc^-base-D, and on thermal decomposition produces

dihydrostrychnidine-D, CaiHgcONg,' m.p. 198-200®, which may be a

stereoisomeride of dihydrostrychnidine-A (of which the methohydroxide
is represented by (XVI)

)
or have the structure (XVII).®®

Methyldihydrostrychnidinium-A acetate is produced in much smaller

amount in the “ hydrogenation ” ^internal alkylation) reaction and was
isolated as the iodide, m.p. 345-350®, and converted to the chloride,

which on treatment with sodium methoxide gave methoxymethyltetra-

hydrostrychnidine {c in the above list) with some d^5-base-D, and on

thermal decomposition yielded dihydrostrychnidine-A. These and other

reactions of d^^-base-D are regarded as best accounted for by formula

(XVIII).^

p2
'CH <S&z

OKs
0 0H2

(XI)

The further degradation of the two des-hases (items (b) and (e), p. 677)
has been investigated by Achmatowicss with results which are summarised
in diagram A, by-products being omitted for the sake of simplicity.

Both des-bases yield mono- and di-metho-salts, and the latter on
digestion with sodium methoxide in methyl alcohol give the better yields
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diagram a

579

Dihydrostryolinidine-A, C2lH26Q^2

022^200^2 B(A)Methyl^,^tf /j^dihydro/t^iJetrychnidine

I

C23H2 S3OH3

Di"iethyli/ - Dime thyl<i^^ - Diraet b4s -
stryohnidine-D /ifi^stryctmidin© /i^^stryohnidlne-

C23H3oOIJ2.’^*P« 156-70 CasHsoOBa.m.p. 73-^0 CgsHaoOUa.m-P* 113-40

/4a:^lStry<3linidtne-<^ mM ^^^/tziastryohnidine-^
0311^2301^ ^21^2391^

of the degradation products, tlic dimethyld^^strychnidines. All three of

the latter contain N(5)Me2 and form tetrahydro-derivatives, indicating the

presence of two ethylenic linkages. Dimethyld^,yn^ostrychnidine and
dimethylde^5iyfieostrychnidine yield the same tetrahydro-derivative on
hydrogenation, indicating that at least one of the two ethylenic linkages

occupies a different position in the two bases. In dimethylde^?2eostrych-

nidine one of ethylenic linkages is capable of migration since the metho-
chloride of this base on treatment with sodium methoxide is converted into

dimethylde55^sneostrychnidine, the bis indicating that one ethylenic

linkage has undergone two migrations from the strychnidine position,

i.e., from to ;
the second double bond for this base is

placed by Achmatowicz at —C^, but according to Holmes and Robinson,^

the positions of the two double bonds are not yet deducible but may form
one of the following three arrangements :

—

{a) . CH2 . CH=.C . C=:CH2 ;
{h) . CHg . CH=:C . C=CH .

;

3 2 7 6

{c) . CH-CH . C=:CH .

For dimethylde^neostrychnidinc the Achmatowicz formula has been slightly

modified to (XIX) by Holmes and Robinson. The third substance,

dimethyld^^strychnidine-D yields both a dihydro- and a tetrahydro-

derivative and, unlike de^-base-D, from which it is derived, does not

undergo internal alkylation when subjected to the ‘‘ hydrogenation ”

process in acid solution : it is represented by (XX).
In the final stage, when the dimethochlonde of either dimethylde^W^neo-

strychnidine or that of dimethylcie«strychnidinc-D is heated with sodium
methoxide in alcohol N (5) is eliminated as trimethylamine and there is

formed a mixture of the two de^ossostrychnidines, a and 6, of which the

first is amorphous but yields a crystalline methiodide, m.p. 154-5®, and
the second is crystalline, m.p. 109-110®, giving a methiodide, m.p. 105-6®.

Each yields a.hexahydro-derivative, which may be a mixture of stereo*

isomerides, and the difference between the forms a- and 6- is probably the

result of dissimilar distribution of the three ethylenic linkages thus indi-

19—3
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cated as present. Holmes and Robinson^ give the four arrangements,

a, bf e ; a, b, d ;
a, c, f; and a, c, g (see skeletal formula XXI) as those

available foi the positions of the three double bonds in the two isomerides.

Briggs, Openshaw and Robinson ^ have suggested that the three

ethylenic linkages are at a, b and e (see Addendum., p, 582).

A similar Hofmann degradation of dihydrobrucidine, ending in desaza-

brucidine, C23H27O3N, m.p. 133-4°, has been described.

^ _ The change of strychnine to t\90Strych-

nine (p. 562) involves the appearance of a

hydroxyl group, apparently in place of

the ether-oxide linkage, and the ethylenic

linkage is still present, though possibly

not in the same position as in strychnine

(Robinson ®®). Various methods of meeting

these requirements have been suggested,*®

including that of Huisgen and Wieland, based

on a comparison of the action of hydrogen

bromide on vomicine, strychnine and brucine

as a result of which wostrychnine is regarded as an analogue of e^ovomicine

and represented by partial formula (XXII), the changes in the conversion

of strychnine to wostrychnino taking place in rings E and F (formula I,

p. 574, cf\ vomicine to ?,yovomicine, p. 587). Similarly Huisgen and Wieland

have shown that the scission of ring F by halogen acids to form deoxy-

bases takes place in the same way with all three alkaloids. The deoxy-

strychnine, C 2iH220N2 ,
so formed has m.p. 198°, and on ozonisation yields

CH2

CHz

acetaldehyde. It is identical with the deoxyzVostrychnine, m.p. 195-7°,

of Leuchs and Schulte,^ obtained by the dehalogenation of bromodeoxy-
i^ostrychnine hydrobromide, by the action of zinc dust in acetic and
hydrobromic acids, and as the analogue of deoxyvomicine may be repre-

sented by partial formula (XXIII). (Compare deoxyvomicines-(a) and
-(6) (p. 590).) According to Leuchs and Schulte,^ the “ deoxystrychnine ”

of Tafel ’ (p. 564) is to be regarded as a tetrahydrodeoxystrychnine identical

with the product, CgiHgiONa, m.p. 175-6°, obtained by the catalytic

hydrogenation of either the bromodeoxyMOstrychnine hydrobromide, or

the deoxyi^ostrychnine referred to above.
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A final proof that brucine is o-dimetboxystrychnine has been provided

by Leuchs and Overberg,®^ who found that strychnidine (X) in presence

of an unusually active platinum oxide catalyst can be reduced to octa-

hydrostrychnidine, isolated as the perchlorate, C21II32ON2 . 2HCIO4,
Brucidine in like manner can be hydrogenated to diliydro-

brucidine, and then by elimination of the two methoxyl groups on further

reduction yields the same octahydrostrychnidine, indicating that brucine

is stereochemically identical with o-dimethoxystrychnine.

Clemo, Perkin and Robinson have recorded the production of indole

and carbazole when methylstrychnine is heated with caustic potash, and
more recently a series of simple bases has been obtained by tlie alkaline

degradation of strychnine. Of these, trvptamine (j8-3-indolylethylamine),

3-ethylindole, indole and 4-methyl-3-eth3ipyridine liave been identified,

and a fifth purified as the picratc. . CgHaO^Na, m.p. 192 °, has been

described by Clemo and by Siddiqiii,®* but has not been identified.

Tryptamine is to be expected as the Robinson formula includes the trypt-

amine skeleton.®^

Other investigations of interest are the studies of the isomeric dihydro-

derivatives of brucine and strychnine and their reactions, carried out by
Leuchs and his collaborators,®® investigation of the red o-quinone (isolated

as the perchlorate, C21H20O4N2 . HCIO4) formed in the well-known test for

brucine with nitric acid,®’ and the examination of the transformation

products of oximinobrucine by Wieland et al.^^

The synthetical experiments started by Openshaw and -Robinson ®^

have for their immediate objective the preparation of one of the possible

degradation products of strychnine, and a beginning has been made by
the preparation of the lactam of hexahydrocarbazole-1 : ll-j8j8'-dipropionic

acid (XXIV), which reproduces a portion of the strychnine molecule as

represented in Robinson’s formula (Ilia, p. 574 ), and in sulphuric acid

gives a purple colour with a trace of potassium dichromate (Otto reaction).

The same authors,®® by a modification of the process of preparation,

obtained a mixture of the original product, m.p. 271 °
;
now distinguished

as isomeride-A, with a stereoisomeride, m.p. 232 ° (isomeride-B). The
latter, like A, gives the Otto reaction and was converted vid the hydrazide,

into the lactam of ll-j3-aminoethylhexahydrocarbazole-l-j8-propionic

acid-B, b.p. 220°/0*2 mm. (XXIV, with . CH2 . COOH

.

CH2 . NH2),
which forms a hydrogen d-tartrate, m.p. 201--3 °, and is converted by long-

continued heating with methyl iodide in methyl alcohol, into the lactam of

ll-j3-dimethylaminoethylhexahydrocarbazole-l-j3-propionic acid-B methio-

dide, C2(^290N2

.

1 . HgO (XXIV, with . CHg . COOH-~>. CHg . NMcg . Mel).

This was transformed into the quaternary d-bromocamphorsulphonate,

m.p. 265 °, but no resolution has yet been effected. The lactam of 8-

carboxyhexahydrocarbazole-l : ll-jSjS'-dipropionic acid (XXIV, with a

carboxyl group at C®), C19H21O5N, m.p. 257-8 °, has also been prepared.

The same authors, with Holmes,®® have synthesised the lactam of 11-

ethylhexahydrocarbazole-l-j8-propionicacid, Ci^HgiON, m.p. 106 ’ 8-107' 5 °,

of which (XXrV) is a carboxy-derivative.
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Addendum. Few papers on the Strychnos alkaloids were published

during the war, but at its close a discussion^arose, mainly concerning the

5-

membered ring containing N(6) in the Robinson formula (XXV). In 1945

Prelog and Szpilfogel®® suggested for strychnine formula (XXVI), in

which this ring, marked E in (XXVII), is 6- instead of 5-membered
and G has 5 components in place of 6 as in (XXV). This is stated to

represent a strain-free model and to have the advantage that it contains

in E and G the skeleton of jS-collidine and so accounts better than (XXV)
for Clemo’s record of this base among the products of the alkaline

degradation of strychnine. In later papers the same authors give the

results of a chemical and spectrographic study of the degradation of

dihydrostrychninone, CigHigOgNg, m.p. 318°, — 49° (CHCI3), the

results of which are regarded as indicating that ring E is more than 5-

membered. In a comment on this formula Robinson pointed out that

it contains . N(6)(CH2)8 and cannot provide an explanation of the properties

of p^et/dostrychnine (hydroxystrychnine, p. 557). Prelog and Koc6r ••

subsequently showed that p^^wdostrychnine is oxidised by permanganate
to a hydroxystrychninonic acid, CgiHgoO^Ng, m.p. 274-6° (dec.), [a]p^ — 89°

(N/10 NaHO), which supports Robinson’s views as to the constitution of

this alkaloid. Robinson also stated that formula (XXVI) does not afford

a satisfactory basis for an explanation of the formation and transforma-

tions of methoxymethyldihydrocAanostrychnone (p. 576) or of dihydro-

strychnidine-D and suggested that if new evidence is found that ring E is

6-

membered the formula worth serious consideration is (XXVII). A detailed

comparison of formulje (XXV) and (XXVII) was made by Briggs, Openshaw
and Robinson ^ (1946), especially in regard to their explanatory possibilities.

(nitvu)
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It is pointed out that experimental evidence is now available covering

the whole of the strychnine molecule except the group (C3H4), which in

the (XXV) formula is constituted by the items at C^, and C’. It is also

known that the structure includes : N(6)CH because pseudostrychnine

is a tertiary alcohol. These conditions limit choice among possible struc-

tures, of which six others considered, offer no advantage over (XXV) or

(XXVII). Dissection of (XXVII) and of the formula for cinchonine

(p. 448) into possible phyto-chemical unit*, on the lines suggested by
Robinson in 1917, discloses a close structural similarity in the two
alkaloids, and this is even more striking in another strychnine formula
suggested somewhat later by Robinson but which is now regarded as

unnecessary in view of further developments. Reference has already

been made to the difference in opinion regarding the location of the double

bond in the weo-bases (p. 575). It was found ^ (1946) that these substances

couple with diazoiiium salts in dilute aqueous acid, forming products

which are neutral and appear to be arylhydrazones. The reaction was
represented as follows ;

—

; N , C = C . N . C(OH) N—CO C ; N2H<^

and appears to be analogous with the characteristic oxidation of the

neo-bases to keto-amides by the addition of two oxygen atoms, as in the

oxidation, described by Briggs and Robinson,®® of methoxymethyldihydro-
neostrychnine (a) to the neutral ketone, methoxymethylc/janodihydro-

stryclmone (5) in almost theoretical yield by perbenzoic acid. The two
processes may be represented by partial formulae of the units concerned

thus :

—

By p-nitrobenzene
diazonium chloride

() MeN . C == C . CH . CHg , OMe MeN . CO N . NH . CjH* . NOj

1 II

.

By perbenzoic acid (20 added) . C , CH . CHg . OMe

I .
t

‘

() MeN . CO . CO . CH . CH^ . OMe by p-nitrophenylhydrazine

The product of the coupling of (a) with p-nitrobenzenediazonium

chloride is identical with the p-nitrophenylhydrazone of (b). The oxidation

of neostrychnidine to strychnidone by permanganate^® (1982) and of

neobrucidine to brucidone (1927) are probably analogous, and it is now
foimd that by the action of p-nitrobenzenediazonium chloride, neostrych-

nine is converted into strychnone p-nitrophenylhydrazone.

This location of the double bond in the neo-bases in juxtaposition to

N{6) was at first considered to favour formula (XXV) rather than (XXVII)
for strychnine* In (XXVII) a double bond could be inserted at C®

—

C«—C* or and the possibilities of each position were discussed in

detail* In the meantime Chakravarti and Robinson foimd that brucine

and strychnine can be converted easily into neolwrucine and neostrychnine
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respectively by refluxing their solutions in xylene with Raney nickel under

carefully controlled conditions, and the same authors have stated in a

preliminary announcement that the aetion of bromine on n^ostrychnine

in cold acid solution converts it into oxodihydrori^ostrychninc, C21H22O3N2,

now renamed oxodihydroaZZostrychnine, which has been recognised as an

aldehyde formed by the molecular rearrangement :N.CH=C:—

>

: N—C(CHO) This is taken to imply that the unsaturation in the

n^O'bases lies between C® and C® (XXVII), in the change from strych-

nine to ?imstrychnine (XXVIII) the ethylenic linkage moves one step

nearer Nib).

Three new papers bearing on the structure of strychnine have become
available too late for inclusion in this suinniary of recent work.

VToodward, Brehm and Nelson have compared the ultra-violet absorption

spectra of strychnine and Leuchs’s strychnone (p. 559 ) and used the

results for a discussion of the relationship of the two alkaloids. Prelf)g

and Kathrincr have investigated the oxidation of strychnine, ^-strychnine

and brucine by permanganate in weakly acid solution and Bailey and
Robinson from a study of the brucones ha\ e confirmed the c*onclusion

of Woodward et al. that Leuchs’s strychnone is a true indole derivative.

Mention must also be made of a pafx;r by Clcmo and King on new
reduction products of strychnine, of which a preliminary account has

been published with a suoimary of the ensuing discussion.
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Vomicine,*'' C22H2404N2.^ This alkaloid, obtained from residues of

strychnine manufacture, forms colourless needles from 80 per cent, alcohol,

or hexagonal prisms from acetone, has m.p. 282®, [ajff'’ -f* 80*4° (EtOH),

is a weak, monoacidic base giving salts which are acid in reaction. The
hydrochloride, B . HCl . SUgO, has m.p. 245® {dec.), and, like the hydro-

bromide, hydriodide, sulphate and nitrate, is sparingly soluble in water.

The acetyl derivative has m.p. 204-5® (Part XXVII). A dihydro-deriva-

tive, m.p, 290®, is formed by catalytic hydrogenation. The alkaloid gives

a stable red colour with chromic acid in sulphuiic acid, and with nitric

acid a brown to orange-yellow tint develops slowly. Boiled with potassium

hydroxide in methyl alcohol an intensely green colour is produced, which,

on careful addition of hydrochloric acid, followed by a few drops of ferric

chloride solution, changes to amethyst (Part VI). It contains no methoxyl,

or methylenedioxy-group, and does not react with carbonyl group
reagents. It has one replaceable hydrogen (Part XII), probably as a
tertiary hydroxyl group, ^ contains an aromatic ring, since it can be
brominated and nitrated (Part X), resembles strychnine and brucine in

furnishing an wonitroso-derivative and a benzylidene derivative (yellow,

triangular leaflets, m.p. 280® {dec,) ), indicating the presence of a reactive

methylene group. It does not react with methyl iodide, but yields an
addition product with methyl sulphate which, on crystallisation from hot
water, loses 1 mol. of methyl alcohol and forms voniicine methosulphate,

m.p. 272® (Parts I and XXII).
Constitution. The fact that vomicine occurs naturally with strychnine

suggests probable similarity of structure, and this is borne out by the

parallelism of the reactions and derivatives of the two alkaloids, vomicinic

acid, deoxyvomicine and vomicidine, for example, being formed in the

same way and being analogous with the strychnine derivatives, strychninic

acid, deoxystrychnin^ and strychnidine respectively. The two nitrogen

atoms, like those of strychnine, are distinguished as N(a) (lactam nitrogen)

and N(5) (basic nitrogen). Aa evidence for the structure of strychnine

has been given already, the discussion of the constitution of vomicine is

See note under reference (1).
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mostly concerned with the differences between the two alkaloids and
comparison of their analogous derivatives, and for this purpose it is

convenient to have at this stage the formula for (I) vomicine and partial

formulae for (II) t^ovomicine and (III) deoxyvomicine, on which most of

the results of experimental work have been explained. It should however
be noted that a new formula for vomicine has been developed recently

and is briefly referred to in an addendum (p. 595). Two points should

be noted about the ; N(6) . CH 2 . O group
: (1) it is said to be the source

( II ) /^oVomioine ( 1943

)

(III) Deoxyvomiolne-(3 )

(V) Dl)iydrod90X3r7omloin« (VI) TetrehydrodeoxyTOfflioiaa

of the molecule of methyl iodide formed when vomicine is subjected

to a methylimino determination ; (2) the position of the second terminal

of the ; N . GHj . O— chain is at in (I) and at in (II) and (III). Since
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1987 (the date of formula I) this terminal has also been placed at C® and

C’ (Part XXVII). Similarly the ethyl group shown at in formula I

has also been placed more recently at (Part XXVII).
isoVomicine^ C22H24O 4N2 (Parts XXV and XXVII). When vomicine

is boiled with hydrogen bromide and phosphorus in acetic acid, a reversible

reaction, vomicine ^ mvomicine occurs. ^>oVomicine has m.p. 256°

and [a]p + 260-3° (CHCI 3 ) : it contains two hydroxyl groups and forms

a mono- and a di-acetyl derivative, melting at 191-2° and 173° respectively
;

the lactam group is still present. On catalytic hydrogenation, i^ovomicine,

unlike vomicine, does not yield simply a dihydro-derivative, but gives a

mixture of products including a base, C 22H 30O 2N2 , (IV), m.p. 210 °, also

obtained by the hydrogenation of deoxyvomicine (Parts I and XV). In

the formation of deoxyvomicine (see below) by the action of hydriodic

acid and phosphorus in acetic acid on vomicine, there is simultaneously

obtained an iodo-compound, C22H26O 3N2I, m.p. 223° (dec.), (Part XXIII),

which is also produced when ?>ovomicine is subjected to this reaction,

though in this case no deoxyvomicine is formed directly, but is obtained

by the action of zinc dust and acetic acid on the mother liquors from which

the iodo-compound has separated. If in place of hydrogen iodide and
phosphorus in acetic acid there is used for this reaction potassium iodide,

phosphorus and phosphoric aejd,^ iVovomicine gives a 20 per cent, yield

of the colourless variety of deoxyvomicine, while vomicine, which gave a

60 per cent, yield of yellow deoxyvomicine under the former conditions,

now produces a new isomeride, neodeoxyvomicine (p. 591). No well-

defined product has been obtained by the oxidation of uovomicine with

chromic acid. On electrolytic reduction it furnishes ^>ovomicidine,

C22H26O 3N2 ,
as a faintly pink, crystalline powder, m.p. 290° (dec.). On

the basis of these results and its relationship to deoxyvomicine (III),

formula (II) was assigned to iiwomicine and (IV) to the base, C22H 3QO2N2 ,

as a reduction product of both f^ovomicine and deoxyvomicine
(Part XXIX).

Voinicinic Acid, C22H2 e05N2 . Vomicine, like strychnine, contains a
lactam group, and, on hydrolysis by potassium hydroxide in methyl
alcohol, yields vomicinic acid, which, in presence of alkali, autoxidises

rapidly, but can be isolated if the hydrolysis is conducted in an atmosphere
of nitrogen. The acid crystallises from dilute alcohol (20 per cent.) in

colourless needles, sinters at 164° and melts at 282°
;

the latter is the

melting-point of vomicine, which is no doubt re-formed from the acid by
loss of water. The acid yields a nitrosoamine, orange-yellow prisms,

m.p. 190° (dec.). Vomicinic acid furnishes dyes when treated with oxidising

agents in presence of dilute acid. This explains the ferric chloride colour

reaction referred to above, and all vomicine derivatives retaining the

lactam group give a colour reaction of this type when the lactam group
is opened and the product subjected to oxidation in acid

; bromovomicine
and bromodihydrovomicine are exceptional, the formation of a dye in

these cases being inhibited by the p-orientation of the substituent bromine
atom in relation to the —^NH— group (Part VI). Vomicinic acid cannot



VOMICINE 689

be esterified by ordinary methods, but yields the following series of products
on treatment with methyl iodide (Part VII)

( 1 )
'N(ayMethylvomicinic acid, C2iH240 3N(. COOII)(: N(a)CH 3 ),

255° {dec,), + 20*7° (EtOH), and its methyl ester, m.p. 266° (dec,),

+ 38-6° (EtOH).

(
2

)
O : 'N(a)-Dimethylvoniicimc acid,

C 2,H2302N, (. COOH)( : N(a)CH 3)( . OCH 3),

m.p. 242-4° ^with loss of water at 170°), -\ 48*4°, and its methyl ester,

m.p. 214-6°, [a]fr + 617° (EtOH).

I I

(3) C2iH2302(
. CO . 0)( :

N(a)Cl{ 3)( . OCIl 8 )( : N(/y)CH 3). This betaine

results when O : N(a)-dimeUiylvomieinic aeid methyl ester methiodide,

m.p. 210 °, is converted by silver oxide into the quaternary methohydroxide
and the latter is heated, a molecule of methyl alcohol being lost. It has

m.p. 105-8°, [a]D h 14*2° (EtOH) and gives a methiodide, which with

silver oxide regenerates the betaine. The most interesting feature of this

series of compound!^ is the appearance of a methoxyl group in 0 : N-
dimethylvomicinie acid

;
this, it is assumed, is due to the methylation of

a phenolic hydroxyl group and is taken to indicate the existence of a benz-

oxazoline group in vomicine, scission occurring in the conversion of the

base into vomicinic acid {see partial formulfc below). Methyl 0 : N-
dimethylvomicinate can be hydrogenated to the dihydro-base, ^25^340gN 2 >

prisms, m.p. 183-5°, and therefore contains the ethylenic linkage charac-

teristic of the Stryehnos alkaloids.

Vomicine and the proximate derivatives of vomicine, still containing

the lactam group, yield, on alkaline hydrolysis, analogues of vomicinic acid,

which in some cases are assumed to be formed, as the preparations give the

characteristic vomicinic acid colour reaction
; see, for example, alkaline

hydrolysis of wovomicine and neodeoxyvomicine (Part XXVII).
Reduction Products of Vomicine. The following list includes the

principal types of substances formed by the action of various reducing*

agents on vomicine directly, or at one or two removes. They range in

degree of structural change from the simple dihydro-derivative to the

base, C22H30O2N2
(formula IV), in which both oxido-rings have been opened

and reduced to residues and the original ethylenic linkage of vomicine has

been saturated, though the special lactam group of vomicine is taken as

still intact.
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Vomicine, C22H24O 4N2 .

Deoxyvomicine, C22H24O 3N2 .

Dihydrovomicine, C22H26O 4N2 .

Dihydrodeoxyvomicine, C22H26O 3N2 .

lododihydrodeoxyvomicine, C22H2 5OgNgl

.

Vomicidine, CggHgeOgNg.

Dihydrovomicidine, C22H28O 3N2 .

Base, C22H3o^2^2 *

Deoootfoomicines, C22H24O 3N2 (Ref. 1
,
Parts I, XXVII, XXIX). Three

isomerides are known, which may for convenience of reference and descrip-

tion be distinguished as {a), (h) and (c), though (a) is usually called

“ yellow,” ih) is spoken of as “ colourless,” and (c) is named n^odeoxy-

vomicine. Deoxyvomicine-^a), or the yellow isomeride, is formed by the

action of hydrogen iodide and phosphorus in acetic acid on vomicine (I).

It has m.p. 211 ®, + 242® (CHCI3), still contains the lactam group of

vomicine and two ethylenic linkages. In a variety of ways, c.g., by distilla-

tion in vacuo, or prolonged boiling in solvents, it is transformed into

deoxyvomicine-(Z>), the colourless form, which has m.p. 207® and [ajf,®**

-f 209® /CHCI3). Both isomerides on catalytic hydrogenation produce a

mixture of hydro-derivatives ofwhich one component, a base, C22H 3QO2N2 ,

m.p. 211 ®, + 78® (CHCI3), is common to both (Part XIV). This base,

represented by (IV), is also produced by the hydrogenation of f^evomicine

(II). On ozonisation both deoxyvomicines yield acetaldehyde, but this is

produced more quickly and in larger quantity from the (by than the

(a)-form. The second ethylenic linkage in ring E (formula III) is placed in

the jSy-position to the—CO— group because deoxyvomicine-(6
)
contains a

reactive methylene group giving a benzylidene derivative, m.p. 198-9®.

Under the experimental conditions used for this reaction deoxyvomicine-(a)

isomerises to the
(6)-form and so gives the same derivative.

Both deoxyvomicines combine with hydrogen iodide to form iodo-

dihydrodeoxyvomicines, CggHggOgNgl. That from deoxyvomicine-(a) is

identical with the by-product formed in the conversion of vomicine into

deoxyvomicine-(a) by the action of hydriodic acid : it can only be isolated

as the hydriodide, C22H25O 3N2I . HI . HgO, m.p. 214® (dec,), and all attempts

to isolate the free iodo-base result in de-iodination and the formation of

deoxyvomicine-(a). Reduction of this hydriodide, under special conditions,

by zinc dust in cold hydriodic acid, provides dihydrodeoxyvomicine-II,

C22H2 e03N2, m.p. 108®, 4* 845® (CHClg), giving a hydrochloride,

m.p. 285® (dec,). The iododihydro-base resulting from the addition of

hydrogen iodide to deoxyvomicine-(6)
is identical with the product of the

action of hydriodic acid on uovomicine ; it has m.p. 220® and is also the

iodine analogue of the bromodihydrodeoxyvomicine, C22H2303N2Br,

m.p. 248® (dec.), obtained by the action of hydrogen bromide on dihydro-

vomicine (Part XXV). Both the iodo- and bromo-compounds can be
dehalogenated by reduction and yield the same dihydrodeoxyvomicirie-I,

m.p. 209®, + 248® (CHCl,). This gives a benzylidene
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derivative, m.p. 222 °, and on catalytic hydrogenation forms two tetra*

hydrodeoxyvomicines, CgaHagOaNg, A and B. Of these A has m.p. 246-7°,

and + 210° (CHClg), gives a methiodide, m.p. 222 ° {dec,), and a
colourless, benzylidene derivative, m.p. 247°, and can be electrolytically

reduced to tetrahydrodeoxyvomicidine-A, m.p. 250-1° (dec.)^

The B-isomeride has m.p. 185-6° and [ajo + 270° (CHCI3) and is

reduced electrolytically to teti:ahydrodeoxyvomicidine-B, m.p. ^ 200°.

In considering these interrelationships with reference to formulae

(I to III) it should be remembered, as already pointed out, the second

terminal of the —O—CHg— group is not necessarily at as shown in (I)

or at C® as in (II) and (III), and similarly the location of the C2H 5 group
shown at .C* in (I) is doubtful. In the action of hydrogen iodide on
vomicine (I) ring F appears to be opened with the formation of a hydroxyl
group at and an ethylemc linkage at C®— as in t^ovomicine (II).

Under more drastic conditions, hydrogen iodide is added at the ethylenic

linkage, C*— resulting in the formation of the two iododihydrodeoxy-

vomicines, which are regarded as epimerides about C*. The loss of hydrogen
iodide from these may occur in the direction C® to C^, believed to give rise

to deoxyvoinicine-(fl^), or C® to to form deoxyvomicine-(5) (formula III)

;

the dcoxyv arnicines are therefore to be regarded as derivatives of iso-

vomicine. The two dihydrodeoxyvomicines (V) are also regarded as

epimerides while the two tetrahydrodeoxyvomicines (VI) originating from
a single dihydrodeoxyvomicine-I are believed to owe their isomerism to

cis and trans arrangements about the junction of the homo- and hetero-

cyclic rings (Part XXIX). Tetrahydrodeoxyvomicidine, the final stage in

this scries of reactions, differs from the tetrahydrodeoxyvomicines (VI) by
the replacement of the lactam —CO— by —CHg—

.

n^oDeoxyvomicine, the third isomeride, is produced when vomicine is

heated under reflux with potassium iodide and phosphoric acid in presence

of phosphorus. It crj/stallises from alcohol in prisms, m.p. 812° {dec.),

retains the lactam group and the ethylenic linkage of vomicine and gives

a dihydro-derivative, m.p. 321°, but cannot be acetylated.

Vomicidine, €22112303X2, obtained by the electrolytic reduction of

vomicine, crystallises from alcohol in needles or plates, m.p. 284° {dec.),

yields an acetyl derivative, m.p. 229-230° {dec.), and a benzoyl derivative,

m.p. 208-9°, and gives a blue-violet colour with oxidising agents in acid

solution. It is a phenolic base (Part VIII), and good yields of the methyl

ether (needles, m.p. 295° {dec.)) are obtained by the use of methyl iodide or

sulphate in presence of alkali in at atmosphere of nitrogen. Vomicidine

itself or the methyl ether, on heating with methyl iodide in alcohol, yields

the methyl ether methiodide (m.p. > 800°, with sintering at 280°). With
methyl iodide in a sealed tube at 100° vomicidine gives a dimethiodide,

and this, on treatment with diazomethane, is converted to the phenolbetaine,

€23112303X2, which melts at 246° and then solidifies, being converted into

vomicidine methyl ether. The phenolbetaine with hydriodic acid yields

vomicidine-N(a) methiodide hydriodide, and this with diazomethane

yields the corresponding methyl ether methiodide. Vomicidine no longer
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contains the lactam group, but it still retains the ethylenic linkage, and
on hydrogenation yields some dihydrovornicidinc, m.p. 296-8°, which is

best prepared by electrolytic reduction of dihydrovomicine.

The conversion of vomieine to vomicidine is analogous with the reduc-

tion of strychnine to strychnidinc, with the difference that the oxazoline

ring in vomieine is opened with the formation of a phenolic hydroxyl

group. The nitrogen atom (a) thereby becomes basic and vomicidine, like

strychnidinc and brueidine, is readily oxidised to dyes
;

thus it and the

derivatives described above, except tlie phenolbetaine and the dimethio-

dide, give blue-violet colours on addition of ferric chloride to their solutions

in dilute acid (Part XIV). Vomicidine and the derivatives described

above may be represented by the following partial formulae :—

.

C: ;N(b)

Vomicidine methyl ether

iN(b)CH^I

N.CHjjI
OH I

CH^.CH -
2 2

Vomicidine dimethiodide

Analogues of vomicidine are produced by the electrolytic reduction of

proximate derivatives of vomieine, still containing the lactam group, e.^.,

^6*oVomicine, C22H24O 4N2 —> ucvomicidine, C22H26O 3N2 ,
m.p. 290° (dec.)

(Part XXVIl).
eoxyvomicine, C 22H24O 3N2 —^ deoxyvomicidine, C22H26O2N2 ,

(amorph.)

B . Mel . 2H2O, m.p. 175° (Part XXIII).

Dihydrodeoxyvomicine, CooHoaOoNo, dihydrodeoxyvomicidine,

C22H28O2N2 ,
m.p. 264° (dec.) (Part XXIV).

Exhaustive Methylation. (Parts I, XXII, XXVIII.) This process

applied to vomieine has developed difficulties like those met with in the

case of strychnine (p. 575). The Emde process used with vomieine metho-
sulphate, C22H24O4N2 . MeHS04 , m.p. 272° (dec.), produced two methyl-

vomicines, I and II, C23H28O4N2 .

I has m.p. 232-5°, [ajo -f 156-5°
; B . Mel, m.p. 244-5°.

II has m.p. 240-0°, [a]i> + 126-0°

;

B . Mel, m.p. 206° (dec.).

Each contains a methoxyl and a methylimino group and gives a dihydro-

derivative. The chief difference between them seems to be that although
each can be demethylated by heating with hydrobromic acid, (I) yields
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the hydroxy -derivative, C22H 26O 4N2 , ni.p. 272"^, but (II) also adds on a

molecule of the halogen acid to give C22H2704N2Br, m.p. > 800"".

In the next stage each m(‘ihylvomieine yields a dimethylvomicine,

C24H32O4N2. •

I has m.p. 92"^ and B . Mel, m.p. 261°.

II has m.p. 184° and B . Mel, m.p. 290° (dec,).

Dimethylvomicine-I methiodide with potash in methyl alcohol at

110-120° yields some trimethylamine, but is chiefly converted into an
isomeride, C25H 35O 4N2

I, m.p. 278° (dec,). The lactam ring remains

intact in botli the methyl- and dimethyl-voinieines. Three of these

products have been redtieed electrolytieally giving methylvomicidine-I,

C28H30O 3N2 ,
m.p. 230° (dec ,, ; dimethylvomieidine-I, C24II 34O 3N2 , m.p.

236° (dec,) and dimethylvomicidinc-ll, m.p. 236° (dec,).

The changes occurring in th(‘ two stages from vomicine to dimethyl-

vomieine are represented by the following partial formulae. The difference

between the two methylvomicines is presumed to be due to a change in

position of the cthylenic linkage, which in methylvomieinc-I is thought to

be as in formula (III) with CHOH —>CIIOMc and in methylvomieine-II as

in formula (II).

(1) Vonioine ( II) ICethylvo nioine- II (III) Base 032)12604^2 (IV) Dinetit/lvciicolne-

1

Achmatowicz and Racinski ^ have also essayed a degradation of this

type, starting with dihydrovomicidine, C22H23O 3N2 , and using the pro-

cedure adopted with dihydrostrychnidine (p. 577). Dihydrovomieidine

dimethochloride, on treatment with potassium methoxide in methyl

alcohol at 185°, gave 0-methyldihydrovomicidine-A, C23H30O 3N2 , m.p.

216-7°
;

which contains a methoxyl but no methylimino-group. This

base gives a series of quaternary salts (V : R = MeX) of which the dimetho-

carbonate, m.p. 160-5° (dec,), on heating at 280° produced 0-methyI-N(5)-

methylcfe^dihydrovomicidine, €34113208X2, m.p. 191-2°, which contains a

methoxyl and a methylimino group and an ethylenic linkage and is
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represented by partial formula (VI). On boiling with diluted sulphuric

acid the substance reverts in part to O-methyldihydrovomicidine-A and is

in part converted into an isomeride, 0-methyldihydrovomicidine-D,

m.p. 198-201°, which in structure and mode of formation is the analogue

of methyldihydrostryehnidine-D fp, 578). The dimethocarbonate,

m.p. 176-8° (cfcc.), of (VI) on heating at 280° reverts in part to (VI) but also

provides some 0-methyl-N(5)-dimethyldesvomicidine, m.p. 121--121-5°,

(VII), which can be hydrogenated to the dihydro-base, m.p. 140-1° at

room temperature, while at 70° tetrahydro-0-methyl-N(5)-dimethyldcs-

vomicidine, an oil giving a methiodide, m.p. 175-8°, is formed.

Oxidation of Vomicine, On oxidation with chromic acid, vomicine

yields three acids (Parts I, IX, XII and XXIII) :

—

(1) CigHgoOaNg . BHgO, m.p. 304° {dec.)^ after sintering at 285°, acid

to litmus, decolourises permanganate ; absorbs 2 mols, of hydrogen in

presence of platinum oxide as a catalyst.

(2) C17H22O5N2 . 3H2O. This, the chief oxidation product, crystallises

from water in thick transparent prisms, m.p. 807-810° {dec.)^ [aJir ““ 90*6°

(HgO). It decolourises permanganate and, on heating at 120°, becomes
anhydrous and loses carbon dioxide, forming a base, €1^112203X2, m.p.

302-310°, ([a]ff“ —86*2° {c =0-9, HgO). It is alkaline to litmus and
decolourises permanganate.

,
On catalytic hydrogenation the acid,

O17H22O5N2, is converted into the dihydro-acid, C17H24O5N2 . 4H2O,
m.p. 264° {dec,)f but there is formed, along with this by decarboxylation

and further reduction, a base, Ci^HggOgNg, m.p. 201-2°, -f 17*8°

(EtOH), which is also produced by hydrogenation of the base, €13112203X2

(see above). This can be distilled in a high vacuum, is relatively stable to

permanganate and is strongly alkaline. It yields a monobenzoyl deriva-

tive, m.p. 158° (dec.)^ and a methiodide, which sinters at 124°, swells at

240-250° and froths at 295°. It is probable that in the conversion of the

base €13112203X2 into €13112302X2, the ethylenic linkage is first saturated

and then the ether-oxide ring is opened, the sequence of changes being

the same as in the reduction of deoxyvomicine, C22H24O3X2, to the base

OgaHggOgXg and of strychnine, C21H22O2X2, to deoxystrychnine, CjiHjsOXg.

(3) The third acid to which the formula, €i7H2207X2» was first ascribed

(Part I, 1929) has now been shown to have the formula, €13112003X2 . 5H2O,
(Part XXIII). It has m.p. 266-8°, — 80*6° (HgO), and is decarboxy-

lated at 200° to a base, €15112004X2, m.p. 264-6°, [x]]f — 51-8° (OHOlg),

which contains a methylimino-group and one active hydrogen and does

not form a methiodide.

Oxidation of Vomicidine (Parts XVIII, XX, XXVI). The chief

product of the oxidation of vomicidine by chromic acid is a dibasic acid,

C12H24O7X2 . 2HaO, m.p. 219-220° {dec.), which with diazomethane gives

a dimethyl ester, €21112207X2, m.p. 285-6° {dec.). The latter on catalytic

hydrogenation absorbs three molecules of hydrogen giving a substance,

€21113203X2, m.p. 186°. The C19 acid yields formic and oxalic acids when
heated with alkali at 120° and with dilute hydrochloric acid in sealed tubes

at 155° loses two molecules of carbon dioxide and one of carbon monoxide,
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forming a base, CigH2402N2, m.p. 146°. The acid is represented by formula
(VIII) and the base by (IX) : the second terminal of the : N . CHj . 0 .

group, as already stated, is uncertain. Of the various reactions recorded
for the base (Parts XVIII and XXVI) the most interesting is its

dehydrogenation by palladium at 280° to vomipyrine, m.p.
105-6°, which gives the pyrrole reaction, yields a yellow hydrochloride,

m.p. 240°, and forms a dihydro-derivative giving a hydrochloride, m.p. 221°

(dec.). Vomipyrine was originally represented as 7 : ll-diethyl-5 :
6-

P5a*roloquinoline (X) but neither this, which was later named isovomi-

pyrine, nor 8 : ll-diethyl-5 : 6-pyrroloquinoline proved, on synthesis, to

be identical with vomipyrine. Comparison of the absorption spectra of a

series of pyrroloquinolines and other tricyclic bases with that of vomi-

pyrine, indicated that the latter is a pyrroloquinoline though the location

of its substituents was still uncertain (Part XXI). Robinson and Stephen ^

have now shown that vomipyrine is incl-N-methyl-5-i^opropyl-7 :
8-

pyrroloqiiinoline.

(VIII) (II) (I)

Addendum. Bailey and Robinson ^ state that the acid (p. 594),

C17H22O5N2 . 3H2O,

obtained by Wieland et al. (Parts I and IX) by the oxidation of vomicine

with chromic acid, as described above, is also produced by the chromic

acid oxidation of N-methyl-^ec-^-strychnme,® or the corresponding

derivative of ^-brucine. This observation indicates that vomicine is an

ar-hydroxyl derivative of N-methyl-^ec-p^^iwiostrychnine and its relation

to strychnine, and to the acid €17112205X2.81120, can be represented by

the following partial formulae based on the second line of the strychnine

formula (XXVII
; p. 582), the rest of the formula being the same for both

alkaloids.

^ HO , C^Ha— C®0 N^Me HO 2C—C^—C^O pMe
Strychnine Vomicine ^iTHagOgNj acid
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Pharmacological Action of Sirychnos Alkaloids. Strychnine is highly

toxic
;

in poisonous doses it acts principally on the spinal cord, causing

excessive rellex irritability, which results in convulsions (tetanus) in which

all the muscles of the body are involved. The respiratory muscles are

affected and, as a general rule, in the mammal after two or three convul-

sions respiration fails. With large doses death may occur almost imme-
diately from asphyxia resulting from paralysis of the central nervous

system. The terminations of the motor nerves are paralysed in the same
way as by curare. In small quantities strychnine slows the heart and
raises the blood pressure, and, with poisonous doses, the blood pressure

is very high, due to the increased activity of the vasomotor centre. A
good deal of pharmacological work is being done on strychnine, e.g., on

its toxicity in the toad,^ the frog and the guinea-pig,® on the effect of

hydrogen ion concentration of the gastric juice on the absorption of the

alkaloid in the stomach of the dog or eat,^ and on the action of the alkaloid

on various organs ® and tissues.® Mention may also be made of the attempts

to prepare anti-bodies to strychnine.^ In medicine strychnine is chiefly

used as a tonic because of its bitter taste, and to a certain extent because

of its local action on the digestive organs, and its use in this way has been

reviewed by Anderson,® who in his experimental investigation found that

it stimulates the fasting stomach to active contraction, hastens the empty-
ing time after a test meal and increases the volume and acidity of the

gastric juice. He found no evidence that parenteral administration led

to any improvement in the condition of the patient. It is also employed
in various forms of paralysis for its stimulant action on the central nervous

system. It has been used as a remedy in chronic alcoholism. Its principal

use is probably as a vermin killer.

Brucine closely resembles strychnine in action, but is much less

poisonous and it also has a more marked curare-like action on the nerve-

endings in voluntary muscle.

Of the other Strychnos alkaloids vomicine has been investigated

by Ruickoldt,® who finds that in mice and rabbits it causes clonic convul-

sions, due to stimulation above the level of the anterior corpore quad-
ragemina. Convulsions can be elicited after intravenous, but not after

subcutaneous, injections. The toxicity is low ; twelve times the convulsive

dose does not cause death. No special action is exerted on blood
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pressure or respiration. Experimental animals become tolerant to

large doses, so that the alkaloid is probably rapidly decomposed in the

body. Injection of vomicine in rabbits produces hyperglycajmia, which
is inhibited by ergotamine and prevented by adrenalectomy. Vomicine
therefore appears to act by inducing adrenal activity by central sympathetic
stimulation.

a- and j8-Colubrines are bitter and in toxicity stand between brucine

and strychnine, the minimum lethal doses (mg. per k‘lo) of the four alka-

loids as salts by intravenous injection in mice are as follows : strychnine,

0*75; a-colubrine, 1*5; jS-colubrine, 6-6; brucine, 83. 0-Strychnine is

not bitter and is even less toxic, the m.l.d. being 100 mg. under the same
conditions (Warnat i®). Stryrhnicine is also of low toxicity, but is stated

to produce tetanus in frogs.

Little pharmacological use has been made of the large number of

brucine and strychnine derivatives produced in the course of the con-

stitutional investigations referred to above, though in a few instances

examinations for toxicity and convulsant action have been made. Tafcl,^^

in his early papers, recorded that methylstrychnine, strychninic and
i.90strychninic acids, deoxystrychnine and strychnidine, are all convulsant

and poisonous. According to Lewin,^^ methylstrychnine shows a curare-

like action in the frog. Babel found that in strychnine iV-oxide the

convulsive action was weakened and the paralysing effect increased in

comparison with strychnine
;

the iV-oxide is also less toxic. Wiki
found z^ostrychnine about one-thirtieth as toxic as strychnine. Among
degradation products Leuchs found brucinonic and strychninonic acids

were not poisonous.

Among other spinal convulsants are laurotetanine, gelsemine, thebaine

and the doubtful alkaloid “ calabarine,” of which thebaine is stated to

lie between strychnine and brucine in activity. There is no obvious

common chemical relationship among these substances apart from their

basic character. Other instances of absence of correlation in physiological

action of the strychnine type, among closely related substances, are

quoted by Clemo, Perkin and Robinson.^® ?^?coStrychnine is about one-

fiftieth as active as strychnine, being alx)ut equal to brucine or strychnidine,

whilst n^ostrychnidine is about twice as active as 7^^ostrychnine.l^

A comparative investigation has been made by Amann et of strych-

nine and some of its derivatives for toxicity, taking strychnine nitrate as

standard and equal to 1. The following results were obtained :

—

Strychnine A^-oxide, 10 ;
i^ostrychnine, 20 to 80 ; methylstrychnine,

100 ; strychnine methosulphate, 30 ;
strychninic acid, 25 to 80 ; iso-

strychninic acid, 30 to 85. Rats, mice, rabbits, cats, dogs and frogs were

used, and the figiu*es are comparative lethal doses for mammals.

An investigation of the elimination of strychnine has been made by

Hazelton and Fortunato.^®
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Carpaine, C14H26O2N. Greshoff^ isolated carpaine from the fruit

seed and leaves of the papaw tree, Carica Papatja L. The alkaloid was
investigated by Merck, ^ and by van Rijn,® who showed that it was a secon-

dary base, and later by Barger ^ alone, or with Robinson and a group of

collaborators.® The alkaloid has also been found in Vascancellea hastata

by Wester.®

Carpaine er}'^stallises in monoelinic prisms, m.p. 121 ®, b.p. 215-235°

in vamOy [a]i> + 2h9° (EtOH), and is insoluble in water, but soluble in

most organic solvents. The hydrochloride, B . HCl, forms needles and
tlie aurichloride, B . IIAuCl^ . SHgO, yellow needles, m.p. 205® {dry),

Methylcarpaine forms colourless prisms, m.p. 71®
;

nitrosocarpaine small

prisms, m.p. 144-5®
; A-acetylcarpaine has m.p. 114®.

Barger ® found that when carpaine is heated with 10 per cent, hydro-

chloric acid at 180-140®, or with sodium ethoxide in alcohol, it behaves

as a lactone and is converted into carpamic acid, Ci 4H2703N, long needles,

m.p. 224®. This acid yielded derivatives indicating the presence of one of

each of the following groups : hydroxyl, carboxyl and imino-, whence
the formula may be written Ci2H28(CHOH)(COOH)(NH) ; as it is not

reconvertible to carpaine, the lactone is probably neither y- nor 8- in type.

On distillation with selenium in vacuo carpaine is converted into carpyrine,

C14H21O2N, b.p. 210®/5 mm., but at 360® and atmospheric pressure into

a^ocarpyrine, C12H12N, b.p. 145-150®/21 mm. These substances give the

pyrrole reaction, and the second is regarded as pyrrole, with a side-chain

of six to eight carbon atoms, containing one double bond. On oxidation

with permanganate under slightly alkaline conditions, carpamic acid

hydrochloride yields suberic acid, COOH
.
(CHa)^ . COOH, whilst with

nitric acid, azelaic acid, COOH . (CH2)7 . COOH is formed from carpaine

and carpamic acid or its esters. On the basis of these results, formulae (I)

and (II) for carpaine were discussed.®^®!

In 1987 Barger, Robinson and Work modified (II) to (III) on the

following grounds : Carpaine and some of its degradation products were

found to contain a C-methyl group, which rules out formulae of type (I),

-CH-
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but can be accommodated in type (II). The large lactone ring of (II)

explains the failure to regenerate carpaine from carpamic acid. Since

carpamic acid is not oxidised by chromic acid to a keto-acid, and is not,

like the pyrrolidylpropanols,’ converted into a ketone when heated with

formaldehyde, it should be represented as a tertiary instead of a secondary

alcohol. As azelaic acid is the largest fragment produced on oxidation, a

chain of seven methylene groups is essential, and (III) is regarded as the

best method of meeting this condition as well as providing for a : CMe .

and a tertiary alcohol group, though (IV) has been considered as an
unlikely alternative. The attachment of the side-chain in the a-position

is in harmony with the failure of carpamic acid to give a colour reaction

with isatin.® Moreover, when carpamic acid is heated with hydriodic

acid and red phosphorus at 320 ®, nitrogen is eliminated and a hydrocarbon,

C14H28 or C14H3Q, is formed, which contains one : CMe .
group instead of

the two which should be formed by the opening of a jS-substituted pyrroli-

dine ring. Similarly exhaustive methylation of carpaine, followed by
hydrogenation, leads in two stages to a lactone hydrolysed to an acid,

C14H28O3, also containing one : CMe . group.

A second basic substance isolated from papaw seed and named “ car-

pasemine ” has been shown to be benzylthiourea.®

Pharmacological Action. Carpaine has been investigated by several

workers.^® It is essentially a iieart poison, though not of the cardiac

glucoside type. It lowers the pulse frequency and depresses the central

nervous system. Five milligrammes per kilogramme body weight is said

to be toxic to rabbits. According to To and Kyu, it is a potent amoebicide.
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The Seaecio Alkaloids. The botanical family Compositae, until com-

paratively recently, was singularly free from recorded occurrences of

alkaloids. That has been changed since the joint work of Watt ^ and
Cushny ^ proved that a liver disease of farm animals in S. Africa was
caused by the alkaloids present in a Scnecio species. Now, alkaloids of

the same type, which are beginning to be called “ hepatotoxic ’’ alkaloids,

have been isolated from many Senecio spp., including the noxious weeds
“ groundsel ” and “ ragwort,” common everywhere. Similar alkaloids

have also been found in two genera, Heliotropium and Trichodesma, of

the BoraginacCiTc and in several species of Crotalaria (Leguminosac). The
known alkaloids of the group and their recorded botanical distribution

are given in alphabetical order in the following list. J^rief descriptions of

the less clearly dehned alkaloids of the group are included in the list,

but those alkaloids which have been fully named and characterised are

described separately later as indicated by page references.

Aureinje, aureus.^ Subsequently identified with senecionine.^

Campestrine, C13H19O 3N, m.p. 93°, and a second has(\ m.p. 215°. S.

campestris var. maritima.^

Carthamoioine (p. 614). S. carthamoides.

Dicrotaline (p. 603). Crotalaria dura. Wood and Evans, and C, globifera^

E. Mey.«

Fuchsisenecionine, C12H21O3N . B .HCl, m.p. 225 7°, and a second base,

C 3H15O2N. S. Fuchsii.^^^^

Graminifoline, CigHggO^N, m.p. 236°. S. grarnimfolius, Jacq."^

Grantianine (p. 603). Crotalaria grantiana.^

Hastacine (p. 603). Cacalia hastata.^^^^

Heliotrine (p. 603). Heliotropium lasiocarpum, F. and M.®
Hieracifoline (p. 603) and a second basCy C20H17O 3N, m.p. 237°.

Erechtites hieracifolia (L), Raf. (Compositae).^®

Inteoerrimine (p. 603). S. integerrimus Nutt.^^

IsATiDiNE (p. 603). S. isatideus ® D.C. ; S. retrorsus D.C. S. sceleratus

Schw.®^

Jacobine (p. 603). S. cineraria,^ S. crucifoliay^ S. Jacobwa L.

Jacodine (p. 604). S. aquaiicusy ® S. cinerariuy^* ^ S. Jacobcea ^ L.

Jaconine (p. 604). S. Jacobcea ^ L.

Lasiocarpine (p. 604). Heliotropium lasiocarpum F. and M.®

LongiIjOBIne (p. 604). S. longilobusJ^

Mikanoidine, C2iH290gN, amorphous, hydrolysed to (a) mikanecine,

CgHi502N, picrate, m.p. 186°, possibly a dihydroretronecine (p. 607)

and (b) milmnecic acidy C13H13O5, m.p. 240°. S. mikanioides (Walp)

Otto (Manske. ®).

Monocrotaline (p. 604). Crotalafia retusa and C. spectabilisJ^

Othosenine (p. 604). S. othonneeJ^

601
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Platyphylline (p. 604). S, adncUvs S. hyg7ophiltcs Dyer and
Sm., S. platyphylliLS D.C.^’

Pterophine (p. 605). S. ilicifolius Thunb.
; S. pterophorus D.C.^®

Retrorsine (p. 605). <S. glaberrimm,^ S, graminifMus^’^ S. ilicifolius

Thunb., ^ S. isatideus D.C.,^ S. latifolim,^^ S. pterophorus S. retrorsus

(Manske ^®), S, venosus,^

Riddelline (p. 605). S. Riddellii.^^

Rosmarinine (p. 605). S, brachypodus D.C.,*® S» hygrophilus Dyer and
Sm.,2® S, pauciligulatus Dyer and Sm., S, rosmarinifolius,^^ S,

sceleratus Schw.^^ In S. hygrophilus it may be replaced by an
isomeridcy Ci 8H270eN, m.p. 175-6°, — 62-4° (MeOH).^®

Sceleratine (p. 605). S. sceleratus Sehw.^^

Senecifolidine (p. 606^ and senecifoline. S. latifolius^

Senecionine (p. 606). S. aureus^ S. ilicifolius Thunb. (de Waal), 2®

S, integerrimuSy^^ S, pseudoarnica S. squaliduSy^^ S, viscosus,^

iS. vulgaris,^

Seneciphylline (p. 606). S, platyphyllus,'^’^* ^ S, spartioidesy^^ S. steno^

cephalus (1937).^’

SiLVASENECiNE, C12H21O 4N, or CigHgiOgN, and a base^ C13H21O 4N, giving

a crystalline hydrochloride. S. silvaticus

Spartioidine, CigHggOgN, m.p. 178°, giving a methiodide, m.p. 239°.

S, spartioides.^^

Squalidine (p. 606). S. sqtuilidus.^^

Trachelantamine and Trachelantine (pp. 606-7). Trachelanthus

korolkovi.^

Trichodesmine (p. 607). Trichodesma incanum D.C.^®

In addition the following Senecio spp. have been recorded as containing

unnamed alkaloids ;

—

S. brasiliensis. Alkaloid, CigHgsOgN, m.p. 232-4° (dec.), [ajf®'" — 66 - 8
°

(CHClg); methiodide, m.p. 243° (dec.), 43*4° (MeOH)
;

picrate,

m.p. 189* 5°; aurichloride, m.p. 182°. The base is hydrolysed by
baryta to retronecine (p. 607) and a dextrorotatory acid, CioHn05 ,

m.p. 141-2°.^^

S, crucifoliiLS L. Base. C18H27O 5N, m.p. 222°.®

S. paludosus L. Possibly two bases.’^

S. saracenicus. Two bases : (a) CgHjgON ; crystalline picrate and methio-

dide. ib) CijHgiOgN ; crystalline aurichloride.®

Of the alkaloids described in the following paragraphs nearly all have
been shown to undergo alkaline hydrolysis to an acid and an amino-alcohol.

These hydrolytic products have been conveniently grouped together as

nedc acids and necines respectively, and the necines have proved much
the more attractive to investigators. Of these twenty-five alkaloids,

sixteen yield the same necine, retronecine, two yield a second necine,

heliotridine, and two more a third, platynecine. As these three necines

are closely related they are discussed together later. Of the five remainmg
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necines one, senecifolinine, is probably rctronecine, but the other four

are each characteristic of a single alkaloid.

The necic acids have received little attention from investigators, but
when more is known about them they may prove to be less variable in

character than appears to be the case at present. Those acids which have
merely been characterised are described briefly under the appropriate

alkaloids, but the few that have been more fully examined are described

together later.

Dicrotaline, c„h„0,n. m.p. 170° (dec.), is unstable and decomposes
on keeping. B . HCl, m.p. 258-60° (dec.), [a]^“ + 25*7° (HgO)

;
picrate,

m.p. 238-240° (dec.). On alkaline hydrolysis the base produces retronecine

(p. 607) and the dibasic dicroUiUc acid^ m.p. 109°.®

Grantianine, CigHagO^N, m.p, 204-5° {dec.\ [a]?f -f 50.6° (CHCI3),

forms a hydrochloride, m.p. 221-2° (dec.), picrate, m.p. 225-8° (dec,) and
a methiodide, m.p. 242-3°. It hydrogenates without cleavage to tetra-

hydrograntianine, m.p. 242*5° (vac,), yielding a picrate, m.p. 156-7° (dec,),

and is hydrolysed by potassium hydroxide in methyl alcohol, to retronecine

(p. 607) and grantianinic acid, possibly CJ0H14O7, but not yet isolated in a

pure state.®

Hastadxie, C18H27O5N, m.p. 170-1°, [a]D — 72*34°, is hydrolysed

by boiling, dilute, alcoholic potash to hasianecinic acid, C8Hi8(0H)(C02H),
m.p, 148-9°, [a]£)+4*6° and hastanecine, an aminoglycol, CgHigOgN,
m.p. 113-4°, [a]D — 9*07°. The alkaloid is stated to have spasmolytic

properties.

Heliotrine, CigHayO^N, m.p. 125-6°, [a]D — 75° (CHClj), yields a

methiodide, m.p. 108-111°, and contains one methoxyl group, two hydroxyl

groups and a tertiary nitrogen atom. On alkaline hydrolysis it forms

heliotridine (p. 607) and heliotric acid (p. 613). In presence of platinic

oxide it absorbs two molecules of hydrogen and affords, as scission products,

heliotric acid and hydroxyheliotridane ® (p. 607).

Hieradfoline, CigHggOgN, m.p. 227°, [a]?f — 89*7° (CHCI3). On
alkaline hydrolysis it yields retronecine (p. 607) and hieracinecic acid,

C^oHigOg, m.p. 132°, described as dibasic.^®

Integerrimine, CigHgsOgN, m.p. 172-172*5°, [a]^“ + 4*3° (MeOH).
The hydrolytic products are retronecine (p. 607) and integerrinecic acid,

^10^16® 6>
151°.^^

Isatidine, Ci8H8507N . 2H2O, crystallises in rhombic prisms : a *. b ; c ==

0*692:1:0*432. M.p. 145° (dec,), [a]?f*— 8*25° (HgO). Absorbs four

molecules of hydrogen to form octahydroanhydraisatidine, later re-named

hexahydrodeoxyisatidine, CjgHgiOgN, which melts at 115-120°, re-melts

at 183-4°, forms a hydrochloride, m.p. 218° (dec,), —52*5° (HgO),

and on hydrolysis by barium hydroxide in water yields as the basic product

ietrahydroisaiinecine, m.p. 174*5°, — 88° (HjO). The
parent alkaloid, isatidine, on hydrolysis by baryta, yields isatinecine

(p. 612) and twoiicid products, isatinecic acid and isatinecic monolactonic

acid “ (p. 618),

JaccMSe, m.p. 219°, — 46*8° (CHCl,), forms a nitrate,
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m.p. 284®, [a]}r — 28-6° (HgO), a picrate, m.p. 180®, which is soluble in

water, and a methiodide, m.p. 255®. The base contains two active hydrogen

atoms, and on hydrolysis furnishes retronecine (p. 607) and jdconecic acid,

CioHi 6^ 6 >
vdiich has m.p. 182®, + 81-7®, and contains three C-methyl

groups.

Jacodine, CigHg^OgN, m.p. 217®, [a]i^“ - 109*6® (CHCI3) yields a

nitrate, m.p. 215®, [a]}/° — 77*4® (HgO), and a picrate, m.p. 171°. The
hydrolytic products are retronecine (p. 607) and an acid, m.p.

136-7° (Barger and Blackie ^).

Jaconine, CigHgsOgN . HgO, m.p. 146®, b.p. 180°/0*01 mm. (Barger and
Blackie ^).

Lasiocarpine, C21H33O 7N, m.p. 94-95*5®, [aji) — 4° (EtOH). On
alkaline hydrolysis it furnishes heliotridine (p. 607) and angelic acid,

CH 3 . CH : C(CH 3 ) . CO2H, and on hydrogenolysis the products are

(a) lasiocarpic acid, CgHigOg, m.p. 95-7°, [ajo + 10 -6° (EtOH), which is

unsaturated and contains one methoxyl and two hydroxyl groups, and
(b) a base, CigllggOgN, b.p. 123-5®/8 mm., [a]]) + 3*8® (EtOH), which gives

a picrate, m.p. 157-9®, and is hydrolysed to hydroxyheliotridane (p. 607)

and rnethylethylacetic acid. Lasiocarpine is regarded as angelyllasio-

carpylheliotridine, both hydroxyl groups in heliotridine being esterilied.®

Longilobine, CigUggO^N, m.p. 217-8® (dec.), — 79*2® (EtOH),
gives a methiodide, m.p. 249® {dec,), and on alkaline hydrolysis yields

retronecine (p. 607) and longinecic acid, C10H14O 5 , m.p. 126-9®.ii

Monocrotaline, CigHgsOgN, m.p. 197-8® (dec,), [ajff'* — 55*7® (CHCI3),

forms a hydrochloride, m.p. 184® (dec.), Mf?** 88*4® (HgO), and a methio-

dide, B . Mel . 8MeOH, m.p. 205® (dec.), [a]ff + 28*4® (MeOH). In boiling

aqueous barium hydroxide solution the alkaloid is hydrolysed to retro-

necine (p. 607) and monocrotic acid (p. 612), and on hydrogenation in

presence of platinic oxide in acetic acid the scission products are (a)

retronecanol (p. 607) and (b) monocrotalic acid (p. 612).

Othosenine (otosenine), €1311270

7

N, m.p. 221-2 ®, forms a picrate,

m.p. 233-5®. On hydrolysis with barium hydroxide solution it furnishes

an acid, CioHigOg, m.p. 180-2®, possibly identical with jaconccic acid

(see above)
;
the basic hydrolytic product was apparently decomposed in this

process. On acid hydrolysis othosenine yielded a substance, C10H13O 4CI,

m.p. 111-3®, and othonechie, CgHjgOgN, isolated as the hydrochloride,

m.p. 146-8®. Othonecine contains one hydroxyl, one carbonyl and one
methylimino group but no methoxyl, and is regarded as probably a

derivative of N-methylpyrrolidine. On hydrogenation it is converted

into a reduced product, C 9H17O2N, b.p. 105-7®, characterised by a picrate,

m.p. 231’ 5®, and an oxime, C9H18O2N2, m.p. 179-181®.^®

Platyphylline, CigH2705N. The constants recorded by Orekhov
are generally lower than those found by de Waal,^® which are given in

bracktets: base, m.p. 124-5® (129®), Md - 45-09® (-56-4®) (CHCI 3)

;

perchlorate, m.p. 222-3® (dec.) (244-5®)
;

picrate, m.p. 199-200®, picrolo-

nate, m.p. 205-6° (dec.), aurichloride, m.p. 200-1® (dec.) and a methiodide,

m.p. 216-7®, [a]D 81* 27® (EtOH). Platyphylline contains one^hydroxyl
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group but no methoxyl or methylimino group, and on hydrolysis yields

platynecine (p. 607) and platynecic acid, C10H14O 4 , m.p. 154-5°, and now
known to be identical with senecic acid lactone (p. 613).

Pterophine, C18H23O5N, m.p. 227-8° {dec,),[oL]]f - 88*5° (CHCI3 ), yields

a nitrate, m.p. 208° {dec,), — 69*9° (HgO), a picrate, m.p. 190°, and
a methiodidc, m.p. 260° {dec,), and on alkaline hydrolysis forms retro-

necine p. (607) and pterophnecic lactone, m.p. 166-5°, [alo — 17-7°

(HgO), which is stated to contain one lactone group and no free carboxyl

group, and to exhibit a “ dualism,” one form being probably identical with

seneciphyllic acid, C10H14O 4 {see hclow).^^

Retrorsine, CjgHgsOgN, m.p. 214-5°, [a]}f* — 17-6° (EtOH), gives a

nitrate, B . HNO.,, 0*5 EtOH, m.p. 145°, a monophenylearbamate, m.p.

200 “2 °, a perbromidc hydrobruniidc, CigH^^OgNBra . HHf, and a methio-

didc, m.p. 266° (dec,). On alkaline hydrolysis, retrorsine yields retronecine

(p. 607) and retronecic acid, m.p. 177°, [aj^ — 11-36° (EtOH), a

dihydroxydicarboxylic acid, which on heating with anhydrous oxalic acid

is converted into the lactone acid, CioHi405 , m.p. 181-3°, obtained by
Manske from potassium retroneeate formed in the hydrolysis of retrorsine

by potassium hydroxide in alcohol. On catalytic hydrogenation retrorsine

absorbs two molecules of hydrogen and furnishes retronccanol (p. 607) and
retronecic acid.

Riddelline, m.p. 197-8° {dec,), [a]?^ - 109-5° (CHCI3),

forms a hydrochloride, m.p. 225-6° {dec,), [ajff** — 80-6° (HgO), and a

methiodidc, m.p. 260-2° {dec,), and is hydrolysed by boiling aqueous

barium hydroxide solution to retronecine (p. 607) and riddellic acid,

C10H14O 3 . HgO, m.p. 62° or 102-3° (dry), Mff -2-65° (dry: EtOH) :

the latter is a dibasic acid and possibly contains a lactone group also.

On hydrogenation the acid yields a mixture, but the dimethyl ester,

b.p. 144-5°/l mm., — 2-84° (EtOH), is reduced to dimethyl dihydro-

riddellate, b.p. 146-7°/l mm., — 15-3°. When riddelline is hydro-

genated in presence of Raney nickel the product is tetrahydroriddelline,

C18H27O 3N, m.p. 205°, — 9-5°, which on alkaline hydrolysis yields

retronccanol (p. 607) and riddellic aeid,^®

Rosmarinine, C18H27O 8N, m.p. 209°, — 94° (EtOH), forms a

nitrate, m.p. 218° {dec,), — 91-5° (H2O), and a methiodidc, m.p. 251°,

and on hydrolysis yields senecic acid (p. 613) and rosmarinecine (p. 612).

It absorbs one molecule of hydrogen and the product on hydrolysis

furnishes rosmarinecine and dihydrosenecic acid (p. 613).^®

Sceleratine^ C18H27O 7N , HgO, m.p. 178°, [ajf/** -f 54° (EtOH), forms a

nitrate, m.p. 250-5° (dec,), — 10° (H2O), hydrochloride, m.p. 290°

(dec,), aurichloride, m.p. 184-6° {dec,), picrate m.p. 216° (dec,), and methio-

dide, m.p. 254° {dec,). The products of alkaline hydrolysis are retronecine

(p. 607) and sceleranecic acid, CioHi405 ,
m.p. 156°, — 9-3°, which

behaves as a dilactone and is also produced in a more stable form, m.p. 218°.

On catalytic hydrogenation with platinic oxide as catalyst in N-hydro-

chloric acid, hydrolysis occurs and sceleranecic acid is again formed, but

retronecine is replaced by retronccanol (p. 607).*'
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Senedfolidine, m.p. 212° (dec.), [(x]f"
— 18*9° (EtOH),

gives a nitrate (B . HN03)2 EtOH, m.p. 145°, [ajo — 24*85°, and an

aurichloride crystallising in hair-like needles.^

Senedfoline, Ci 8H2708N, m.p. 194-5°, [a]i> + 28*18° (EtOH), forms a

nitrate, m.p. 240° (dec.), [a]© — 15*8° (HgO), hydrochloride, m.p, 260°

(dec.), [a]D —20°, and aurichloride, B . HAUCI 4 . EtOH, m.p. 220° (dry).

On hydrolysis by alkali senecifoline produces senecifolic acid, CioHi^Og,
m.p. 198-9°, [a]D + 28*86° (EtOH), and senecifolinine, CgH^OaN.^ The
latter is amorphous but yields crystalline salts (hydrochloride, m.p. 168°,

Wd ““ 12*6°, and aurichloride, m.p. 150°) ^
; it may prove to be identical

with retronecine (p. 607), as suggested by Barger et

Senedonine, CigHjsOgN, m.p. 232°, [a]© — 54*6° (CHCI3), sublimes at

180-140°/0*2 mm. The nitrate has m.p. 214°, [aj^ —84*2° (HgO) ;
the

picrate, m.p. 191°, the aurichloride, m.p. 186°, and the methiodide, m.p.
249°. The hydrolytic products are retronecine (p. 607) and senedc acidJ^^

Seneciphylline, CigH^gOgN, m.p. 217-8°, [a]© — 184*2° (CHCI3), forms a

perchlorate, which decomposes from 220-245°, a picrate, m.p. 182-8°, a

methiodide, m.p. 231-2° (dec.), and an aurichloride, m.p. 162-6° (dec,).

It contains one hydroxyl group but no methoxyl or methylimino group.

The nitrogen is tertiary. On hydrolysis seneciphylline yields retronecine

(p. 607) and seneciphyllic acid, C13H14O 5, m.p. 140-1°, [a]© ± 0 ° (Orekhov

etal).^’^

Squalidine, CigHgsOgN, m.p. 169°, [a]J®“ — 26*9° (CHCI3) ;
the nitrate

has m.p. 204° and — 8*65° (HgO) ; the picrate melts at 203°. The
hydrolytic products are retronecine (p. 607) and squalinecic acid, C10H14O 4 ,

m.p. 129°
;
the latter is probably related to senecic acid (p. 613) and like

the latter contains three C-alkyl groups (Barger and Blackie).22

Trachelantamine, C16H27O4N, m.p. 92-8°, Md — 18*14°, yields a

picrate, m.p. 155-6°, and is hydrolysed by alkali into trachelantic acid,

C 7
H14O4, m.p. 98-5°, and trachelanlamidine, CgH^gON, b.p. 114-5°/8 mm.,

[a]D — 12*94°, characterised as hydrochloride, m.p. 110-2°, picrate,

m.p. 174°, and picrolonate, m.p. 182°. This substance is isomeric with

hydroxyheliotridane (p. 607) and retronecanol (p. 607), which are both

convertible into the oxygen-free base heliotridane, CgH^gN. In a parallel

series of reactions, trachelantamidine yields on treatment with thionyl

chloride, chlorop^^wdoheliotridane, C 8Hi 4NCl, b.p. 86-8°/8 mm., [aji)

— 16*5° (no solvent), picrate, m.p. 180°, which on alkaline reduction

followed by hydrogenation forms p^ewdoheliotridane, CgHjsN, b.p. 159-160°,

[a]D—8*25° (no solvent), giving a picrate, m.p. 282-3°, picrolonate,

m.p. 162-8°, aurichloride, m.p. 188-4°, and methiodide, m.p. >275°.

This in the first stage of a Hofmann degradation produces de-N-methyl-
p^^wdoheliotridan^, C9Ni 7N, b.p. 158-160°, — 64° (no solvent),

picrate, m.p. 127°. This on hydrogenation furnishes the saturated base,

C 9H13N, b.p. 165-7°, [a]D — 11° (no solvent), which forms a picrate,

m.p. 158-9°. When this dihydride is passed over platinised asb^tos at

800-820° it produces a pyrrole derivative, C3H15N, b.p. 189-191°, [«]d—5°

(no solvent).
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In a more recent paper Menschikov assigns to trachelantamidine

formula (VI, p. 611), which makes it structurally identical with iso-

retronecanol fp. 609). He also provides experimental evidence for

the view that trachelantic acid is 2-methyl-3 : 4-dihydroxypcntane-3-

carboxylic acid, McgCH . C(0H)(C02H) . CHOH . CHg, and trachelanta-

mine becomes C 7
H12N . CH^ . OC . C(OH)Pr^ . CHOH . CHg, C^HjgN

being the pyrrolizidine residue ^ (1947).

Trachelantine, C15H25O5N, m.p. 166-7°, [ajo — 22*5°, contains two
hydroxyl groups, and is hydrolysed by alkalis to trachelantidine, CgHigOgN,
characterised as the hydrochloride, m.p. 107-8°, and trachelantic ctcid (see

above),

Trichodesmine, CjgHa^OgN, m.p. 160-1° (dec.)y [a]D+ 38° (EtOH), gives

a methiodide, m.p. 202 ° (dec,), and on alkaline hydrolysis yields retronecine

(p. 607) and dWactic acid with i^obutyl methyl ketone, the latter probably
arising from a /3-kctonic acid first formed.**®

The Necines. The most important of these substances and their

near derivatives are the following :

—

Retronecine, C 8Hia02N, m.p. 121-2°, [x]d + 50*2° (EtOH), forms a

hydrochloride, m.p. 164°, — 16°, picrate, m.p. 142°, and aurichloride,

m.p. 146°
;
the monobenzoyl derivative gives a hydrochloride, m.p. 151°, and

a methochloride, m.p. 128°
;

diacetylretronecine distils at 125° in a high

vacuum and forms a picrate, m.p. 146°, and a methiodide, m.p. 118-120°.

Retronecine absorbs two molecules of hydrogen producing retronecanol.

Retronecanol, CgHigON, b.p. 140/30 mm., m.p. 95-6°, — 91-1°

(EtOH), forms a hydrochloride, m.p. 210° (dec,), a methiodide, m.p. 193°

(dec,), —52*8° (MeOH), and a picrate, m.p. 210°; the monoacetyl
derivative gives a picrate, m.p. 176°, and a methiodide, m.p. 207-8°

(Manske,^® Barger et al,,^^ Adams and Rogers ^^).

Heliotridine, CgHigOgN, m.p. 116*5-118°, [a]D + 81° (MeOH), forms

a hydrochloride, m.p. 122-4°, and a dibenzoyl derivative hydrochloride,

m.p. 180°. The latter on hydrogenation is converted into the non-crystal-

line hydroxyheliotridane benzoate.

Hydroxyheliotridane, CgH^gON. This substance stands in the same
relation to heliotridine as retronecanol does to retronecine. It has b.p.

126-8/12 mm., m.p. 60-5°, [aju — 14*5° (HgO), and forms a methiodide.

m.p. 296°, and a picrate, m.p. 196° (dec,). The single oxygen is present

as a hydroxyl group (Menschikov, 1935).®

PiiATYNECiNE, CgH^gOgN, m.p. 148°, [ajx) — 56*8° (CHClg), forms a

picrate, m.p. 189°, aurichloride, m.p. 209-210° (dec,), and methiodide,

m.p. 202-3°
; the hydrochloride is crystalline but hygroscopic

; two
active hydrogen atoms are present and both mono- and di-benzoyl deriva-

tives have been prepared ; the mono-compound has m.p. 119-120° and

Wd — 37*9° (EtOH) ; the di-derivative is an oil, but yields a crystalline

hydrochloride, m.p* 228-230°. Adams and Rogers by hydrogenating

retronecine, in presence of Raney nickel, have prepared platynecine,

having — fl»7*7° (CHClj) and otherwise identical with the hydrolytic

product of platyphylline. Sulphuric acid at 100° converts platynecine to
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anhydroplatynecitu\ CgHigON, b.p. 194~5°/750 nini., [a])) — 25*2°, which

forms a pierate, m.p. 265 270° [dec,), picrolonate, m.p. 226 -7° {dec,), and
methiodide, 211-3°

;
it contains no active hydrogen and is not catalyti-

cally hydrogenated.^®’

Constitution, The first contribution to knowledge of the structure of

the necines was made by Menschikov (1933),® who found that heliotridine

is converted by thionyl chloride into an unstable dichloro-derivative,

which on catalytic hydrogenation forms chloroheliotridane, C 8Hi 4NCl,

b.p. 84-5710 mm., [a]x> — 133-5°, and this with sodium ethoxide in

boiling alcohol yields heliotridene, CgHigN, b.p. 165-6°, pierate, m.p. 224-5°

(dec,), which on hydrogenation furnishes Z-hcliotridane, CglljgN, b.p. 168-5°,

Wd “ 99-5°, pierate, m.p. 236° (dec,), picrolonate, m.p. 152-3°, auri-

chloride, m.p. 199-200°. Tliese two oxygen-free bases have been prepared

from other sources, e,g,, hydroxyheliotridane by Menschikov (1935),®

retronecanol by Konovalova and Orekhov, and later by Adams and
Rogers, 2’ and from platynecine with more difliculty by Konovalova,

Orekhov and Tiedebel (1938).^'^ Where they were obtained in sufficient

quantity for detailed comparison, the constants found arc in good agree-

ment, except that heliotridene shows great variation in rotatory power ;

the extremes recorded by Menschikov are — 10° and — 160°, while

Adams and Rogers found -f 38°, against — 149-8°, recorded by
Konovalova and Orekhov ^2 for heliotridene ex retronecanol. Smaller

variations also occur in the rotations recorded for heliotridane.

The exhaustive methylation of heliotridane was investigated by
Menschikov, who obtained at the lirst stage de-N-niethylhelioiridmie,

CgHi 7
N, b.p. 163°, [ajo —36°, pierate, m.p. 119 120°, which was con-

verted to the dihydro-derivative, C 9H19N, b.p. 165°, [ajo — 1-5°, pierate,

m.p. 125-6°, and the latter dehydrogenated over platinised asbestos at

270-5° to a base, CgHjgN, b.p. 189-191°, [ajo dL 0°, giving a strong

pyrrole reaction. This base was reduced by zinc and hydrochloric acid

to the pyiToline base, CgHj^N, b.p. 165-6°, and this hydrogenated to

dZ-dihydro-de-N-methylheliotridane, b.p. 163-5-4°; pierate, m.p. 114-5°

(cf, the /-form described above), which at the second stage of the Hofmann
process followed by hydrogenation gave c//-tetrahydro-de-N-dimethyl-

heliotridane (b.p. 180-1°, platinichloride, m.p. 133-4°, picrolonate, m.p.

93-94-5°), which proved to be identical with 8-dimethylamino-y-methyl-

heptane, already obtained in the Hofmann degradation of l-methyl-2 -5ec-

butylpyxrolidine.^® As neither the latter, nor its isomerides, in which the

56?c-butyl radical is replaced by n-butyl or i^?abutyl-, is identical with dl-

dihydro-de-N-methylheliotridane,®® Menschikov suggested that the latter

must be 1 : 3-dimethyl-2-n-propylpyrrolidine (I) which could arise from
1-methylpyrrolizidine (II) representing heliotridane. In support of that

view it was found that 2-5^cbutylpyTrolidine (III), on treatment with

sodium hypobromite at — 5°, yielded a bromo-amine which, when heated

with sulphuric acid, was converted into dZ-heliotridane (1987) charac-

terised by its pierate, m.p. 286°. The accuracy of this view was settled by
Adams and Rogers,®^ who synthesised 1 : 3-dimethyl-2-n-propylpyrrolidine
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(I) of which one form (picratc, m.p. 116^) is identical with dZ-dihydro-de-N-

methylheliotridane and the other (picrate, m.p. 126°) is diastereoisomeric

with, and convertible into, it by, dehydrogenation to the corresponding

pyrrole and hydrogenation of the latter in presence of copper chromite as

catalyst.

Me.HC
I

( 111 )

A complete synthesis of dZ-heliotridane has been effected by Prelog and
Zalan,^^ using Prelog’s general method for the synthesis of dicyclic amines,

the proximate, primary material in this case being 1 : 7-dibromo-4-amino-

8-methylheptane hydrobromide,

Br . CHj
5 . CHa . CHa . CH(NHa) . CHCCHj) . CH^ . CHgBr • HBr .

which on treatment with dilute alkali gives d/*heliotridane (II). As the

latter contains two asymmetric carbon atoms, two diastereoisomeric

racemates might be produced in this reaction but only one was formed.

It had density and refractive index in general agreement with those recorded

for Z-heliotridane, as were also the melting points of characteristic deriva-

tives. Density Df®‘’0‘902, refractive index nfp‘’l'4688 (c/. with Adams and
Rogers, Df®** 0*935, 1*4641), picrate, m.p. 234-6° (literature 232-6°),

picrolonate, m.p. 162-3°, aurichloride, m.p. 200-1 ° (Konovalova and
Orekhov give for these two constants 152-8° and 199-200° respectively).

The nature of the nucleus in the group of necines having thus been

definitely established, Adams and his co-workers turned attention to the

location of the hydroxyl groups and the position of the ethylenic linkage

in retronecine. After discussion of the former problem in a series of

papers,** consideration of the differences in reactivity of the two hydroxyl

groups in retronecine and of the relative basic strengths of retronecine

and its derivatives, led to the proposal of formula (IV), with a primary

carbinol group at C^, a secondary carbinol group, at first placed at either

C® or C^, but eventually shown to be at C^, and an ethylenic linkage at

either —^C® or —C* and later proved to be in the latter position.

Experimental proof of the nature of the hydroxyl groups was provided in

the following way (Adams and Hamlin) ** :

—

Platynecine, C 8H15O2N, prepared by the hydrogenation of retronecine,

CgHjaOaN, was"“' converted to the monobenzoylchloroplatynecine,

CIHC . CeHioN . CHa . O . Bz, m.p. 72-8°, [otjff - 14*5°, of Konovalova
and Orekhov, and this hydrogenated in alcohol with Raney nickel as

catalyst, producing woretronecanol benzoate, m.p. 56-7°, — 60*8°,

which was hydrolysed to isoretronecanol (VI), m.p. 89-40°, — 78*2°,

picrate, m.p. 194-5° {dec.). This on oxidation by chromic acid in acetic

acid produced l-carboxypyrrolizidine (VII), m.p. 228-9° (dec.), [a]!®**

— 65*8°, which gives a picrate, m.p. 220-1° (dec.), and with diazomethane

forms the methyl betaine characterised by its picrate, m.p. 194-5° (dfc.),

and aurichloride, m.p. 224-5° (dec.).
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Evidence that the second hydroxyl is in a secondary alcohol group

was found in the oxidation of retronecanol, CgHi^ON, (VIII) by aluminium
ferf-butyloxide in presence of ct/cZohexanone, to retronecanone, CgHigON,
b.p. 95-6°/15 mm., — 96*7°, which forms a semicarbazone, m.p. 209-

210° {dec,)t an oxime, m.p. 167-8°, [a]f®° — 76*0°, and a picrate, m.p. 195°

(dec,).

Evidence for the location of the secondary alcohol group at C’ was
provided by the synthesis of Z-retronecanone by Adams and Leonard.^
Starting from ethyl 3-methylpyrrolidine-2-carboxylate (X), synthesised

by a complex series of reactions, similar to those used by Fischer and
Zempl^n,^® for the preparation of prolinc (pyrrolidine-2-carboxylie acid),

Adams and Leonard combined this ester with ethyl acrylate to form ethyl

j3-N-(3“methyl-2-carbethoxypyrrolidyl)-propionate (XI) which was cyclised.

The crude product containing the resulting keto-ester was hydrolysed and
decarboxylated, by heating wtih hydrochloric acid, to l-methyl-7-keto-

pyrrolizidine (IX). The scries of reactions was repeated, using the Z-form

of jS-methyl-S-rw-nitrobenzoylaminovaleric acid, one of the intermediates

used in the synthesis of ethyl 3-methylpyrrolidine-2>carboxylate (X) to

get an Z-form of l-methyl-7-ketopyrrolizidine. It was thus possible to

compare derivatives of (a) cZZ-l-methyl-7-ketopyrrolizidine, (5) Z-l-methyl-7-

ketopyrrolizidine, and (c) Z-rctronecanone, of which (b) and (r) proved to

be identical, as shown in the following table :

—

Si)eci-

nu n

1 b p [a] Oxjnie Vi( rate

ru p la]„
i’i( rate,

Hi p

Pk lojonatc

,

lu p
iti

96-.’>-98'7l8 mm.

95-«7l5 mm. . - 90-7°

1

128 130^
100-7°
107-8°

nil.

- 77-3°

- 70 0°
188-190°
188-190°

209-211°
209 210°

189 190°

195°

In view of the identity, so proved, of l-mcthyl-7-ketopyrrolizidine (IX)

with retronecanone, it follows that the carbonyl group in the latter must
be at C^, and that this must also be the position of the secondary carbinol

group in retronecine (IV), retronecanol (VIII), deoxyretronecine (XII)

and platynecine (V), and also in heliotridine and liydroxyheliotridane,

which Adams regards as stereoisomers of retronecine and retronecanol

respectively.

The position of the ethylenic linkage at to C® or to has been
dealt with by Adams and Mahan.®® When monocrotaline is catalytically

hydrogenated until one molecule of hydrogen has been absorbed,®^ the

normal basic hydrolytic product retronecanol (VIII) is replaced by
deoxyretronecine (XII), CgHijON, m.p. 77-8°, which forms a hydro-

chloride, m.p. 182-3°, [a]!*’ — 15*9° (HgO), and a picrate, m.p. 157-8°,

and on further hydrogenation yields retronecanol (VIII) from which it

differs by retaining the ethylenic linkage of the retronecine residue in

monocrotaline. With thionyl chloride deoxyretronecine hydrochloride is
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converted into chloroi^oheliotridene, b.p. 59-5-60*5°/4’5 mm. ;

+ 50*1, which is reduced by chromous chloride in hydrochloric acid to

^5oheliotridene (XIII), b.p. 78730 mm., [ajff** — 45*8°, picrate, m.p. 198*5-

199*5°. This still retains the initial ethylenic linkage and can be hydro-
genated to heliotridane (II). The hydrochloride in water is oxidised by
ozone to 2-acetylpyrrolidinoacetic acid (XIV) hydrochloride, m.p. 180-1°,

— 4*4° (MeOH). In this the presence of the . CO . CH 3 group is

shown by a positive iodoform reaction and the formation of a 2 : 4-dinitro-

20--a
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phenylhydrazone, m.p. 199-201° {dec.) ; the hydrochloride on hydrogena-

tion furnishes the related hydroxy-acid, 2-a-hydroxyethylpyrrolidinoacetic

acid, m.p. 186* 5-187* 5°, [a]ff* •— 68*5° (H2O), which with diazomethane

forms the betaine (XV), itself an oil, but yielding a crystalline hydrochloride,

m.p. 176-7°. The hydroxy-acid as hydrochloride, in acetic anhydride at

100°, is converted into the lactone, characterised by the picrate, m.p, 169-

170°, and a methiodide, m.p. 242-3°. These results clearly indicate the

position for the ethylenic linkage in retronecine, as shown in

formula (IV).

Rosmarinecine, CgHigOgN, derived from rosmarinine (p, 605), has

m.p. 171-2°, — 118*5° (MeOH), gives a picrate, m.p. 175°, and a

methiodide, m.p. 195°. It is not hydrogenated in presence of Adams’s
platinic oxide, and Richardson and Warren suggest that the third hydroxyl

group is at (V : CHg —>CHOH at C^), which makes it a hydroxyplaty-

necine, a suggestion of some biological interest as platyphylline, one of

the sources of platynecine, occurs with rosmarinine, by which it seems

sometimes to be replaced. Senecic acid is the acid component in both

alkaloids and occurs free in the plant.^®

Isatidine (p. 603) does not seem to be a derivative of 1-methylpyrro-

lizidine ; its basic hydrolytic product, isatinecine^ CgHigOgN, has m.p.

212-5°, +22-4° (Ilg^) • ^wo ethylenic linkages, no methyl-

imino- or methyl to carbon group, does not behave as a tertiary base,

and gives well-marked pyrrole reactions. On these grounds it has been

suggested that it is a partially reduced pjTrole with a side-chain

. CH( : CHg) . CH2 . CHs at C^. (De Waal, 1941.)i2

The Necic Acids. There appears to be much more variety among
the necic acids than among the necines, possibly because so little is known
about them. Most of them are described briefly under their appropriate

alkaloids, but there are at least four which need more detailed description.

Monocrotaline on alkaline hydrolysis yields retronecine and monocrotic

acid, C 7H12O 3, b.p. 145-6°/18 mm., [ajp ± 0°, which forms a p-bromo-
phenacylester, m.p. 78°, and a methyl ester, b.p. 94-6°/18 mm., characterised

by a 2 : 4-dinitrophenylhydrazone, m.p. 95-6° {see below). The acid gives

the iodoform reaction and is oxidised by sodium hypobromite to a mixture

of dl~ and 7?ie^o-aa'-dimethylsuccinic acids (I). These and other reactions

show that monocrotic acid is ajS-dimethyllsevulic acid (II) and this

has been confirmed by comparison with a synthetic specimen of the

acid. The methyl ester of the synthetic acid forms a mixture of 2 : 4-

dinitrophenylhydrazones, m.p. 108-9° and 121-2°, into which the analogous

product, m.p. 95-6®, first made firom methyl monocrotate {see above), has

also been separated.

When monocrotaline is hydrogenolysed the acid scission product is

monocrotalic acid, CgHjaOg, m.p. 181-2°, — 5*33° (H2O), which
provides a methyl ester, m.p. 79-30°, [a]^* — 16*2° (EtOH), containing

one active H atom and a p-bromophenacyl ester, m.p. 162-8°. It is a
lactonic acid, which on boiling with sodium hydroxide solution loses

carbon dioxide and produces a)S-dimethyllsevulic acid (monocrotic acid, II).



NECIC ACIDS 613

This fact limits the range of structural formulae, which might be proposed
for crotalic acid, but does not simplify the problem of selection. Three
formulae have been considered of which the first and second were eliminated

after exploratory synthetic work and the remaining proposal (III) is now
under investigation.^^*

CH3 CH COOH CH3-CH C0CH3

I ^
I

CH3 CH COOH

(H)

CHj-CH - C(0H) CH2 C0iH

CHj CH COOH CHi'CH - CO

(II
.

(in)

HO2C CH CHi HO4C C|:CHMe) -CH, CH-CHj
I >0 I >

HjCCHCO HjC-CH-CO

(IV) (V)

On hydrolysis by boiling aqueous solution of barium hydroxide,

isatidine (p. 608) yields two acid products. Isatinecic acid,

m.p. 148*5®, + 86 ® (HgO), which appears to contain one ethylenic

linkage, one carboxyl group and one “ per-carboxyl ’’ group (R . CO . O . O),

the evidence for the latter being the liberation of iodine from neutral or

alkaline potassium iodide solution. The second product is isatinecic

monolactonic acid, C10H14O 5 , m.p. 197-8®, + 108*8®, which contains

one carboxyl and one lactone group, the latter being produced, it is sug-

gested, by lactonisation of the per-carboxyl group of isatinecic acid during

prolonged heating in the hydrolysis of isatidine.

The name isatinecic acid has also been used for an acid, CioHjgOg,
m.p. 181*5°, formed when isatidine is hydrolysed by potassium hydroxide

in boiling alcohol.

The acid product from the hydrolysis of platyphylline (p. 604),

rosmarinine (p. 605), or senecionine (p. 606) is the same and, depending

on the procedure adopted, may be isolated as senecic acid lactone or senecic

acid.^^ The latter has the formula CioHigOg, m.p. 151®, [ajff"* + 11 * 8
®

(EtOH), and appears to be a dicarboxylic acid with a hydroxyl group in

the y-position to one or both of the carboxyls, so that the acid passes

readily into the lactone acid^ Ci0Hi4O 4, m.p. 156®, + 88*9® (EtOH),
which has sometimes been described as the acid (Barger and Blackie).**

The lactone acid contains three C—^Me groups and an ethylenic linkage.

It forms a dihydro-derivative, C1QH14O 4, m.p. 106®, and on oxidation with

nitric acid yields an acid, C0H 8O 4, m.p. 142®, which Manske * suggests may
be the methylparaconic acid (IV) derivable from (V) suggested as a possible

representation of senecic acid lactone*

No connection appears to have been traced between the Senecio

alkaloids and the senecioic acid (jS^-dimethylacrylic acid) found by Asahina

in Senecio Kaetnpferi.^^

The acid product from heliotrine (p. 608), heliotric add^
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m.p. 92*5-94*5'', [ajD — 12° described as monobasic and con-

taining one hydroxyl and one niethoxyl group. It is oxidised by lead

peroxide in dilute phosphoric acid to 2-methyl-4-methoxy-3-pentanone,

b.p. 144 -5°, [(x]i) + 22-5°, giving an oxime, m.p. 108- 9°, and a semicarba-

zoncj m.p. 146-7°, whose constitution was established by its reactions.

On this basis heliotrie acid is believed to be 2-methyl“3-hydroxy-4-methoxy-

pentane-3-carboxylie acid, CHg . CIIMe . C(OH)(COOH) . CHOMe .

On the evidence available there is no reason to doubt that the “ necyl-

necines ” or parent alkaloids of this group are constituted normally, in

which case (VI
; p. 613) probably represents a typical retronecine ester.

Toxicology, Senecio species are no longer used in modern medicine,^

and practical interest in them arises from the fact that they produce

disease in farm animals kept in pastures infested with them. Poisoning

cases in human beings have also occurred through the presence of Senecio

seed in food-grains, where the latter have been grown as crops in fields

infested by these noxious weeds. The resultant disease is variously

named in Canada, New Zealand, South Africa, Norway and elsewhere,

but it has one common feature, liver necrosis. Since the definite association

of this disease with Senecio alkaloids by Cushny ^ and Watt,^ numerous
poisoning cases, especially in animals, have been recorded,^^ and many
toxicity trials have been made with single Senecio species.^^ More recently

much detailed pharrnacologicai work has been done by K. K. Chen and
his colleagues on the various Senecio alkaloids. The alkaloids vary in

degree of toxicity and in details of pharmacological action, but the charac-

teristic effect of the group is the production of liver necrosis, which is

usually central, but may be predominantly periportal as with pterophine

and carthamoidine. The latter alkaloid was isolated from Senecio cartha-

moides by Adams but has not yet been described chemically. Chen,

Harris and Rose (1940) have noted that platyphylline, which seems to

be less prone to cause liver necrosis than its allies, has an atropine-like

action on the eye and the intestine, and Goldenhershel ^ has made a

detailed study of the alkaloid as a possible substitute for atropine and
concludes that at least as an antispasmodic in diseases of abdominal

organs it has advantages over atropine. It appears to be generally agreed

among the Russian workers that as a parasympathetic drug atropine is

from 20 to 30 times more potent than platyphylline.

Trachelantamine, according to Syrneva,^ has a weak atropine-like

action and also produces local anaesthesia. Its hydrolytic product, trache-

lantamidine, which is structurally identical with mretronecanol, yields a

p-aminobenzoyl derivative of which the crystalline hydrochloride, m.p.

230-2°, is said to be as potent a local anaesthetic as cocaine hydrochloride.

The chloro-^-heliotridane (p. 606) forpied by the action of thionyl chloride

on trachelantamidine reacts with 6-methoxy-8-aminoquinoline to form
6-methoxy-8-(^5^wdoheliotridylamino)-quinoline,

1 i

MeO . Q . NH . CHg . CH—CHa—CHg—N—CHa—CH2--CH2 . CH,
I I
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which as the dihydrochloride, m.p. 180-2° (dec,), was tried in malaria in

finches and found to have a chemotherapeutic index 5 to 6 less than that

of plasmoquin.

A detailed study has been made of the pharmacology and toxic effects

of Senecio Riddellii and its alkaloid by Rosenfeld and Beath.^
Attention has been called recently to Amsinckia intermedia as causing

liver necrosis in swine, horses and cattle. Like Heliotropium and Tri-

chodesma, it belongs to the Boraginaccfc.^®
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Vasicine {Peganine)^ C^iIIiaONg. This alkaloid was isolated from

the leaves of Adhatoda vasica Nees (Acanthacece) by Hooper,^ and was
again prepared by Sen and Ghose.^ It was subsequently obtained by
Merck from Peganum Harmala (p. 488), and was investigated by Spath and
Nikawitz ® under the name “ peganine.” According to Pallares, the water-
soluble red pigment found in the bark of ‘‘ Sangre de drago,” on hydrolysis

by acid furnishes /-peganine.'*^"^ Vasicine has m.p. 198° (dec,) or 211-12°

(vac,), faji) ± 0°, and yields crystalline salts ; hydrochloride, B . HCl . 2H2O,
m.p. 208° (dry)

;

hydriodide, B . HI . 2H2O, m.p. 195° (dry) ;
picrate,

m.p. 199° (dec,)

;

and methiodide, m.p. 187°.

Constitution, Cihose ^ suggested that vasicine is probably either

2-propyl-(or 2-isopropyi)-4-hydroxyquinazoUne on the following grounds :

(1) it was converted by phosphorus pentachloride and oxychloride into

deoxychlorovasieine, CnHnNaCl (greenish platelets, m.p. 136-7°), which
on reduction furnished a base, CnHjgNg . 0*51120, m.p. 87-8°; B . HCl,
m.p. 255-6°, subsequently named deoxyvasicine (p. 618) ; (2) it was
oxidised by potassium permanganate to 4-hydroxyquinazoline

; (3) on
fusion with potassium hydroxide it yielded acetic and o-aminobenzoic

acids. De and R4y ® prepared 2-propyl- and 2-i5opropyl-4-hydroxy-

quinazolines and found that neither was identical with vasicine, and a

reinvestigation by Ghose, Krishna, Narang and Ray ® showed that the

permanganate oxidation product was 4-quinazolone (I). With acetic

anhydride vasicine gives an anomalous acetyl derivative, C,3H„0N,.
m.p. 165° (subsequently shown by Spath et al, to be A^-acetylpegadiene

;

the normal 0-acetylvasicine has m.p. 122°). On the basis of these results

the Indian authors suggested formula (II) for vasicine and formula (HI)
for t^ovasicine, m.p. 164°, an isomeride stated to be produced by the action

of alkali on the natural alkaloid. In their investigation of peganine

Spath and Nikawitz ® came to the conclusion that their experimental data

were best accounted for by formula (IV). The chief new reaction concerned

is the formation from vasicine by oxidation with potassium permanganate

of 4-keto-8 ; 4-dihydroquinazolyl-3-acetic acid (V), of which the methyl

ester (m.p. 152°) is hydrolysed by potassium hydroxide solution to o-

aminobenzoic and aminoacetic acids, the latter being isolated in the form
of its benzoyl-derivative (hippuric acid).

The substance represented by formula (IV), viz., 4-hydroxy-8-allyl-

3 : 4-dihydroquinazoline, m.p. 180°, was synthesised by Reynolds and
Robinson,’ and proved to be different from vasicine, Spath and Kuffher •

established the identity of the degradation product (V), upon which formula

(IV) for vasicine was chiefly based by synthesis from isatoic anhydride,

which, on treatment with glycine ester hydrochloride and sodium meth-

oxide, gave the substituted hippuric acid (VI), and this, on heating with
617
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formic acid gave (V). Narang and Ray ® then proposed for consideration

two formulie (VII) and (VIII), of which (VII) was preferred, and at the

same time apparently accepted the identity of vasicine and peganine, of

(IV)

which they had previously expressed doubt. Formulae of the types (II),

(IV) and (VII) were rendered untenable by the work of Hanford, Liang

and Adams, who showed that reduction of 3-ally1-3 ; 4-dihydroquinazoline

(IX) (which is not identical with deox5"vasicine as it should be if vasicine

were (IV)
)
or of its ketoderivative (IX : CO at 4) gave 3-allyl-l : 2 : 3 :

4-tetrahydroquinazoline (reduction of the linkage in IX), which is

not identical with dihydrodeoxyvasicine, CiiH| 4N 2 , m.p. 69-70°
;

picrate,

m.p. 185°, prepared by reduction of vasicine with sodium and amyl
alcohol. Dihydrodeoxyvasicine proved to be identical with “ deoxytetra-

hydropeganine ” previously prepared in this manner by Spath and
Nikawitz ^ from peganine.

The American authors suggested (X) or (XI), already considered by
Spath and Nikawitz ® for vasicine, and support for a formula of type (XI)

was provided by SpMh, Kuffner and Platzer,^^ who, by condensing

o-nitrobenzyl chloride with methyl y-aminobutyrate to o-nitrobenzyl-

pyrrolidone (XII), reduction of this to the amino-compound (XII

:

NOg —> NHg) and ring-closure in presence of phosphoryl chloride obtained

the base J®-pegene (XIII), m.p. 99-100°, identical with the product

formed by the reduction of deoxychloropeganine. The same substance

(XIII) was synthesised independently by Hanford and Adams, who
identified it with Ghose’s deoxyvasicine, CnHjgNg (m.p. 96*5-97*5° (dry)

;

picrate, m.p. 205-6°, cf, p. 617). Morris, Hanford and Adams then

showed that in vasicine the hydroxyl group was probably at a instead of

)3 as shown in (XI), and the proof of this constitution for the alkaloid was
provided by Spath, Kuffner and Platzer,^^ who found that 1-o-amino-

benzylpyrrolidine was identical with deoxyhexahydrovasicine and synthe-

sised vasicine by the following method,^® Methyl y-phthalimidobutyrate

(XIV) was hydrolysed to the acid and converted by bromination followed
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by hydrolysis into y-phthalimido-a-hydroxybutyric acid (XV). This was
freed from its phthalic acid residue and the methyl ester of the resulting
y-amino-a-hydroxybiityric acid (XVI) condensed with o-nitrobenzyl

chloride to 3-hydroxy-l-o-nitrobenzylpyrrolidonc (XVII), which, on
reduction by tin and hydrogen chloride in acetic acid, gives, through the

corresponding amino-compound, vasicine (XVIII), m.p. 211-2 ° (peganine,

3-hydroxy-d*^-pcgene). Spath, Kuffner and Platzer resolved vasicine

by crystallisation of the d- and Z-tartrates in succession into Z-vasicine.

m.p. 211-2° (vac,), after softening at 197-200°, [a]f/° — 159°, — 189°,

-- 203° (c = 1-04, 2 - 01
,
2*66

;
CHCI 3 ), or + 31-4° (c = 1-94

;
HCl). The

d-form showed like variation of [ajp ;
both forms racemised on repeated

sublimation in vacuo, or when heated with hydrochloric acid (5 per cent.)

at 100 °. Later the same authors effected a simpler synthesis of vasicine

by condensing o-aminobenzylamine with a-hydroxy-butyrolactone. Though
Hooper’s original vasicine was slightly dextrorotatory as the sulphate, all

the later preparations from Adhatoda vasica or Feganum Harrnala had been

optically inactive, but Spath and Kesztler were able to prepare Z-vasicine

from the fresh leaves of the former plant and Rosenfeld and Kolesnikow

isolated the same form from the flowers and stems of Peganum Harrnala,

Finally reference must be made to Schopf and Oechler’s 20 synthesis of

deoxyvasicine under conditions which might occur naturally, and based

on the observation that under suitable conditions o-aminobenzaldehyde,

primary bases and formaldehyde give 4-hydroxy-3-alkyltetrahydroquin-

azolines, which react as 0-bases of 8-alkyl-l : 2-dihydroquinazol-3-inium

salts, which in turn yield 4-hydroxy-8-alkyh8 : 4-dihydroquinazolines.

o-Aminobenzaldehyde with y-aminobutyraldehyde (used as the diethyl-

acetal) in a citrate buffer solution (pH 4*8-5*0) at 30° for four days probably

produces 4-hydroxy-2 ; S^cyclope ntanotetrahydroquinazoline, smee addi-
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tion of picric acid leads to precipitation of 2 : 3-c^rZopentano-l : 2-dihydro-

quinazol-8»inium (XIX) picrate, m.p. 168-170°. If, however, the reaction

mixture is treated with palladium-black and hydrogen, prior to the

addition of picric acid, deoxyvasicine (J^-pegene, XIII) is obtained, due

to a shift of two hydrogen atoms. It is suggested that under natural

conditions o-aminobenzaldehyde might arise from tryptophan, and the

unknown aminohydroxybutyraldehyde (XX) required for a corresponding

biogenesis of vasicine from hydroxyornithine (XXI).

(rx) CHO.CHQH.CCHglg.KHg-^ C0gH.CH(NH2).CH(0H) .[CHg] (m)

Mention should also be made of a number of other papers relating to

syntheses of products allied to vasicine or to discussions on reactions

bearing on the constitution of the latter.^

^

The crude drug, Adhatoda vasica, is used in India as a remedy for

asthma. According to Chopra, vasicine produces broncho-dilation and
might be used clinically as ah expectorant. A detailed pharmacological

examination of peganine in comparison with harmine has been made by
Tutaev and Makarova.^
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GLYOXALINE GROUP
ALKALOIDS OF PILOCARPUS SPP. (JABORANDl)

Jaborandi leaves were first used in medicine in 1874 by Dr. Coutinho,
of Pernambuco, by whom the drug was sent to Europe. Holmes showed
that up to 1898 jaborandi was obtained from P. Jaborandi Holmes and
not as had been supposed from P, pennaiifoliiLs Lem. Since 1896 the place

of these species has been taken by the leaves of P. microphyllus Stapf.

The leaves of P, Selloanus Engler and P. irachylophm Holmes have also

appeared on the market from time to time.

Pilocarpine, the chief alkaloid ol the drug, was isolated by Hardy ^

and independently by Gerrard,^ wlio obtained several of its salts crystalline.

Harnack and Meyer ® isolated a second alkaloid, jaborine, which is a
mixture of the various alkaloids of the drug (Jowett ^), and in 1885 the

same authors ^ obtained pilocarpidine, the existence of which Jowett ^

confirmed, though it does not occur in present-day jaborandi. In 1897
a third alkaloid was isolated by Petit and Polonovski ® from the leaves of

P. nncrophyllm and named ‘‘ pilocarpidine ’’ [j5-piIocarpine (Briihl),

i^opilocarpine (Jowett) ], apparently under the impression that it was
identical with Harnack and Meyer’s base. A fourth alkaloid, pilosine,

was obtained by Pyman. Petit and Polonovski have stated that P.
spicatus leaves contain 0-pilocarpine and 0-jaborme. According to

Imbesi,® P. pennatifolius leaves grown in Sicily contain less alkaloid than
the Brazilian drug.

The principal facts relating to the alkaloidal constituents of the leaves

of Pilocarpus spp. are shown in the following table.

Name of Plant Commercial Name Constituents

I

1

Amount of
Total

Alkaloid
per cent.

Amount of
Crystalline
Pilocarpine
Nitrate
obtained
per cent.

P. Jaborandi
fllolmes).

Pernambuco
jaborandi.

Pilocarpine
i^opilocarpine ( ?

)

pilocarpidine

0-72 » 0 G7

P. pennatifolius

(Lcrnaire).

Paraguay
jalwrandi

Pilocarpine
t^opilocarpine

02-0-3

P. microphyllus
(Stapf).

Maranham
jaborandi

Pilocarpine
isopilocarpine

pilosine

0-70-0-78 • 0 45 ’

P. racemosus Guadeloupe
jaborandi

Pilocarpine ***"
1

0-12 •

P. irachylophua

(Holmes).
Ceara jaborandi Not known 0-4 »

P. spicatus

(St. Hilaire).

Aracati jaborandi

i

^rPtlocarpine
0-Jaborine

016 »

m
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The extraction of alkaloids from jaborandi has been dealt with by
Wiirtzen,^® and the estimation of pilocarpine in the drug and its prepara-

tions by Jowett and by Bourcet and more recently by Taran ® and
by Shupe.i^ Elvidge has devised a colorimetric method based on Ekkert’s

test,^^^®^ and a polarographic study has been made by Kirkpatrick.^^^^^ The
two first-named authors depend on the isolation of pilocarpine nitrate,

which is also the basis of the process of manufacture described by
Chemnitius.^2

Pilocarpine, CuHigOgNa. The base is a colourless oil, b.p. 260°/5 mm.
(partially isomerised to ?>opilocarpine on distillation), [a]D + 100-5®

(CHCI3), but has been crystallised, m.p. 34®
;

it is freely soluble in water,

alcohol or chloroform, but almost insoluble in ether. The salts with acids

crystallise well
;

the nitrate, B . HNO3, well-defined prisms, m.p.

178®, [aji) + 82-9® (HgO), and dissolves in 6*4 parts of water at 20® or

146 parts of alcohol (95 per cent.) at 15®
; the hydrochloride, B . HCl,

prisms, m.}). 204-5®, [alo + 91-74®. The hydrobroniide forms small

prisms, m.p. 185°, [alj) + 77-05®
; the aurichloride, B . IIAUCI4 . HgO,

small lemon-yellow needles, m.p. 124-5®; and the pierate, needles, m.p.
161-2®.

Pilocarpine dissolves in dilute soda solution, and the rotation is thereby

reduced, due to the formation of the sodium salt of pilocarpic acid,

CiiHjgOgNg, of which pilocarpine is the lactone. Amorphous barium and
copper salts have been prepared. Pilocarjune in dilute sulphuric acid

gives with hydrogen peroxide, followed by potassium dichromate, a

bluish-violet colour soluble in benzene. For the identification of the

alkaloid Wagenaar recommends precipitation with gold chloride solution.

?>oPilocarpine, CnHigOgNg. When pilocarpine is healed alone, or a

solution in alcoholic soda is boiled, it is converted into an isomeride,

?>opilocarpine. The latter is found in the leaves of P. rnicrophyllvs, and,

according to Jowett, may occur in the pilocarpine nitrate of commerce.
It is a colourless, viscid oil, b.p. 261®/10 mm., [alj) + 42-8®

;
the nitrate

crystallises from water in prisms, m.p. 159®, [a]i) -f 85-68®
; the hydro-

chloride, (B . HC1)2 . HgO, has m.p. 127® or 159® (dry), and the aurichloride,

B . HAUCI4, forms lemon-yellow needles, m.p. 158-9®. When ?.9opilocarpine

is dissolved in water and a molecular proportion of soda added, the rotation

falls to zero, due to the formation of sodium ivepilocarpate.

Constitviion of Pilocarpine and i^oPilocarpine

,

Though numerous
interesting observations have been made on these two alkaloids by M. and
M. Polonovski,^® knowledge of their constitution is due principally to the

work of Jowett * and of Pinner.^®

rVoPilocarpine, on oxidation with permanganate, yields a mixture of

acids separable by fractional distillation of the ethyl esters into pilopic

acid, C7H10O4, silky plates, m.p. 104®, [aj^ + 86-1®, and Aomopilopic acid,

C8H12O4, a thick, colourless oil, b.p. 235-7®/20 mm., [a]© -f 45-4®. Pilopic

acid gives with cold barium hydroxide solution, a salt of the composition

(€711904)2 . Ba, but with the Hailing solution a barium salt of a hydroxy-
dibasic acid is formed, C7Hj^05Ba. Pilopic acid must therefore be ^
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lactonic acid, yielding on hydrolysis a hydroxy-dibasic acid, C 7Hi205 ,

On potash fusion it is converted into 7i-butyric acid. With cold baryta
water Aowopilopic acid furnishes a microcrystalline barium salt of the

formula (C 8Hii04 ) 2Ba, and with boiling baryta water the salt of a dibasic

hydroxy-acid, CgHjgOgBa. It is therefore also a lactonic acid. When fused

with potassium hydroxide it furnishes a-ethyltricarballylic acid,

COOH . CH(C2H5)-CH(C00H)-CH2-C00H, which could be formed from
one of the three isomeric hydroxy-aeids of the following formulae :

—

C1I20H . CH(C2H5) . CH(COOH) . CH2 . COOH
COOH . CH{C2H5) . CH(CH20H) . CH 2 . COOH
COOH . CHiCgHg) . CH(COOH) . CHg . CH 2OH

AomoPilopic acid is very stable, and is j>robably therefore tlie y-lactonic

acid of one of these three hydroxy-acids. Further, pilopic acid seems to

be produced from its liigher homologue by Joss of carbon dioxide and
oxidation of the contiguous carl>on atom. Of the four y-lactonic acids

derivable from these three hydroxy-aeids only two (I and II) answer these

conditions,

CHfCall^) . CH . CH2 . COOH CH(C2H5) . CH . CH, . COOH
I i II'

(I) CHj—O—CO (II) CO O CH2

and tliese lead to the following possible forniulcC for pilopic acid :

—

CII(C2H,)—CII . COOH CII(C2H5)—CH . COOH
I

'

I II
(HI) CH2

0 CO (IV) CO—O CHij

As a substance of formula (III) should lose carbon dioxide on heating,

whereas pilopic acid is stable even at 200*^, it seemed probable that homo-
pilopic acid is represented by (H) and pilopic acid by (IV). Jowett also

showed that pilocarpine, like i^opilocarpine, yields i^amapilopic acid when
oxidised by permanganate.^® In the oxidation of the two alkaloids the

two nitrogen atoms are eliminated as ammonia and methylamine.

From these and other experimental results Pinner and Schwarz

suggested that pilocarpine could be represented by formula (V), and
subsequently Jowett confirmed this by the preparation of a series of

disubstituted glyoxalines from i^opilocarpine by distillation with soda-

lime,^® although he pointed out that the reactions of the alkaloid were

CoHc . CH" " ' —

I I
®

11?

\

equally well accounted for by formula (VI), since it was then impossible

to decide whether the dialkylglyoxalines produced on distillation with

soda-lime were 1 ; 4- or 1 : 5-derivatives.

The settlement of this point proved difficult, but the dimethyl-

glyoxaline obtained by Jowett from wopilocarpine was finally shown

by Pyman to be the 1 : 5-isomeride (b.p. 224-5'^
; aurichloride, m.p.
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218-9°), since its nitro-derivative (VII), on reduction with stannous

chloride, yielded as one product dZ-iV-methylalanine (VIII), whereas the

isomeric dimethyl-glyoxaline (b.p. 198-9°
; aurichloride, m.p. 137-8°)

yielded a nitro-compound (IX), which on similar reduction furnished

(VII)
C(lK)g)

HOgC.CHUa.BBUe

(vm)

NHs

Ma—C
(IX) (I)

Ma-GH-UH^

among other products d/-alaninc (X) and must be the 1 : 4-isomcride. A
further proof was provided by Burtles, Pyman and Roylance,^® who, by
the condensation of a-methylaminopropionacetal (XI) with thiocyanic

acid, obtained 2-thiol-l : 5“dimethylglyoxaline (XII), which, on oxidation

with nitric acid, furnishes 1 ; 5-dimethylglyoxaline (XIII), identified as

the picrate, m.p. 167-8°, and aurichloride, m.p. 218-9°.

Me-CjJH-

(XI)

HCNS
e-NM6>

CH N

(XII)

.3H
CMe-NMe
II

CH*

(XIII)

There are two asymmetric carbon atoms in the pilopyl residue, and

the relationship between pilocarpine and i\9opilocarpine was assumed by
Jowett 21 to be stereochemical, whilst Pinner 22 took the view that they

might be structural isomerides dependent on the point of attachment of

the pilopyl residue to the glyoxaline ring. Definite experimental evidence

in favour of Jowett ’s view was provided by Langenbeck,22 who showed

(1 )
that the two alkaloids yielded different methiodides (examined as the

methochloroplatinates, m.p. 228-4° and 224-5°, mixed m.p. 210°), whereas

it is assumed 4- or 5-substituted glyoxalines should yield the same methio-

dide,i® and (2 )
that on ozonisation the two alkaloids yielded two different,

well-defined methylamides, viz., /lomopilopic acid methylaraide, m.p. 104°,

+ 147*0°, and homoisopilopic acid methylamide, m.p. 53°, [a]^
104*9° respectively. This evidence seemed to indicate clearly that the

difference between the two alkaloids is due to stereoisomerism in the

pilopic acid residue. This view has been confirmed by a series of syntheses

by Russian chemists,®^ which may be summarised thus : Diethyl formyl-

ethylsuccinate (I : R = Et) was reduced by aluminium in wet ether to

the ethylitamalates (II), which on heating gave a mixture of ethyl ethyl-

paraconates (III) (ethyl pilopates or ethyl 2-keto-8-ethyltetrahydrofurane-
4-carboxylates), separable into two racemic mixtures :

—

(A) A liquid ester, €9111404, b.p. 276-276* 5°/751 mm., which hydro-
lysed to an acid, m.p. 87*5-88*0°, b,p. 184~5°/7*5 mm., separable by
crystallisation of the strychnine salt into two acids, m.p. 105*5°, having

Wi?* — 58*06° and + 58*92° respectively, the latter being identical with
an acid obtainable from Jowett’s pilopic acid (III : R = H), m.p, 104°,
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[a]D+ 86* 1° (due to partial racemisation) by crystallisation of the strychnine

salt, and, since it is obtained from i^opilocarpine, is re-named i^ropilopic acid.

Independent syntheses of d/-i5opilopic acid have been effected by Welch.

(B) The second mixture of esters is solid, m.p. 48*5-49°, b.p. 288°/

751 mm., and on hydrolysis yields a racemic acid, m.p. 90-1°, which, on
heating at 180°, passes into the racemic i^opilopic acid, m.p. 87*5-88°,

just as pilocarpine changes into i^opilocarpine on heating. This labile acid

was resolved by N. A. and V. A. Preobrashenski into acids having
m.p. 121*2-122*2°, U]]f + 54*6°, and m.p 120 121*8°, - 54*0° for

d- and Z-pilopic acids respectively (III : R = H). The same authors with

A. M. Poljakova converted synthetic dZ-pilopic acid into dl-homo-

pilopic acid by conversion into the acid chloride (IV), reduction of the

latter to the aldehyde, and finally to pilopyl alcohol (V), which was trans-

formed vid the chloride, iodide and nitrile to dZ-homopilopic acid (VI),

m.p. 100-1°. For the conversion of d-pilopic acid (III : R ~ H) into

d-Znomopilopic acid (VI) an alternative method was used, zd)S., treat-

ment of d-pilopoyl chloride (IV) with diazomethane to form d-pilopyl

diazomethyl ketone (VII), which, on treatment with sodium hyposulphite

and silver oxide in water, gave d-Aomopilopic acid (VI).

• COgR

COgR CHO

(I)

CHEt—CH.CO^
' LCO^R CHgOH

(ID

CHEt CH.CO^R
^ I \

2 ^
CO—0—CHg

(in)

CHKt CH.COCl
1 I

CO—0—CHg

(IV)

CHEt CH.CHgOH

io—0—<!]

(V)

CHEt CH . CHo . COOH
; I

^

CO—O—CH^
(VI) f

!t CH. CHo . CO . CHo . Cl CHEt-CH . CHo . CO . CHNo CHBt-CH . CO . CHNo,2 2 ^ I j

2 ^
! L
(io-o-CH„CO—0—CHj

(IX)

C0-0-CH«

I

(VIII) ex (VI)

2

(Vn) ex (IV)

CHEt-CH . CH- . CO . CH^ . N; ^ C -H.

I }

2 2 \c0'^ ® ^

CO-O-CHg

(X)

C , pNR

CO-O-CHp CH* *CH

(mi)

CHEt-CH . CHg . CO . CHg .NHg

io-O-CHg

I

"(n)

-NH
I

Caffit-CH—CH-—c—II ‘a
CO-O-CH^ OH C.SH

2 V /
(XII)

(nn) Pilooarpidlna R = H; Pilocarpine and Is oPllocamine R = Me

The construction of d-pilocarpine was effected by converting

d-Aomopilopoyl chloride (VI : COgH —> COCl) into diazomethyl d-Aomo-

pilopyl ketone (VIII), transformation of the latter by the action of hydro-
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chloric acid into d-/iomopilopyJ chloromethyl ketone (IX), m.p. 86-7'’,

Mir + 115*35° (CHCI 3 ), which, with potassium phthalimide in boiling

alcohol, yielded phthalimidomethyl d-/iomopilopyl ketone (X), m.p. 157-

158*5°, + 66*7° (tetrachloroethane). The latter, on hydrolysis by
hydrochloric acid gave aminomethyl d-Aomopilopyl ketone (XI) (hydro-

chloride, m.p. 179-181°, [a]^^ ^16°), which, with potassium thiocyanate,

yielded 2-thiol-5-d-/iomopilopylglyoxaline (XII), m.p. 207-208*5° (dec,),

Wi)^” 4* 122*96° (MeOH), and this, on oxidation with ferric chloride,

furnished pilocarpidine (XIII : R — H) (nitrate, m.p. 132*5-133°, [a|}>^'*

+ 71*78° (HgO) ), which on methylation furnished pilocarpine (XIII :

R Me), isolated as the nitrate, m.p. 175*5-176*5°, + 82*61° (HgO).

The results of other syntheses effected by the general methods outlined

above are given in the following table with reference numbers .*

—

Synthetic Product

Characters of Nitrate

Starting Material

Hiaraclers

m.p. w. b.p. or m.p. r i'*[a]

t«oPilocarpldine 24(/)

iJ»oPilocarpine-24( /

)

112-n3*5“ (dec.) + 27-63° )

+ 55-62° f

d-^omoi»opilopic
acid

.

b.p 160 8'/

0 01 mm
50-98°

cM-woPilocarpidine 24(/t) .

ctt-i«oPilocarpine 24(/i)

cM-Pilocarpidine -'4(0

114-115®
134-135® -

}

dl-AomoisopHoplc
acid.‘24((/)

rn p. 74 2° —
12S-129® —

1
dl-homopilopic m.p. 100-101° —

ett-Pilocarpine 24(t) .

.

|

135-136® — 1 acid.24(t) m.p 106
107°.24(0

In a general account of this work published by Preobrashenski,

Poljakowa and Preobrashenski,^^^^^ the additional information is given

that the results of an investigation based on the principles outlined by
Freudenberg and Kuhn show that w'opilocarpinc is to be regarded as a cis

and pilocarpine as a tram form. A technical method for the synthesis of

pilocarpine is also described. More recently N. A. and V. A.

Preobrashenski have applied these methods, starting with d-pilopoyl

chloride to the synthesis of d-norpilocarpidine, isolated as the nitrate,

m.p. 145-6°, and N. A. Preobrashenski with Kuleshowa have in like

manner synthesised a series of pilocarpine analogues such as N-dl-homoiso-

pilopylimidazole (picrate, m.p. 133-4°), A^-d/-i^opilopylimidazole (picrate,

m.p. 143-4°) and 2-d/-pilopylpyrimidazole (picrate, m.p. 167-8°).

Independent syntheses of homo- and Aomou'opilopic acids and of dl-

pilocarpidine and dZ-i^opilocarpidine have been published by Dey.^®

Pilocarpidine, C10HJ4O 2N2 . This alkaloid was obtained by Harnack
from P. Jaborandi^ and later by Merck from the mother liquors from
crystallisation of pilocarpine nitrate. It does not occur in the leaves of

P. microphyllus (Jowett,^’'). The free base is a viscid oil, [ajo + 81*3° (less

in presence of alkali). The salts crystallise well ; the nitrate, B . HNO^,
in colourless prisms, m.p. 137°, + 73*2°. The aurichloride, unlike

that of pilocarpine, is very soluble in water, but crystallises from acetic

acid, m.p. 124-5°, The platinichloride, (B . HCl)2PtCl 4 . 4H2O, forms
yellow needles, m.p. 187° (dry). The picrate, unlike the corresponding

salts of pilocarpine and «>opilocarpine, is an oil. Burtles, Pymaii and
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Roylance showed that pilocarpidine on A^-methylation yielded two
products, pilocarpine and n^opilocarpine {see below), thus confirming

Harnack’s suggestion that pilocarpidine is the imino-base corresponding

to pilocarpine, Spath and Kunz showed that pilocarpidine, on treatment
with alcoholic sodium ethoxide, is converted into t^opilocarpidine (nitrate,

m.p. 109-111°), which, on quaternary methylation, yields ^5opilocarpine

metho-salts (methopicrate, m.p. 119-120°). The confirmation of these

observations by the synthesis of pilocarpidine and t^opilocarpidine and their

conversion into pilocarpine and i^opilocarpine has been described already.

neoPilocarpine, the second methylation product obtained by Burtles,

Pyman and Roylance,®® melts at 39-40°, yields a nitrate, rosettes of

slender needles, m.p. 94-5°, a hydrochloride, large prisms, m.p. 177°,

Wd + 66*4° (HgO), and a picrate, m.p 117-9°. On treatment with alkali

7ieopilocarpine is converted into y^or^eopiloearpine, which was isolated as

the picrate, yellow prismatic needles, m.p. 125-6°. The nitrate forms
prisms, m.p. 105-6°, from dry alcohol. neoPiloearpine is regarded as a

structural isomeride of pilocarpine in which the NMe group and the

^o?7«opilopyl residue occupy positions 1 and 4 respectively, instead of

positions 1 and 5 as in pilocarpine (XIII ; R = Me).

Pilosine, Cjglli^OgNg, obtained by Pyman (and almost simultaneously

by L^ger and Roques,®® who named it carpidine) from mother liquors

remaining after the isolation of pilocarpine and ?.yopilocarpine from the

total alkaloids of P. microphyllus, crystallises from alcohol in large colour-

less plates, m.p. 187°, fajD + 39*9° (EtOH), laevorotatory in alkaline

solution. The salts do not crystallise readily
;

the sulphate, Bg . H2SO 4 ,

forms clusters of plates, m.p. 194-5°, fa]© + 21 ° (HgO) ; the acid tartrate,

B . H2C 4H 4O 5 ,
has m.p, 135-6°, fajo + 24-2°, and the aurichloride,

B . HAUCI4 , m.p. 143-4°.

Pilosine contains one — NMe, but no — OMe group, and behaves as a

lactone. When boiled with a mixture of acetic acid and acetic anhydride,

a molecule of water is lost with the formation of ankydroTiLOSU^is. (colourless

rods, m.p. 183-4°, [ajo + 66*2°), yielding salts which are laevorotatory and
solutions in alkali that are strongly laevorotatory. anhydroVilosine still

contains the lactone group of the parent alkaloid. On distillation with

potassium hydroxide solution pilosine loses benzaldehyde and gives a

new alkaloid pilosinine, CgHigOgNg, needles or plates, m.p. 78-9°, b.p.

800°/35 mm., [ajo +14*2° falling to + 8 * 1 ° on keeping (HgO). The salts

with acids are feebly dextrorotatory and solutions in alkali laevorotatory.

On the basis of these reactions and their general similarity to pilocarpine

and wopilocarpine in physiological action, Pyman assigned the following

formulae to pilosine and pilosinine :

—

HO . CHPh . CH CH . CH« . C-HMe-
I I M II

CH-

CHn >

I I II

CO CHg CH—NT
;cH

Pilosine Pilosinine
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Since pilosine can be recovered unchanged after Fx)iling for a short time

with dilute alkali, it is regarded as allied stereochemically to tVopilocarpine

rather than pilocarpine.

The foregoing formula has been confirmed by the synthesis of pilosinine

by Poljakova and V. A. and N. A. Preobrashenski,^® who followed the

process used for the synthesis of pilocarpine and the allied alkaloids {see

p. 625), starting with diethyl formylsuccinatc to produce pilosinic acid,

I i

CH2 . O . OC . CH2 . CH . COgH, m.p. 64-5° {cf. pilopic acid (III) p. 625),

which was converted via the chloride to feomopilosinic acid,

I 1

CH2 . O . OC . CH2 . CH . CHg . CO2H,

m.p. 86-5-87*5® (cf, homopilopic acid (VI) ), from which pilosinidine,

isolated as the nitrate, m.p. 117-8®, was prepared via aminomethyl homo-
pilosinyl ketone and 2-thiolpilosmidine, m.p. 202*5-203® (cf, preparation

of pilocarpidine (p. 625) )
and meth3dated to pilosinine. Quite recently

Natradze and Michlina have described the synthesis of iVopropylpilo-

sinine starting from ^^opropylsuccinic acid, COOH . CHPr^ . CHg . COOH,
and proceeding via diethyl form^di^opropylsuceinate (cf, (I), p. 625) on

the lines indicated above.

0-Pilocarpine and 0-Jabbrine arc o])lically inactive alkaloids obtained

by Petit and Polonovsky from P, spicaius (Aracati jaborandi). The
former is a colourless syrup giving a nitrate, small needles, m.p. 142°

;

and a hydrochloride, prisms, m.p. 198-9®. 0-Jaborine is also amorphous
;

its nitrate forms lamellae, m.p. 158®, and the hydrochloride, small hard

prisms, m.p. 222°.

Pharmacological Action of Jaborandi Alkaloids, Pilocarpine belongs

to the group of alkaloidal excitants of the parasympathetic nerve-endings,

and is thus allied in action to physostigmine, arecoline, muscarine and
certain derivatives of choline. It causes increased secretion by the salivary,

lachrymal, gastric and other glands, the solids of the secretions being

increased as well as the fluids, though to a less extent
; this action is

inhibited by atropine.*^ The plain muscle of most organs is contracted or

brought into rhythmical activity after pilocarpine. The heart may be
slowed by the action of the drug, but in some cases it is accelerated, and
at the same time there is a rise in blood pressure. The respiratory centre

is not directly affected by small doses. Vasomotor paralysis with subse-

quent dyspnoea is rather an early symptom. Death is generally due to

the peripheral action of the drug on the circulation and respiration.

Hlocarpine is being less used in medicine as a diaphoretic in dropsy

and similar diseases because of its depressant action on the heart. It has

also been employed as a substitute for physostigmine to contract the

pupil and reduce intraocular pressure. It has been used as an antidote

to atropine, but it does not antagonise the action of atropine in the central

nervous system.

isoPilocarpine and pilocarpidine are stated to have the same general

action as pilocarpine, but are much weaker, pilocarpidine being the least
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active of the three. Pilocarpic acid is inactive.®^ Pilosine, anhydropilosine

and pilosinine all exhibit a weak pilocarpine action. ri^oPilocarpine does

not resemble pilocarpine in action.^

Apart from the group of substituted glyoxalines allied to pilocarpine

described by Pyman and examined pharmacologically by Laidlaw,^ few

attempts have been made to synthesise possible replacements for this

alkaloid, but it is of interest to record that the pilocarpine analogue,

a-acetyl-a-4(5)glyoxalinylmethylbutyrolactone, synthesised by Tschelincev

and Fisch ^ has no pilocarpine-like action. There is an old observation

by Schulz that l-ethyl-2-methylglyoxaline exerts in part the pharma-
cological action characteristic of the atropine group and more recently

Herwick and Koppanyi have called attention to two atropine-like

activities exerted by pilocarpine under certain conditions.
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alkAloidal amines

Reference has been made already to the association with alkaloids

in plants of comparatively simple amines and amino-acids. Some of these

substances, acetylcholine and i^oamylamine, are physiologically

active, and there would be some justification for including them in a

work on plant alkaloids, and this also applies to such substances as arginine,

choline, betaine and other compounds of this type, but they are better

dealt with as a separate class of simple basic constituents of plants.

Special reference may be made to galegine, isolated by Tanret ^

from the seeds of Galega officinalis and regarded by him as a 3-methyl-

pyrrolidine derivative, but which was shown by Barger and White
to be a guanidine derivative of the following constitution :

MegC : CH . CH^ . NH . C( : NH) . NH^.
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Spherophysine, C10H22N4 . This base was obtained by Rubinsiitcin and
Menshikov ^ from the Central Asian plant, Spheerophysa salsula. It is

strongly basic and hygroscopic and is isolated as the carbonate, m.p.
192-3°. The dibenzoate, m.p. 149-150°, and the dipicrate, m.p. 154-5°,

are stable in air. The base is hydrogenated to a dihydro-derivative of

which the carbonate has m.p. 193-4°, the dibenzoate, m.p. 146-7°, and
the dipicrate, m.p. 154-5°. On steam distillation over barium hydroxide

spherophysine yields carbamide and a diamine, C^HgoNg, b.p. 105-6°/

10 mm., which gives a dihydrochloride, m.p. 262° {dec.), and a dipicrate,

m.p. 180-1°, and on reduction furnishes a dihydride, CgHggNg, b.p. 95-6°/

10 mm., giving a dipicrate, m.p. 171-2°, and a dihydrochloride, m.p. 296°

{dec.). The latter, on dry distillation, furnishes 1-mamylpyrrolidine,

b.p. 166-7°, characterised as the picrate, m.p. 145-6°, platinichloride,

m.p. 168-9°, and aurichloride, m.p. 157-8°, and which is also formed by
the action of 50 per cent, hydrobromic acid on the nitroso-derivative of

the diamine, C9H22N2 . With 5 per cent, hydrochloric acid this nitroso-

amine yields l-hydroxy-4-(woamyIamino)-butane. These reactions indi-

cate that the saturated amine, C9H22N2, is mamylputrescine,

Me2CH . (CHa)^ . NH . (^2)4 . NHg

.

The dibenzoyl derivative, m.p. 98-9°, of the latter on controlled,

alkaline hydrolysis yields a mixture of two monobenzoyli^oamylputre-
scines, separated as the hydrochlorides, of which (A), m.p. 92-3°, on
treatment with nitrous acid followed by acid hydrolysis gives i^oamyl-

630
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putrescine. This is taken to indicate that in (A) the benzoyl group is on
the primary amino-group and that it must be on the central nitrogen

atom in the second hydrochloride (B), m.p. 191-2''. When the latter,

MegCH
. [CH2]2 • NBz[CH2]4 . NHg, HCl is refluxed with diazomethane and

the benzoyl group removed by hydrolysis, there is produced dihydrosphero-

physine, which is thereforefore represented as

McaCH . [CHgja . NH . [CH2]4 . NH . C(: NH) . NH2 .

Similar treatment of the first hydrochloride (A), m.p. 92-3°, yields iso-

dihydrospherophysine benzoate, characterised as the carbonate, m.p. 122°,

and hydrochloride, m.p. 125-6°, and yielding on hydrolysis z^odihydro-

spherophysine, of which the carbonate has m.p. 167° and the dipicrate,

m.p. 146-7°.

The unsaturated diamine, from the hydrolysis of sphero-

physine, on oxidation with permanganate yields the ketoaldehyde,

Me2CH . CO . CHO (dioxune, m.p. 95-6°, and osazone, m.p. 113-4°) and
putrescine, NH 2[CH2] 4NH2 , which indicates that this unsaturated diamine
is McgC H . CH . CH . NHtCH2l 4 . NH2 .
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Phenylalkylamines. Several phenylalkylamines and their derivatives

have been recorded as occurring in plants. White ^ found ^-phenylethyl-

amine in many species of acacia and has suggested that this was also

the base Leprince ^ found in mistletoe. N-methyl-jS-phenylethylamine

has been isolated from Arthrophytum leptocladum M. Pop, by Juraschevski,®

tyramine (^-h> droxyphenylethylamine) was obtained from American
mistletoe {Phoradendron spp.) by Crawford^ and 2 : 4-dihydroxyphenyl-

ethylamine occurs in broom {Cytisus scoparius

;

table, p. 117). Recently

Buelow and Gisvold ^ have identified 3 : 4-dihydroxyphenylethylamine in

the roots of Hermidium alipes S. Watson (Nyctaginaceae), and La Forge

and Barthel * have isolated from the bark of southern prickly ash

{Zanthoxylum caroliniannm = Zanthoxylum Clava Herculis Lam == Fagara
carolinianum, cf. table, p. 330), a new substance of this type, viz., N-(2-2>-

anisylethyl)-N-methylcinnamide,

MeO . CeH4 . CH2 . CH2 . NMe{CO . CH : CH . CeHg),

m.p. 76°. This species is also of interest as an early source of berberine

(p. 330), and more recently of an insecticide, and of asarinin ’ (xanthoxylin-

S), closely allied to sesamin and like the latter possessing the remarkable

property of reinforcing the insecticidal action of pyrethrum.

N-methyltyrosine (/3-p-hydroxyphcnyl-a-methylaminopropionic acid)

under the names angeline, andirine, geofProyine, surinamine and rhatanine

has been isolated from Ferreira spectoMlis, Andita retusa, A, inermis,

Geoffrem surnamensis and Krameria triandrafi

Halostachine, CgH^gON. This base was isolated from Halostachis

caspica, also given as Halostachys caspia (Chenopodiaceae), where it is
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accompanied by an amino^acid, CgH^OaN, m.p. 297°, [a]© it 0°, yielding

a hydrochloride, m.p. 234-5°, and a picrate, m.p. 184-6°. Halostachine has

m.p. 43-5°; the hydrochloride has m.p. 118-4° and the methiodide

m.p. 230-1°: the N-methyl derivative, b.p. 125-7°/20 mm., [aj^ —65°,
is converted by thionyl chloride into a chloride hydrochloride,

CioHj^NCl . HCi, m.p. 202-3°, which on reduction by sodium amalgam
yields a base b.p. 203-5°, giving a picrate, m.p. 133-4°. Halo-

stachine itself is oxidised by permanganate to benzoic acid, and with

thionyl chloride produces the chloride hydrochloride, CaHigNCl . HCI,

m.p. 168-9°. These data are due to Menschikov and Rubinshtein,® who
assign to the base the formula C^Hg . CHOH . CHg . NHlMe ( cf. ephedrine

(p. 636) ). In a paper which has just become available, Menschikov and
Borodina ® describe a synthesis of the dZ-base of this formula and its

resolution into d- and Z- forms, of which the latter yields an acid tartrate,

Wd — 18*73°, and a hydrochloride, [ajo —52*46°, and is identified as

Z-halostachine.® According to Syrneva,^® the pharmacological action is

similar to that ot ephedrine.
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Damascenine, From the seeds of Nigella damascena L.,

Schneider isolated a crystalline alkaloid, damascenine, Ci(,Hi503N,^ which
was re-examined by Pommerehne,® who assigned to it the formula

CgHijOgN, and stated that by the action of alkalis it was converted into

an isomeride, damasceninic acid. Subsequently, Keller named an alkaloid

of the formula, Ci^HijOaN, which he obtained from the seeds of Nigella

arisiata {N, arvensis)^ “ methyldamascenine,” since it could also be
obtained by treating silver damasceninate with methyl iodide.® Ewins
confirmed Schneider’s results and synthesised damascenine.^ According

to Ewins, Pommerehne’s “ damascenine ” was a mixture of damascenine

with damasceninic acid, whilst Keller’s methyldamascenine is Schneider’s

damascenine. Ewins describes a method of isolating the alkaloid and
obtained a yield of 0*82 per cent, from the seeds.

It forms a crystalline mass, m.p. 24-6°, b.p. 154°/15 mm. or 270°/

750 mm., and is soluble in most organic solvents, the solutions showing a
blue fluorescence. The salts crystallise well, and the forms of certain of

them have been described.® The hydrochloride, B . HCI , H,0, forms

triclinic crystals, m.p* 122° or 156° (dry) ; the nitrate has m.p. 94»-5°

;
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the picrate crystallises in lemon-yellow rhombic plates, m.p. 158-9°. On
hydrolysis with acids or alkalis, damascenine yields methyl alcohol and
damasceninic acid, CgHijOgN, a monobasic acid, which with boiling

hydriodic acid yields methyl iodide and 2-methylamino-3-hydroxybenzoic
acid. Damasceninic acid is therefore 2-methylamino-3-methoxybenzoic
acid and damascenine the corresponding methyl ester

Ewins has synthesised both substances from m-methoxybenzoic acid,

which on nitration gave 2-nitro-8-methoxybenzoic acid, and this, on
reduction and treatment with methyl iodide, yielded damasceninic acid,

which, by esterification with methyl alcohol, furnished damascenine.

Kaufmann and Rothlen found that the additive product of 8-methoxy-
quinoline and methyl sulphate, on oxidation with permanganate, yields

formyldamasceninic acid, MeO . CeH,(NMe . CHO) . COOH, which can

be transformed into damasceninic acid by warming with dilute hydro-

chloric acid.®
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Hordenine (Anhcdine), CjoflisON, was isolated by L^ger ^ from barley

malt germs, and has since been found in barley and other grass embryos ^

and in Anhalonium spp. (p. 154). Its development during the germination

of barley has been studied by Raoul ® and methods of estimation ® have
been described. The base forms colourless prisms, m.p. 117-8°, b.p.

173-4°/ll mm., and sublimes at 140-150°. It is alkaline in reaction,

liberates ammonia from its salts, behaves as a monoacidic, tertiary base

and forms wcll-crystallised salts: hydrochloride, m.p. 176- 5-177* 5°
;

sulphate, m.p. 209-211°
;

picrate, m.p. 139-140°
;

picrolonate, m.p. 219-

220°
; methiodide, m.p. 229-230°, reineckate, B . (C 4H 0NeSCr) . 5H2O,

m.p. 176-8°. On exhaustive methylation hordenine yields trimethylamine

and p-vinylanisole, MeO . CeH4 . CH : CHg. The 0-acetyl derivative is

oxidised by potassium permanganate to p-acetoxybenzoic acid. On
these data L^ger ^ suggested that hordenine is p-hydroxy-jS-phenylethyl-

dimethylamine,® and this was confirmed by Barger’s ® synthesis of the base,

starting with phenylethyl alcohol :

—

HO • g
•

Since then other syntheses have been effected^ of hordenine and its

homologues and derivatives.

According to Camus,® hordenine is of low toxicity, but in large doses

it causes death by arrest of respiration. It is less active than adrenaline

but analogous in its action,® resembling ephedrine rather than adrenaline,

Barger and Dale found that the methiodide had a marked nicotine-
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like action and according to Raymond-Hamet this effect is also shown
by hordenine itself apd is not suppressed by the introduction of a second

hydroxyl group as in j8-(8 : 4-dihydroxyphenyl)ethyldimethylamine (oxy-

hordenine). Stedman states that the methylcarbamido-derivative

shows miotic activity. Schweitzer and Wright found that the hydro-

chloride and methiodide of the dimethylcarbamic ester of hordenine have

anticholine-esterase action in vitro and similar action on the response of

muscle to motor-nerve stimulation ; the hydrochloride produces effects

qualitatively similar to those of physostigmine but quantitatively 50-100

times less potent. Removal of the anticholine-esterase grouping from
this ester hydrochloride abolishes this central stimulant action, hordenine

being a central depressant.
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ALKALOIDS OF EPHEDRA SPP.

Ephedrine was discovered by Nagai in 1887 but it remained little

more than a chemical curiosity until Chen and Schmidt ^ called attention

to its therapeutic possibilities, since when a voluminous literature has

accumulated on its sources, chemistry, pharmacology and clinical applica-

tions. The chief source of supply was at first the Chinese plant “ Ma-
Huang.” According to Read,^ “ Ma-Huang ” is a group name for various

species of Ephedra, but the material principally used in China and exported

thence under this name is Ephedra sinica Stapf. {E. flava Porter Smith,

JE. Mahuang Liu). Prior to 1927 E. sinica was confused with E, vulgaris

Rich. var. helvetica Hooker and Thomson, now known to be E. helvetica

C. A. Meyer, found in Europe. E, vulgaris Rich is now referred to E.

distachya Linn., which occurs both in Europe and in Asia. The other

important Chinese species is E. equisetina Bunge, but the drug is mainly
derived from E. sinica Stapf, with occasional supplies of E. equisetina

Bunge, or mixtures of these. Numerous analyses of “ Ma-Huang ” have
been recorded, and Read et (d.? in particular, have investigated (1) the

variation in alkaloidal content of the principal Chinese species with the
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season, environment and other conditions, and (2) the distribution of

alkaloid in the various organs of the plants.

Owing to the disturbed state of China in recent years, supplies of

Ephedra from that quarter have diminished and for some time were
replaced by a drug of Spanish origin and later, as Spain also became
involved in civil war, by supplies from India, where attention has been
given to the live indigenous species E, intermedia Schrenk and Mayer,
E. gerardiana Wall, E. nebrodensis Tineo, E, pachyclada Boiss. and E.
foliata Boiss., of which the first three are of commercial importance.*

The world war made all these sources of supply diflicult of access and
stimulated interest in the possibilities of local production. Examination
of a number of American species of ephedra had already shown them to

be devoid of alkaloids,® except for the S. American species E, andina, in

which Chavczt ® found ephedrine, and in the United States attention

has been given to the experimeulai cultivation of imported species,

notably E, sinica and E. gerardiana

;

a Moroccan type, E. alenda,

was found to contain only 0-ephedrine (Sievcrs In Australia experi-

mental cultivation of the Indian species E, gerardiana, E. intermedia and
E. mbrodeasis has been tried and preliminary yields of 1*35, 1*05 and
0*98 per cent, of total alkaloids respectively have been recorded.® In

Russia, E, equisetina and E. intermedia are available and are considered to

be worth exploitation.^ In Italy various local species have been found

to contain mainly i/f-ephedrine and that in small amount, but better results

are recorded for two species already referred to and which are available in

Sardinia, viz. E. vulgaris Rich and E. nebrodensis.^

To avoid the ditiiculty of variation in alkaloidal content liable to

occur in commercial Ephedra a proposal has been made in India ® for the

manufacture of a standardised extract representing 5 per cent, of the

weight of the crude drug and containing 18 to 20 per cent, of the total

alkaloids. Both in India and China experimental extraction of ephedrine

has been started.^®

The demand for ephedrine is now being met to an increasing extent by
the synthetic product.

Ephedrine also occurs in the leaves of the yew tree {Taxus baccata)

and in Sida rhombifolia Linn,^^ whilst Stockman’s cathine ” from

Caiha edulis Forsk has been shown by Wolfes to be d-nor- ^-ephedrine.

Ghosh, Chopra and Dutt state that the bark of Moringa pterygosperma

Gaertn. contains two alkaloids similar to ephedrine in pharmacological

action. The more active of the two, moringinine, is amorphous
;
the other

is a liquid but yields a crystalline hydrochloride, C^H^N . HCl, m.p. 254*4°,

Ml?* + picrate, m.p. 195*^, and an aurichloride, m.p. 170*8°.

Nagai’s ephedrine was obtained from “ Ma-Huang ” and the same
alkaloid, together with its stereoisomeride p^^wdaephedrine (0-ephedrine),

was isolated by Merck from the European species, E. Helvetica C. A.

Meyer. From commercial “ Ma-Huang ” Smith prepared two additional

bases, J-A'-methylephedrine and war-d-^-ephedrine. Nagai and Kanao i®

added two more^ viz., d-iV-methyl-0-ephedrine and Z-warephedrine, and
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Chen, Stuart and Chen isolated henzylmethylamine (B . HCl, m.p. 180*5®
;

aurichloride, m.p. 139-140°), while Chou and Mei obtained a volatile

base, ephedhie, CgHigOgNg [m.p. 76° or 87° {dry)\ B . HCl, m.p. 90°;

picrate, m.p. 190°]. From the European species Wolfes has also isolated

Z-^-methylephedrine and ^-norephedrine, and from E, monostachya, Spehr

obtained a base CjaHu^ON, monoclinic prisms, m.p .112 °, which is said to

be physiologically inactive, and is generally known as “ ephedrine, Spehr.”

The total alkaloidal content of Ephedra varies widely, being influenced

by the species collected and the seasonal and environmental conditions,

as has been shown by Read ® and by Chopra * and their colleagues. For
specially collected material yields as high as 2* 56 per cent., of which 1*8 per

cent, is ephedrine, have been recorded, but about 1 per cent, of total

alkaloids is not usually exceeded in the commercial product.

For commercial Ephedra the British Pharmaceutical Codex, 1984,

specifies a total alkaloidal content of not less than 1*25 per cent, when
assayed by the method therein prescribed. The proportion of J-ephedrine

is generally about 70 per cent. Methods of assay for total alkaloids are

described by Feng and Read ® and by Krishna and Ghose,® who discuss

the various difficulties involved and comments on these and other methods
have been made by various workers. Conditions affecting the results

of such assays have also been discussed by T’ang and Wang,^^ and
Brownlee 22 has shown that chloroform is not a suitable medium for the

assay since it converts ephedrine quickly and ^-ephedrine slowly to the

hydrochloride.

For the assay of ephedrine in the total alkaloids a colorimetric method
based on the biuret reaction was used by Feng and Read ® and is described

in detail by Feng. 2® Krishna and Ghose ^ separated ephedrine and
ephedrine by treating the dry mixed hydrochlorides with dry chloroform

in which the ephedrine salt is virtually insoluble and the 0-ephedrine salt

soluble.®®

For the estimation of ephedrine in its salts or simple solutions, titration

methods and a Kjeldahl estimation have been described by various

authors.®® The formation of iodoform from ephedrine has been proposed
as a method of estimation by Sanchez,®® and biological methods have been
used by several authors.*^

Useful summaries of work on ephedrine, ^-ephedrine and their deriva-

tives have been published by three workers in this field.®®

Ephedrine, CjoHigON. The base occurs in commerce in the anhydrous
form, m.p. 38*1°, or as a hemihydrate,®® m.p. 40°, b.p. 225° or 152-8°/

25 mm., [a]®^ - 6 8 ° (EtOH), or + 11 *2° (H^O : Emde). The hydro-
chloride, B . HCl, forms colourless needles, m.p. 217-8° or 220-1 ° {corr.),

[a]^* —84° (HgO) (values ranging from —82*5° to — 88 *6° have been
recorded, but recent figures are, as a rule, near to 84°). The hydrobromide,
B . HBr, has m.p. 205°

; the sulphate, B, . HJ1
SO4, forms hexagonal plates,

m.p. 248°, [a]^ — 80°, is sparingly soluble in alcohol, but readily so in

water ; the oxalate, Bg • forms prismatic needles, m.p* 249° (dec.),

and is sparingly soluble in cold water. The aurichloride, m.p. 128-181 °,
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and the platinichloride, m.p. 186° {dec,), form yellow needles. The
nitrosoamine has m.p. 92°, and the dibenzoyl derivative m.p. 134°.

On boiling with 25 per cent, hydrochloric acid ephedrine is partially

converted into ^-ephedrine. This change is reversible, an equilibrium

mixture of the two bases being formed, though according to Mitchell

the commercially desirable conversion of 0-ephedrine into i-ephedrine is

effected with more difficulty than the reverse process. Mitchell also

states that when ephedrine is heated with acetic anhydride af 70°

for ten minutes it is converted into O-acetylephedrine, C12H17O2N . 2H2O,

m.p. 52° or 87° {dry), + 5° (EtOH) or + 7° {dry, EtOH), from
which neither a well-defined hydrochloride nor hydrobromide could

be obtained. Welsh, on the contrary, regards this substance as

N-acetyl-Z-ephedrine and finds that it forms with hydrochloric acid

an adduct, Ci2^1i702N . HCl, ni.p. l(Ml-7° (variable with rate of heating),

[«]??' + 5*6° (EtOH, 50 per cent,), which is acid in solution and in

which the acid c^n be titrated directly and quantitatively. N-acetyl-

d/-ephedrine, similarly prepared, has m.p. 77-78* 5° and yields a hydro-

chloride, which melts slowly from 100° to about 180°. The latter,

on standing in acetone solution containing hydrochloric acid, is con-

verted into 0-acetyl -d^ephedrine hydrochloride, m.p. 201-201*5° {dec,),

of which a 2 per cent, solution has pH 5*0. On treatment with alkali in

excess it regenerates the N-acctyl derivative. The 0-acetyl derivative

can also be obtained by heating N-acetyl-d/-ephedrine hydrochloride for

70 minutes at 110° or by refluxing d/-ephedrine hydrochloride with a mix-

ture of acetic anhydride and acetyl chloride. It has not been possible to

prepare O-acetyl-Z-ephedrine hydrochloride by any of these methods,

owing apparently to the difficulty of inducing it to crystallise. When
N-acetyl-Z-ephedrine is heated at 110° it yields about 52 per cent, of

O-acetyl-d-0-ephedrine hydrochloride {see ^-ephedrine, below). The
mixed bases obtained by alkaline hydrolysis of the crude product of this

re-arrangement had [a]ff“ + 29*7° {H2O) as hydrochlorides, corresponding

to about 66 per cent, of ^-ephedrine hydrochloride and 34 per cent, of

Z-ephedrine hydrochloride, calculated from the specific rotations of these

two salts. Hydrolysis of N-acetyl-Z-ephedrine by refluxing with dilute

hydrochloric acid produces d-^-ephedrine and Z-ephedrine hydrochlorides

in the proportion 62 to 38 : the inversion is stated to take place during

the shift of the acetyl group from N to O and not by the action of the

acid on Z-ephedrine.

Re-arrangement between amino-ester and hydroxy-amide forms in

derivatives of amino-alcohols are not uncommon and the mechanism of

this interchange in one series has been discussed by Phillips and Baltzly

With potassium ferricyanide and sodium hydroxide solution ephedrine

forms benzaldehyde. A solution of the hydrochloride gives with copper

sulphate and sodium hydroxide solutions, a purple coloration extractable

by ether, leaving the aqueous layer blue, A solution of ephedrine base in

chloroform on standing is partially converted into ephedrine hydro-

chloride-^®
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Much attention has been given to devising tests for (a) the idea tilicat ion

of ephedrine,*^ (fe) means of distinction between ephedrine and 0-ephe-

drine and (c) the recognition of the dZ-form of ephedrine.®^^*^ Ephedrine,

according to Kirkpatrick, is polarographically inactive.

^-Ephedrine, CjoHigON, crystallises from ether in rhombs, m.p. 118-9°,

[alf®** + 51*2° (EtOH), and, unlike ephedrine, is sparingly soluble in

water. The hydrochloride, B . HCl, crystallises in colourless, slender

needles, m.p. 181-2°, + 62*05° (H2O), and, unlike the ephedrine salt,

is soluble in chloroform. The sulphate forms prisms, [ajo +52*5°; the

oxalate, m.p. 218° (dec,), unlike that of ephedrine, is readily soluble in

water; the aurichloride has m.p. 126*5-127*5°. Nitroso-0-ephedrine has

m.p. 86°, and dibenzoyl-0-ephedrine melts at 119-120°. By Mitchell’s®®

process d-^-ephedrine yields an acetyl derivative, m.p. 103*5-104°, [a]f®“

+ 110*4° (EtOH, 50 per cent.), which Welsh has shown to be the N-
acetyl compound {cf, ephedrine above). The hydrochloride has m.p.

about 180° with some sintering at 175° (m.p. variable with rate of heating)

and [a]i, + 93*3° (EtOH, 50 per cent.). On heating at 110° the N-acetyl

hydrochloride is converted into 0-aceytl-d-^-ephedrine hydrochloride,

m.p. 179*5-181° (variable with rate of heating) and + 98*6° (HgO).

In contrast to the effect on N-acetyl-/-ephedrine {see above) of acid hydro-

lysis, the N- and 0-acetyl-^-ephedrines produce only the original amino-

alcohol, d-^-ephedrine, on boiling with dilute hydrochloric acid. Identi-

fication tests for 0-ephedrine and means of distinction from ephedrine

have been devised by various authors.^^^®^

Z-norEphedrine, C9H13ON, was isolated by Kanao from ]NJa-Huang

and by Wolfes from European Ephedra. It forms a crystalline mass,

m.p. 51°, b.p. 167-8°/22 mm., and yields a hydrochloride, m.p. 173°

(com), — 33*14° (HgO), hydrogen Z-tartrate, m.p. 160° {approx,),

with some sintering at 130°, [(x]^f — 34*64° (HgO)
;

platinichloride,

m.p. 221° {dec.) ;
aurichloride, m.p. 188°, p-nitrobenzoyl derivative,

m.p. 175-6°. The base synthesised by Nagai and Kanao had [a]!®*

- 14*56° (EtOH).

nor-d-^-Ephcdrinc, C9H13ON, was first isolated by Smith from
Ma-Huang, and later by Wolfes from Catha edulis, and was synthesised

by Nagai and Kanao.®^ It crystallises in plates, m.p. 77-8° (con*.), has

Msm +67*9° (MeOH), yields a sulphate, Bj . H2SO4, hexagonal plates,

m.p. 295° (corr., dec.), + 48*7° (H2O), hydrochloride, prisms,

m.p. 178-9° (com), [a]f/“+42*l° (HgO), [ajjfgi +53*4° (HgO), oxalate,

needles, m.p. 235°, and hydrogen tartrate, fn.p. 149-151° {dry, corr.),

Mwel + 49*5° (HgO). The dibenzoyl derivative has m.p. 156-7° (corr.),

[a]|®j + 82*8° (MeOH), and on partial hydrolysis yields N-benzoyl-wor-cZ-

ephedrine, m.p. 182° (corr.), + 67*2° (MeOH), which, in contact

with hydrogen chloride in acetone, is converted into 0-benzoyl-wor-d-^-

ephedrine hydrochloride, needles, m.p. 244-5° (corr.), [a]^^ — 87*6°

(HgO), but which regenerates the iV-benzoyl derivative on recovery of

the base with sodium hydroxide solution. Similar migrations of the acyl

group in this type of alkaloid have been recorded by Nagai and Kanao.®®
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Gibson and Levin ^ have called attention to nor-d-0-ephedrine as a useful

base for the resolution of externally compensated acids.

iV-Methylephedrine, CnHi70N, was isolated by Smith (1927) from
Ma-Huang, and later by Wolfes from European Ephedra. It crystallises

in stout needles, m.p. 87-8° (eorr.), b.p. 137-9714 mm., [ajn —29*2°
(MeOH)

;
gives a hydrochloride, B . HCl, m.p. 188-9°, 192° (Wolfes),

[ajff" — 29-8° (H 2O) ;
picrate, m.p. 144°; methiodide, m.p. 212-3°,

Wd — 21-8° (HgO) ;
oxalate, m.p. 187°; aurichloride, m.p. 128-9°.

The base was lirst prepared by Nagai in 1892 and examined in greater

detail by Nagai and Kanao (195^).®®

d-N-Methyl'i/»-ephedrine, CnHi^ON, was isolated by Nagai and Kanao^®

(1928) from Ma-Huang, and was subsequently synthesised by them.®^

It was first pn^pared by methylation of ^-ephedrine by Ernde,®® and more
recently by Smith (1927). The base crystallises in needles, m.p. 30°,

b.p. 145°/24 rnm., lajfr 4 48-1' (MeOH): gives a hydrochloride,

+ 58*11° (HgO)
;

aurichloride, yellow plates, m.p. 126-7°; hydrogen
tartrate, B , C^H^O^ - 2H2O, m.p. 84° (vorr.) or 152° {dry, corr.)

;
picrate,

rn.p. 152--8° (rorr.) ; Jind methiodide, m.p. 216-7° (205°, Emdc), [al^

-f-
42*3° (HgO).

Constitution of Ephedrine and ^-Ephedrhie, The first clue to the

structure of these bases was given by Ladenburg and Oelschagel,®® who
prepared from ^-ephedrine, a nitrosoamine and a dibenzoyl derivative,

and showed that on oxidation, under certain conditions, benzoic acid was
produced with methylarnine. These authors suggested the formula (I),

Ph . CHOH . CIIMe . NHMe, now accepted for the alkaloid. Miller ®’

found that ephedrine also gives a dibenzoyl derivative, m.p. 115-6°, and
can be exhaustively methylated to the quaternary hydroxide, which, on
boiling in aqueous solution, gave trimethylamine and an oil, C^Hi^O,
b.p. 205-210° {see below). Miller suggested for ephedrine the formula (II),

Ph . CHa . CH(NHMe) . CHgOH, which makes it a structural isomcride

of 0-ephedrine (I). Schmidt and Emde ®® confirmed and extended these

observations, and Emde ®® suggested (1907) that the two bases were

stereoisomerides of the formula (III), Ph . CH(NHMe) . CHMe . OH, this

being preferred to (I) because of the ease with which the carbon-nitrogen

linkage is broken, due, it was assumed, to its proximity to the double

bonds of the benzene nucleus. The view that the two bases are stereoiso-

merides is supported by the ease with which ephedrine can be isomerised

to ^-ephedrine by acylation (Calliess,®® Nagai and Kanao ®®) or by boiling

with hydrochloric acid (25 per cent.), the change under the latter conditions

being reversible.®® Support for formula (I) was finally provided by Schmidt
and Bumming,®® who found that when the hydrochloride of either base is

distilled in carbon dioxide, methylarnine hydrochloride and propiophenone

are produced :

Ph , CHOH . CHMe . NHMe . HCl ->Ph . CO . CH^Me + NH^Me . HCl

and by Rabe’s observation*® that the product, C^H^qO, formed, with

methylarnine, by tbe decomposition of- the ammonium base of ephedrine
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is a-phenylpropylene ajS-oxide (IV) Ph . CH . O . CHMe, b.p. 204°,

+ 65*84°. Subsequent work by various authors^® provided additional

support for formula (I), which was finally proved by syntheses of both

alkaloids.

Attempts had been made from 1904 onwards to synthesise ephedrine

or ephedrine-like substances, but it was not until 1920 that two substances

now generally accepted as optically inactive forms of ephedrine and
0-ephedrine were obtained by Eberhard.^^ The process used was the

reduction of a-methylaminopropiophenone by (a) sodium amalgam and
dilute hydrochloric acid and (b) hydrogen in presence of palladised

charcoal

:

Ph . CO . CHMe . NHMe ->Ph . CHOH . CHMe . NHMe.

Two products were obtained, (A) m.p. 76°, giving a hydrochloride,

m.p. 187°, and an aurichloride, m.p. 115°, and (B) m.p. 114°, forming a

hydrochloride, m.p. 158-161°, and an aurichloride, m.p. 115-6°. These

characteristics indicate that (A) and (B) are racemic forms of ephedrine

and ^-ephedrine respectively.

Fourneau and Puyal (1922) converted propenylben25ene, obtained by
dehydration of phenylethylcarbinol, into the bromohydrin, which on

treatment with methylamine yielded an ephedrine, m.p. 60°, giving a

hydrochloride, m.p. 190°, and aq acetyl derivative, presumed to be acetyl-

^-ephedrine, m.p. 176°, from which hydrochloric acid produced a hydro-

chloride, m.p. 175°, regarded as dZ-^-ephedrine hydrochloride, giving a
base, m.p. 117°. The base, m.p. 60°, initially produced in this reaction was
later shown by Fourneau and Kanao to be identical with Emde’s
uoephedrine (formula III). Fourneau and Benoit have recently investi-

gated the action of methylamine on (1) the mixture of cis- and trans-

forms of phenylpropylene oxide (IV) formed by oxidising propenylbenzene

with perbenzoic acid, (2) the d-phenylpropylene oxide, obtained by
exhaustive methylation of Z-ephedrinc, and (3) the Z-form of the oxide

similarly obtained from d-ephedrine. The products of these three reactions

are :

—

(1) dZ-Z^oephedrine, m.p. 59-60°, B . HCl, m.p. 190-1°
;

picrate,

m.p. 146°
; dZ-ephedrine and ^-ephedrine, with possibly some ^-woephe-

drine.

(2) Z-ephedrine and d-Z^oephedrine, m.p. 51-2°, giving a hydrochloride,

m.p. 169°, [a]^“ + 86°, and a picrate, m.p. 140°.

(8) d-ephedrine and Z-Z«oephedrine, characterised as the hydrochloride,

m.p. 167-8°, [a]^" — 86°.

In the meantime, Spath and Gohring ^ had effected another synthesis

of both inactive bases, and resolved each of the latter into the two possible

optically active forms. This synthesis was effected by the s^ges repre-

sented by the following five equations, which need no descriptive explana-

tion
; the original paper should be consulted for a full discussion of the

reactions involved.
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(rt) CHg . CHa . CHO + Br^ —> CH3 . CHBr . CHO HBr
(6) CIIs . CIIBr . C:HO + HBr + MeOH CHg . CHBr . CHBr . OMe f HgO
(f) CII3 . CHBr . CHBr . OMe + Ph . MgBr -> ( H3 . CHBr . CHPh . OMe + MgBr,
(d) CH3 . CHBr . CHPh . OMe 4 NH^Mc —^ C:H3 . CH(NHaMeBr) . CHPh . OMe
(c) CH3 . CH(NHMe) . CHPh . OxMe f HBr-^ CH3 . CH(NHMe) . CH(On) . Ph+CHaBr

The first product in the Spath and Gohring synthesis is d^(/f-ephedrine,

m.p. 118->9°, which was resolved, by crystallisation of the d-tartrate and
Z-tartrate in succession, into Z- and d-components, the latter being identical

with natural 0-ephedrine (p. 688), m.p. 118-118-7°, [a]ff + 52-9° (EtOH) ;

13.HC1, m.p. 182-5-183-5°, [ajf®” + 62-8° (HgO). The Z-^-cphedrine

had identical constants, but with [a]© — 52*5°. The d- and Z-forms were
isomerised into Z- and d-ephedrines respectively, the former being identical

with natural ephedrine (p. 636) and having m.p. 89-40°
;
B . HCl,

m.p. 217- 3-217- 8°, — 34-5° (H2O), and the d-form having identical

constants except for B . HCl, +35*8°. Of numerous subsequent

syntheses of ephedrine mention may be made of that described indepen-

dently in 1929 by Manske and Johnson and by Skita and Keil,^* which
depends on the catalytic hydrogenation of an equimolccular mixture of

a-phenylpropane-ajS-dione (A) and methylamine in alcohol, jS-methylimino-

a-phenylpropane-a-one (B) being formed intermediately and reduced to

dZ-ephedrine (C) with a little dZ-^-ephedrine.

(A) Ph . CO . CO . Me (B) Ph . CO . C{ : NMe) . CII3

(C) Ph . CHOH . CHMe . NHMe
The dZ-ephedrine was resolved into its components by the use of d-

and Z-mandelic acids. In 1921 Ncuberg and Hirsch showed that benz-

aldehyde was reduced by yeast, fermenting in sucrose or glucose solution to

benzyl alcohol and a phenylpropanolone, which proved to be Z-Ph . CHOH

.

CO . CH3. This can be simultaneously, or consecutively, condensed with

methylamine and then converted to Z-ephedrine by reduction, e.g., with

aluminium amalgam in moist ether, or by hydrogen in presence of platinie

oxide as catalyst (Knoll, Hildebrant and Klavehn *®).

It is definitely established by the interconversion of ( —)-ephedrine

(I) and (+)-^-ephedrine (II), and by the reduction of both these bases to

(+)-deoxyephedrine (III) (B . HCl, m.p. 172°, + 19*14° (HgO)

;

B . HAUCI4, m.p. 126°),** that the contribution of C(“> is (-) in (-)-

ephedrine and (+ )
in ( +)-0-ephedrine, and that of C^®^ is

( +) in both bases.

Me
|(b)

R-C-ieMe
1. V —

Me
(b)!

H-C-«HMe
^ 1 ^

Me

H-C-HHMe
(0)1

Me
1

H-O-MRg

Me

H-j-tEg
1(a)

H-O-OH (OCJHg

(ni)

COOH
1

(I) C^Hg
j

(II) CgHj (IV) (V)

( )"^D<oxyfphedrin# ()-V-Bphedrlif

It has also been shown by Freudenberg,®® and by Leithe,®^ that the

configuration about C^®^ is correlated with that of (—)-mandelic acid in

( ~)-ephedrine and with (+)-mandelic acid in (+)-0-ephedrine. The
configuration about C^*^ has been investigated by Leithe,®^ and by Freuden-

berg and Nikolai,®® who agree in representing the distribution about this

PLANT ALK. * 21
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centre ofasymmetry by formulsp (I) and (II) for ephedrine and ^-ephedrine,

Leithe refeiring both to /-( —)-a-phenylethylamine ^ (IV) and Freudenberg

and Nikolai correlating l^th with the natural amino-acid J-( +)’ftl^nine

(V),M The crystal structures of the double tartrates of ^-cocaine with

ephedrine and N-methylephedrine have been investigated by Bruckl,®*

and of the hydrohalide salts of d-, U and dZ-forms of ephedrine, ^-ephedrine

and N-methylephedrine by Gossner and Neff,^^ with special reference to

the crystallographic relationships of d-, U and d^-forms.

Pharmacological Action, When ephedrine first became available in

1887 it was of interest mainly as a mydriatic and its later widespread use

dates from 1924, when Chen and Schmidt recorded its similarity to

adrenaline in pharmacological action. In 1910 Barger and Dale intro-

duced the term sympathomimetic amines to describe substances exhibiting

this type of action, which includes the production of a rise in arterial blood

pressure, dilatation of the pupil, contraction of the plain muscle of the

orbit, a flow of saliva and tears not readily abolished by atropine, inhibition

of the tone and rhythm of the muscular walls of the mammalian intestine

and of the cat’s urinary bladder. At the same time these authors prepared

and examined pharmacologically a scries of aliphatic and cyclic amines,

the latter chiefly derivatives of phenylethylamine, and from the results

drew certain conclusions regarding the kind of molecular structure asso-

ciated with sympathomimetic action. Since then there has been an
almost continuous output of papers dealing with the synthesis and pharma-
cological action of possible syrhpathomimetic chemicals. One result of

this activity has been to extend the range of therapeutic application of

drugs of this type as Gold has pointed out in a recent review of their

clinical uses. Adrenaline is probably still the best all-round drug of this

type when action of short duration is required, but ephedrine and a number
of the synthetic drugs are especially useful in particular directions and
fbr these purposes can replace adrenaline. The action of ephedrine, unlike

that of adrenaline, is not potentiated by cocaine nor reversed by sym-
patholytic drugs such as ergotoxine.^® The pressor and vaso-constrictor

activity is slower and less than that of adrenaline, but is more persistent

and, being more stable to metabolic conditions, ephedrine can be given

by mouth, whereas adrenaline has to be used by injection. It stimulates

the respiratory centre, increasing the depth of respiration
;

reinforces

heart action and dilates the bronchi, more especially when they are in

spasm, hence its use in bronchial asthma. It contracts the uterus and
dilates the pupil. Large doses may cause hyperglycemia. Ephedrine also

has some analeptic action,®® due to its central nervous stimulation, which
is the basis for its use in the treatment of depression by drugs and for the

relief of narcolepsy, though for this purpose its derivatives, deoxyephedrine
(methedrine) and dZ-deoxynorephedrine (amphetamine)*

;

CeHg . CH* . CHMe . NH,

seem to have advantages and the latter has received particular attention

in this respect.
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According to Chen, Wu and Henriksen,** the stereoisomerides of

ephedrine resemble it qualitatively in pharmacological action but differ

in degree of activity in particular directions. The mydriatic activities

of Z-ephedrine and d-^-ephedrine are greater than those of d-ephedrine and
Z-^-ephedrine respectively and the same is true for their pressor action in

pithed cats, Z-ephedrine being three times as potent as the d-form and
d- ^-ephedrine seven times as active as Z-i/f-ephedrine. Swanson, Scott,

Lee and Chen find that in near relatives of ephedrine the Z-isomeride is

more active than the d-form, e.g., the ratios of pressor activity for the

Z- and d-forms are for deoxyephedrmc, 1 : 0 * 707 ; for deoxyworephedrines

(Cgllg , CHg . CHMe . NHg), 1 : 0*712
; for iVodeoxynorephedrines,

(CgH 5 .CHMe.CH 2 .NH2 ), used as Z-mandelates, 0*850:0*677, and for

the norephedrines, (CgHg . CHOH . CHMe . NHg), also used as Z-mande-

lates, 1 : 0*678, while the Z-mandf latcs of Z- and d-i/f-norephedrines have

1 : 0*860. Among other relative- of ephedrine Schaumann has shown
that there are considerable differences in potency in particular directions

between ephedrine and its mono- and di-hydroxy-derivatives.®^ Z-N-

methylephedrine seems on the whole to be somewhat less active than

ephedrine*
;

it is said to have no central nervous action and its bronchial

dilation effect to be slower but equal to that of the parent base in duration

and potency. Z-N-ethylephedrine is stated to have about the same
toxicity and effect on the bronchioles as ephedrine, to exert less action

on the cardiovascular system, to show minimal central nervous stimulation,

but to have a greater effeet than ephedrine on uterine and intestinal

muscle.®® Ephedrine, according to Schultz,®’ exerts some local anaesthetic

action and this property seems to be greatly developed in the Z-, d- and dl-

forms of cinnamylephedrine, which Schultz and Barbour ®’ state are

about ten times as active as cocaine as surface anaesthetics tested

on the rabbit’s cornea, and twenty times as potent as procaine

when tested by the human intradermal wheal method. OAe per cent,

solutions caused local necrosis and more dilute solutions produced local

erythema lasting 12 to 24 hours. The drug also relaxes spasm induced

by barium chloride or acetylcholine in the intestine, and by pituitary

extract in the uterus ; in action it is said to resemble papaverine rather

than ephedrine.

In a monograph on ephedrine Gaddum ®® has reviewed the differences

in the action of adrenaline and ephedrine and has suggested that the

latter has the same relation to adrenaline as physostigmine has to acetyl-

choline, that is, ephedrine inhibits the action of an enzyme system, which
normally destroys adrenaline, or the substance closely resembling it,

produced by adrenergic nerves.

As already stated, the number of substances made by chemists for

pharmacological examination as possible sympathomimetic amines is

enormous and the literature voluminous. Fortunately the latter has been
reviewed from time to time, and most recently in the symposium*’ in

which Hartung dealt with the correlation of structure and pharmacological

action in
)
8-phenylethylamine derivatives, which includes the more impor-

21«-a
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tant members of the group. In the same symposium Beyer and Morrison

describe the systems which, in the course of animal metabolism, may play

a part in the deamination of amines resulting in their conversion into

inactive substances, e.g., the change of phenylethylaminc into phenyl-

acetaldehyde by the action of amine oxidase (tyraminase). An extensive

series of amines has been subjected in vitro to the action of such systems
under appropriate conditions and the rates of deamination found for the
amines show good correlation with the pressor activity, duration of action,

efTicacy when administered orally, and proportion excreted unchanged in

in vivo experiments. The structural features in derivatives of phenyl-
ethylaniine, which seem to promote resistance to deamination by such
systems are stated and discussed. The results of a recent investigation
of ten amines in similar fashion by Snyder, Boetze and Oberst have con-
firmed Beyer’s observations.** Randall and Hitchings,’* using the
phenoloxidase system, tyrosinase, on a scries of phenylethylaminc deriva-
tives, including secondary, tertiary and quaternary compounds, the 2-, 3-

and 4-monohydroxyphcnylethylamines, and the 2 : 3- and 3 : 4-dihydroxy-
phenylethylamines, found that where oxidation did occur, the results

indicated that susceptibility to attack by tyrosinase and the ability to
act as pressor agents appeared to depend primarily on different molecular
configurations.

Useful comparisons, over a range of pharmacological factors, of various
well-known, sympathomimetic amines have been made by Gunn, Tainter
and other workers, which serve to indicate lines for the development of
special activity. Most of the drugs of this group produced recently are
still of the phcnylalkylamine type, but divergence in structure is in pro-
gress, for example, in derivatives of pyridylalkylamincs,''^ tetrahydro-
fwquinolines,” naphthylalkamines,’* indanamines,’* indolylethylamines,’*
furfurylalkylamines,’’ iminazoles, of which 2-naphthyl-l'-methylimin-
azoline is an interesting item,’* a-thienylalkylamincs ” and open-chain
amines,’® such as 2-methylaminohcptane and 2-aminoheptane, and
various amidines.*®

Much attention has been given to development of drugs with improved
bronchodilator action. Diverging from the phcnylalkylamine type there
is emerging a group of “ anti-histamine ” drugs, so-called because they
are intended to counteract the allergic and other effects believed to be
due to the liberation of histamine, and are tested in the laboratory against
the effects of histamine administered by “ atomisation ” or by injection.
A summary of the French work on this subject has been published by
Bovet and Walthert,*i from which it appears that two effective drugs are
N-benzyl-N-dimethylaminoethylaniline and N-p-methoxy benzyl-N-di-
methylaminoethyl-2-aminopyridine

;
of the latter 0- 1 mgm. per kilo of body

weight is stated to protect guinea-pigs against the effects of histamine
injected intravenously. Much work has also been done in the United
States on this subject, and among the drugs developed are alkamine
benzhydryl ethers of the type C^Hj . CH(OR) . CgHj in which R may be,
for ’ example, dimethylaminoethyl or j3-piperidinoethyl.*» Alkyloxy-
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diaminotriazines of the type ^(NHg) : N . CR : N . C(NH2 ) : N whereR may
be an alkyloxy, ci/c/oalkyloxy, aryloxy, amino- or substituted amino-
group,®® are stated to be less effective.

Anti-histamine drugs, on which there is an extensive literature and
of which several are already in practical use, are not only bronchodilators,

but counteract other effects of histamine and so belong to the group of

spasmolytics, but typical spasmolytics such as atropine, papaverine and
pethidine appear to be much less active against bronchiole spasm induced
by histamine.®^ Anti-histamine action is also characteristic of certain

esters of polynuclear carboxylic acids of which dif thylaminoethyl 9 : 10-

dihydroanthracenccarboxylate is an example. It exerts a bronchodilator

effect and protects sensitised guinea pigs against a lethal dose of antigen.®®

U-Aminoindaue and its N-benzyl and K-ixjiethyl derivatives are stated to

be more potent bronchodilators tiian ephedrine when tested by bronchial

perfusion of isolated rabbit lung, and similar action is also ascribed to

2-aminoindan-l-oland l-aminoindaa-2-ol and certain of their alkyl deriva-

tives. These indananiine compounds given intravenously to dogs have
little or no effect on blood pressure.’®
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ALKALOIDS OF BRASSICA SPP.

Sinapine, was isolated as a thiocyanate from black mustard
seeds {Brassica nigra) by Henry and Garot.^ Will and Laubenheimer ^

first noted that sinapine occurs in wliite mustard seed in the form of the

alkaloidal glucosidc ^ixalbine, C 30II 42O15N2S 2 ,
which, on hydrolysis by

the enzyme myrosin, also present in the seed, furnished dextrose, jt?-

hydroxybenzylthiocarbimide and sinapine sulphate.® Owing to its

instability sinapine is unknown in the free state. The thiocyanate can be

recrystallised from water and converted into the acid sulphate by treat-

ment with sulphuric acid.

Sinapine acid sulphate, CieH2405N . HSO 4 . SHgO, crystallises in

leaflets, m.p. 127'' (188°, dry). The thiocyanate, C 10H24O 5N . SCN . HgO,
forms pale yellow needles, m.p. 178° : iodide, m.p. 185-6°. When the

thiocyanate is warmed with alkalis there is formed choline and sinapic

acid, CiiHigOg^ ;
the acid was investigated by Remsen and Coale,® and

by Gadamer.® It crystallises in prisms, m.p. 191-2°, contains two methoxyl
groups and a carboxyl group and furnishes a monoacetyl derivative. With
methyl iodide in presence of alkalis, it yields methyl methylsinapate,

C 8H 4
(OMe) 3 . COgMe, which by partial hydrolysis with alcoholic potash

forms methylsinapic acid, and from the latter there is formed by oxidation

trimethylgallic acid. Acetylsinapic acid, on oxidation by permanganate
yields syringic acid (8 : 5-dimethoxy-4-hydroxybenzoic acid). Gadamer ®

proposed the following formulae for sinapic acid and sinapine, the latter

being the choline ester of sinapic acid :
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CHjjO.C

HO.i

.CH.-CH.COOH

Slnaplc aoid

CH^O.C" \.CH:CH.C0.0.CH2.CH2.N(0H)(CHj)3

HO.C CH

\ /
C.OCHj

Sinaplne

This was confirmed by Spath’s synthesis ® of sinapine iodide by the

following method. Syringic acid was converted into carbethoxysyringic
acid, and this through the acid chloride into the aldehyde,

CHO . CeH2(OMe)2 . O . COgEt.

This on heating with malonic and acetic acids yielded 4-earbethoxy-3 : 5-

dimothoxybenzylidenernaloiiir acid

C(COaH)3 : (H . (.eli2(OMe)2 . O . C02Et,

which on distillation in vacuo furnished carbethoxysinapic acid,

COgPl . CH : CH . CeH2(OMe)2 . O . C02Et,

from which sinapic acid was obtained by hydrolysis with sodium hydroxide
in vacuo. Esterification of the acid with choline could not be carried out

but dimethylaminoethanol with acetylsinapoylchloride gave the corre-

sponding acetyl ester,

NMe2 . CH2 . CH2 . O . CO . CH : CH . C 6H2(OMe )2 . OAc,

from which the acetyl group was readily eliminated yielding a product,

which on treatment with methyl iodide was converted into sinapine iodide,

NMcgl . CH2 . CH2 . O . CO . CH : CH . CeH2(OMe)a . OH, identical with

that obtainable from the natural alkaloid.
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ALKALOIDS OF CHEIRANTHUS AND ERYSIMUM SPP.

Cheiroline. In 1898 Reeb obtained from wallflower leaves and seeds

two substances, cheiranthin and cheirinine. The former was described as

a glucoside, having a digitalis-like action, whilst cheirinine was given the

formula CigHg^Oj^Ng, and was stated to resemble quinine in pharma-

cological action.^ In 1908 Wagner ^ obtained from the seeds cheiroline,

CjHiflO^NaSj, colourless prisms, m.p. 47-8®, which when warmed with

mercuric oxide and water yields cheirole, C9H20O9N2,
colourless needles,

m.p. 172*5®. Schneider^ showed that Wagner’s cheiroline should

be represented by the formula C 5H90aNS2 ,
and proved that the

substance was identical with methyl-y-thiocarbimidopropylsulphone,

CHg . SO2 . (CH2)3 . NCS. Cheiroline appears to exist in wallflower seed

as a glucoside. • It has also been obtained from the seeds of Erysimum
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aureum * and E» arkatisanuYn^ whilst Schneider and Kauftnann have

obtained from Erysimum perowskianum,^ erysoline^ which

occurs as a glueoside and which they have shown by synthesis to be

methyl-8-thiocarbimidobutylsulphone, CHg . SOg . (CH2)4 . NCS.
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ALKALOIDS OF COLCHICUM AUTUMNALE
Colchicine, CggHgsOgN, was obtained from the seeds and cornis of

the autumn crocus, Colchicum autumnale L. (Liliaceae), by Pelletier and
Caventou,^ and has since been found in other Colchicum spp. and in

numerous Liliaceous spp.^ In Gloriosa superha ® it occurs with two other

alkaloids : (a) C15H17O4N or CggllgsO^Ng, leaflets, m.p. 177-8°, and

CgsHgvOgN, needles, m.p. 276°, which may be a methylcolchicine.

Oberlin ^ found that colchiceine, CgiHggOgN, of which colchicine is a methyl
ether, occurs with colchicine, but according to Zeisel ® is probably formed
during extraction. Liptak states that the alkaloids are located chiefly

in the endosperm and the third layer of the seed-coat.® A process for

manufacture has been published by Chemnitius.^ A method for the estima-

tion of colchicine is given in the British Pharmacopoeia, 1982, a minimum
alkaloidal content of 0*25 per cent, in the corm and 0-8 per cent, in the

seed being required. For a discussion of methods see Grier,® and Saifert,®^®^

and for other processes Coll and Preioni,®Rosenthaler,^® Self and Corfield

and Boyland and Mawson.^^ According to Niemann colchicum flowers

contain 0*8 per cent, of colchicine.

Commercial colchicine usually consists of yellow flakes or powder,
or crystals containing chloroform of crystallisation. It can be crystallised

from water as a trihydrate, or from ethyl acetate (Clewer et al,^) forming
soft, pale yellow needles, m.p, 155-7°, — 120-8° (CHClg)® or
— 429° (HgO). The pure alkaloid is more easily obtained by chromato-
graphic fractionation (Ashley and Harris ^®). From benzene it crystallises

with 1 mol. of solvent and has m.p. 140°. According to Merck, the base
forms two crystalline compounds with chloroform, B . CHCI3 and
B . 2CHClg, which decompose at 100° or in water at 50°. It is miscible in

all proportions with aqueous alcohol or chloroform but is less soluble in

water or dry alcohol. Colchicine is feebly basic and its salts decompose
in water ; the aurichloride has m.p. 209°. The alkaloid forms a yellow
solution in sulphuric acid, which tum^ greenish-blue, then red on addition

of a drop of nitric acid. A solution in chloroform gives no colour with
ferric chloride in the same solvent, but under these conditions colchiceine

gives a green colour, A solution of colchicine in dry alcohol produces a
garnet colour with ferric chloride ; an aqueous solution gives no colour
with this reagent in the cold but becomes reddish-brown on warming.
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According to Grewe,^® colchicine on exposure to ultra-violet light changes
to an isomeride, needles, m.p. 220°, which he has named lumicolchicine.

Constitution. Zeisel * showed that with hot dilute hydrochloric

acid colchicine lost 1 mol. of methyl alcohol, giving rise to colchiceine,

CgiHgsOgN (p. 655). With stronger acid colchiceine gave a molecule of

acetic acid and a new base, trimethylcolchicinic acid, C19H21O 5N . 2H2O,
m.p. 159° {dec.), which forms salts both with bases and acids, contains

three methoxyl groups, and on demethylation yields colchicinic acid,

C19H15O 5N. These changes indicate the presence in colchicine of a labile

methoxyl group, three more resistant methoxyl groups and an acetyl

group
; removal of the latter leaves a substance

,
which behaves as a

primary amine. The labile methoxyl group was assumed by Zeisel ® to

be a carbomethoxyl group, and he represented colchicine by the extended

linear formula {MeO) 3(Ci 5H9)(CO , OMe)(NHAc) and colchiceine as the

corresponding carboxylic ac id. Windaus ^ showed that colchiceine

behaved as an aldchydic- or keto-enolic substance and not as an acid,

and that trimethylcolchicinic acid yields a dibenzoyl derivative,

(CH30)8 . CjeHjO . (OBz)(NHBz), m.p. 298° {dec.), which, on treatment

with potassium hydroxide solution, forms A^-benzoyltrimethylcolchicinic

acid, m.p. 258-4°, and this, unlike the dibenzoate, gives a dark green

colour with ferric chloride. The corresponding dibenzenesulphonyl

derivative exists in two stereoisomeric forms, both yielding the same
A-benzenesulphonyl-derivative on careful hydrolysis and implying the

presence of an oxymethylene group and that colchicine is the methyl

ether of the oxymethylene compound, colchiceine. On the other hand,

colchiceine may be an o-hydroxyaldehyde, since on treatment with iodine in

presence of alkali it is converted into iST-acetyliodocolchinol, CgoH^OgNI,
apparently by the replacement of an aldehyde group by iodine, mough
this may correspond with the conversion of oxymethylene camphor into

monobromocamphor by bromine in presence of alkali.^® Though the

hydroxy-aldehyde formulation is preferred,^® it is adopted in a modified

form to account for the labile character of this methyl ether group in

colchicine, and the failure to give aldehydic reactions. The action of

iodine in converting colchiceine (I) into iV-acetyliodocolchinol (III) is

represented thus :

—

C,4H,o04N

II)

CH CH

C CHOH

CH

CO 0
CHI

CO

CH

Ci

CH

Hooccrf^'^ci

C OH HOOC c C OCHj

in) CH im) CH irv) CH V

The methyl ether of .^-acetyliodocolchinol (III ; C . OH —> C . OMe)
is oxidised by hot permanganate solution to 4-iodo-5-methoxyphthalic

acid ^® (IV). The latter is unchanged when the substituents are inter-

changed in position (as required by the more recent results of Barton,

Cook and Loudon described below), so these observations imply the

presence of a benzene ring in iV-acetyliodocolchinol, with iodine as a
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substituent at or and hydroxyl at C® or C^. This represents ring C

in the colchicine formula ultimately adopted by Windaus.

A second benzene ring is indicated by the fact that colchicine, colchi-

ceine and trimethylcolchicinic acid are all oxidised by hot permanganate

to 8 : 4 : 5-tiimethoxyphthalic acid. This represents ring A in the Windaus

formula.

If the NHg group is eliminated first, as in the fusion of colchicine with

potassium hydroxide, and the product is oxidised with permanganate,

terephthalic and trimellitic (benzene 1 : 2 : 4-tricarboxylic) acids are

formed, which should come from a third benzene ring.

The foregoing results imply either an anthracene or a phenanthrene

nucleus. Decision between the two was arrived at by deacetylating N-
acetylcolchinol methyl ether, (MeO) 4(Ci 5H 9)(NHAc), to the corresponding

primary amine, of which the quaternary ammonium hydroxide, when
heated in vacuo, decomposed into trimethylamine, and a substance,

CJ 9H20O 4 . The latter, subsequently prepared by Cook et al, in a simpler

fashion (p. 653) and named dcaminocolchinol methyl ether, forms tablets,

m.p. 111 °, contains four methoxyl groups, and, on demethylation and
distillation with zinc dust, yields a hydrocarbon, shown to be

9-methylphenanthrene, m.p. 91-2°,^’ synthesised for this purpose. Fronj

these data formula (V) was suggested for JV-acetylcolchinol methyl ether.

Position 9 is indicated for the nitrogen side-chain, since A^-acetyliodo-

colchinol methyl ether (V with Lat C® or C’), on reduction with zinc dust,

followed by chromic acid oxidation, yields 4-methoxy-o-phthalimide
(Windaus,^^ 1919). In colchiceine ring C has the structure shown in (I),

whence (VI) was proposed for the alkaloid, and from this (VII) follows

for colchicine itself with the substituents at C® and possibly inter-

changed in (VI) and (VII).

The location of a methoxyl group at position 4 in ring A was proved
indirectly by Windaus,^* whence it follows that the three vicinal methoxy
groups in that ring must occupy positions 2 -, 3- and 4-. The positions of

all four methoxyl ^oups in colchicine were later clearly settled by Barton,
Cook and Loudon^® (p. 653).

OMe OMc MeO

The presence of a methylene group at is indicated by the chromic
acid oxidation of colchicine to oxycolchicine, C22H28O 7N, yellow prisms,
m.p. 266-8°® (VII ; CHg -^CO at C^®).
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For the synthesis of phenanthrene derivatives which may be regarded
as an approach to colchicine as formulated by Windaus, see Windaus and
Eichel,^'^ Sharp/® and Grewe/®^®^

Windaus’s formula seemed to be supported on the whole by the results

Biirsian obtained in the investigation of the hydrogenation of colchicine
and colchieeine and his study of the absorption spectra of these alkaloids 2®

;

the same is true of Schuhler’s results of work on the spectral and physico-

chemical properties of colchicine/^ while the structure of ring C was
confirmed by (Crewe’s synthetical proofs® of the formation of 4-iodo-5-

methoxyphthalic acid (p. 651). Further work, and especially that of

J. W. Cook and his <*olIeagues, has shown that re%'ision of the formula is

necessary. Cohen, Cook and Roe found that when colchinol methyl
ether (V with NHAc is treated with nitrous acid, a Itevorotatory

alcohol, Cij,H220 r»*
^5*5- 116 5^, is formed, which should be a tertiary

carbinol related to 9 : 10-dih} drophenanthrenc. It is too stable for such

a constitution and its ultra-violet absorption curve shows that it is not a

phenanthrene derivative. The authors point out that though rings A
and C of the Windaus formula seem to be reasonably well established the

evidence for ring B, viz. the formation of 0-methylphenanthrene from
deaminocolchinol methyl ether, might well be due to intramolecular

change induced by the drastic process of demethylation, followed by zinc

distillation, and if such a change occurs they suggest ring B might be

seven-membered, which would make the new alcohol, a secondary carbinol

(partial formula VIII), and seemed to present no difficulty in accounting

for the salient points in colchicine chemistry. It then became of interest

to synthesise deaminocolchinol methyl ether (p. 652) which Windaus
regarded as either 2 : 3 : 4 -6 or -7-tetramethoxy-9-methylphenanthrene,

and which Cook, Graham et al.^ prepared in a simple fashion by the action

of phosphorus pentoxide on AT-acetylcolchinol methyl ether. In this

reaction acetamide is eliminated and there is also formed a third product,^®

i^cdeaminocolchinol methyl ether, m.p. 100-1 °, which is obtained in

better yield by the dehydration of the alcohol, €19112205 (VIII), referred

to above. Neither deaminocolchinol methyl ether nor its isomeride

forms a picrate and each absorbs a molecule of hydrogen producing the

same dihydride, C19H22O 4 ,
m.p. 96-7°. These properties are not those of

a phenanthrene derivative. Three tetramethoxy-9-methylphenanthrenes,

viz. 2 ; 3 : 4 -5, -6 ,
and -7 were synthesised by Buchanan, Cook and Loudon

and the -5 and -7 isomerides, which were simultaneously formed in the

appropriate Pschorr reaction, were definitely orientated by Barton, Cook
and Loudon.^® Deaminocolchinol methyl ether proved not to be identical

with either 2 : 3 : 4 ; 6- or 2 : 8 : 4 : 7-tetramethoxy-9-methylphenanthrene,

and as identity with one of these isomerides is a fundamental point for the

Windaus formula for colchinol methyl ether (V
;
NHAc —> NHg) becomes

untenable. Barton Cook and Loudon also showed that deaminocolchinol

methyl ether is oxidised by sodium dichrom^te in acetic acid to two
substances : (a) 2 : 8 : 4 : 7-tetramethoxyphenanthraquinone {IX

;
R = H)

which settles the positions of the four methoxyl groups in N-acetylcolchinof
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methyl ether, of the phenolic hydroxyl group in ring C of iV-acetylcolchinol,

and of the methoxyl substituents in colchicine itself so that the positions

of the substituents at C* and in the Windaus colchicine formula ^VII)

have to be interchanged. The second oxidation product (b) appears to be

aj5-unsatura^^ed ketone, CjgHigOg, m.p. 109--111®.

These results the authors consider cannot be accounted for on the

basis of a 6-membered ring B and the adoption of a 5- or 7-membered
ring B introduces a difficulty in explaining the formation of 2 : 8 ; 4 : 7-

tetramethoxyphenanthraquinone in the oxidation of deaminocolchinol

methyl ether. There is, however, a precedent in Weitzenbock’s oxidation

of 4:5:6: 7-dibenzo-xd^ • ^ • ®-62/cZoheptatriene-l-aldehyde (X) to

phenanthraquinone, for representing the ajS-unsaturated ketone as

9 : 12 : 13 : 14-tetramethoxy-8 : 4 : 5 : 6-dibenz-J^
‘ ® ' ^-ci/cZoheptatriene-7-

one (XI : CHg at C’ CO), using the system of numbering adopted by
Kenner and Turner.^®

OMe

[On oxidation by osmium tetroxide in ether, deaminocolchinol methyl
ether produced a glycol, CijHggOg, cis-1

:

2-dihydroxy-9 ; 12 : 18 : 14-

tetramethoxy-8 : 4 ; 6 : 6-dibenz-d* • ®-cj/cZoheptadiene, m.p. 165-6°, which
on scission by lead tetra-acetate in benzene yielded, possibly vid the inter-

mediate dialdehyde, 2:8:4: 7-tetramethoxy-lO-phenanthraldehyde, m.p.
180-1°. The latter gave an oxime, m.p. 169-170°, and was oxidised by
permanganate in acetone to the corresponding acid, m.p. 198-201°, of
which the methyl ester had m.p. 101-8°, both being indentified by mixed
melting-points with synthetic specimens. In a parallel series of opera-
tions, tsodeaminocolchinol methyl ether gave 2:8:4: 7-tetramethoxy-9-
phenanthraldehyde.

These results indicate that deaminocolchinol methyl ether is

9 ; 12 : 18 : 14-tetramethosy-8 : 4 : 5 : 6-dibenz-d* •'•cyctoheptatriene (XI;
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R = H) and tsodeaminocolchinol methyl ether is 9 ; 12 : 18 : 14-tetra-

methoxy-8 : 4 : 5 : 6 :-dibenz-d® - ^ = ^-ct/eZoheptatriene (XII). On this basis

and assuming absence of nuclear change during the first step of the
Hofmann process, colchinol methyl ether must be represented by (XIII).

Windaus’s conversion of deaminocolchinol methyl ether into 9-methyl-

phenanthrene has been paralleled by the production of the same hydro-

carbon from 3:4:5: 6-dibenzc?/cZohepta-l : 3 : 5-triene. This is the unsub-

stituted nucleus in formula (XI) proposed for deaminocolchinol methyl
ether, and the synthetic product resembles the latter in its behaviour

towards oxidising and reducing agents and in other respects (Cook,

Dickson and Loudon).*^

Support for this formulation has also been provided by Tarbell, Frank
and Fanta,*® who found that deaminoiodocolchinol methyl ether

(XI
; R I), m.p. 175-6'", was oxidised by permanganate in

acetone, to two products (a) a dfiik red substance, CigHigOgl, m.p. 213®,

probably 6-iodo-2 : 8 : 4 : 7-tetramethoxyphenanthraquinone (IX ; R = I)

and (b) a dibasic acid, m.p. 264-5® (XIV
;
R = I), which was

hydrogenated to m.p. 248-5®. The iodo-acid dimethyl ester

(XIV
;
R = I and 2C02H“-> 2C02Me) when boiled with sodium methoxide

in benzene gave a phenanthrol, m.p. 194-195*5®, with OMe at positions

2 : 3 : 4 : 7, C02Me at 10, OH at 9 and I at 6.

Cook has suggested that colchicine itself may contain the 7-membered
ring B and Dewar has proposed for the alkaloid formula (XV) with

(XVa) as a resonance form, mainly on the ground that the third ring (C)

in colchicine resembles in some of its reactions, stipitatic acid and presents

similar difficulty in interpretation of experimental results.

Cook has pointed out that Dewar’s 7-membered ring C receives

some support from Meyer and Reichstein’s observation that colchiceine is

oxidised by periodic acid to a monocarboxylic acid, CgiHgsOgN, m.p. 238-9®

(d^c.), [a]p®* — 410*4® (MeOH, 60 per cent.), giving a crystalline silver

salt, m.p. 205-8® {dec,), and a methyl ester, m.p. 98-100®, [aljf* — 341®

(acetone). Dewar’s formula has also been invoked by Santav^ 2 ® to

explain the formation of colchic acid, CgiHjgOgN, m.p. 262—6®, when
colchicine, or Sorkin’s ^colchicine {see below), is refluxed with sodium

methoxide in methyl alcohol, colchiceine remaining unchanged under like

treatment. Arnstein, Tarbell, Huang and Scott 2® also support this

formulation to explain the formation of an aldehydic substance in the

oxidation of hexahydrocolchiceine, CgiCggOgN, m.p. 205*5-6®, which they

regard as a glycol (diacetate, m.p. 167®).

Colchiceine {Acetyltrimethylcolchicinic arid), CgiHgsOgN . 0*5H2O, may
be prepared by heating colchicine with dilute sulphuric or hydrochloric

acid. It crystallises in colourless needles, m.p. 172® (dry), [ajo — 258®

(CHClg), is readily soluble in alcohol or chloroform, sparingly so in water,

and neutral in reaction. Its solutions in alkalis or acids are yellow. The
base gives a dark-green coloration with ferric chloride. According to

Sorkin,®^ colchiceine on treatment with diazomethane produces a mixture

of colchicine and i^ocolchicine. The latter has m.p. 225® and [a]© — 307®
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(CHClg) gives a yellow solution in water and hydrolyses to colchiceine.

The constitution of colchiceine is discussed above.

Pharmacological Aefion, Colchicine and colchiceine exert much the

same type of action but the former is the more active and the more toxic.

Even on hypodermic administration it acts slowly. The chief toxic

symptoms in man are vomiting and diarrhoea. It has no important direct

action on the heart, but is, among other things, a capillary poison. Large

doses cause an ascending paralysis of the central nervous system and vaso-

motor and respiratory paralysis. Galenical preparations of the crude

drug and colchicine itself, generally as the salicylate, are used in the

treatment of gout, for empirical reasons based on clinical experience.

Up-to-date pharmacology has been unable to furnish any adequate reason

for its use. For more detailed information the papers by Dixon and
Malden, Fulmer and Lipps, Beck and .Jacobson ^ should be consulted.

Renewed interest has been shown in colchicine in the last few years owing
to its action in inhibiting cell-division. Dixon and Malden observed

that it caused a transient fall in the number of leucocytes followed by
considerable leucocytosis, and that it appears to stimulate karyokinesis in

bone marrow. The latter view has been modified by the re.sults of later

work,®^ which indicate that cell-division is arrested half-way and it is the

accumulation of partially divided cells which gives the appearance of

stimulated cell-division. Amoroso’s observation that the alkaloid induces

regression of tumours in mice and is effective in treating spontaneous

tumours in dogs, led to further investigation of the effect of the alkaloid

on cell-division in normal and malignant cells and on the metabolism of

tumours.^® The results indicate that the inhibition of cell-division by the

alkaloid is not specific for tumour cells and the quantity required to

interfere effectively with the growth of a transplanted tumour approaches

the lethal dose for the host.

Lettr^ and Fernholz have tested a series of colchicine derivatives,

including a group of alkylcolchiceines, on experimentally induced tumours ;

all proved to be less potent than the parent alkaloid. iV-Acetyl-jS-p-anisyl-

y-(3 : 4 : 5-trimethoxyphenyl)-propylamine,

(MeO)3 . CeH^ . CH^ .CH(CeH 4 . OMe) . CH^ . NHAc,

prepared by Cook and Engel,®® was tested by Brues ®® on mitosis in the liver

ot the rat and reported as giving in 10 mgm. dose a completely abnormal,
nuclear picture, which was slightly modified at a dose of 1 mgm. Two other

interesting structural approximations to the Windaus formula for colchi-

cine were prepared by Meyer and Reichstein,®*^ viz, 7-hydroxymethylene-
8-ketotetrahydrophenanthrene and its 6-hydroxymethylene-5-keto iso-

meride and the methyl ether of each. These were tested by Heitz on Vida
faba and found to have no colchicine action, but that does not preclude

the possibility that a more sensitive test would not reveal some activity.

Much ot the biological work with colchicine in recent years has lain

in its use to detect and measure certain types of cellular activity, and in

the study of the effects it produces when applied to growing plants.



COLCHICINE 667

Bastenie and Zylberszac,*® in a general article on the former subject, point
out that colchicine ( 1 ) brings into mitosis all cells which are in “ karyo-
kinetic imminence ” but which normally would slowly and successively

reach mitosis, and
(
2

)
stops them at this stage. This has made possible a

technique which picks out cell multiplication and can be used for detecting

many types of hormonal stimulation, e,g., the action of follicular hormone
and other oestrogens.^®

There is a voluminous literature, chiefly of botanical interest, dealing

with the effects of the application of colchicine to plants of economic
importance such as tobacco,^® cotton wheat and rice.'*®

In addition to colchicine a considerable variety of chemicals has been

found showing activity of this type. Lettr^‘ and Fernholz dealt with a

scries of substituted arylalkylamines among which a-phenyl-j8-j9-anisyl-

etliylamine was the simplest active substance. Sfnnuk and Gusseva
found acenaphthc'ne the most active of a group oi aromatic hydrocarbons

and their iialogen derivatives, while Sirnonet and Guinochet ^ noted

differences in the type of action shown by c‘olchicine and halogenated

benzenes and Gavaudan et al.^ have observed other abnormalities and
have discussed the iulluence of chemical structure and physical properties

in cyclic hydrocarbons on such action.

A comprehensive bibliography of colchicine has been published by
Eigsti.^®
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ALKALOID OF AMANITA MUSCARIA
Muscarine was isolated from fly agaric {Amanita muscaria L.) by

Schmiedeberg and Koppe ^ as a deliquescent syrupy base with a charac-

teristic pharmacological action, arresting the frog’s heart in diastole and
being antagonised by atropine. Further examination by Harnack,*

showed that this preparation contained choline, which was eliminated as

far as possible as the aurichloride, C 5H14ON • AUCI 4 ,
leaving a more soluble

aurichloride, C 5HJ 4O2N . AUCI 4 . To the alkaloidal chloride Hamack and
Schmiedeberg assigned the formula, (CH8)8NC1 . CHg • CH(OH)8, which
is that of a hydrate of the aldehyde corresponding to choline.

lfo3N(0H)-CH2*GHg*0H M63H{OH)*G08*GHO MeslI (OH) • CK2*CH(0H) 2

Choline Betaine aldehyde Betaine aldehyde hydrate

This view was supported by the observation that choline on treatment

with nitric acid yielded a product having a pharmacological action similar

to that of muscarine as known up to that time.® Comparison of the
“ natural ” and “ artificial ” products by B5hm * showed that the former

was much more active than the latter and that its action was antagonised

by atropine, whilst the “ artificial muscarine ” had a curare-like action

on the atropinised frog. Later, Nothnagel® investigated the action of
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nitric acid on choline and isolated “ artificial muscarine ” and a choline

nitrous ester, (CH 3) 3NC1 . CHg . CHg . ONO, produced in this reaction,

but the results of Ewins’s ® investigation showed that “ artificial

muscarine ’* (now also called synthetic muscarine, choline-muscarine,

pseudo-muscarine) is choline nitrous ester, and Dale,’ working with

Ewins’s material, found that it had the pharmacological properties attri-

buted to “ artificial muscarine.” Several other attempts were made ®

by the synthesis of bases having the formula C 5H14O2NCI, and in other

ways to clear up the question but without success. Finally, King ®

isolated from fly agaric a base with, in higher degree, the pharmacological

action characteristic of Schmiedeberg’s preparation. The process used is

complicated and for details the reader is referred to the original paper.

The mixture of choline and muscarine finally obtained is fractionated as

aurichlorides, the more soluble muscarine aurichloride being eventually

obtained by crystallisation from dilute hydrochloric acid containing a

little gold chloride as glistening leaflets with a gold content of 38*2 per

cent, corresponding to a molecular weight of about 210 for the base.

The yield was 0 * 12 grn. from 25 * 5 kg. of fresh fungus. Of the pure muscarine

chloride made from this aurichloride, only mg. was required to stop

the frog’s heart in diastole, as against^ to ^ mg. recorded by Schmiede-

berg and Harnack. King’s results were extended by Kogl, Duisberg

and Erxleben,^® who used a different method for the concentration and
isolation of the alkaloid. Muscarine chloride, CgHigOgNCl, has [ajf®*

+ 1-57° (H2O) : the aurichloride, CgHigOgN . AUCI4 forms bright yellow

leaflets, m.p. 115-7®, and 0-benzoylmuscarine platinichloride,

^ 30^ 44^6^2 • crystallises from dilute hydrochloric acid and has

m.p. 256-7°. The same authors found that muscarine is unaffected by
dilute alkali in presence of nitrogen, is not hydrogenated in presence of

platinic oxide at room temperature and is stable in air at pH 9*8 but not

at pH 4-0. It gives the Angelo-Rimini and Schiff reactions for aldehydes.

The chloride on distillation with silver oxide furnishes trimethylamine, an
unidentified volatile substance, m.p. 70®, and d-aj8-dihydroxy-n-valeric

acid, m.p. 72®, [a]!®* + 18-0® (HgO), identified by direct comparison with

the synthetic J-isomeride.^^ The formation of a carboxyl group in this

Hofmann degradation is believed to be due to oxidation of an aldehyde

group by the silver oxide. Muscarine is therefore considered to be either

C2H 3.CHOH.CH(NMe30H).CHO or C2H 5 .CH(NMe30H).CH0H.CH0 ,

the former being preferred on account of its serine-like structure and its

stability to alkalis.

Quaternary salts of the substances represented by these formulje

have been prepared by K5gl, Veldstra and van der Laan as well as of

the next lower homologues, the substituted butyraldehydes, and the

methyl ethers of both series. Their pharmacological activities were
negligible in comparison with that of muscarine, but as six stereoisomeric

forms may be produced in each synthesis, the inactivity may be due to

stereoisomerism, just as in the case of threonine (a-amino-jS-hydroxy-

hutyric acid) where West an^ Carter found that only the d(—
) form is
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active as a growth-promoting substance. Fourneau and Chantalou

point out that such disparity in activity among stereoisomerides is unusual

and that as the synthetic substance does not restore the colour to sulphited

fuchsine, while muscarine does, there may be a structural difference between

the two. Fourneau, Bovet, Bovet and Montezin have described a series

of aminoacetals of which one has an intense muscarine-
^2^5

oHg’NMe^i
action, viz, 4-dimethylaminomethyl-2-methyl-l :

01 30 3>dioxolan methiodide (I). This substance is isomeric

(I)
with muscarine, and its lower homologue (I with CHMc
at 2 replaced by CHg) which is isomeric with acetylcho-

line is also an active parasympathetic agent. Pfeiffer has discussed the

nature and spatial relationships of the prosthetic groups required for

maximal muscarinic action.

In addition to natural muscarine ana the so-called “ choline-

muscarine” referred to above, two other products have been given

names suggesting relationship to muscarine, viz,
(
1

)
isomuscarine^

Me3N(OH) . CHOH . CHgOH prepared by Bode ® and shown to be toxic,

but distinct from muscarine in type of action, and
(
2

)
axiiiyAvomuscarine

(betaine aldehyde) made first by Berlin erblau and later by Fischer and
which, according to Voct possesses nicotine and curare-like properties.

Other products of pharmacological interest in this* connection are

dealt with by Hunt and Renshaw,^^ by Lee, van Arendonk and Chen,^®

by Bender, Sprites and Sprinson,^* by Morrison,^^ and by Work^®. It

should be noted that Amanita spp. also contain toxins, on which a consider-

able amount of work has been done, especially with A, phalloides,^^
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ALKALOIDS OF SOLANUM SPP.

Among the well-known Solanum species that have been chemically

examined are S. nigrum, S, tuberosum (potato) and S. lycopersicum (tomato).

From these and other species ^ an alkaloidal glucoside, which was first

prepared by Desfossos,^ has been obtained. This substance has been

named “ solanine,” but it is not certain that all the plants recorded as

containing solaninc contain the same soLmine or that the alkaloid has

been obtained in a pure slate in ea ‘h ease.

Firbas stated that at least two of these alkaloidal gliicosides occur in

young potato shoots, solaninc and solaneine, and that these may be

accompanied by solanidine, a basic decomposition product of solanine.^

Solaneine was later shown to be a mixture of solaninc and solanidine.

Soianine, C45H 73O15N. Various empirical formulae for this alkaloid

have been published by Firbas,^ Wittman,^ Cazeneuve and I^reteau,®

Davis,® Colombano,^ Zemplen and Gerecs ® and Oddo and Carolina,^®,

but with the linal settlement of the formula of solanidine as C27H43ON by
Schbpf and Herrmann, there seems little doubt about the general

acceptance of the formula given above for the parent alkaloid. Solaninc

is not a readily accessible alkaloid and much remains to be done in clearing

up its detailed chemistry, e.g,, the composition of its acetyl derivative,

referred to below. The alkaloid crystallises with water in slender needles,

melts at 285^^ (dec.) after drying at 100 °, but shows marked shrinkage at

235°, which no doubt accounts for the great variation (235 to 285°) in

melting point recorded. It has — 42-16° (dil. HCl)® or — 59*45°

(pyridine),® and is sparingly soluble in water (1 in 8
,
000 ), readily soluble

in hot alcohol, but almost insoluble in ether or chloroform ; it has a bitter

taste and is hardly alkaline to litmus. The salts are amorphous, but

according to Heiduschka and Sieger,® the hydrochloride is crystalline,

m.p. 212° (dec,). Solaninc is unaffected by alkalis, but when warmed with

acids is hydrolysed into solanidine and a mixture of the sugars, dextrose,

rhamnose and galactose.® Zempl<5n and Gerecs state that acetylsolanine,

m.p. 204-5°, — 34*96°, the formula of which needs revision, to

conform with the new formula for solaiiine, is hydrolysed in acetic acid

solution by hydrobromic acid to an acetylated rhamnosidogalactose and

an acetylated solanidine glucoside, m.p. 115-120° {dec.), — 8*01°

(EtOH). This, on further hydrolysis, yields solanidine and dextrose. The
conclusion is drawn that the sequence of components in solanine is solani-

dine—dextrose—galactose—^rhamnose. On repeating this work, Oddo
and Carolina found that acetylsolanine acetate in chloroform is hydro-

lysed by a mixture of acetic and hydrobromic acids to (a) rhamnose tetra-

acetate, m.p. 90°
; (b) an acetylsolanidine glucosegalactoside hydro-

661
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bromide
;
and (c) an acetylsolanidine glucoside. As the second of these

products is hydrolysed by alcoholic potash to solanidiiieglucoside and
galactose, the sequence arrived at is the same as that suggested by Zempl^n
and Gerecs, though the experimental results of the two groups of investi-

gators differ considerably in detail. Heiduschka and Philippi state that

acetylsolanine is hydrolysed by boiling hydrochloric acid to solanidine

hydrochloride.

Solanine is toxic and, as occasional cases of poisoning by potatoes are

usually attributed to its presence, methods for its detection are of some
importance. This subject has been dealt with recently by Rooke, Bushill,

Larnpitt and Jackson, who have investigated (a) processes for the com-
plete extraction of solanine and solanidine, for which they recommend
that devised by Pfankuch,^^ (fc) methods of estimation for which they

found two procedures useful, viz., that of Pfankuch, which estimates

solanine and solanidine together and depends on measurement of the

purple colour formed by these alkaloids with sulphuric acid and formalde-

hyde, and that of Connor, which estimates solanine only and depends

on determination of the reducing power of the alkaloidal glucoside before

and after acid hydrolysis under standard conditions. The same authors

have applied these methods to an investigation of the distribution of

solanine and solanidine in the potato plant, and the effects on the alka-

loidal content of potatoes, induced by sprouting, normal growth, storage

under varying conditions, etc. ^ Other methods of identification and
estimation have been described by various authors.

The name solanine should be sufficient to indicate that the substance

referred to is the glucosidal alkaloid first isolated from potatoes. The
use of such forms as “ T-solanine,” “ solanine-t ” and “ solanine tubero-

sum ” is confusing, as is also the proposed substitution of “ solatubine

for solanine.

Solaneine, isolated by Firbas * and examined by Davis,® has been
shown by Soltys to be a mixture of solanine and solanidine,

Solanidine, C27H43ON. This hydrolytic product of solanine was first

obtained by Firbas.* The empirical formula assigned to it has varied, but

the one given above, due to Schopf and Herrmann,^’ is now generally

accepted. Solanidine crystallises from alcohol in needles, m.p. 219 "^

— 28*5®, EtOH) ; the hydrochloride, B . HCl, forms rhombic
prisms, m.p. 845® (dec.), but the platinichloride is amorphous. The alkaloid

yields a methiodide, m.p. 280° (dec.), and a monoacetyl derivative, m.p.
206“8°, due to the presence of a secondary carbinol group. When solani-

dine hydrochloride is heated, a molecule of water is eliminated and
solanidene, C27H41N, m.p. 167®, is formed.^’ The latter, according to

Bergel and Wagner, is identical with solanthrene, or better, solarUhrine,

m.p. 170®, — 92*8® (CHClj),^® which Dieterle and Schaffnit found
in potato shoots, and which can be produced from solanidine in various

ways,*® and is formed with solanidine in the acid hydrolysis of solanine*^®

It contains two ethylenic linkages and on hydrogenation yields tetra-

hydrosolanthrine (solanidane), Ca7H45N, m.p. 164®, [a]^^ + SO* 4® (CHCla).
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Solanidine contains at least three
|
CMe groups, and since it yields

dihydrosolanidine, ra.p. 219-220®, must contain one ethylenic linkage.^®

When solanidine is heated with copper powder at 160-300®/! 1 mm.,
it is converted into solanidone, C27H41ON, m.p. 218®, which yields

an oxime, m.p. 228®, and condenses with benzaldehyde or amyl
nitrite to give compounds indicating the existence in solanidone

of the group —CH2—CO—CHg— and therefore in solanidine of

—CHg—CHOH—CH2
—

Dieterle and Rochelmeyer found that selenium at 320® converts

solanidine into phenanthrene, chrysene and pyridine with other products,

and Soltys and Wallenfels,^® impressed by the fact that solanidine, like

certain of the sterols, gave a sparingly soluble digitonide dehydrogenated

solanidene (solanthrine) with selenium, and obtained Diels’s hydrocarbon,

CigHig, m.p. 126-7®, now known to be y-methyl-1 : 2-c?/cZopentenophen-

anthrene and a characteristic dehydrogenation product of the sterols

(Fieser This hydrocarbon was subsequently obtained from solanidine

itself by Craig and Jacobs.^®^*! Using this new fact and the experimental

data summarised above, the former authors proposed formula (I) for solani-

dine. ' The lupinane structure for rings (E) and (F) was suggested because of

its resistance to degradation, which is also characteristic of the heterocyclic

C 7H15N residue of solanidine. Clemo, Morgan and Raper have pointed

out that a substance represented by (I) would be unlikely to extrude the

lupinane nucleus on selenium dehydrogenation, and on this and other

grounds propose the modified formula (II), pointing out that a similar

methyldipyrrole structure has been suggested for heliotrine (p. 603).

Experimental evidence in support of these formulae so far as rings a, b, c

and d are concerned has been provided by Rochelmeyer et al.^^ who have

shown (1938-9) that solanidone (solanideneone, solatubenone (see above)

)

has the carbonyl group at C® and is an a)8-unsaturated ketone, the ethylenic

linkage having wandered from the Py (C®-C®) position in solanidine to the

(C®“C*) position during the formation of the ketone, a change parallel with

that occurring in the typical sterol, cholesterol, on conversion to chole-

stenone.

The reduction products of solanidine and certain of its derivatives

have been investigated by Rochelmeyer (1938-9),®® and more recently by
Prelog and Szpilfogel,®®^®! with the result that all four stereoisomeric

dihydrosolanidines and the two corresponding solanidanes have been

prepared, emphasising the stereochemical and steroidal similarity of

solanidine and cholesterol. Catalytic hydrogenation of solanidine in acetic

acid in presence of platinic oxide gave the known dihydrosolanidine {see

above), now named solanidan-8()3)-ol. This on oxidation by aluminium
i^apropoxide in acetone and benzene gave solanidan-8-one, which on
hydrogenation in acetic acid, in presence of platinic oxide, is re-converted

to solanidan-8(j8)-ol, but with the addition of hydrogen bromide to the

reaction mixture ®® gives a solanidanol acetate, m,p, 190®, -f 18*0®

(CHClg). The latter on hydrolysis by potassium hydroxide in methyl

alcohol yields the- second dihydrosolanidine, solanidan-8(ix)-ol. Proof that
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the two are epimeric is provided by the application of Plattner and
Fiirst’s process to solanidan-3(jS)-ol, which it converts into solanidan-

3(a)-ol.

The third and fourth isomerides, viz., the two aZtosolanidanols, were

prepared from solanidone ( A*“Solatubenone of Rochelmeyer ;
A*-solanidcn-

3-one), already described (p. 663), by hydrogenation with platinised Raney
nickel in an alkaline medium. The reaction product yielded aWosolanidan-

8(a)-ol and «Wosolanidan-3(^)“Ol. It probably also included the two
solanidanols since the uncrystallisable residue on epimerisation by sodium
in boiling xylene followed by precipitation with digitonin, yielded some
solanidan-3(j6)-ol.

The 3(a)- and 3(/S)-solanidanols on treatment with boric anhydride

produced the same A^ (nr A^)-solanidene, which was hydrogenated to

solanidanc.^® Similarly the two a/Zosolanidanols gave the same A^- (or

^^)-allo^o\amdene, reducible to aZ/osolanidane. The chief characteristics

of these ten substances and their interrelationships are summarised in the

following table :

—

mm
j^QI

derivatives

Bo. Bamo and Formula If.p. m Botee

OihydrosolaiildlnaB. C27^430V

1 Solanldan-3( 8 )>ol

SolaQldan-3( a)«ol

*20®

211- 2®

28.*® 196® lx Bo. 5 by
hydrogenation.

Z 31.9® 174-6® 21.9®)

3 alloSolanidaa<»3( 8 )-ol

alloSolanidan-3( a)>ol

216-7® 27.9®

34.5®

140-1® 31.40)

45.2®)

Sz Bo .

6

by
hydrogenation.

4 212-4® 140-1®

5 Solanidan-3>ona

.

210-2® 65.8® - IX Bo.l by
oxidation.

6 Af-Solenidena-3-on«. 1 213-6® 89.0® - - Iz solanidine
by oxidation.

7 orA^)-Solanldene. Cg^H^jB

A*-( or ) ^alloSolanldena

,

037^^31

165® 67.9® - - Ix loa.l 6 2 by
loss of eater.

8 145-6® 34.0® - - lx B0 S.3 6 4 by
lose of water.

9 Solaoidane. ^£7^451 161-2® 33.1® - - Bx Bo. 7 by
hydrogenation.

10 alloSolanldaae . c:27H42B 140-2® 34.8® lx Bo* 8 by
hydrogenation.

According to Rochelmeyer, (1939) in the formation of A^-solaniden-

3-one (solanidone, A^-solatubenone), C27H41ON, the ethylenic linkage of

solanidine moves from C®—C® to —C®, and in the reduction of this

substance by sodium in alcohol only the carbonyl group is reduced, two
isomerides of solanidine, C27H43ON being formed, viz. the cis- (m.p. 204°,

Md -f 91*5°) and tram- (m.p. 169°, [a]j) -f 116*4°) forms of A^'Solaniden-
S-ol ( A^-solatubenol, Rochelmeyer).

There still remains for consideration the nature of the heterocyclic

portion of the molecule, viz,, rings e and/ in formulae (I) and (II). In 1942
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Rochelmeyer,^® after oxidation experiments on acetylsolanidine with
chromic acid, concluded that the heterocyclic residue could not be attached
to the homocyclic portion of the molecule at one point only as in formula
(II). The first positive evidence as to the nature of the heterocyclic

residue was provided by Prelog and Szpilfogel,^®^®^ who investigated

especially the basic products formed in the selenium dehydrogenation of

solanidine and found 5-metbyl-2-ethylpyridine, which was identified by
comparison with a synthetic specimen. Jacobs and Craig had already

obtained this base by the selenium dehydrogenation of veratrum alkamines

(p. 708) and they subsequently and independently obtained it from
solanidine.^®^®^ As the formation of tliis base is difficult to account for by
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either formula I or II, Prelog and Szpilfogel proposed the new formula (III)

for solanidine, which is supported by the conversion of sarsasapogenin (IV)

to the stereochemically corresponding dihydrosolanidine, viz. aWosolanidan-

8-(^)-ol, b\ Uhle and Jacobs.^®^^> These authors started with the known
sarsasapogenic acid dioxime (partial formula V) which was hydrogenated

in methyl alcohol-acetic acid solution, with platinic oxide as catalyst, to

the amino-acid (VI), C27H45O3N, m.p. 148°, [a]ff* + 25-0° (EtOH). The
latter on melting forms the lactam (VII), C27H43O2N, m.p. 200-2 °, [a]^*

+ 17*0° (EtOH), and this on hydrogenation produces one of the forms of

dihydrosolanidine (partial formula (VIII) ; complete formula III with

ethylenic linkage C®—C® hydrogenated), viz., aZZosolanidan-3f
j
8)-ol,

m.p. 216-8°, falff* + 27*3° (CHCI3) {cf. item 8 , table, p. 664).

Solasonine (solanine-5), C45H 73O13N. This alkaloid was first isolated

by Oddo et al.^^ from the tubers of Solamirn sodomeum and was named
solanine-^ to distinguish it from the solanine of potatoes. The name
solasonine was suggested by Rochelmeyer.^^ The alkaloid “ solancarpine,”

isolated by Saiyed and Kanga,^ and also by Gupta and Dutt,*® from S.

xanihocarpus S. and W., has been shown by Briggs,^® and by Rochelmeyer

(1939) to be solasonine. Similarly the alkaloid “ purapurine,” prepared

by Levi from S. avicul^are,^^ has been identified by Bell and Briggs *® with

solasonine.

The alkaloid has undergone changes in empirical formula, and that now
given is provided by Briggs, NevHbold and Stace,*® after a further investiga-

tion and a critical review of published work on this subject.

Solasonine crystallises from 80 per cent, alcohol with 4-5 HgO and
then melts at 245-250° {dec.), or from methyl alcohol in crystals with

0-5 HgO, m.p. 275-280°, [a]f®* — 53° to — 68-7° (EtOH) : the picrate has

m.p. 199-201°, the picrolonate, m.p. 230-1°
; the hydrochloride forms

microscopic scales, m.p. > 265°. The acetyl derivative melts at 185-8° and
on hydrolysis, by 70 per cent, hydrobromic acid in acetic acid, is stated to

yield (a) diacetylrhamnose, m.p. 75°, (5) acetobromosolanidine-5 and
(c) an acetylsolanidine-5-glucose galactose, m.p. 170°, after discoloration

at 140°, which is hydrolysed by potassium hyi*oxide in alcohol to solani-

dine-5-glucoside and galactose. The names of these hydrolytic products

are those given by Oddo and Caronna,^® and “ solanidine-,

9

” should be
replaced by solasodine. The formulae originally assigned to these products
need alteration to conform with the new formula for solasonine, but in

their review of this work Briggs et al. (1942) agree that Oddo’s results

justify the conclusion that the sequence in the gluco-alkaloid is similar to

that in solanine (p. 661) and may be stated as

CeHnO^—O— -_0—C27H42ON
Bhanmofte Qalflctose Glucose Solasodine

and not with two molecules of solasodine, one at each end, as proposed
by the Italian workers.

Solasodine (solanidine-s), C27H43O3N . HjO. This formula was first

used by Rochelmeyer (1989) and was confirmed by Briggs, Newbold
and Stace.*® The alkaloid results firom the acid hydrolysis, usually in
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alcohol, of salasonine {see above) along with glucose, galactose and rhamnose.

It crystallises from dilute alcohol or dioxan, in nacreous scales, m.p. 197-8®,

though this constant has been raised once to 200* 5 "202- 5®, -- 97*1°

(MeOH) 2® or — 92-4® (CeHg).^^ The following salts have been prepared :

picrate, m.p. 144®
;

picrolonate, m.p. 234®
;

hydrochloride, m.p. 314°,

[a]^“ —- 70®(MeOH) ;
hydriodide, m.p. 293®

; tartrate, m.p. 222 ®
;
oxalate,

m.p. 248®. Solasodine contains two active hydrogen atoms, assumed to

be present as hydroxyl groups but only monoacyl derivatives are formed,

e,g,, monoacetylsolasodine, C29H45O8N, m.p. 195®, and 3 : 5-diiiitrobenzoyl-

solasodine, m.p. 191-5-193°. Roehelmeyer found that solasodine gives

Rosenheim’s colour reaction with trichloroacetic acid, forms a sparingly

soluble digitonide, and on selenium dehydrogenation yields Diels’s hydro-

carbon, y-methylr^c/opentenophenanthrene, so it must belong to the

RCH CHa

I I

CHj-N-CH — CHj

I I

CHj CHMe

(K) 50LANIDINE

R CH CH*

1 I

CHj-N -C(0H)-CH2

I 1

CHj CHHe

I X) solasodine

R-CH CH 2

I 1

CHj - N(0H) = C - CHi

I I

CHj CHNe

IX^/ 60LA50DINE

RCH

I

CHz R-CH

I 1

CHa
^

R-CH
I

AmHO
I

•CHa

CH2-NH(X) = C(0H)-CM2 CH2-NH(HX)-CH(0H)-CH2 CHg - NH CH(OH) -CHg

CHa

(5E) SOLASODINE

CHHe CH, CHMe CHa CHMe

(S[*)

TtTRAHYDROSOLASODlNE

steroid group and one of the hydroxyl groups should be in position 3 and
should be the one acylated, since the monoacetyl derivative does not

precipitate with digitonin. With methyl and ethyl iodides solasodine forms

only the hydriodide, described as quaternary ;
with acetic acid and sodium

nitrite it*produces with loss of water the quaternary nitrite, C„H„ON.
HNO2, m.p. 260-5-262-5° (dec.), which on treatment with hot, dilute,

ammonia solution regenerates solasodine. This nitrite was first prepared

by Oddo and Caronna) who called it ** azosolanidine-s ” and regarded its

formation as an indication of a secondary amme group in solasodine

(1986). Briggs, Newbold and Stace ** suggest that the behaviour of the

solasodine nitrogen atom is due to its association with the second hydroxyl

group of solasodine, either as a carbinol amine (X : R = steroid residue)

or more probably as a quaternary hydroxide (Xa : R — steroid residue).

This suggestion makes solasodine the quaternary hydroxide of solanidine

as formulated (IX^ by Clemo, Morgan and Raper. In this connection it is
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pointed out that, like solanidine, solasodine is converted either by heating

with copper powder or by treatment with aluminium ier/-butoxide in

benzene-acetone, into the corresponding ketone, in this case solasodenone,

C27H 41O2N, m.p. 184-5°, [a]i) ± 0°, which does not precipitate with digitonin

or give the Rosenheim colour test. This reaction involves the change
3 3

—CHOH —CO— and the transfer of the ethylenic linkage, —C®,

to C*—C® as in cholesterol to cholestenone, and the ultra-violet absorption

curve is in accord with these assumptions. 22 Similarly, solasodine is de-

hydrated by heating with hydrochloric acid in methyl or ethyl alcohol to

solasodiene, C27H41ON, m.p. 169*5-170-5°, — 86-9° (CHCI3), which
is also produced along with solasodine in the acid hydrolysis of solasonine.

The second ethylenic linkage formed in this reaction is placed at

being conjugated with the primary double bond, in a different ring, posi-

tions in accord with a maximum at 2,340A., log e 4*34, observed in the

ultra-violet absorption spectrum by Rochelrneyer,^^ who named this

substance solanosodine (1939). It gives the Rosenheim colour reaction,

contains one active hydrogen atom (Zerewitinoff‘) and forms a hexahydro-

derivative, C27H 47ON, m.p. 184-6°, ~ 18°, on hydrogenation in

acetic acid, under pressure in presence of platiiiic oxide.

Under similar conditions, but with palladised charcoal as catalyst,

solasodine forms a dihydro-derivative, C27H 45O2N, m.p. 208* 5-210- 5°,

— 63-5° {CHCI3), and in ^presence of platinic oxide, a tetrahydro-

derivative, C27H 47O2N, which is dimorphic, m.p. 292-5°, and 285-291°,

[aC - 4-94“ (CHCI 3 ).

The salts of solasodine, except in the case of the nitrite already referred

to, are formed without loss of water and in their formation, as well as in

the production of hexahydrosolasodiene (dihydroc/^a?^osolasodane) and
tetrahydrosolasodine (dihydrocAanosolasodanol) it is suggested that

solasodine acts as the carbinol-amine (X) hydrogenation, e.g,, taking place

as in (XI) to (XI5), where R is the unsaturated, and R' the saturated

sterol residue, i.f., the ethylenic linkage is saturated first (R to R' in XI to

XIa) and scission of the bridge between the two rings takes place by what
is described as a kind of Emde degradation.

Colour Reactions. Rochelmeyer (1939) 22 has provided a list of colour

reactions given by solasodine and solasodiene (solanosodine), with reagents

usually applied to the sterols, and Briggs et al.^^ have found that when
concentrated sulphuric acid (1 mil) is carefully added to a solution of

solasonine or solasodine in hot alcohol (1 mil) a characteristic, intense,

greenish-yellow fluorescence is produced, a reaction which is not given by
solanine or solanidine. They have also found that intense colours are

formed when solasonine or solasodine is mixed with resorcinol, or one of a
variety of aldehydes, and boiled with concentrated hydrochloric acid.

Colours are also produced with this test by cholesterol, digitonin, jacobine

carbazole, pyrrole, or nicotine, the most intense colours being formed
with p-hydroxybenzaldehyde or anisaldehyde.

Solauricine, C45H730ieN. From an alcoholic extract of the dried
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berries of Solatium auriculatum^ Anderson and Briggs isolated a glucosidal

alkaloid of this formula, which was at first assumed to be solasonine. It

yielded on acid hydrolysis an aglyeone resembling solasodine. On further

investigation, Bell, Briggs and Carroll came to the conclusion that this

gluco-alkaloid and its aglyeone are new compounds showing a remarkable
similarity in physical and chemical characters to solasonine and solasodine,

with which they are respectively isomeric. They named the gluco-alkaloid

solauricine and the aglyeone solauricidine^ and showed that the latter is

not a dimorphic form of solasodine.

When the juice of the fresh berries of the same plant was examined it

yielded a gluco-alkaloid, m.p. 269-270° (dec.), which appeared to be solauri-

cine, m.p. 270° (dec.), but on hydrolysis it furnished a crude aglyeone,

m.p. 219-220°, which, after a long series of recrystaJlisatioris from a variety

of solvents, gave a fraction of pur"" solasodine, m.p. 199*5- 202°, *and another

of pure solaurieidine m.p. 216 -7°.

The major difference between the two glueo-alkaloids and also between

the two aglycones, hes in their melting-points and those of their derivatives.

For convenience of comparison these are summarised in the following table,

which includes mixed melting-points to illustrate the dilliculty met with

in this series, that a mixture of two distinct members of the group may
not show depression of melting-point.

DerlTatlTb
Solaaonlne Solaurlolne Mixture

U. p. M.p. M.p.
Botee

Gluonalkalnld 876® 870® 878® Solasodine baa

Piorate 197® 185® 184® Ca]j)-80.4® aa

Piorolonato 831® 238® - base, -70. 5® as

dglyoone 198<>« 819® < 208-811® * bydroohloride;

HTdroehlorlde 314.5-315^ 313-313.5* 313^5-314® solaurloldlne

Hydn,o41de 8880 886® 286® baa foj -89.9® as

Plorate 144® 141® 142® baas and -68.2®

Plorolonata 832® 234® 238® aa bydroohloride.

Tartrate 180® £22® 281®

Oxalate B45-60 838® 289®

loetyl derlTatire 195® • 197-803® »

O-Kltrobenioyl ** 882® 280® -

Dlhydro- " 808.5-810.50 821.5-827.50 -

• Those aro molting-pointa, all otbora In the table ore melting-points
with deoofflpositleu.

This table shows that the similarity of the two aglycones is most

marked in their salts, but they do not appear to be dimorphic forms

giving identical salts, for the melting-points of the bases are unchanged

after sublimation, the rotations of the two bases in solution are different,

though those of the two hydrochlorides are identical within the limits of

experimental error, and all attempts at interconversion of the two bases
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have been unsuccessful. A further complication lies in the observation

that both solasodine and solauricidine occur in dimorphic forms, and
that the optical, axial angles of each respective dimorphic form obtained

from solasodine or solkuricidine are indistinguishable. No difference in

chemical reactivity has yet been traced between the two aglycones. The
glucosidic moiety of solauricine has been shown by Briggs and Carroll

to yield glucose, galactose and rhamnose on hydrolysis and is therefore

assumed to be the same in constitution as that of solanine and solasonine.

Solanocapsine, C2eH4402N2 . HgO. The presence of an alkaloid in the

berries of Solatium pseudocapsicum L. was noted by Breyer-Brandwyk,*®

and this material, on investigation by Barger and Fraenkel-Conrat,^®

yielded solanocapsine, C2eH4402N2, and solanocapsidine, C26H 42O4N2 .

The crude alkaloidal mixture, after hydrolysis gave indications of the

presence of a carbohydrate, so that a gluco-alkaloid may also be present.

Solanocapsine crystallises from 50 per cent, alcohol in flat prisms, m.p. 222 °,

[ajn + 25*5°, and yields a dihydrochloride, B . 2HC1 . HgO, needles,

m.p. > 280°, a sulphate, B . H2SO 4, flat prisms, m.p. 824°, and a picrate.

m.p. 194°. The alkaloid contains no methoxyl or methylimino group ;

three CMe groups are present, and three active hydrogens are detectable

at atmospheric temperature and four at 95°, one of which is due to a
hydroxyl group, one to an imino group and two to an amino group, as

indicated by other reactions of the alkaloid. With potassium hydroxide
in methyl alcohol solanocapsine is converted into an apo-base, C2eH420N2

(amorphous), due to elimination of a tertiary hydroxyl group with a
neighbouring hydrogen atom. This a^o-base with nitrous acid yields a
nitroso-compound, C2eH4o02N . NO, m.p. 194°, also produced in like

manner from the parent alkaloid, the original hydroxyl group being
eliminated as water, with the formation of a double bond and the amino-
group replaced by a new hydroxyl group. Solanocapsine yields a diacetyl

derivative (amorphous), m.p. 150-160°, which is neutral and in which the
hydroxyl is not acylated. The alkaloid condenses with acetone to the
compound C29H42O2N2, m.p. 288°, decomposed by acetic anhydride into

iV-acetylsolanocapsine, m.p. 288°, and acetone. The nitroso*compound {see

above), on oxidation with potassium permanganate in acetone or p3rridine,

forms a neutral substance, m.p. 218°, and an acid, Ci5H^0(NH)(C02H)2,

m,p. 226-7°, Solanocapsine does not yield a sparingly soluble digitonide.
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The second alkaloid solanocapsidine,€2^11440 4N2 ,
m.p. 805® (approo?.),

is amorphous. It was used for a selenium dehydrogenation experiment
and yielded Diels’s hydrocarbon, y-methylcT/cZopentenophenanthrene
(picrate, m.p. 117°) and a mixture of bases from which 2-methyl-
S-ethylpyridine (picrate, m.p. 162°) and 4-methyl-2-ethylpyridine (picrate,

m.p. 125°) were isolated.

On the assumption that the two alkaloids may have a similar structure

and, with that reservation, applying the result of the selenium dehydro*

genation experiment to the ease of solanocapsine, the authors suggest

that the annexed formula (p. 670) accounts for all the reac" ions of this

alkaloid so far observed.

Solangustine, C33II63O7N . H2O. This alkaloid was isolated by Tutin

and Clewer from Solanum angmtifolium. It separates from hot amyl
alcohol in pale yellow crusts of microscopic crystals, m.p. 285° {dec.),

and is only readily soluble in pyridine. It contains no methoxyl group and
the acetyl derivative is amorphous. The sulphate, Bg . H2SO 4 . SHgO,
forms needles, m.p. above 325°, and is only soluble, and that sparingly, in

boiling acetic acid. On hydrolysis solangustine yields 1 mol. each of

dextrose and solangastidine, C27H43O2N. The latter is amorphous, but

yields well-crystallised salts. The hydrochloride, B . HCl, forms lustrous

plates, m.p. above 825°, from boiling alcohol containing hydrochloric acid.

The nitrate, B . HNO 3 ,
separates in colourless leaflets, m.p. 290° (dec.),

from alcohol. The picrate, yellow needles, has m.p. 250°. The monoacetyl

derivative crystallises from ethyl acetate in needles, m.p. 256°.

Other Solanum spp. From Solanum grandiflorum var. pulverulentem,

Freire isolated a toxic alkaloid grandiflorine. S. melongena, the egg-

plant, yielded to Yoshimura trigonelline, j8-amino-4-ethylglyoxaline and
choline. In dulcamara Masson ^ found an amorphous gluco-alkaloid

solaceine, which yielded solanidine on hydrolysis, whilst Davis ® records

the presence of solanine and solanidine. Anderson found an alkaloid in

the fruit. Little and McMurray recorded alkaloids in S. carolinense L.,

and Sciuchetti et al.^^^^^ found 0*03 per cent, of alkaloids in the leaves and
tops of S. triflorum Nutt., but none in the fruits.

Pharmacological Action. The “ solanines ” are stated to resemble

the saponins in action and are described as protoplasmic poisons and potent

haemolytics. Their effects are usually only met with in cases of poisoning

by potatoes, which from faulty cultivation or storage or some other cause

contain more than the usual traces of solanine, but in quite a number
of cases of mass potato poisoning the effects, while severe, have not

proved fatal. The symptoms of solanine poisoning are headache, nausea,

emesis and gastritis. With sufficiently large doses parenchymatous

nephritis and hsemoglobinuria, and even central nervous paralysis and
cai^iac arrest, may ensue. It is also a local irritant. Solangustine appears

to be relatively inactive.®® According to Watt, Heimann and Epstein,®^

solanocapsine induces marked local irritation on intravenous injection

;

its systemic action is wholly intracardiac, the effects being mainly on the

sinus and large doses disturbing conduction and disorganising the action
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of the heart. Kussiier has prepared a series of aminoacyl esters of aglycones

of natural cardiac glucosides. They behave like alkaloids, form salts and

are said to be less easily hydrolysed than the natural glucosides. They have
been tested pharmacologically by Kreitmair, whose results indicate that

the diethylaminoacetyl ester of strophanthidin-k is a promising cardiac

drug.^^^®^ For accounts of poisoning ascribed to solanine in potatoes and

other Solanum spp. see Rost,^® Lewin and Pohl.^®
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THE ACONITE ALKALOIDS
The alkaloids of Aconitum spp. are mainly of two kinds

: (a) aconitines
which are diacyl esters of a series of polyhydric, amino-alcohols (aconincs)
and are highly toxic, and {h) the atisines, which are amino-alcohols and
like the aconines of low toxicity. There is still doubt as to the identity of

one of the “ aconitines,” viz. japaconitine, for which Majima et al. ^ con-

firmed the characters recorded by Dunstan and Read,* but regard it as

identical with aconitine, a view previously taken by Mandelin,* Liibbe *

and Freund and Beck,® but not by Paul and Kingzett,® who discovered

japaconitine, or by Wright, LufiF and Menke,’ Dunstan and Read,* and
Makoshi.® Schulze and Liebner,® regard the two alkaloids as isomerides

yielding the same pyraeonitine (p. 675). There f‘an be little doubt that

the two alkaloids are isomeric, but as their identity cannot be regarded
as established, a description of japaconitine is given below, and in the

following list, aconitine, except in the case of A. Napellus, means aconitine

as defined by Majima.^
Aconitine is also stated to occur in Portuguese aconite {A. Napellus

Linn., sub-species Imitanicmn)}^ and it may also be present in an un-

identified aconite from the Chumbi Valley, Tibet (cf. A. Ludlowii, below).

Aconite roots marketed in India are apt to be from mixed species and
botanical verification of such material is desirable.^*

Aconitum anthora, L. Anthorine, soluble in ether, dextrorotatory
; 0-

anthorine, insoluble in ether : both amorphous and of low toxicity.^^

A. Balfouriij Stapf.^* (India). Pseudaconitine (p. 682).

A. calliantum, Koidzumi (Japan): Hypaconitine (p. 681), mesaconitine

(p, 680), traces of aconitine.^*

A. chasmanikum, Stapf.^* (Indian). Indaconitinc (p. 684).

A. columhianum. Unspecified alkaloids of low toxicity.^®

A. deinorrhizum, Stapf.^* Pseudaconitine.^®

A. Fauriei, L^viell^ and Vaniot (Japan) = A. chinense (Sieboldt).

Aconitine, mesaconitine.^^

A. grossedentaiumy Nakai (Japan). Aconitine, hypaconitine, mes-

aconitine.^®

A, hakusanenscy Nakai (Japan). Aconitine, hypaconitine, mesaconitine.^®

A. heterophyllumy Wall. Atisine (p. 687).

A. ihukiensCy Nakai (Japan). Aconitine, hypaconitine, mesaconitine.^®

A, kamischaticumy Willd. and Reichb. (Japan). Hypaconitine, mes-

aconitine.^®

A, luciduscuhimy Nakai (Japan). Lucidusculine,^’ (p. 690).

A. Ludlowiiy Exell. (Tibet). Uncharacterised alkaloids.^^^®^

A. lycoctonumy L. Lycaconitine and myoctonine (p. 686).

A. Majimaiy Nakai. Aconitine, mesaconitine.^®

A. mandschuHcumy Nakai (China). Mesaconitine.^®

A. mokchangenscy Nakai (Korea). Aconitine, mesaconitine.^®

A. Napellus

y

L. Aconitine (see below)y benzaconine, aconine, neopelline.^®

Freudenberg and Rogers have also found in “ c*ommercial amor-

PLANT ALK.
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phous aconitine ” napelline, neoline, Z-sparteine and Z-ephedrine

(1937).

A, palmatum, Don. Palmatisine, non-toxie,i2 ^i.p. 285^^, B . HBr,
m.p. 245° (corr.).

A. paniculatum, Lam. Paniculatine, C29H85O 7N, small rhombic prisms,

m.p. 263°.*®

A. ponticum, Pontaconitine, uncharacterised (Rosenthaler, 1942).*®^®^

A. sachalinense^ Fr. Schmidt (Saghalien). Jesaconitine, aconitine

(traces), kobusine.

A, senanense, Nakai (.Japan). Hypaconitine, traccsTof aconitine.^*

A, septentrionule. Koelle. Lappaconitine, septentrionaline and cynoeio-

nine 21
(p. 686 ).

A, spicaiuiv, Stapf.^* Bikhaconitine (p. 685).

A, Stcercklanum, Reichenbaeh. Aconitine (?), neopelline.**

A, suhcumatum, Nakai (.Japan). Aconitine, jesaconitine (p. 679).^^

A, ialassicAirn (Central Asia). Talatisine, talatisamine, talatisidine and
wotalatisidine (p. 689).®®

A, tiamchanicum, Fedsch. Aconitine.®®

A. tortuosuin, Willd. (Japan). Aconitine, hypaconitine, mesaconitine

(traces ).i^

A, Zuccarini, Nakai (Japan). Aconitine, mesaconitine, hypaconitine

(traces).^*

Aconitine, C34H47O11N. After early indications of the presence of

alkaloids in A, Napellus L. by Geiger and Hesse,*® and by von Planta,*^

crystalline aconitine was probably first prepared in 1860 by Groves.*®

The alkaloid was investigated by Wright et aL,^^ and later on by Dunstan
et al. and by Freund and co-workers.*^

Aconite root is now but little used in medicine. The United States

Pharmacopoeia XI recognised both aconite root and aconitine and required

the former to conform with a specified, biological test in guinea-pigs.

Neither was recognised in U.S.P. XII. A considerable number of processes

for the estimation of alkaloids in aconite have been published.*® The British

Pharmacopoeia, 1948, in which aconite root is official, requires it to contain

0*5 per cent of alkaloids and provides a chemical assay method. A number
of biological methods.have been suggested,** but a joint investigation by
Broom, Burn, Gaddum, Trevan and Underhill has shown that the biological

test in mice is attended with difficulties owing to variation in susceptibility

of different colonies of mice.*® Kirkpatrick found aconitine polarographi-

cally inactive. It has been stated that tincture of aconite should be

adjusted to a pH 2-0 to 3*0 to ensure stability.®^ There has been discussion ®*

regarding the empirical formula for aconitine, but C 84H47OHN is now
generally accepted.

The alkaloid has m.p. 202-3°, [a]D + 14-61° or + 18*7° (CHClj)

(Majima), crystallises in rhombic prisms (a : b ; c = 0-54492 :

1

: 0-88917),

is soluble in chloroform or benzene, less so in ether or dry alcohol, and
almost insoluble in water or light petroleum. The salts are tevorptatory

;
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the hydrobromide, B . HBr . 2^H20, forms hexagonal tablets from water ;

it sinters at 160° and melts at 200° or at 206-7° if dried at 115-120°, or

from alcohol and ether in minute needles with m.p. 206-7°
; this

salt has [a]© — 30*8° ( — 27*7°, HgO ; Majima)
; the hydriodide, m.p. 226°,

is sparingly soluble in water ;
the hydrochloride, B . HCl . 3* SHgO, has

m.p. 149° (165-6° or 194-5° (dry), Majima) and [a]© — 30*9° (HgO)
;
the

aurichloride, B . HCl . AuClg . 3H2O, m.p. 186*5° or 152° (dried at 115°),

crystallises in golden-yellow needles, and, according to Jowett,®^ exists in

three forms : a- m.p. 135° {dec,)
;

jS- m.p. 152°
;

y- m.p. 176° after

sintering at 154°. The perchlorate has m.p. 215-222°, — 18*9°

(Majima ^^).

Aconitine produces an intense tingling sensation when a drop of a

solution, 1 in 10 ,000 ,
is applied to the tip of the tongue. It also gives a

characteristic unstable, crystalline precipitate when a few drops of potas-

sium permanganate solution arc added to a solution of the alkaloid in

dilute acetic acid. The formation of acetic acid when the alkaloid is heated

dry, or of benzoic acid wlien it is hydrolysed by alkali, have also been
suggestedas ideiitilicalion tests. For the recognition of minute quantities

a biological test is probably the best procedure.®®

Aconitine contains four methoxyl groups and three hydroxyl groups

(triacetyl derivative, m.p, 207-8°).®® On hydrolysis by water under pres-

sure, or by boiling with dilute acid, it loses 1 mol. of acetic acid and forms
benzoylaconine, whilst hydrolysis by alkalis eliminates both acetic and
benzoic acids and yields aconine.

Benzoylaconine (benzaconine, isaconitine, pieraconitine), C 82H45O10N,

m.p. 130°, [a]D + 5*6°, is amorphous, but yields crystalline, lievorotatory

salts, B . HBr, m.p. 273°, colourless prisms
; B . HI, m.p. 204-5°

;

B . HCl, two forms, m.p. 217° and m.p. 270°, [a]© — 20*7° (H2O). On
acetylation it furnishes a tctracetyl derivative, which is not identical with
triacetylaconitine (Dunstan and Carr).^®

Aconine, C26H 41O 9N, m.p. 132°, [a]p + 23° (HgO), is amorphous, and
yields hygroscopic salts, which crystallise with difficulty. The hydro-

bromide, B . HBr . 1 - 5H 20 ,
has m.p. 225° (dry)

; the hydrochloride,

B . HCl . 2H2O, m.p. 175-6°, [a]©— 7*7° (HgO)
;

the aurichloride is

amorphous. Pentacetylaconine (“ tetracetylaconine ”) is crystalline and
has m.p. 231-2° (Majima ®’). Aconine contains foift* methoxyl groups,

and in it Jacobs and Elderfield ®^ demonstrated the presence of an
ethylimino group.

The acetyl group in aconitine may be eliminated in two other ways :

(a) by heating aconitine in sealed tubes with methyl alcohol, when
methylbenzoylaconine,^^ m.p. 210-1 °, is formed, or (b) by heating the

alkaloid at its melting-point, when pyraconitine, C 32H43O9N, m.p. 167*5°

(171°, Schulze),®® — 112 * 2° (EtOH), is formed. The latter yields

crystalline, leevorotatory salts, and on hydrolysis by alkalis affords benzoic

acid B.nd pyraconine, C26H89O 8N, amorphous, [ajp — 91° (HgO), but yields

a crystalline hydrochloride, B . HCl . 2 * SHgO, m.p. 154° (185°, Schulze),

Md ~ 102 ° (H2O) (- 124*6°, Schulze).®®

22—2
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Some progress has been made in determining the structure of the

alkaloid and much work has been expended in oxidation experiments,

the results of which are reviewed in recent papers by Jacobs, with Craig

and Elderfield,^® and which may be summarised as follows for the oxidising

agents used :

—

Chromic Acid, On oxidising aconine, Ci 9Hi 9(OH) 5(OMe) 4(NEt), with

this reagent Schulze (1906, 1908) obtained, along with methylamine and
acetaldehyde, two products {a) C24H35O 8N = C2iH220N(OH) 4(OMe) 3 ,

basic, yielding a hydrochloride, B . HCl . SHgO, rn.p. 218° or 220 ° (dry,

dec,), [ajp”** + 54-4° (HgO), a tetracetyl derivative, m.p. 228° (dec,) and
amethiodide, needles, m.p. 222 ° (dec,). This substance was later identified

by Jacobs and Craig (1940) as the basic hydrolytic product of aconitoline

(see below), (b) C24H 38O9N, amphoteric and possibly the amino-acid
corresponding to the amino-alcohol (a)

;

it yields a hydrochloride,

B . HCl . O-SHgO, m.p.>> 250°, a barium salt, Bg . Ba . lOHgO, and a methyl
ester hydrochloride, m.p. 215-220°.

Usingchromicacidwith aconitine, [Ci9Hi 9(OAc)(OBz)(OH) 3(OMe) 4(NEt)],

Lawson obtained aconitoline, C 39H 37O 9N, prisms, m.p. 220 °, hydrolysed

by sodium ethoxide in alcohol to benzoic acid and a base, CgsHggOgN,
volatile in a high vacuum and yielding a hydrochloride, B . HCl . SHgO,
m.p. 222 °, and a diacetyl derivative, m.p. 289°, According to Jacobs and
Craig,^® aconitoline has the formula C33H 41O13N and is hydrolysed by
alkali to a base yielding a methiodide, CgsHggOgNI, m.p. 222-5°, identical

with Schulze’s substance (a) methiodide (see above),

Majima and Tamura obtained by the use of chromic acid on aconitine,

aconitinone, C 34H 45O11N, m.p. about 150° (dec,), which retains four

methoxyl groups, slowly loses a molecule of methyl alcohol forming
demethanolaconitinone, C 33H 4iOioN, m.p. 220° (dec.), [a]f?* -f 69*28°

(CHCI 3), [B . HAUCI 4 , m.p. 177°, picrate, m.p. 197-8° (dec,)], which is

hydrolysed by alcoholic potash to demethanolaconinone, ^24H35®8^>
[B . HCl . 3H2O, m.p. 224° (d^c.)]. At 219° demethanolaconitinone loses

acetic acid and forms pyrodemethanolaconitinone, Cg^Hg^OgN, amorphous,
m.p. 115-180° [B . HAUCI 4 , m.p. 196° (dec,); B . HCIO 4 . HgO, m.p. 257°

(dec.)]. On oxidation with nitric acid demethanolaconitinone yields the

nitronitroso-compound, CgiHg^O^gNj, described later (p. 677).

Potassium Permangancde, In the action of this agent on aconitine the

best-known products are acetaldehyde, believed to result from the dealkyla-

tion of the ethylimino group,®’ and oxonitine. Since its discovery by
Carr,^® the latter has been repeatedly investigated,^® and for it Jacobs,

Elderfield and Craig have tentatively suggested that Spath and
Galinowsky’s formula,

C32H430i2N,[Ci3H,9(0Ac)(0Bz)(0H)3(0Me)4(C0)(NH)]

may have to be replaced by CggH^jO^aN. Oxonitine crystallises from
boiling acetic acid on addition of acetone in prisms, m.p. 279-282° (dec,),

== 0-965 : CHCl,), absorbs 8 mols. of hydrogen forming
hexahydrooxonitine, C^3H40Oi^, m.p. 268°, and on pyrolysis at 280-5°
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loses acetic acid and forms pyroxonitine, CsiHgAoN, m.p. 180°, [«]„ - 127°

(MeOH), which hydrogenates to the hexahydro-derivative, ^81^460ioN,
m.p. 160-3°. Alkaline hydrolysis deacylates oxonitine to oxonine,

C24H37O10N . 4H2O fCi^Hi 9(OH)g(OMe) 4(CO)(NH) 1 , m.p. 175°. Pentacetyl-

oxonine, m.p. 246° (dec,), — 77*1° (CHClg), can be obtained by direct

oxidation of pentacetylaconine (Tamura Pyroxonitine on alkaline

hydrolysis yields pyroxonine, C24H35O9N, m.p. 264° (dec,).

When oxonitine is digested with hydrogen chloride, 6 per cent., in

methyl alcohol at 100 °, it loses carbon dioxide and is converted into a base,

C 31H45O20N or C 32H47O1
QN, m.p. 250°, which contains one methylirnino

and five methoxyl groups.

Brady found that in the oxidation of aconitine by permanganate
there was formed a second product^ m.p. 272°. Jacobs, Elder-

field and Craig have also re<*owlt'd the formation in this reaction of

oxoaconitine, C33H480 , 2N, or possibly C 34H 4 fi022N, m.p. 261°, [a]D — 98°

(CHCI3):

Nitric Acid, The most interesting produc^ of this action was first

obtained by Brady ** by the use of fuming nitric acid on aconitine. It

was described as a nitrosodicarboxylic acid, C22H26O22N2, m.p. 205°.

Suginome ^ obtained the same substance by the oxidation of mesaconitine

or oxonitine, but assigned to it the formula C 32H33O13N3 . It melted at

205°, resolidified and then re-melted at 282° and had — 83*2°.

Lawson ^ described three products of this kind, (a) C29H33O13N3, m.p, 186°,

from aconitoline (p. 676), and (b) C 31H35O13N3 ,
m.p. 268° {dec.), with

(c)C 32H35O14N 3 ,
m.p. 263°, both from aconitine under different conditions.

Jacobs and Craig point out that though no deep-seated action takes

place in this oxidation several groups are involved simultaneously, mixtures

of reaction products are probably formed, which are not easily separated

and completely characterised, so that some confusion in results was to

be expected. They are convinced that aconitine, oxoaconitine (above),

oxonitine (p. 676) and aconitoline on oxidation by nitric acid all yield the

same product, a niironitroso-compoxxnd, CgiHjgOijNg, which crystallises in

four-sided prisms, m.p. 278° (dec.), — 31° (EtAc), or in wedge-shaped

forms, melting to a resin at 180-200°, re-solidifying on continued heating

and re-melting at 277-9°. It is insoluble in sodium carbonate solutions

and is not an acid but may be a lactone or a : CHg . NOg derivative. It is

apparently formed from oxonitine or oxoaconitine by oxidative removal

of a molecule of hydrogen and introduction of a nitro group by replace-

ment of a methoxyl group. Thus, Jacobs and Craig were able to isolate

in this oxidation of oxoaconitine, an intermediate product, CjjHggOijNg,

in stout, colourless prisms, m.p. 180-190°, + 11*5° (EtAc), giving a

practically negative Liebermann nitroso-test. Oxonitine provided a
similar intermediate product, C82H 8eOi3N2(or CgjHjgOijNg), needles,

m.p. 288-9° (dec.), [a]^’ + 14° (EtAc), giving no Liebermann test. This

nitration stage appears to be followed by a complicated oxidative cleavage

of a cyclic amide .group with nitrosation of a liberated secondary basic

group, ending in the formation of the nitronitroso-compound, C31H35O13N3.
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According to Suginome ^ the latter, which he calls nitronitrosoaconitinic

acid, is represented by the extended formula

Ci8Hi4(OAc)(OBz)(OH)fOMe)3(N—N0)(N02)(C00H),

{cf, Lawson and on hydrolysis by barium hydroxide in alcohol yields

nitronitrosoaconinic acid, C22H27O11N3 , m.p. 298® (dec.), — 86 * 6
°

(acetone). Lawson’s analogous hydrolytic product of his nitronitroso-

compound, m.p. 268°, has the formula C22H29OHN3 ,
sinters at 186° and

melts at 201 °.

Lawson found that aconitine was converted by nitrous acid into a

substance, C 31H40O12N2 , crystallising in small, colourless prisms, m.p. 276°

(dec.). Jacobs and Craig confirmed this observation but prefer the

formula C 34H440i 3N2 . Nitric acid converts this nitroso-derivative into

the nitronitroso-compound, C 31H35O13N3,
described above.

Freudenberg has obtained one nitrogen-free product,

b.p. 215-220°, by the distillation of aconitine or “ amorphous aconitine
”

with barium hydroxide or zinc dust. He suggests that the fundamental

hydrocarbon, C20H30 , may contain two five-membered and four six-

membered rings, which will include nine secondary carbon atoms.

Neopelline, C28H3305 (
0Me)3(NMe) . SHgO, was isolated from “ amor-

phous aconitine ” by Schulze and Berger.^® It is amorphous, and on
alkaline hydrolysis furnishes ^acetic and benzoic acids with neoline,

C23H39O 8N, amorphous, but yielding a crystalline hydrobromide, needles,

m.p. 210-5° (dec,), [a]?f“ — 4*31°, and an acetyl derivative, the auri-

chloride of which has m.p. 145°, with some sintering at 124°. Freudenberg
and Rogers state that neoline occurs in “ commercial amorphous
aconitine,” has the formula C24H 4i03N, crystallises in prisms, m.p. 153-4°,

(EtOH), and yields a hydrobromide, m.p. 214°, [a]D + 2 - 1 °.

Suginome and Shimanouti have suggested that neoline may have
the formula C23H37O 8N or C24H39O 3N, and neopelline C32H43O 8N or

C33H45O8N.
Napelline, C22H33O3N. Isolated by Freudenberg and Rogers (1937),

from residual bases of A, Napellus, forms rectangular plates and yields a
crystalline hydrobromide, B . HBr, m.p. 229° (dec.), [a]f?’ — 42-7° (HgO)

;

hydriodide, B . HI, m.p. 181-5° (dec.)

;

and hydrochloride m.p. 220-2 °

(dec.), [a]i> — 93-9° (HgO). The same authors (1938) have shown that

napelline on selenium dehydrogenation yields a hydrocarbon, Ci 7Hi 8

(cf. atisine, p. 688).

Jacobs and Craig, who have re-examined napelline, state that the

base distils at 0‘1/x and bath temperature 140-150°, has m.p. 85-8°,

contains three replaceable hydrogens, and a methylimino but no methoxyl
group. The hydrobromide absorbs a molecule of hydrogen to form
dihydroaapelline, m.p. 145-160°, of which the hydrobromide has m.p.
256-8°. They were unable to confirm the formation of the hydrocarbon,

by selenium dehydrogenation as observed by Freudenberg
and Rogers, but did obtain an alkylphenanthrene, m.p. 76-9°,

picrate, m.p. 182-4°, and a second substance, picrate, m.p. 142-6°,
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possibly a dimethyl- or ethyl- phenanthrene. They also obtained a base,

C17H17N, yielding a picrate, m.p. 238-7'' {cf, atisine, p. 688).

Japaconitine, C34H49OHN. The possible identity of japaconitine with
aconitine has been referred to already. The following description is based
on Dunstan and Read’s ^ account and their view that the two alkaloids

are distinct is supported by the difference in crystalline form recorded by
Pope and by Schwankte.*®

Japaconitine forms rosettes of needles, m.p. 204*5‘' (corr.), [a]© + 20-26®

(CHCI 3 ) ;
the hydrochloride, 13 . HCl . SHgO, occurs in rosettes of hexa-

gonal plates, m.p. 149-150®, [a]D — 23-8® (HgO)
;

the hydrobromide,

rosettes of hexagonal plates, B . HBr . 4H2O, m.p. 172-3®
; the nitrate,

B . HNO 3 , minute rosettes, m.p. 173-7® (from water), or 194® (from

alcohol and ether), and the thiocyanate, 13 . HCNS, lustrous needles,

m.p. 190-2®. The aurichloride, B . IIAUCI 4 , occurs m two forms : a-

golden-yellow rosettes, m.p. 231 , and jS- yellow prisms m.p. 154-160®.

Japaconitine and its salts cause, even in very dilute solution, an intense

tingling when applied to the tip of the tongue. It contains four methoxyl
groups, combines with xnethyl iodide, forming a methiodide, m.p. 224-5°,

which, on treatment with dilute potash, produces methyljapaconitine,

^3 >
needles, m.p. 206®. Acetyl chloride in the cold converts

the alkaloid into triacetyljapaconitine, m.p. 166°. On hydrolysis the base

furnishes one molecular proportion of acetic acid and japbenzaconine

(bcnzoyljapaconine), C32H47O10N, m.p. 183®, [ajo + 40*16® (EtOH),
which on alkaline hydrolysis yields benzoic acid axxdjapaconine, amorphous,

m.p. 99-100®, [aji) + 10 * 8 ® (HgO), of which the hydrobromide crystallises

in triangular plates, m.p. 221 ®. When heated at its melting-point japa-

conitine forms pyrojapaconitine, C32H45O9N, m.p. 167-8®, [ajo — 65*8®

(EtOH) (which, according to Schulze and Liebner,^® is identical with

pyraconitine). The pyrojapaconine, C25H 4i08N, produced by the hydro-

lysis of pyrojapaconitine, is amorphous, has m.p. 123-8® and [a]D — 78*9®.

Jesaconitine, C35H49O12N, first obtained by Makoshi,® and later by
Majima and MorioJ^ is amorphous, m.p. 128-131®, but yields a crystalline

perchlorate, prisms, m.p. 230-2® (dec.), [aj^ ~ 16*7® (MeOH) ; aurichloride,

prisms, m.p. 208-9® (dec,) ;
and perbromide, m.p. 181 -2 ® (dec,). On boiling

with dilute sulphuric acid it loses acetic acid and yields jesanisaconine

fj?-anisoylaconine), C88H47O11N, of which the hydrochloride, B . HCl . SHgO
is crystalline, m.p. 209-210® {dry, dec.), [a]!®*" — 19*2® (HgO). On alkaline

hydrolysis jesaconitine yields acetic and p-anisic acids and ojconine (cf.

p. 675) isolated as the hydrochloride, C26H41O9N . HCl . 2H2O, m.p.

169-170®, — 2 * 6® (HjO), and yielding a pentacetyl derivative,

m.p. 241-2® (dec.), — 88*7® (CHClj). When heated dry jesaconitine

yields pyrojesaconitine isolated as the crystalline perchlorate, prisms,

m.p. 271-2®, — 27*4® (MeOH). On oxidation (Majima jand Tamura ®^)

with permanganate jesaconitine yields acetaldehyde (taken to imply the

presence of an ethylimino group), while triacetyljesaconitine, m.p. 282®

(dec.), yields triacetyljesoxonitine, C39H49O13N, m.p. 285® (dec.),

— 41*45® fCHClg), which, on hydrolysis and re-acetylation, furnishes
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pentacetyloxonine (Tamura Jesaconitine appears therefore to be

acetyl-p-anisoylaconine and its formula may be written :

—

Ci^ie(OAc)(OAn)(OH) 3(OMe) 4NEt

where An = p-anisoyl.

Kobusine, C20H27O2N, obtained by Suginorne and Shimanouti from

the precipitation liquids of crude jesaconitine from A. scLchalinense, Ft,

Schmidt, crystallises in the rhombic-bisphenoidal system (a : b : c —
1‘0736 : 1 : 0*9811), is not toxic and has m.p. 268°, [a]ff“ + 83*6° (CHCI3).

It yields crystalline salts, 11 . HBr . H2O, m.p. 288° (dec,), [a]},®** + 40*68°

(HaO) ; B . HCl . l m.p. 300° (dec,), [alf^ + 41*4° (H2O) ; B . HCIO 4 ,

m.p. 220° (aec,)y platinichloride, m.p. 262° (dec,), picrate, m.p. 277°, and
methiodide, m.p. 287° (dec,). The alkaloid cannot be hydrolysed. No
methylimino or methoxyl group is present and it does not react with

diazomethane or reagents for carbonyl. It forms a diacetyl derivative,

m.p. 139-140°, contains two ethylenic linkages one of which terminates

at a nitrogen atom since catalytic hydrogenation followd by acetylation

yields a triacetyltetrahydrokobusine, m.p. 183-4° {dec,),

Mesaconitine, C33H45OJ 1N, crystallises from boiling methyl alcohol in

prisms, m.p. 208-9°, + 25*7° (CHClg). The hydrobromide,

B . HBr . 3 * 5H20 ,
has m.p. 172-3° {dry, dec,), [aju —24*8°. The per-

chlorate forms prisms, m.p. 217-225° (dec,), [ajp — 14*8°, and the auri-

chloride, yellow prisms, m.p. 2^4-6° (dec.). The alkaloid yields a triacetyl

derivative, contains four methoxyl groups and one methylimino group,

and is hydrolysed by boiling dilute sulphuric acid to benzmesaconhie,

C 31H 43O10N, of which the hydrochloride, B . HCl . HgO, forms prisms,

m.p. 255-7° (dec,), — 24*0°, and the hydrobromide, B . HBr . SHgO,
has m.p. 245-6°, [a]ff — 21 * 8 ° (HgO). Hydrolysis with alcoholic potash

converts mesaconitine into mesdconinc, characterised as the acetyl (pro-

bably pentacetyl) derivative, prisms, m.p. 228-9° {dec,), [a]D— 19*1°.

When heated dry mesaconitine loses 1 mol. of acetic acid and is converted

into pyromesaconitine, C 3iH4i03N, which is amorphous, but yields crystal-

line salts (B . HBr . 0*25H2O, m.p. 215° {dec,), [a]}/** — 37*8°
; aurichloride,

m.p. 180-1° {dec,)

;

and perchlorate, m.p. 285-7°) accompanied by some
y-pyromesaconitirve, C 34H4i09N, prisms, m.p, 169-170° {dec,), [ajn — 107®

(EtOH), of which the hydrobromide, B . HBr . 2H2O, m.p. 240-1°,

— 102 ° (H2O), is more soluble in alcohol than pyromesaconitine hydro-
bromide and is recovered from the mother liquors by addition of ether.

On oxidation with permanganate in acetone mesaconitine yields formalde-

hyde, presumed to come from a methylimino group, and oxoniiine, m.p,
282° (dec.), — 41* 7° (CHCI3), identical with that obtained from
aconitine. Triacetylmesaconitine on oxidation furnishes triacetyloxo-

nitine, which melts at 178° and re-melts at 285° {dec,) and has [aj^^ 50*8°

(CHClg). Diacetylpyromesaconitine, in like manner, gives diacetyl-

pyroxonitine (Tamura **), which on alkaline hydrolysis yields pyraxmine,

CasHasOjN, needles, m.p. 270° (dec.), identical with that obtainable jErom

aconitine vid pyraconitine. The formula of mesaconitine can be extended



HYPACONITINE 681

to Ci9Hi9(OMe) 4(OH) 8(OAc){OBz)(NMe) in which the undetermined
residue, C19H19, must be identical with that of aconitine, from which mesa-
conitine only differs in containing a methylimino in place of an ethylimino
group (Majima, with Morio

; with Tamura
Majima and Tamura, by mild chromic acid oxidation of mesaconitine,

obtained mesaconitinone, m.p. 178° (dec,)y [a]*!?** — 85° (CHClg),

which yields an aurichloride, B . HAUCI 4, m.p. 226° {dec,)y a diacetyl-

derivative, m.p. 215° {dec.)y a semicarbazone, m.p. 214° (dec.), and reacts

with ivaamyl nitrite to form oximinomesaconitinone, m.p. 286° (dec.),

98*9°, convertible by nitrogen trioxide in chloroform to nitro-

mesaconitinone, m.p. 215° (dec.), 41-4° (CHCI3), which is oxidised

by nitric acid to the nitronitroso-compound, C 3iH33 (or 35)Oi 3N8 , m.p. 282°

(dec.), [aji*** — 31-94°, alread} described as a degradation product of

aconitine (p. 677).

Mesaconitmone on acid hydrolysis loses a molecule of acetic acid to

form benzmesaconinone, € 3iH4iOi3N, and when heated at 175/15 mm. in

hydrogen loses water and methyl alcohol forming demethanolanhydro-
mesaconitinone, C32H 37O 3N, m.p. 194°, [a]^" + 26*24° (CHCI3 ), which
can be deprived of its acetyl and benzoyl radicals to yield demethanol-

mesaconinone, CgaHgaOgN, m.p. 250-2° (dec.), + 76*5°.

On the basis of these results the authors suggest that mesaconitine

contains the group . CHg . CH{OH) . CHg . C(OMe) . CH^ . NMe.
Hypaconitine, C33H45O10N, crystallises from methyl alcohol in prisms,

m.p. 197-8° (dec.), [a]}^ + 22*7° (CHClg), yields a hydrobromide,

B . HBr . 2 - 5H20 , m.p. 178-9° (dry, dec.), [ajo — 18-4° to — 20*5° (H^O)

;

a perchlorate, m.p. 178-180° (dec.), [ajp — 11 * 2 ° (EtOH), and an auri-

chloride, B . HAUCI 4,
prisms, m.p. 243-5° (dec.). The alkaloid contains

four methoxyl groups and one methylimino group and is hydrolysed by
boiling dilute sulphuric acid into acetic acid and benzhypaconine,

The latter is amorphous, but yields a crystalline hydrochloride,

B . HCl . 3 - 5H20 , m.p. 242-4° (dry, dec.), -- 6*5° (H2O). On hydro-

lysis by water in a closed vessel at 160-170° hypaconitine yields acetic acid,

benzoic acid and hypaconine
;
the latter is characterised by its tetracetyl

derivative, €2411350

4

NAC4,
prismatic crystals, m.p. 182-4° (dec.). Hypa-

conitine on dry heating yields pyrohypaconitine, C 3iH4i03N, m.p. 119-120°,

+ 21-7° (CHCI 3), and on oxidation with permanganate in acetone

yields formaldehyde and hypoxonitine, m.p. 267-8° (dec.), —68-1°

(CHClj), for which the formula^* assigned in 1929, Mz.,

probably needs adjustment as in the case of oxonitine (p. 676). On
this basis it contains three methoxyl groups, but no raethylinaino

group.

The formula of hypaconitine may therefore be extended as follows :

Ci,H,o{NMe)(OMe)4(OH)a(OAc)(OBz) (Majima, with Morio “ ; with

Tamura *’). Unlike aconitine and mesaconitine, hypaconitine is

scarcely affected by chromic or nitric acid and the latter does not

yield a crystalline oxidation product with hypoxonitine (Majima and
Tamura“).
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Pseudaconitine, CggHgiOjgN, occurs in Aconitum deinorrhizum Stapf,

and A, Balfourii Stapf, and is obtainable from “Nepaul Aconite Roots.”

It was isolated by Wright and Luff,^’ and has been further examined by

Dunstan and Carr,^® Freund and Niederhofheim,^® E. Schmidt and

Henry and Sharp.^® The alkaloid crystallises from hot alcohol in colourless

rhombs, m.p. 212-3°, [ajj®** + 17*06° (EtOH) or + 22*75° (CHClg). The
salts are la vorotatory in solution ;

the hydrochloride, B . HCl . 4H 2O,

forms twinned triangular prisms, m.p. 179-182°, [a]fP° — 18*1° (H2O),

and is very soluble in water
;

the hydrobromide, B \ HBr . SHgO, forms

rosettes of triangular prisms, m.p. 199°, 18*5° (HgO)
;
the hydriodide

B . HI . HgO, truncated prisms, m.p. 230°
;
the nitrate, B . HNO 3 . HgO,

triangular prisms, m.p. 198°, [a]Jf“ — 17*95° (HgO )

;

the aurichloride,

B . HAUCI 4 ,
golden-yellow needles, m.p. 233° : the perchlorate has

m.p. 239° and the picrate m.p. 196°. Pseudaconitine, like aconitine,

causes an intense tingling when even a very dilute solution is applied to the

tip of the tongue. It also yields a crystalline permanganate which is more
stable and somewhat more soluble in water than that of aconitine. On
heating neutral solutions of its salts in water at 135° pseudaconitine

undergoes partial hydrolysis into acetic acid and veratroylpseudaco7)ine,

C 34H49O11N . H2O, irregular crystals, m.p. 199°, [aj^ —38*15° (EtOH);
B . HBr . 3H 2O, large prisms

;
B . HNO 3 ,

rosettes of rhombic prisms,

m.p. 232°
;

aurichloride, B . HAUCI 4 ,
amorphous. On alkaline hydrolysis

veratroylpseudaconine yields veratric acid and pseudaco7iine,

which is amorphous, but crystallises with solvents
; with acetone it

forms large colourless prisms, B . CgHgO, m.p. 93-4°, + 38*7° (HgO),

and with alcohol, crystals, B . CgH^OH, m.p. 94-5°, [ajj) + 39*11° (HgO).

The solvent-free base yields a tetracetyl derivative, colourless needles,

m.p. 228°, — 8 * 1 °. Pseudaconitine contains six methoxyl groups,

two being in the veratroyl radical. On treatment with acetyl chloride it

yields a diacetyl derivative, colourless needles, m.p. 229° (dec.), [ocId

-f 24*0° (CHCI3 ). According to Konovalova and Orekhov,^® an ethylimino
group is present. On these data the empirical formula of pseudaconitine

may be extended thus :

Ci 9H2o(OMe)4fOH)2fO . CO . CH3)[0 . CO . CeH 3(OMe)2](NC2Hfi).

When pseudaconitine is heated under pressure with methyl alcohol the
acetyl group is replaced by a methyl group producing veratroylmethyU

psexidaconine, CgiHsiO^N, colourless prisms, m.p. 206-7°, [<x.]jy + 29*8°

(EtOH). A similar replacement takes place with tetracetylpseudaconine
;

an acetyl group is also eliminated when pseudaconitine is heated in vacm,
at 220 °, with the formation of pyropsendaconitine, C34H47Oi0N, colourless

needles, m.p. 132-5°, [oL]]f + 175*2° (EtOH). Sharp, points out that
this elimination cannot be due (a) to interaction between the acetyl group
and a contiguous hydroxyl group as has been suggested by Schulze and
Liebner®* for aconitine, since pyropseudaconitine still retains the two
hydroxyl groups of the parent base, or (b) to absorption of a hydrogen
atom from a neighbouring carbon atom with the formation of a double
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bond, since no evidence of unsaturation in the product could be obtained,

but must be due to a third possibility
; (c) interaction of the acetyl group

with hydrogen attached to a more remote carbon atom, with the formation
of a bridge, thus ;

—

H
CH 3 . CO . O . C—C—C . CII 3 . CO . OH + C—C~CH.

Sharp also found that pyropseudaconitine, when boiled with acetic

anhydride, yields triacetyldemethylpyropseudcLConitine, Cs^Hg^OigN, colour-

less prisms, m.p. 228°, Mf?** -|- 28*4° (CHCI3), formed by acetylation of

the two hydroxyl groups and replacement of a methoxyJ by an acetoxy

group.

The oxidation products of pseudacointine have been investigated by
Henry and Sharp.^^ With chromic acid it yields a weakly basic substance,

prisms, m.p. 255° (dec,), 07*95°, which forms unstable

but crystalline salts : rl . HCl, needles, m.p. 180°, [a]f®“ + 89*5° (EtOH)

;

picrate, m.p. 229-280'". It contains one methoxyl group less than pseuda-

conitine, and on hydrolysis yields acetic and veratric acids and a crystalline

substance, C23H35O 7
N, m.p. 175-7°.

When oxidised by nitric acid pseudaconitine provides two products .*

(1 )
a bright yellow, granular powder, C34H430i 7N3 , which decomposes at

195°, contains a nitrosoamino group, and on hydrolysis yields acetic and
Omitroveratric acids, with intractable, amorphous products, and

(
2

)
a

substance, C 33H 40O13N 4 , crystallising in faintly yellow prisms, which

blacken at 260° and decompose at 270°. It contains one acetyl group, a

nitrosoamino group, two nitro groups, five methoxyl groups, but no
alkylimino group. On hydrolysis it furnishes acetic and 6-nitroveratric

acids and a substance, C22H 3i04oN3 , crystallising with solvents in needles,

melting at 85-115°, depending on the solvent present, or at 215°, solvent-

free, [ajf?" + 30*9° (EtOH). With sodium methoxide in methyl alcohol it

is converted into the crystalline sodium salt, C22H320iiN3Na, of the

corresponding; acid, which gives a pyrrole pine-shaving test on heating.

This hydrolytic product still contains the nitrosoamino group and one

nitro group. With acetyl chloride the original oxidation product furnishes

a substance, C 37H 45O17N2 ,
colourless, small prisms, m.p. 227-280°, in

which the nitroso group has been replaced by an acetyl group and two
hydroxyl groups acetylated.

Jacobs and Craig have suggested that in accordance with their

suggestions for changes in the formulae of oxidation products of aconitine,

the formula of the chromic acid oxidation product of pseudaconitine

should be C35H45O11N, instead of C84H450iiN, to bring it into line with

that proposed for aconitoline, and the nitric acid product
(6) should be

C88H380ieN4, in place of C83H4oOieN4 . Though these proposals still need

confirmation, it is of interest to use them in the following comparative

and admittedly speculative, extended formulae :

—
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AcONI'I ink.
Aconitohne.
NUronitroso

cpd.

C\ 8H„(NEt)(CHOH)(OH).(OMe) 4(OAc)(OBz).
Ci8Hi7(NEt)(CO)(OH)j(OMe)3(OAc)(OBz). C^H^jOioN
C,8Hi,(N . NO)(CO)(OH)3(OMe) 3(OAc)(OBz* . NOa).

PSEUDACONITINE. Ci8Hia(NEt)(CHOHKOH)(OMe)4(OAc)(OVe). CaeHgiOuN
Chromic add Ci8Hi8(NEt)(CO)(OH)(OMe)*(OAc)(OVe). CssH^jOuN

product.

Nitric add CigH^CNOaKN . NO)(CO)(OH)(OMe)8(OAc)(OVe* . N0a).C8sH880ieN8
product.

* Benzoyl (Bz) or veratroyl (Ve) nitrated.

a-Pseudaconitine, CaeHgiOigN. This isomcride of pseudaconitine was
isolated hy Marion and Edwards from a benzene extract of “ Nepaul
Aconite Root.” It crystallises from methyl alcohol in diamond-shaped

prisms, m.p. 205-6° (dec.), + 24*7° (CHCI3), and yields a crystalline

perchlorate, which sinters at 233° and melts at 246° (dec.), and a hydriodide,

clusters of needles, m.p. 220-220*5°. When heated in neutral solution in

a sealed vessel at 135° for three hours the alkaloid is hydrolysed to acetic

acid and oL-veratroylpseudaconine, which has also been isolated from the

primary benzene extract, and is presumably a natural constituent of the

particular specimen of “ Nepaul Aconite Root,” from which the extract

was made. a-Veratroylpseudaconine, C 34H490iiN, forms flat needles,

m.p. 209-211°, [a]B + 55° (CHCI3) and yields a perchlorate, B . HCIO4,
m.p. 232-3° (dec.), a hydrobromide, m.p. 246-7° (dec.), and a hydriodide,

m.p. 246° (dec.).

On boiling with potassium hydroxide in methyl alcohol, a-pseudaconi-

tine yields the same products as pseudaconitine, viz., acetic acid, veratric

acid and pseudaconine. The same authors found that pseudaconine,

^26^4108^* on boiling with 10/A^-sulphuric acid, loses one methyl group
and the elements of methyl alcohol, yielding des-O-methyldeniethoxy-

dehydropseudacomne, C23H35O 7N, which crystallises from methyl alcohol

with one molecule of solvent, in needles, m.p. 133° (dec.) with some sintering

at 127° and has [ajn + 17*9° (MeOH), The authors consider that in

pseudaconitine and a-pseudaconitine, the acetyl group occupies the same
position, but that the veratroyl radical esterifles a different hydroxyl
group in the two alkaloids.

Indaconitine, C34H470ioN, isolated by Dunstan and Andrews from
A. cJiasmanthum Stapf, crystallises in rosettes of needles or hexagonal
prisms, m.p. 202- 8 °, [a]© +18*8° (EtOH) and yields crystalline salts;

hydrobromide, hexagonal prisms, m.p. 188-7° (dry), [a]© — 17*8°, from
water, or in crystals, m.p. 217-8° from alcohol and ether ; the aurichloride,

B • HAUCI4, forms rosettes of yellow needles, m.p. 147-152°, with sintering

at 142°. The alkaloid isolated from this plant by Bauer and Radjhan
differs chiefly in not yielding crystalline salts. Like aconitine, indaconitine

causes an intense tingling when even a very dilute solution Is applied to

the tip of the tongue, and gives a crystalline precipitate with permanganate,
but the crystals are smaller. It contains four methoxyl groups. When
indaconitine sulphate in aqueous solution is heated in a sealed tube it

undergoes hydrolysis, yielding 1 moL each of acetic acid and bemoylpmid*
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aconine (indbenzaconine), a colourless varnish, m.p. 180-6°, [ajj) + 68 - 6
°

(EtOH), yielding well-crystallised salts ; the hydrobromide,

CaaH^sOoN . HBr .

m.p. 247° (dry), forms rosettes ; the hydrochloride, needles or octahedra,

m.p. 242-4° (dry), [aj^ — 8*0° (HgO), and the aurichloride orange-coloured

rosettes, m.p. 180-2° from alcohol. On alkaline hydrolysis indaconitine

forms acetic and benzoic acids, and pseudaconine, C26H4iOgN (see

p. 682).

When indaconitine is heated dry it loses 1 mol. of acetic acid and
turnishes oL-pyroinddconitine, C32H43O8N, amorphous, m.p. 130-6°, [a]D

+ 91*9° (EtOH), of which the crystalline hydrobromide has m.p. 194-8°

(dry), [a]i> + 54*7° (HgO). Indaconitine hydrochloride, heated at 165-170°

yields ati isomeric ^-pyroindaconitine, also amorphous, but giving a

crystalline hydrobromide, needh*s, m.p. 248-250°, fa]D -f 27*6°.

BUdiaconitine, CggH^iOjilS . HjO. isolated by Dunstan and Andrews
from A, spicaium roots, crystallises from ether in button-shaped masses,

m.p, 118-128°, or, better with iHgO from alcohol, on addition of water, in

colourless granules, m.p. 118-6° (dry), [a]f?“ -f 12*21° (EtOH). The salts

crystallise well ; the hydrobromide, B . HBr . 5H2O, has m.p. 173-5°

(dry), — 12*42°
; the hydrochloride, B . HCl . SHgO, m.p. 159-161°

(dry), [a]f®* -- 8*86°
; the aurichloride, B . HCl . AuClg, m.p. 282-8°.

Bikhaconitine and its salts, even in very dilute solution, excite the tingling

sensation characteristic of the aconitines when applied to the tip of the

tongue. It contains six methoxyl groups, of which two are in a veratroyl

radical. When an aqueous solution of bikhaconitine sulphate is heated at

130°, hydrolysis takes place with the formation of 1 mol. each of acetic acid

and veratroylbikhdconine, C 34H49O10N, m.p. 120-5°, -f 29*9°, which
is amorphous and is best purified by regeneration from the recrystallised

aurichloride, B . HCl . AUCI 3 ,
which forms clusters of orange-yellow

prisms with 2C 2H 5OH or SHgO, m.p. 145-8° (dry), from alcohol. The
hydriodide, m.p. 189-190° (dfy), forms rosettes of needles from water.

On alkaline hydrolysis veratroylbikhaconine yields 1 mol. each of

veratric acid and hikhaconine, C25H41O 7N. The latter is amorphous,

Mif + 83*85°, and differs from its analogues, aconine (p. 675), japaconine

(p. 679) and pseudaconine (p. 682) in being soluble in ether and in yielding

readily crystallisable salts : the hydrobromide, B . HBr, m.p. 145-150°

(dry), forms tetragonal prisms ; the nitrate, B . HNOg . 2H2O, m.p. 125-8°,

Mr?* + 15*38°, tetragonal prisms with acicular or pyramidal ends and the

aurichloride, B . HCl . AUCI3 . SHgO, m.p. 129-182°, or 187-8° (dry),

glistening, rhombic plates.

When heated at 180° bikhaconitine loses 1 mol. of acetic acid and

forms pyrobikhaconitine, C34H47O9N, a colourless varnish yielding amor-

phous salts ; the aurichloride has m.p. 115-128°.

Aconitum septentrionale. In 1896 Rosendahl ^ isolated from this plant

three alkaloids, which were re-examined by Schulze and Ulfert and by
Weidemann,®® whose results differ in some points.
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Lappaconitine^ C32H44O 8N2
,®® or C32H4209N2

,^® crystallise s in he xagonal

tablets, m.p. 218- 5-214* 228°, [aj^+ 22* 8 ° (CeHe),®®+ 27* 0° (CHCls).®*

No crystalline salts have been prepared. The alkaloid contains two

methoxyl groups and a methylimino group according to Schulze and Ulfert,

whilst Weideniann found three methoxyl groups. On boiling with dilute

sulphuric acid in a current of hydrogen the alkaloid is hydrolysed into

acetic acid and picrolappaconitine (anthranoyllappaconinc) C 30H 42O 7
N2 ,

which crystallises in rhombic tablets, [a]?®** + 22*07° (CoHg). The platini-

chloride, B . HgPtClg . 4H2O, forms brownish needles or leailets, m.p.

800-310° (dec,). On alkaline hydrolysis lappaconitine yields lappaconine,

C23H37O 6N . I'SHgO or C23H35O 7N . 2H2O,®® which is crystalline,

m.p. 96°,®® 93°,®® [a]f)®“ + 16*29°,®® + 22*41°,®® strongly alkaline and yields

well crystallised salts ; hydrochloride, B . HCl, m.p. 246 -7°,®® 240° ®®
;

aurichloride,®® B . HAUCI 4 . HgO, m.p. 126-7°. The acid hydrolytic

products of lappaconitine, according to Schulze and Ulfert are anthranilic

and acetic acids, whilst Wiedemann, who used cold alkali, obtained only

one acid, viz,, acetylanthranilic acid (lappaconitic acid) which implies that

only one —OH group is engaged with an acyl group in lappaconitine.

These results, conflicting though they are, agree in showing that lappa-

conitine is distinct from lycaconitine, the alkaloid of Acoriitum lycoctonum,

a plant with which A. septentrionale is liable to be confused.®^

Septentrionaline, C33H46O9N2,®® is amorphous, m.p. 131°, [a]}f ®°-f 32‘7°

(EtOH). Weidemann states that it contains four methoxyl groups, and
on hydrolysis by alkalis yields

(
1

)
a crystalline acid, C 8H 9O 3N, m.p. 125 6 °,

which on further treatment with alkali yields anthranilic acid, C 7
H

7
O 2N,

and must be a near relative of the latter; and
(
2 ) a basic amorphous

product, C25H39O 7
N, m.p. 89°, 29*55° (EtOH), which yields a

crystalline hydrochloride.

Cynoctonine, C39H55O13N2,
is amorphous and dextrorotatory.

Aconiturn lycoctonum,^'^ From the roots of this species Hubschmann
isolated the amorphous alkaloids acolyctine and lyeoctonine.®® Dragen-
dorlf and Spohn showed ®® that Hubschmann ’s alkaloids were probably
decomposition products of lycaconitine, C27H34O3N2 . 2H2O, which they
isolated along with myoctonine, C27H3oOgN2 . 5H2O. These results have
been considerably extended by Schulze and Bierling,®® and more recently

by Marion and Manske,®® for lycoctonine.

Lycaconitine, C39H49O10N2 , [a]^* + 42*5° (EtOH), is amorphous,
weakly basic, and has yielded no crystalline derivatives. On hydrolysis

by water or dilute hydrochloric acid it yields succinic acid and anthranoyl-
lycoctonine (see below), whilst alkalis hydrolyse it to lycoctonic acid (succinyl-

anthranilic acid, COOH . . NH . CO . CHg . CHg . COOH), m.p. 179°,

and lycoctonine, for which Marion and Manske ®® propose the new empirical

formula, CgoHgjOgN . HgO, in place of C25H89O 7N . HgO, and provide new
melting-points for the base and its salts : base, m.p. 189°, after sintering

at 120°
; B . HCl, m.p. 145° (dec,)

;

B . HBr ., m.p. !> 360°
; perchlorate,

m.p. 215°; picrate, m.p. 154°; methiodide, m.p. 188°. Schulze and Bierling

recorded -f 49*64° (EtOH) for the base. Lycoctonine contains one



ATlSINi! 687

methyliniiiio and, on the basis of the new formula, three methoxyl
groups. According to Schulze and Bierling two hydroxyl groups are

present.

Lycoctonine is also the basic, hydrolytic product of some delphinium
alkaloids (pp. 694-6).

Anthranoyllycoctonine, ^32H440gN2, is crystalline, m.p. 154-5"^, and
yields a crystalline perchlorate, B . 2HCIO4 ,

m.p. > 235°. On hydrolysis

by alkalis the base yields lycoctonine and anthranilic acid ; it is probably
Dragendorff’s “ lycaconine.”

Myoctonine, (f^;30H42OioN2 ) 2 , -f i4*7° (EtOII), is amorphous
; on

hydrolysis it furnishes the same products as lycaconitine.

A third unnamed base distinguished by giving an insoluble thiocyanate

is present ; on hydrolysis by alkalis it also yields lycoctonine and lycoctonic

acid.

Atisine, C22H5,3() 2N. After its discovery in .f. hetmophyllum roots by
Broughton,®^ atisine w^as investigated by Wasowicz,®^ who prepared

several crystalline salts. The formula, C22H31O2N, was suggested by
Wright and confirmed by Jowctt,®^ but was altered by Lawson and
Topps to C22II33O2N, which has now been confirmed by Jacobs and
Craig in a critical revision of previous work. Atisine is a colourless

varnish which can be sublimed in a molecular still at 140° (bath temp.)

under 0-ly and then forms an opaque film, m.p. 57-60°. It is unstable in

solution, especially in alkali. The salts crystallise well
; B . HCl, m.p.

311-2° (dec.), [a]?f + 28° (II2O) ;
B . HBr, m.p. 273°

; Md + 24-3°
;

B . HI, m.p. 279° (dec.), [a]j> + 27*4°; the aurichloride is amorphous; the

platinichloride is a crystalline powder. A methyl to carbon and an ethylimino

group are present, but Lawson and Topps's dioxymethylene group could

not be confirmed and the formation of diacetylatisine hydrochloride,

m.p. 241-3° (dec.), indicates the presence of two hydroxyl groups.

Atisine appears to suffer an unusual change when subjected to the

action of alcoholic alkali. According to Jowett, a hydrate, C22H33O3N, is

formed, while Lawson and Topps regarded the product as a demethyl-

atisine, C21H 34O 2N, m.p. 147°
; B . HCl, m.p. 278° (dec.). Jacobs and

Craig find that by the mild action of potash in methyl alcohol, atisine is

first converted into woatisine, m.p. 150-1°, -- 16*5° (PhMe) ; B . HCl,

m.p. 295-9° (dec.), [ajff’ — 4° (H20 ).®®f^^ On more drastic treatment

with the same reagent atisine, and ?\9oatisine, are converted into a mixture

of dihydro-derivatives of which one form, C2aH3502N, m.p. 149-151°,

[a]r - 44° (PhMe) ; B . HCl, m.p. 259°{dec.) ;
- 16° (HgO) has been

isolated.®®^"^ Dihydroatisine is not obtainable by direct hydrogenation

of atisine, but on catalytic hydrogenation it absorbs one molecule of

hydrogen to give a mixture of tetrahydroatisines, also obtainable by the

direct hydrogenation of atisine or i^oatisine, and from which one form,

C22H 37O2N, m.p. 171-4°. [<xf/ - 33° (PhMe), or - 23° (CHCI3 ), or - 11
°

(Pyr) has been isolated.®®^°^»^*^

Both Lawson and Topps and Jacobs and Craig have investigated

the dehydrogenation of atisine by selenium. The results are not imme-



688 STEROIDAL ALKALOID GROUP

diately reconcilable and the more important may be set out for convenience

of comparison as follows :

—

Products Lawson and Topps Jacobs and Craig

Bases CjoHgjON, picrate, m.p. 242-3®

(dec.), B . HCl, m.p. 265®.

picrate, m.p. 206®

(cf. napelline, p, 678).

CjflHg^ON, picrate, m.p. indefinite.

CgjHaiON, m.p. 180-190°.

C19H15ON, m.p. 258-261®.

CgoHggN, picrate, m.p. 210-218°.

CjiaHigN, tertiary, m.p. 83-5®,

picrate, m.p. 221-8°
; B . Mel

;

m.p. 283-5®.

Neutral substance Cj9H270aN, m.p. 240®, b.p.

> 220/1 mm.
—

Hydrocarbons m.p. 41®
;

picrate,

m.p. 129®.

1
Viscous, brown oil, b.p. 170-

200/1 mm.

1-Methylphenanthrene

,

m.p. 41-3°, picrate, m.p.
129-131®.

tCigHjg, picrate, m.p. 163-6°.

* From “ dernethylatisine.”

t From “ dernethylatisine ” and from atisine : has the characters of a phenanthrene
derivative.

t Absorption spectrum characteristic of a phenanthrene derivative.

The hydrocarbon, m.p. 41-3®, obtained by both groups of workers,

has been submitted to detailed ^physical and chemical examination by
Craig and Jacobs, who concluded that it was either l-methyl-6-ethyl-

or l«ethyl-6-methyl- phenanthrene. The former substance has been
synthesised by Huebner and Jacobs and found to be identical with
the atisine hydrocarbon. The same authors have also shown that while

atisine is mostly recovered unchanged, under conditions of mild oxidation

with permanganate, zVoatisine is converted into oxof^oatisine, C22H33O3N,
m.p. 250-260°, — 39° (CHCI3), presumably by saturation of one of

the two ethylene linkages of atisine and i^aatisine, thus ;

—

I I—C=CH—N< > _CH—CO—N<
since oxotVoatisine forms only a dihydro-derivative, C23H35O3N, m.p. 219-
223°, [a]ff’ — 38° (CHCI3), and reacts with only one equivalent of per-

benzoic acid. With bromine it forms a bromo-derivative, CggHgjOjNBr,
m.p. 172-5°, [a]^" — 78° (EtOH), while woatisine forms a dibromide
hydrobromide, C22H8302NBr2 , HBr, m.p. 212-5° (dec,) and dihydro-
oxowoatisine is imaffected by this reagent. The change from atisine to
matisine must involve one or both of the double bonds, since both yield

the same tetrahydro-derivative. One of the bonds involved must be that
adjacent to the nitrogen atom as t^oatisine is a weaker base than atisine.

The latter on treatment in benzene solution with Raney nickel catalyst
on alumina for ten hours yielded a base, CjoHggON, m.p. 145-150°, giving
a hydrochloride, m.p. 230-5°, + 81° (H2O), and a picrate, m.p.
254-6°. Twenty grams of the pale brown resin of the total alkaloid of
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A, heterophyUum^ in which atisine was the chief alkaloid, after standing
four years, yielded 8 grams of woatisine, due to isomerisation, with heter-

atisine, 0-4 gm., and atisine hydrochloride, 0-85 gm.®®^^^

Jacobs and Craig found two other alkaloids in the mother liquors

accumulated during the isolation of atisine from A, heterophyllum,

Heteratisine, C22H33O5N, crystallises in prisms, has m.p. 262-7^^ {dec.),

(MeOH), forms a hydrochloride, m.p. 265-270® (dec.), contains

one methoxyl and one methylimino group, two active hydrogens and a

lactone ring, opened by alkali and re-formed on acidification. In a later

paper the same authors describe the isolation of benzoylheteratisine,
C29H37O3N, m.p. 218-4®, [a|?f‘’+78® (EtOH), which yields a hydro-

chloride, m.p. 218-221® (dec.), and is hydrolysed to benzoic acid and
heteratisine

; the latter they suggest may not exist naturally in the plant

but may be produced from benzoylheteratisine during extraction.

Hetisine, C20H37O3N, crystallises with solvent
;

it effervescas at 145®,

m.p. 258-6®, sublimes at i9a-210®/0‘l mm. (bath temp.), [a]ff +18-7®
(EtOH). The liydrochloride changes at 320®, ceases to be doubly refractive

at 828 -885®, and has [ajff" + 12-7® (EtOH). The base is stable to alkali,

contains three active hydrogen atoms and yields a dihydro-derivative,

which melts at 186-9®, re-melts at 250-5®, and yields a hydrochloride,

m.p. 883® {dec.). The methiodide, m.p. >800®, on decomposition by silver

oxide and subsequent pyrolysis, yields desmethylhetisine, C21H29O3N,
m.p. 122-4°, giving a hydrochloride, m.p. 308-5®, a methiodide, m.p.

246 -250®, and a methochloride, C22H32O3NCI, m.p. 285-290®. The latter,

in the next stage of the Hofmann degradation, reverts to desmethylhetisine

hydrochloride, C21H30O3NCI, which was hydrogenated to the dihydro-

derivative hydrochloride, which volatilises at 315-8®, and the latter

converted to the methiodide, C22H34O3NI, m.p. 249-251®, but here also

reversion occurred on attempting to continue the Hofmann degradation.

Dihydrohetisine also proved useless for this purpose, as the products

would not crystallise. On selenium dehydrogenation hetisine yields three

basic products: (a) CigHi^N, (b) Ci 8Hi 3(i7)N and (c) Ci 9H25(27)N, isolated

as picrates, melting at 225-280® (dec.), 235-245® {dec.) and 820-5® respec-

tively, and of which (a) and {b) may be identical.

Two neutral fractions were also obtained : (d) C34Hg 8((jo), b.p. 260®,

1*4805, and {e) pimanthrene, C13H14, identical with the hydrocarbon

obtained from staphisine (Jacobs and Huebner).®®^®^^*^

Konovalova and Orekhov isolated the following four alkaloids from

the roots of A. talassicum, M. Pop.

Talatisine, C2oH2»03N . [Cj 9H23(NMe)(OH)3]. m.p. 246®, [aji> + 87*7®

(EtOH), contains a methylimino and three hydroxyl groups and yields

the following salts ; B , HCl, m.p. 256-7®
; B , HI, m.p. 265® (dec.) \

B . HCIO4 ,
m.p. 222 ® {dec.) ; picrate, m.p. 247-250® {dec,). The triacetyl-

derivative has m.p. 218-4® and gives a perchlorate, m.p. 165-6®, and a
methiodide, m.p. 258-4®. Thionyl chloride converts the alkaloid into the

trichloride, Cj9H33Cl3NMe, m.p. 175-6®, [aj© + 8* 6 ® (MeOH). Dihydro-

talatisine melts at 262-8® and yields a picrate, m.p. 280-1®.
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Talatisamine, Ci 9H24(NH)(OII)(OMe)3 ,
iiitlts at 137-141'" and its

hydrochloride at 195-6°, It is optically inactive.

Talatisidine, Ci 9H23(NEt)(OH)3(OMe)2 , melts at 220-1 °, [a]© — 20 °

(COMc g) ;
three salts have been prepared. B . HCl, ni.p. 186-9°

;

B . HCIO4 ,
m p. 218-220°, picrate, m.p. 161-4® {dec,),

t^oTalatisidine, isomeric with talatisidine, has m.p. 139-140° [a]^ ± 0°.

Lucidusculine, C24H37O4N, isolated by Majima and Morio from

A, crystallises in leaflets, has m.p. 170-1° and [a]x) — 95*5°

(CHCI 3 ). The salts crystallise well, B . HBr . !• 5H2O, m.p. 248-250°

{dec.)
;

[a]2«“ - 62*7° (H2O) ; B . HCl . S-SHgO, m.p. 98-115° or 245 -265°

{dry^ dec.)
;
perchlorate, m.p. 260-5° {dec,\ [a]}f° — 70*8° (EtOH)

;
picrate,

m.p. 173-6°; methiodide, m.p. 197°, — 65*0° (EtOH). On alkaline

hydrolysis it furnishes acetic acid and luciculme, C22H35O 8N . HgO,
m.p. 115-7°, — 11*4° (EtOH); of which the hydrochloride,

B . HCl . 1- 5H20 ,
has m.p. 198-203°, [a]i) — 9-4° (HgO). Lucidusculine

yields a monoacetyl derivative, m.p. 153-7°, — 76*0° (CHCI 3 ). A
methylirnino but no methoxyl group is present. The authors suggest

that lucidusculine is related to atisine {see above).

Pharmacology. Aconitine is highly toxic. The lethal doses per kilo

body-weight on subcutaneous injection are, for frogs 0*05-0*14 mg.,

guinea-pigs 0*012 mg. and for rabbits 0*014 mg., as recorded by Cash and

Dunstan,®^ but figures differing considerably from these have been recorded

by later workers in some cases. »Toxic doses produce respiratory paralysis

and a direct toxic action on the heart which often terminates in ventricular

fibrillation. In addition it causes smarting and tingling of the skin and
later reduces cutaneous sensitivity : the prickling in the throat and skin

are very characteristic symptoms. The body temperature is often reduced.®®

All the aconitines show a similar type of action differing in degree. Japa-

conitine and indaconitine are rather more active than aconitine
;

pseudaconitine is most active and bikhaconitine occupies an inter-

mediate position between the last two in most of the animals so far investi-

gated. The action of jesaconitine and of mesaconitine is qualitatively

similar to that of japaconitine. According to Hildebrandt’® lycaconitine and
myoctonine resemble aconitine in action but are much weaker, and that also

appears to be true of lappaconitine.^* Atisine resembles aconine and is rela-

tively non-toxic. Raymond-Hamet has made some interesting observations

on its effect on blood pressure alone and after administration of adrenaline.*^®

The loss of the acetyl group with the production of pyraconitine, or its

replacement by a methyl group as in methylbenzoylaconine leads to loss

of the characteristic toxic action of aconitine. In methylbenzoylaconine

the curare-like action characteristic of the aconines begins to be shown.’®

Aconine behaves as a cardiac stimulant and is antagonistic to aconitine in

a much greater degree than is benzoylaconine.®’
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(with Elderfield), ibid., 1939, 128, 439. (41) Lawson, J. Chem. Soc., 1986, 80;
Majima and Tamura, Annalen, 1940, 545, 1. (42) Carr, J. Chem. Soc., 1912, 101,

2241 ;
Brady, ibid., 1918, 103, 1821 ; Barger and Field, ibid., 1915, 107, 281 ;

Majima and Suginome, Ber., 1925, 58, 2047 ; SpAth et al., ibid., 1930, 63, 2994 ; 1931,

64, 2201 ; Henry and Sharp, J. Chem. Soc., 1981, 581 ; Majima, Suginome and
Shimanuki, Ber., 1982, 65, 595 ;

Majima and Tamura,®^ Tamura, Annalen, 1937,

533, 183 ;
Jacobs, Elderfield and Craig, J. Biol. Chem., 1989, 128, 489 ; cf. Jacobs

and Eu>erfield, X Amer. Chem. Soc., 1986, 58, 1059, (43) Suginome, Annalen,
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1987, 533, 172. (44) B«r., 1986, 69, 1962 ;
(with Rogers), 1987, 70, 349. (46) Pope,

J, Chem, Soc.y 1900, 77, 49. (46) Schmidt and Schwantke, Arch, Pharm,, 1909,

247, 242 ; cf. Watanabe, quoted by Majima and Morio, Annalen^ 1929, 476, 208,

(47) J. Chem. Soc., 1878, 33, 151. (48) iWd., 1897, 71, 350. (49) Ber„ 1896, 29, 852.

(50) Konovalova and Orekhov, Bull. Soc. Chtm., 1940, [v], 7, 95 ;
J, Oen, Chem.

U.R,S,S,, 1940. 10, 745. (51) J. Chem. Soc., 1928, 8094. (52) Arch. Pharm., 1918,

251, 458 ; 1916, 254, 567. (58) J. Chem, Soc., 1905, 87, 1636. (54) J. Pharm., 1896,

fvi], 4, 262. (55) Arch, Pharm., 1922, 260, 230. (56) Arch, exp. Path, Pharm., 1922,

95, 166. (57) On the authority of Eh*. O. Stapf, Carr has suggested that the A. septen-

trionale Koelle, used by Hosendahl (and by Schulze and Weidemann), was probably
the true A, lycocUmum L., whilst the A. lycoctonum referred to on p. 686 is really A.

vulparia Reichb. (58) Jahresb,, 1866, p. 483. (59) Pharm, Zeit. Russland, 1884, 23,

318. (60) Arch. Pharm., 1913, 251, 8, with a bibliography and critical risurrU of early

work
; Marion and Manske, Can. J, Res., 1946, 24B, 1. (61) Blue Book, “ Cinchona

Cultivation in East India,” 1877, p. 138. (62) Arch. Pharm,, 1879, 214, 193. (63)

Yearbook Pharm., 1879, 422. (64) J, Chem. Soc., 1896, 69, 1578 ; cf. Goris.^^ (65)

Ibid., 1937, 1640 ; cf. Chandrasena, ibid., 1933, 740. (66) Jacobs and Craig, J.

Biol. Chem. (a) 1942, 143, 589; (b) 1943, 147, 567; (c) 1942, 143, 605; (d) 1943,

147, 571 ;
(e) 1944, 152, 651 ; (/) 1947, 170, 208 ; (g) idem.,p. 515 ;

(h) idem.,p, 189.

(67) Proc. Roy. Soc., 1898, 62, 338*; cf. Munch and GrmNGF.R, J. Amer. Pharm.
Assoc., 1929, 18, 17 ; Chen, Anderson and Brown Robbins, Quart. J. Pharm., 1938,

11, 84. (68) For special papers on the action of aconitine, see Coronedi, “ Tossicologia

dell’aconito e dei suoi alcaloidi,” Florence, 1925 ; Ekerfors, Compt. rend. Soc. Btol.,

1928, 98, 795, 797. (69) Cash and Dunstan, Proc. Roy. Soc., 1901 , 68, 379. (70) Idem,

ibid., 1905, 76, 468. (71) Berni, Arch. Farm, sperim., 1930, 50, 110. (72) Benigni,
BoU. Soc. ital. biol. spenm., 1929, 4, 399. (73) Quoted by Schulze and Bierlino,
Arch, Pharm,, 1913, 251, 48 ; for a recent pharmacological report on A. lycoctonum

see Raymond-Hamet, C. R. Soc. biol., 1943, 137, 675. (74) Rosendahl, quoted
by Boehm.*® (75) Cash, quoted by Jowett, J. Chem. Soc., 1896, 69, 1525 ; see also

Raymond Hamet, Compt, rend, Soc. Biol., 1938, 128, 479 ;
Compt. rend., 1942, 215,

247. (76) Cash and Dunstan, Proc. Roy. Soc,, 1901, 68, 384.

Interrelationship of the Aconitum and Delphinium Alkaloids.
The two genera Aconitum and Delphinium belong to the sub-order

Ranunculaceae. The botanical similarity thus indicated does not neces-

sarily indicate similarity in alkaloidal components for Hydrastis canadensis

belongs to the same sub-order, but its alkaloids have little in common
with those of the aconites and larkspurs. This related botanical origin

may, however, be regarded as one item in the accumulated evidence, that

these two sets of alkaloids have the same type of structure, which justifies

Craig and Jacobs, who have provided most of the evidence, in dealing

with them as one group named “ the aconite alkaloids.” Similarity in

structure is clearly indicated by the following points. The basic, hydro-

lytic product, lycoctonine, is common to one aconite and some delphinium

alkaloids, i^oTalatisidine is the hydrolytic base of condelphine and occurs

as such in A. talassicum. Atisine and staphisine have both been shown to

produce alkylphenanthrenes in pyrolytic experiments. There is a close

parallelism in the nuclear and peripheral structure of delphinine,

Ci,>H«(NMe)(OMe)4(OAc)(OBz)(OH),

and aconitine, C3t^i,(NEt)(OMe)4(OAc)(OBz)(OH)8, and in their reactions.

Craig, Michaelis, Granick and Jacobs ^ have recently studied the

ultra-violet absorption spectra of a series of items in this group of alkaloids.



DELPHINIUM ALKALOIDS 693

viz, (a) the naturally occurring alkarnincs, atisine and heteratisine, and the
derived bases dihydroatisine, tetrahydroatisine and i^oatisine, and (b) the
hydrolytic alkamines, aconine and delphonine, and certain derivatives of
the latter, viz., the methochloride and methohydroxide, jV-methyl-des-
delphonine, pyrodelphonine and a-oxodelphonine. Based on these results

and the structural data accumulated from their previous work, they
suggest the annexed formula as an example
of a possible type of nucleus for these

alkaloids. This assumes relationship of

these alkaloids to the diterpenes, as indi-

cated by the formation of pimanthrene

(1 ; 7-dimethyl-phenanthrene) from siaphi>

sine (p. 699) and from hetisiiie (p. 689) *

While the hydrolytic alkamines, aconinc

and delphonine, c'annot be hydrogenated

and have therefore been regarded as satu-

rated, their ultra-violet absorption spectra

as bases in solution and in common with

those of heteratisine and tetrahydroatisine, show a strong absorption within

the range 2,200 to 2,000 A, indicating unsaturation. With the bases in

acid solution there is a reduction in intensity and a shift in the position of

the absorption. It is assumed that these results arise from association of

points of unsaturation with the nitrogen atom. A similar range of absorp-

tion is shown by iV-methylpyrrole, as base in solution, but in this case

there is no shift in position on acidification.

Delphonine shows an unusually high basic dissociation constant, and
that of aconine is only a little less. In the case of tertiary vinyl cyclic

amines, which prove to be unexpectedly strong bases, Adams and Mahan *

suggested that they exist in solution as equilibrium mixtures consisting

of the tertiary unsaturated base and a quaternary arrangement in which

the double bond has moved to the nitrogen, which may be represented

thus :— . . . + . . . +
>C= C—C= C—NH< ^ >C= C—€H—C : N<

The assumption of these conjugated double bonds makes possible a tetra-

cyclic nucleus which accords with the suggestion previously made by
the authors that these alkaloids might be structurally related to the

diterpenes.* It may also be noted that one of the nitric acid oxidation

products of pseudaconitine has been recorded as unexpectedly giving a
pyrrole reaction on destructive distillation.*

REFERENCES
(1) J. JBiol. Chem., 1944, 154, 293. (2) Craio and Jacobs, ibid., 1944, 152, 645;

Jacobs and Hubbnbr, ibid., 1947, 170, 189. (8) Adabis and Mahan, J. Amer. Chem.
Sac., 1942, 64, 2588. (4) Henby and Sharp, J. Chem. Soc., 1928, 1105.

ALKALOIDS OF DELPHINIUM SPP.

Delphinium sppu, of which the larkspur is a familiar example, have
often been the cause of poisoning in cattle and a few have been used as
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insecticides. This has led to the examination of some species but only to

establish the source of toxicity and in such cases there is little more recorded

than the presence and percentage of alkaloids, as for example in D. Ander^

soniif^ D, barbeyi ^
(1919), D. crassifolium,^^^^ D, chinense,^ D, formosum^^

D. geyeri,^ D. glaucescens,^ D, glaucum^^ D, hybridum^^ D. rhinantey^ D.
subalpinurn,^

More work has been done on the alkaloids of D. bicoloVy Niitt, Z).

Menziesii, D.C., D. scopuloruniy Gr. and D. Nelsoniiy^ Gr. which, according

to G. Heyl ^ (1903), contain a mixture of alkaloids, having pharmacological

properties akin to those of curare (Lohmann ^) and hence named “ delpho-

curarine.'' From this material he isolated a crystalline alkaloid, C23H33O 7
N,

m.p. 184-5°, which contained methoxyl (18 per cent.).

Delphinium ajacis L. From the seed of this species Keller and Volker ®

isolated two crystalline alkaloids which they named ajacine and ajaconine.

Their work was reviewed by Hunter,® who reported the presence of four

alkaloids, viz,, ajacine, ajaconine and new alkaloids ajacinine and ajaci-

noidine (amorphous). Goodson ® described ajacine in detail (1944) and
later reported the isolation of ajaconine and three more bases distinguished

as B, C and D. According to Hunter, lycoctonine (p. 686
)

is probably

also present.

Ajacine, C34H46O 9N2 . 2H2O. According to Goodson, the base crystal-

lises from 70 per cent, alcohol ii\ needles, m.p. 154°, [a]ff^+ 49-5° (EtOH)
or + 30*8° (A/5—HCl), and contains one ethylimino, two hydroxyl and
four methoxyl groups. On alkaline hydrolysis it yields lycoctonine,

C25H32O 7N . HgO (of, Manske’s formula, p. 686 ), and acetylanthranilic acid,

C^HgOjN. On acid hydrolysis ajacine furnishes acetic acid and anthra-

noyllycoctonine, C 32H 44O 8N2 (p. 687). Ajacine is therefore acetyl-

anthranoyllycoctonine, which brings it into close relationship with lyca-

conitine (p. 686 ).

Ajaconine, C21H31O3N (Hunter) or C22H33O3N (Goodson), has m.p. 172°,

- 119° (EtOH) (G) or [aj^ - 133° (CHCI 3 )
(H), forms a sulphate,

B . H2SO 4 . 7H2O, m.p. 113° or 231° (dry, dec,), [a]ff" +5-5° (HgO), an
acid oxalate, B . H2C2O4, ni.p. 234-5°, an amorphous picrate, m.p. 95-8°,

and a methiodide, m.p. 134°. Ajaconine is an A-methyl base, contains

no methoxyl groups and absorbs one molecule of hydrogen in presence of

palladium-black.

Ajacinine, C22H35O 3N, m.p. 210-1 °, + 52° (CHCI3), forms a

hydriodide, m.p. 169-170°, and an acid oxalate, B . H2C204 >
1^5°

(dec.) ; the hydrobromide, m.p. 154-160°, and picrate, m.p. 99-108®,

have not been crystallised.

Ajacinoidine, C88H6«Oi2N2,
is amorphous, m.p. 120-6 °, [a]J®* + 46°

(CHCI3), and gives an amorphous picrate, m.p. 125^0°.

Base B, Ci2H2203(MeO)3(NEt)(AcO), m.p. 195°, [aj^ 4. 34° (EtOH)
or 4- 0*5 (N/3HCI), forms an aurichloride, B . HAUCI4 . 8H2O, m.p, 205°.

The substituents are as shown in the extended formula. On hydrolysis it

yields acetic acid and base C (see below).

Base C, Ci2H2804(0Me)3(NEt), m.p. 206°, [aJJ®* 4- 57° (EtOH) or
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+ 86* (N/5HCI), forms an aurichloride, B . HAuC^ . HgO, m.p. 169° (dec.)

or 171° (dry). The known substituents arc as shown in the extended
formula.

Base D, C44H5408N(NMc)(0Me)3, m.p. 97°, + 59’3° (EtOH),
yields a hydriodidc, C48H86O12N2 . HI . 2H2O, m.p. 213°, 4* 32*4°

(N/5KHO in EtOH). The substituents known arc stated in the extended
formula.

D, Brownii, Rydb. From this species Manske ^ prepared an alkaloida

product which could not be crystallised or converted into crystalline salts,

but on alkaline hydrolysis yielded methylsuccinic acid (fine prisms,

m.p. 112°), anthranilic acid and a crystalline base, m.p. 120-1°,

+ 52*2° ^MeOH), later identified with lycoctonine by comparison with

a specimen of the latter prepar'd fnjm Aconitum lycoctonum,

Delphimum confiisumy Pop. From this Russian species Rabinovich

and Konovalova ^ isolated the following alkaloid :

—

Condelphine, [C4j>H23(Ac)(OH)2(OMe)2(NEt)]. The base

has m.p. 156-8°, [ajo f 26*8°. yields a perchlorate, m.p. 209-210°,

an oxalate, m.p. 160 2° (dec,), [a]D — 23*55°, and a methiodide, m.p.
208-5° (dec.). The diacetyl derivative has m.p. 180-4°. On alkaline

hydrolysis condelphine furnishes the corresponding amino-alcohol,

('28H37O5N . HgO, which, after purification through the oxalate, had
m.p. 114-7° or 140-2° (dry) and proved to be identical with f^otalatisidine,

one of the alkaloids of Aconitum talassicum (p. 690). This, with the

occurrence of a lycoctonine derivative in D. ajacis, D. elatum fpp. 694, 696)

and D. Brownii fp. 695), forms the second case of the occurrence of the

same alkaloidal structure in the two Ranunculaceous genera, Aconitum
and Delphinium,

D, co7isolida, L. From this species Keller ® isolated three alkaloids of

which one (Base “ A ”) was well defined. Markwood ® obtained three

crystalline alkaloids of w^hich delcosine was probably Keller’s base A,

and Cionga and Iliescu have added to Markwood’s observations, but

failed to obtain his third base. This work has recently been critically

revised by Marion and Edwards,^®^®^ who have isolated from the seeds six

alkaloids of which two, delcosine and delsoline, were already known
;

another, consolidine, may be Markwood’s “ third base,” and the remaining

three are new records for this species, viz. delsonine, lycoctonine and
anthranoyllycoctonine. They have also altered the empirical formulae

of the alkaloids delcosine and delsoline.

Delcosine, C22Hg708N, m.p. 203-4°, 4- 56‘8° (CHCI3), perchlorate,

m.p, 217-8°, [(x]d+ 82*0° (MeOH) ; hydrobromide, B . HBr . 2MeOH,
m.p. 108° (dec.)

;
hydrochloride, B . HCl . 2MeOH, m.p. 89°. The base is

stable to alkali and when refluxed with acetyl chloride, forms a triacetyl

derivative, m.p. 208° (dec.), and a compound, CgaHgaOgNAc, m.p. 157-161°.

Delcosine contains three hydroxyl and three methoxyl groups and absorbs

one molecule of bromine to form a perbromide. Cionga and Iliescu^®

reported both delcosine and delsoline as laevorotatory.

Delsoline, C25H43O7N. Contains four methoxyl groups, has m.p.
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218-6-5“, [a]^" + 51-7“ (CHCIg), and 5delds a perchlorate, m.p. 192-5-198-5“,

wr + 28-1° (MeOH), and a hydrobromide, which crystallises with solvent,

m.p. 88 °. The base is stable to potassium hydroxide in alcohol.

Delsonine is amorphous and is isomerised to i^odelsonine, m.p. 108-

111 °, by boiling with potassium hydroxide in alcohol. The following crystal-

line salts of delsonine were prepared : perchlorate, C24H 4iOgN . HCIO 4,

m.p. 216° (dec.), [ajff* + 23° (MeOH) ; hydriodide, B . HI, m.p. 202 °.

The base contains at least four methoxyl groups.

Consolidine, C33H420^N, has m.p. 153-7°, [a]© 4* 64° (MeOH), contains

three methoxyl groups and is hydrolysed by alcoholic alkali to benzoic

acid and a new base consolhie, which has not been crystallised as such or

as perchlorate.

The anihranoyllycoctonine obtained could not be crystallised. It has [a]p^*

+ 54° (MeOH) and formed a crystalline perchlorate, C27H 3 g03N2 . HCIO4,

m.p. 207°, [a]© + 29*3° (MeOH), and a hydriodide, B . HI, m.p. 188°,

Wd + 83° (MeOH). It yields lycoctonine and anthranilic acid on alkaline

hydrolysis and appears to be isomeric, rather than identical, with Goodson’s

anthranoyllycoctonine (p. 697).

D. elatum, L. Of the three alkaloids noted by Keller ® in the seeds of

this species, one, tmnamed, was crystalline, had the formula ^ss^ftiOgN
and m.p. 218°. According to Goodson,^^ seeds yield 1*7 per cent,

of alkaloids from which three bases were isolated :

—

Delpheline, C25H39O 3N, The* yield of this base was 0’18 per cent. It

crystallises in prisms, m.p. 227°, [a]^” — 25*8° (CHCI3), contains one

ethylimino, one hydroxyl, one methylenedioxy and three methoxyl
groups, and yields a hydrochloride, B . HCl . HgO, m.p. 219° (dec,), [a]^*

— 42*8° (HgO). and a nitrate, B . HNO3, m.p. 191-3°, [oL]^f — 41*2° (HjO).

It is a weak base and the salts tend to lose acid on drying. The monoacetyl

derivative has m.p. 125°. — 34*5° (EtOH).
Delatine, C19H25O3N . HjO. Yield as crude hydrochloride, 0*125 per

cent. The hydrated base crystallises in prisms, m.p, 148°, [ajif* -f-
13*5°

(HgO). The anhydrous base melts at 261-4°, It contains neither methoxyl
nor methylimino groups. The hydrochloride B . HCl has m.p. 274-7° and

[aC + 13*4^ (H2O).

Methyllycaconitine, C37H4gOi0N2 ,
was isolated as the crystalline

hydriodide, B . HI . 2H2O, m.p. 201 ° (dec.), of which the crude yield was
0*8 per cent. The free base is amorphous and after drying at 70° to 105°

in vacuo has m.p. 128° and 4*49*1 (EtOH). On hydrolysis in

alcoholic sodium hydroxide it yields i-methylsuccinylanthranilic acid,

CioHiiON(C02H)a, m.p. 155°, [a]^* — 7*0° (EtOBt), and lycoctonine,*
C25H83O7N . HgO, m.p, 148°, [a]^ 4- 58*2° (EtOH), apparently identical

with the basic hydrolytic product of lycaconitine (p. 686
)
from which

methyllycaconitine differs in yielding methylsuccinic acid in place of

succinic acid on hydrolysis. This established for the first time similarity

in constitution between alkaloids of the two closely related Ranunculaoeous

** Fomiula is doubtful in view of Manske’s alteration of the lycoctonine formula
(p. 6S6).
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genera, Aconitum and Delphinium. Further examples are given under
D, ajacis, D, Brownii and D. confusum (p. 695). On acid hydrolysis,

methyllycaconitine yields J-methylsuccinic acid and anthranoyl-

lycoctonine, C 82H4408Na, m.p. 172®, + 32-4° (c =- 2 ; NjS HCl),

similarly obtained from lycaconitine and ajacine.

D, occidentale. According to Couch, this species yields the following

alkaloid :

—

Deltaline, CgiHgaOeN, m.p. 180-1®, [a]f/“ — 27*8® (EtOH), yielding an
aurichloride, B . HAUCI4 . SHgO, m.p. 120-5®, and an amorphous triacetyl

derivative, m.p. 270 -2 °. The alkaloid contains two methoxyl groups
and is isomeric with Markwood’s delcosine.

Delphinium sp. From an unidentified species of delphinium the

following alkaloid was isolated by Rabinovitch and Konovalpva.®

Delphamine. The extended <*nnula, C2oHa 3(OH) 4(OMe) 3(NEt), is

proposed and the similarity of tliis to formula^ for some aconite alkaloids

is pointed out* The base is crystalline, has m.p. 196-200°, [a]o + 66 * 6 ®,

yields an acid tartrate, m.p. 160® (dec,), a nitrate, m.p. 160® (dec,), [ajo

+ 88-5®, and a methiodide, m.p. 180® (dec,). It is stable to alkali and
furnishes a diacetyl derivative, m.p. 118-121*5°, [aj^ + 28*8°, two hydroxyl
groups remaining unacylated. It contains one ethylimino group, identified

by the production of acetaldehyde on oxidation by acid permanganate.
Delphinium Siaphisagria L. From the seeds of this species, the oil of

which is used as a pediculicide, Brandes isolated delphinine in 1819, and
this and other alkaloidal components were subsequently examined by
various workers including Marquis, Kara-Stojanov,^® Ahrens,^* Keller,

Walz^® and most recently by Jacobs and Craig.^®

Delphinine, C34H47O 8N (Walz) or C33H45O 9N (J. and C.). The alkaloid

crystallises in rhombs,^® or six-sided plates,^® m.p. 198-200®, -f 25®

(EtOH), shows mutarotation in alcoholic solution, and forms an acid

oxalate, B . H2C2O4 , m.p. 168® (dry), a hydrochloride, B . HCl, m.p. 208-

210 ®, and a monobenzoyl derivative, m.p. 171-3®. On alkaline hydro-

lysis it yields one molecule each of acetic and benzoic acids. The basic,

hydrolytic product of this action is delphonine, C24H89O 7N, which is

amorphous, but can be distilled at a bath temperature of 140® and a

pressure of 0*001 to 0*0001 mm. The brittle, possibly semi-crystalline

resin so obtained, has m.p. 76-8® and + 87*5 (EtOH).

On hydrogenation, delphinine forms hexahydrodelphinine,

m.p. 192-8®, by reduction of the benzoyl radical, hexahydrobenzoic acid

replacing benzoic acid as a product of hydrolysis.

Delphinine contains one hydroxyl, one methylimino and four methoxyl

groups, which with the acetoxy and benzoyloxy groups accounts for all

the oxygen atoms of the alkaloid.

In their study of its oxidation by permanganate in acetone, Jacobs

and Craig obtained two isomerides, C08H48Oi(^, the a- and
j
8-oxodelphi-

nines of which the former predominates and is probably identical with

Keller’s substance X 214^^ It has m.p. 218-221®, - 62® (AcOH).

The jS-form has ui*p. 228-9®, + 61° (AcOH). Both substances retain
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the acetyl and benzoyl groups and four methoxyl groups, but in neither

can the iST-methyl group be detected.

When delphinine is heated in methyl alcohol, acetic acid is liberated and

methylbenzoyldelphonine, C 32H450gN, formed. This has m.p. 178~5°,

+ 27° (EtOH), and on oxidation with permanganate in acetone in

presence of acetic acid, is converted into methylbenzoyl-a-oxodelphonine,

C 32H43O9N, which melts at 221-8°, solidifies and rc-melts at 286-7° and
has — 41*5° (MeOH). This product is also formed by the action of

hydrogen chloride (8 per cent.) in methyl alcohol on a-oxodelphinine (see

above). This replacement of an acetyl by a methyl group also occurs,

though less readily, when
j
8-oxodelphinine is heated at 100 ° in methyl

alcohol with hydrogen chloride (4 per cent.), the product being methyl-

benzoyl-j0-oxodelphonine, C 32H43O9N, m.p. 182-5°, [ajff” + 27° (MeOH).
This kind of reaction was first recorded for aconitine (p. 675) and it serves

to emphasise the parallelism in reactivity, and probably therefore in struc-

ture, which exists between aconitine and delphinine and possibly between

the whole rang^ of aconite and larkspur alkaloids.

Another example of this is the loss of acetic acid when delphinine is

heated in hydrogen at 200-215°. Just as aconitine is so converted into

pyraconitine so delphinine yields pyrodelphinine, C 31H41O 7N, m.p. 208-

212 °, and similarly a-oxodelphinine, C33H43O10N, under like treatment

loses acetic acid and yields pyro-a-oxodelphinine, CgjHggOgN, which
crystallises from methyl alcohol in needles, m.p. 248-250°, after sintering at

288°. This, on hydrogenation, forms a hexahydro-derivative, m.p. 188-5°,

presumably by saturation of the benzoyl radical, which therefore leaves

unexplained the mechanism by which acetic acid is lost in this pyrolytic

reaction (cf, pyropseudaconitine, p. 688 ).

With nitrous acid at 100 °, delphinine, C 33H45O 9N, yields a nitroso-

derivative, C33H44O1QN2 ,
m.p. 240-1°, but is chiefly converted into

hydroxydelphinine, C 33H45O10N, m.p. 180-2° (dec,), + 7° (EtOH).
This is oxidised by permanganate to a third or y-oxodelphinine, C33H430i9N,
m.p. 226-9°, [ajff” + 40° (AcOH), which, like the a- and

j
8-forms,

can replace its acetyl by a methyl group forming methyl-benzoyl-y-

delphonine, m.p. 184-8°, [ajj?" -f 5° (MeOH), closely resembling methyl-
benzoyl-jS-delphonine except in specific rotation.

The action of hydrochloric and nitric acids on delphinine and certain

of its derivatives has also been investigated (Jacobs and Craig, 1940).

Addendum, In an important paper received too late for incorporation

in the foregoing account and of which only a brief summary can be given,

Jacobs and Huebner have used a-oxodelphinine (I) as a primary
material for further investigations on the nuclear structure of delphinine

and the changes it undergoes are shown in the accompanying diagram.

It is pyrolysed to pyro-a-oxodelphinine (II), which is isomerised by hydro-
chloric acid in methyl alcohol to t^opyrooxodelphinine, ^81^39® (H^)>

m.p. 292-6°, — 18° (pyridine), and there is also formed in this reaction

the chloro-compound, already described by Jacobs and
Craig (1940) and which is now represented by (IV). When this chloro,-
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compound is refluxed with acetic acid and sodium acetate it forms
a diacetyl derivative, C 33H 39O10N, which sinters >285® and finally

resinifies at 275-280® and is represented by (VIII). When the chloro-

compound is refluxed with zinc dust in acetic acid, a substance, CgiHg^OgN,
is formed, which sinters >230® and finally melts and decomposes at
243-8°. It is represented by (V) and its octahydride, €3111450 gN, m.p. 187°,

named hexahydrobenzoyloxodedelphonine acetate, by (VI). The latter on
alkaline hydrolysis yields acetic and hexahydrobenzoic acids with 0x0 -

dedelphonine, C22H 33OSN, m.p. 306-312® after sintering at 292®, to which
(VII) is assigned.

— — —
CO-B: CO-H: CO-5:

OH OB OH

C19H2B OBz — C19H21 OBs — C19H21 OBz —

*

OAc m •

(0lto)4 (oii«u (Ol(0)4

(I) (ID (III) IIV)

C19H21

(V)

CO-N:

OH

OB2 ^

(0Ue)8

CI3

i

CO-5.

OH 00-5. CO-5.

OBz OH OH

= Ci9H24 OBz* O19H24 GH C19H21

[0Me)2 (01fe)2 (Olto)s (

Oio OAo OH (

H
- (71) (VII) (VIII)

CO-5;

OH

OBz

* In this the Bensoyl gi-oup I0 reduced to hexaliTdroBonzoyl.

Hexahydrobenzoyloxodedelphonine acetate (VI) was dehydrogenated

by selenium at 330® and gave as chief product a hydrocarbon, C17H34,

b.p. 90°/0-02 jnm., whose composition, ultra-violet absorption spectrum

and chemical properties, so far as examined, indicate that it may be a

bicyclopentenobenzene and therefore in a different category from the

phenanthrene hydrocarbons yielded by the atisine group of bases.

Staphisine, C22H31ON or C42H30ON2 . This alkaloid was isolated by
Jacobs and Craig (1941) by a chromatographic method from delphinine

mother liquors . It has m.p. 205-8°, after sintermg from 170®, [a]!®"* — 159®

(CgHg), and gives a hydrochloride, m.p. 256® (dec.), hydrobromide, m.p.

255-8®, and a nitrate, m.p. 236-248®. With methyl iodide at 100° it fur-

nishes C44H 3QON2 . Mel, m.p. 255® {dec.), and on further methylation,

C22H31ON . Mel, m.p. 250® {dec.). Staphisine contains a methylimino

but no methoxyl group. On hydrogenation it gives a product,

m.p. 205-9® to 252-4®. On dehydrogenation by selenium at 840® in

nitrogen a series of hydrocarbons is produced of which the most interesting
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are a hydrocarbon, CieHi 4 , later (1944) proved to be identical with piman-

‘threne (1 : 7-dimethylphenanthrene), and a hydrocarbon, Ci9H2o» ni.p.

70-2®, forming a picrate, m.p. 148-4®, subsequently shown by Huebner
and Jacobs to be a methylretene, viz,, 1 : 3-dimethyl-7-t5opropylphen-

antlirene, by comparison with a' synthetic specimen, m.p. 78-6®, picrate,

m.p. 145-6°. The possibility that staphisine should be represented by the

doubled formula, C42HgQON2 , i,€„ by loss of a molectde of water between

two molecules, C2iH3iON, is also discussed in this paper.

The following three alkaloids described by early workers on D, staphi-

sagria are not well characterised : Delphisine,^® m.p. 189°; said to

resemble and to be isomeric with delphinine. Delphinoidine, C25H42O 4N,

amorphous. Staphisagroine,^® C4oH4 g07N2 ,
amorphous, m.p. 275-7®.

Pharmacological Action, Delphinine resembles aconitine in its action.

In cases of poisoning death is due to respiratory paralysis accompanied by
cardiac and vasomotor damage. It also has an irritant action on the

skin. Detailed accounts of the pharmacology of various species of

Delphinium and tlieir alkaloids are given by Boehm and by Lewin
and cases of larkspur poisoning are described by Jakobsen,^^ Markwood ®

and Marsh, Clawson and Marsh. According to Williams, the insecticidal

properties of D, ajacis seeds are due to the oil and not to the alkaloids.^®

Kuder has published a general article on the botany, horticulture and
chemistry of the larkspurs.
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THE VERATRUM ALKALOIDS
This group ofalkaloids is obtiuned from three Liliaceous plants, sabadilla

or cevadilla seeds (Schoenocatdon officinale. A, Gray) and the rhiseomes of.
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Veratrum album L. and V, viride Ait, known respectively as white or
European hellebore, and green or American hellebore, though they have
nothing to do with the true hellebores (p. 774 ). Each of these drugs yields

a series of alkaloids, of which some have been thoroughly characterised and
are now the subject of active structural investigation ;

their names are

printed in italics in the following lists. Others described by the early

investigators ^ have not been dealt with recently
;
their names are printed

in ordinary type.

Sabadilla Seeds. Cevadhie, C32H490ftN ; cevadilline, ;

cevine (sabadinine), C27H430gN
; sabadine, ^2»H 5i08N ; verairidine,

C3eH„OiiN.
White Hellebore. Jervine, C2,H3,03N

; rubijervine, ;

C37H43O3N
;
pseudctjervine, f33H4gOgN; protovercUridine^,

CggUgjOgN
;

protovera/riw,^ CjgHgiOijN ;
germerine* CjyHsgOnN

;

germine.

Green Hellebore. Jervine, C27H33O3N ; rubijervine, C27H43O2N

;

pseudojervine, C33H49O8N
;

pt otoveratridine, ® CggHgjOgN
;

germine,^

C27H48O8N ; veraliosine^^ C33H49O7N ; verallamine C27H32O2N
; vera-

fridine,
;

tevadhie, Cg2H4909N.

Two unnamed alkaloids have also been described. One was obtained

by Bredemann ® in work on the alkaloids of white hellebore
;

it occurred

in the mother liquors from protoveratrine crystallisation and formed
spherical aggregates of needles, m.p. 239-241 '^. The other was isolated

by Jacobs and Craig ^ during a chromatographic analysis of residual,

benzene-soluble alkaloids of green hellebore. It is represented by the

formula C27H41 (a9)04N, crystallises in six-sided platelets or flat needles,

sinters about 130 '^, effervesces at 170-5 °, and on further heating solidifies

and finally melts at 272-4 °
;

it has [a]?®"* 78° (MeOH).
Commercial “ veratrine ” is a mixture of alkaloids prepared from

sabadilla seeds and consists largely of cevadine and veratridine with

some cevine. Its manufacture has been described by Schwyzer.® “ Crystal-

line veratrine ” was first isolated by G. Merck.^ Wright and Luff intro-

duced the name cevadine to distinguish this alkaloid from the commercial

amorphous mixture known as “ veratrine.”

Jervine has also been recorded from other Veratrum spp., V,

nigrum^ F. hbelianum^^ and F. grandijlorum’^ and veratrine-like alkaloids

in Zygadenus spp. (p. 779 ).

The well-authenticated veratrum alkaloids are of three types :

—

(1) Esters of veratrum alkamines, Cevadine, germerine, protovera-

tridine, protoveratrine, veratridine.

(2) Glucosides of veratrum alkamines. Pseudojervine, veratrosine.

(8) Veratrum alkamines. These may occur naturally as such, or in

the form of the esters, or glucosides of types (1) and (2). Cevine,

germine Jervine, protoverine, rubijervine, i^orubijervine, veratramine.

They are all, so far, C,7 compounds.

Although medical interest in these drugs has declined, all three species

have * received considerable attention as insecticides. For this reason
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chemical and biological methods of assaying the drugs for alkaloidal

content, and particularly means of ascertaining their insecticidal effi-

ciency,i 2 have become of practical importance, as well as methods of

ensuring standardisation and stability of preparations.

Sahadilla Seeds. Processes for the isolation of the total alkaloids and

separation of the components have been published ^ by Wright and LuflP,

by Bosetti and by G. Merck. The more modern methods used by Poethke,^

Saito,’ Seiferle et al.,^ Jacobs and Craig, ^ and others for the alkaloids of

white and green hellebores (see heloxv) could no doubt also be used to

advantage for sabadilla seed. A test for galenical preparations of sabadilla

has been devised by Ramstad depending on the presence of chelidonic

acid in the seed.^^^**^

Cevadine, C32H49O 9N (crystallised veratrine), was first isolated in a

crystalline condition from sabadilla seeds by G. Merck,^ who called it

veratrine, and was subsequently obtained by Schmidt and Koppen,'*

and by Wright and Luff,^ whose name “ cevadine ” has been generally

adopted, though Ahrens suggested that it should be called “ crystallised

veratrine.” The yield of total alkaloids from the seeds is said to be from

6 to 7 gm. per kilo, of which 0*8 to 0*9 gm. may be obtained as crysta-lline

cevadine, 0*5 to 0*6 as veratridine and 0*2 to 0*8 as sabadilline.

The alkaloid crystallises in rhombic prisms with 2 mols. of alcohol,^®

which it loses at 130-140°, m.p. 205° (dry)^ + 12*5° (EtOH), + 6*4°

(pyridine), 4- 1'25° (acetone),^’ dissolves readily in hot alcohol, but is

insoluble in water, and sparingly soluble in ether. The hydrochloride,

B . HCl, crystallises in needles
;
the aurichloride, B . HAUCI 4 , in brilliant

yellow needles, m.p. 182° (dec.) ; the picrate blackens at 225°
;

the

mercurichloride, B . HCl . HgClg, forms silvery scales, m.p. 172° (dec.).

Cevadine gives no coloration with hydrochloric acid. With sulphuric

acid it becomes yellow, with a green fluorescence, then orange and slowly

crimson. Mixed with sugar and then moistened with sulphuric acid, a

deep green colour, changing to blue, is produced.

Cevadine contains neither a methoxyl nor a methylimino group
;

it

yields crystalline benzoyl and o-nitrobenzoyl derivatives, m.p. 255° and
286° respectively, and a methiodide, which decomposes at 210-2 °, and is

converted by silver oxide into cevadinemethylhydroxide.^® When warmed
with alcoholic soda, cevadine undergoes hydrolysis into cevine and angelic

and tiglic acids.^® When hydrogen chloride is passed into cevadine in

alcohol, ethyl tiglate and cevine are formed.^®

Cevine, CjvH^jOgN . 3 -5H20 , was first prepared by Wright and Luff,^

but was obtained crystalline by Freund and Schwarz.^® It forms triclinic

prisms, sinters at 155-160°, melts at 195-200°, [a]i> — 17-52° (EtOH),
reduces Fehling’s solution, and with alcoholic potash forms a characteristic

crystalline potassium derivative. The hydrochloride, B . HCl, crystallises

in needles, m.p. 247°
; the aurichloride has m.p. 162° (dec.)

; the methio-

dide, B . CH31 . 2H2O, is crystalline and melts at 257° (dec.), and from it

a base, C28H450gN . HgO, m.p. 277°, may be prepared, which Jacobs and
Craig (1988) regard as a phenolic (or enolic) betaine. Dibenzoylcevine,
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m.p. 195~6°, crystallises in large tablets ; diacetylcevine has m.p. 190®,

and di-(o-nitrobenzoyl)-cevine, m.p. 175®, [a]D — 54*7® (EtOH).^’ Cevine,

like its isomeride germine, contains eight replaceable hydrogen atoms.
On oxidation by hydrogen peroxide it forms cevine oxide, C27H 43O 9N.

Blount has shown that cevine on dehydrogenation by selenium at

270-330® gives rise to the two following products ;
—

Cevanthrol, crystallises from benzene in plates, m.p. 197-8®,

behaves as a phenol and gives an acetyl derivative, m.p. 138-9°. X-ray
analysis (Blount and Crowfoot indicates that it is a phenanthrene
derivative, with a hydroxyl group, possibly at

Cevanthridine, Craig and Jacobs propose for this substance the

formula C26H27N, in place of C23H25N adopted by Blount. It has m.p.
207®, jdelds a hydrochloride, m.p. 245° after darkening from 230®, a
picrate, m.p. 280-240°, and a methiodidc, m.p. 254 0 ° (B) or 268-270®

(C and J). With liydrogen in acid in presence of platinic oxide it

forms a tetrahydro-dcrivative, m.p. 158-9°, giving a hydrochloride

(de^comp. 280-295°), an acetyl derivative, m.]). 206-7°, and a p-bromo-
benzoyltetrahydrocevanthridine, m.p. 107-113°. An X-ray examination
indicates that cevanthridine may have a condensed ring structure with a

fourth benzene ring fused on at C’— C® or —C®. Craig and Jacobs

found that the ultra-violet absorption curve of tetrahydrocevanthridine is

very similar to that of a €1711^0 hydrocarbon produced in the selenium

dehydrogenation of cevine,

Jacobs and Craig have made an extended study of the selenium

dehydrogenation products of cevine and in addition to cevanthrol and
cevanthridine have obtained the following thirteen substances : Bases,

j
8-picoline, 5-methyl-2-ethylpyridine, 5-methyl-2-hydroxyethylpyridine,

base, CgHgON (picrate, m.p. 151-2°), base, CgH^gN (picrate, m.p. 150-1®),

base, CgoHjgN, m.p. 233-5° (methiodide, m.p. 285-290°), base, C26H25N,

m.p. 229-230° (methiodide, m.p. 295° (dec,) ).

Hydrocarbons, 4 : 5-benzohydrindene ; Ci 7Hi 0 , m.p. 167-9° (picrate,

m.p. 127-9°); C^gHig, m.p. 116-^®; CigHgo, m.p. 185-8°; C24H30,

m.p. 108-110°.

Oxygenated substance, C23H24O, m.p. 181-7°.

Comparisons of the ultra-violet absorption spectra of the four hydro-

carbons have been made with those of a series of condensed ring hydro-

carbons and it is tentatively concluded that they may be derivatives of

either c?/cZopentenophenanthrene or c^cZepentenofluorene.^® All four

hydrocarbons give a colour reaction in the Vanscheidt test.*®

On oxidation with chromic acid in dilute sulphuric acid,*’ cevine

produces an acid fraction, which on heating at 180® gives a good yield of

decevinic acid, Ci4Hi40 e, m.p. 273-8® (dec,), + 47‘6® (pyridine).

This with diazomethane gives a dimethyl derivative, CigHigOg, m.p.

165-6®, which under controlled conditions is hydrolysed by alkali to a

monomethyl derivative (A), CigHigOg, m.p. 128®. An isomeric mono-
methyl derivative (B), in which it is the other point that is methylated,

is obtained by methylating acetyldecevinic acid, CigHi0O 7 , m.p. 169-171®,
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to acetyldecevinic methyl ester, Ci7Hjg07 , m.p. 182-^°, and refluxing this

in methyl alcohol to produce monomethyl derivative B . Ci 5Hi<,O0 , m.p.
242-5"^. Neither the dimethyl nor the monomethyl derivative (A) can be

acetylated, so that one of the two points for alkylation is also a point for

acylation. On catalytic hydrogenation decevinic acid is reduced to a

lactone acid, C14H20O4 , m.p. 237-9°, giving a monomethyl ester, m.p.

127-8°. When decevinic acid is allowed to stand with two equivalents of

alkali, it loses carbon dioxide and forms an acid, m.p. 150-5°

(dec,), which is dibasic, gives no colour with ferric chloride and when
distilled or heated with alkali yields a ketolactone, CjgHjgOg, m.p. 165-8°,

— 50° (CHCI3), giving an oxime, m.p. 194-5°. When decevinic acid

is heated with sulphur at 800°, it is converted into 2-hydroxy-l : 8-naphthoic

anhydride.

Fractionation of the methyl esters of the crude fraction of oxidation

acids, provided evidence of the presence of five acids including probably

methylsuccinic acid with some succinic acid. A tetramethyl ester,

C14H22O 8 , m.p. 65-6°, + 22 * 0° (MeOH), gave on hydrolysis a hexane-

tetracarboxylic acid, m.p. 170-5°, which on distillation at 230°/0*2 mm.
gave the dianhydride, CjoH^oOg, m.p. 154-160° (dec.), + 67° (acetone),

and a ketomonoanhydride, C9H10O4 , m.p. 115-8°, [a]ff* + 128° (acetone).

For this acid the formula [HOOC . CMe . CH2 . COOHJg was suggested,

but it has recently been found that identity with the meso-, dl-, or Z- form
of the acid of this formula, synthesised for comparison as the methyl

esters, could not be established (Heubner and Jacobs, 1947).^’

An acid, CiiHjgOg, m.p. 145-8°, possibly a heptanetetracarboxylic acid,

is also present. There was also obtained a viscous trimethyl ester, Ci7H240g,
hydrolysed to an acid, Ci 4Hig08, which was not isolated, but on sublima-

tion yielded decevinic acid and is therefore regarded as the precursor of

that acid (see above) for which it is not yet possible to suggest a formula.

Two basic products were also isolated from the original oxidation mixture
;

they both behave as lactams and may be a methylpyrrolidone, C 5H9ON,
m.p. 58°, and a methylpiperidone, CgHuON, m.p. 84-7°.

Veratridine (amorphous veratrine), CggHgiO^N. This alkaloid, probably
identical with Schmidt and Koppen’s “ water-soluble amorphous vera-

trine ” ** and with the amorphous veratrines of Wright and Luff ^ and
G. Merck,^was named veratridine by Bosetti.^ Its isolation from commercial
“ veratrine ” has been described by Blount.** It is a colourless powder,
m.p. 160-180°, fa]!*** + 8 * 0° (EtOH). The sulphate, B . HgSOg . OHjO,
forms colourless, silky needles, which resinify on drying in air. The
nitrate is sparingly soluble in water. The alkaloid remains colourless in

hydrochloric acid, becomes orange-red, and finally crimson with a blue

fluorescence in sulphuric acid ; mixed with sugar and moistened with
sulphuric acid it changes in succession to green, blue and dirty purple.

On hydrolysis by alkalis in alcohol it yields veratric acid and verine,*’

whose identity with cevine was established by Blount,^* who also made
the necessary alteration of the formula of veratridine from to

C„H„0„N.
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CevadiUine (Sabadilline), C34H53O 8N, is the amorphous residue, insoluble

in ether, obtained in the purification of cevadine. When warmed with
alcoholic soda, tiglie acid and cevilline, C29H47O 7N, are formed (Wright and
Luff.i)

Sabadine, C^gHgjOgN, isolated by E. Merck,^ crystallises from ether in

needles, m.p. 238'-240° (dec.). The hydrochloride, B . HCl . 2H2O, has
m.p. 282-4° (dec.), the nitrate, B . HNO 3 ,

is sparingly soluble in water,

and the aurichloride, B . HAUCI 4 ,
forms golden-yellow needles.

Sabadinine, also obtained by E. Merck,^ was shown by Hess and
Mohr to be eevine.*®

White and Green Helhhores. The contradictory information recorded

regarding the alkaloids of these drugs since Pelletier and Caventou isolated
“ veratrine in 1820, was reviewed by Wright and LijfF,i who also described

methods for the isolation of tlie various alkaloids, which have been modified

or added to by Salzberger,® Bredemann,** Saito, Siiginome and Takaoka,^®

and more recently by Poethke,^ who has estimated and made a special

study of the distribution of the various alkaloids in the organs of white

hellebore grown in Bavaria and Jugoslavia.^ From this material he
isolated jervine, rubijervine, protoveratrine and a new alkaloid germerine.

Protoveratridine is not, as Salzberger suggested, a decomposition product

of protoveratrine, but is produced from germerine during extraction by
Salzberger ’s methiid. j/f-Jervine was found in the rhizomes, but in no
other organs of the plant as collected in Upper Bavaria. Christensen and
McLean have described a biological method for the assay of green

hellebore, and additions to the known alkaloids of that species have been

made by Seiferle ei al.^ and by Jacobs and Craig.®’^ A detailed account

of an extraction of white hellebore has been published by Manceau et

Jervine, C27H39O3N, was first obtained by Wright and Luff^ (1879).

They assigned to it the formula . 2H2O, which was altered to

that given above by Jacobs and Craig.^^ It crystallises in stellate groups

of prisms, m.p. 248-244’ 5° (W. and L.), 241° (Bredemann), 244-6° (J. and
C.), — 147° (EtOH). The hydrochloride, B . HCl . 2H2O, has m.p.

308° (W. and L.) or 830-4° (dec.) with a change in crystalline form at 280°

(J. and C.)
;
the hydriodide has m.p. 302-5°

;
the nitrate and aurichloride

are both crystalline and the picrate melts at 274-284° (Seiferle ®). Jervine

dissolves in sulphuric acid to a yellow solution, which becomes green onwarm-
ing or on standing. Jacobs and Heubner®^ state that with jervine and iso-

jervine (p. 707) two active hydrogens are found at atmospheric temperature,

due to a hydroxyl group and a secondary nitrogen, and at 95° two more
are recorded and doubtfully attributed to hindered ” hydroxyl groups.

Jervine yields a nitroso-derivative, m.p. 251-2° (dec.), a N-acety\ deriva-

tive, m.p. 161-2°, and, with boiling acetic anhydride, a diacetyl derivative,

m.p. 176-7°. On treatment with aluminium ^^i-butoxide it is converted

into A*-jervone, Cj^Hs^OsN, m.p. 198-4°, [a]?f° + 28-8° (EtOH), which

yields an oxime, m.p. 287-9°, and is reduced by aluminium isopropoxide

to A*-jervine, Ca 7H3,OjN . HgO. This melts over the range 208-211°, and
gives a deep reddish-purple colour with trichloroacetic acid

; its ultra-

PLANT ALK. 28
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violet absorption curve indicates that the isomerisation has not greatly

disturbed the chromophorically active feature of the jervine molecule,

nor the A“^-k^tonic type of absorption. The hydroxyl group of jervine is

believed to be at and it is considered that A^-jervine may be a mixture

of 3-a and epimerides, but as it does not give a sparingly soluble

digitonide separation was not attempted. The absorption spectrum of

A^*jervone is similar to those of A^-solanidone (p. 668
)
and rubijervone

(p. 708), but A^“jervone is more strongly absorbent and its formation is

taken to indicate a 3-hyclroxy- A®-structure for jervine. On hydrogenation

in alcohol, in presence of platinic oxide, jervine yields dihydrojervine,

C27H41O3N, which crystallises solvent-free from acetone with m.p. 248

251®, [ajf®* — 82® (EtOH), forms a JV'-acetyl derivative, C29H43O 4N, which
melts at 157-9® and re-mclts at 256-9®, and a diaeetyl derivative, m.p.

210- 2 °. A tetrahydrojervine, m.p. 216-221®, [a|?®" — 18® (EtOH), is

formed when either jervine or its dihydro-derivative is hydrogenated in

acetic acid : its A-acetyl derivative has m.p. 266-9® and the ultra-violet

absorption spectrum indicates that the carbonyl group is still present

though no oxime could be prepared. Jervine, on reduction by sodium in

butanol produces a so-called tetrahydrojervine, which is in reality

a-dihydrojervinol, C27H 43O 3N, m.p. 223-5®, — 107® (EtOH). Wlien
dihydrojervine is similarly reduced,

j
8-dihydrojervinol, m.p. 286-9®,

[a]??** — 4 ® (EtOH), is formed, and this in turn can be hydrogenated in

acetic acid to tetrahydrojervinol, C27H45O3N, m.p. 293-6®, -j- 48*5°

(EtOH), which is also obtained when tetrahydrojervine is reduced by
sodium in butanol. In these reactions it is thought that the A^-double
bond has been saturated in dihydrojervine, and that the carbonyl group
is reduced in the formation of the jervinols.

Jervine proved resistant to hydrogenation and in acetic acid

only a trace of a product, C27H45O2N (hexahydrodeoxy/sojervine), m.p.
163-5® or 218-220® {solvent-free), -f 26® (solventfr^e

; EtOH), could

be obtained ; in this reaction the double bonds seem to have been
saturated and the oxygen atom of the carbonyl or hydroxyl group lost

;

the substance may equally well have the formula C27H47O2N. On reduc-

tion with sodium in butanol ?>ojervine yields dihydro i,9ajervinol,

C27H48O3N . H2O, m.p. 135-140®, [oiff + 84® {dry ; EtOH). ?>oJervine

changes rapidly in alkaline solution. On acetylation, A^-acetyl/^ojervine,

m.p. 202-3®, is formed and on further treatment, JV-acetylwojervine
diacetate (triacetylwojervine), C 33H45O 3N, m.p. 192-3®.

A formula is tentatively suggested for jervine, based on the formula
for sapogenin (IV, p. 665) with the following changes : CO at ethylenic

linkages, A® and A’, and the oxygen of the six-mernbered heterocyclic ring

at the extreme right changed to NH. Alternative structures for the side-

chain are also discussed, especially in relation to the isomerisation of

jervine to wojervine (p. 707).

On selenium dehydrogenation at 840® jervine, like cevine, yields three
types of products.®*

Bases. 5-Methyl-2-ethylpyridinc.
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CgH^ON, m.p. 145-7°, possibly 5-methyl-2-ethyl-8-hydroxypyridine.

Hydrocarbons, C14H14 , m.p. 87-9°, possibly a methyl-4 : 5-benzo-

hydrindene.

C20H22 , m.p. 79°
;
C24H30 , m.p. 100-1°

; C2iH24 , m.p. 70-81°. These
three hydrocarbons have absorption spectra curves very similar to that

provided by the hydrocarbon from cevine (p. 703) and like it give

the Vanschicdt colour test
;

they are provisionally regarded as homo-
logues of a tetracyclic fluorene, possibly a ci/e/opentenofluorene.

C20H13 , m.p. 125-7°
; C22H20, m.p. 154 5°. This pair appears to be

pentacyclic. Both hydrocarbons give a moditied Vanschiedt test. Their

absorption curves are quite unlike those characteristic of the cevine

hydrocarbons, the difference being due probably to the additional, aromatic

ring and in conjfimiation of this, their absorption curves are strikingly

similar to that of 1 : 2-bena5oflu0rcne, of which they may be homologues.

Pseudojervine, wa^ first obtained by Wright and Luff,^

and later by Salrberger.® It crystallises from alcohol in hexagonal tablets,

m.p. 30(1-7° (dec,), and has [a]?®'" — 139° (CHClg).^ It dissolves with a

green colour in sulphuric acid. The hydrochloride, B . HCl . 2H2O,

m.p. 254r-6° (corr., dec.), and sulphate are crystalline, but the aurichloride

is amorphous. The formula, C 33H 40O 8N, is due to Poethke,* who further

found that the alkaloid is a secondary base, giving a nitroso-derivative,

m.p. 261°, and contains five replaceable hydrogen atoms. Jacobs and
Craig ® confirmed this formula and showed that on j^oiling with dilute

hydrochloric acid pseudojervine is hydrolysed to d-glucose and an isomeride

of jervinc, which has been named isojervirw. The latter crystallises with
solvent, c.g., C27H39O3N . CHCI3, softens 135-150°, or B . EtOH, m.p.
114-6° (dec,). The acetone-form, B . CgHgO, has m.p. 110-4°, — 82°

(EtOH). Jervine (p. 705) is converted into iifojervine on standing for a
short time in methyl alcohol saturated with hydrogen chloride, and this

isomerisation no doubt occurs in the acid hydrolysis of pseudojervine.

Dihydropseudojervine on hydrolysis yields glucose and dihydrojervine.

Veratrosine, C33H49O7N, accompanies pseudojervine in V, viride. It

has m.p. 242-3° {dec,), [a]ff’ — 58-0° (EtOH + CHC^), and on hydro-

lysis by boiling, dilute hydrochloric acid furnishes d-glucose and veratra-

mine.®

Veratramine, C27H39O2N, occurs naturally in V, viride and V, grandi-

florum ^ and is also formed by the hydrolysis of veratrosine.® It has

m.p. 209-210*5°, [a]?/’— 68° (MeOH), and yields a dihydro-derivative,

m.p. 198-200°, and a triacetyl-derivative, m.p. 204-6°, which on controlled

hydrolysis leaves a ^-acetyl derivative, m.p. 177-180°. According to

Saito, veratramine on treatment with methyl iodide in methyl alcohol in

presence of sodium carbonate, yields iV-methylveratramine methiodide,

m.p. 268° {dec,), from which the methochloride, m.p. 277°, can be prepared.

Rubijervine, C27H43O2N, first obtained by Wright and Luff^ and
subsequently prepared by Salzberger ® and by Bredemann ® has been
re-examined recently by Jacobs and Craig,* who have replaced Wright
and Luff’s formula, Ca^HijOgN, by that given above. The alkaloid



708 STEROIDAL ALKALOID^ GROUP

crystallises from alcohol in needles, m.p. 240-2®, + 19* 0° (EtOH).
It was shown by Poethke ^ to be a tertiary base, probably containing both

oxygen atoms as hydroxyl groups. The hydrobromide has m.p. 265-270°

and the hydriodide, m.p. 293-6°. The diacetyl derivative melts at 160-3°.

On hydrogenation rubijervine yields a dihydro-derivative, m.p. 222 °,

from which a diace^tyl derivative, C 3iH 4g04N, m.p. 216-9°, was prepared.®^

The alkaloid dissolves in sulphuric acid with a yellow colour passing into

reddish-brown. Warmed with hydrochloric acid, it gives a reddish -violet

coloration. It does not yield an acetonyl compound.
On selenium dehydrogenation at 340° rubijervine yields 5-methyl 2-

ethylpyridine, and a relatively large fraction of a hydrocarbon, CigHjg,

m.p. 74-7°, which gives a picrate, m.p. 131-2°, and a iS^m-trinitrobenzene

additive compound, m.p. 144-5°. This hydrocarbon is regarded as an
isomeride of Diels’s methylc^ycZopentenophenanthrene, the characteristic

dehydrogenation product of the sterols, because of the close similarity of

its ultra-violet absorption curve to that of 1 : 2 -c
2/cZopentenophenanthrene

and its resemblance to a-methyl-1 : 2-c^r/opentenophenanthrene which has

m.p. 76-7° and forms a trinitrobenzene derivative, m.p. 143-4°. A third

product of the action is a phenol, CigHigO, m.p. 136-8°, which may be a

hydroxyl derivative of the hydrocarbon. The probability that the

CigHiQ hydrocarbon is a c,//cZopentenophenanthrene brings rubijervine into

relationship with solanidine, which yields Diels’s hydrocarbon on dehydro-

genation and has-been assigned^ a structure of the normal sterol type.

Rubijervine should therefore undergo sterol reactions and it has been found

that, like solanidine, it can be converted, by either the Sexton or the

Oppenauer process,^^ to the corresponding ketone, rubijervone, ^27H4
i
02N,

m.p. 205-9°, -f 100 ° (EtOH), yielding an oxime, m.p. 160°, re-melting

at 247-254°.^® The ketone is reduced by sodium wopropyl oxide to the

corresponding epimeric alcohols,®"^ from which in solution in ether there

separated the sparingly soluble epialloTuh\}ervine, C27H43O2N, m.p. 228—

231°, [ajp®** -f 63° (EtOH). From the remaining mixture the digitonide

was precipitated and from it was recovered the epimeride, oZZorubijervine,

C27H43O2N . HgO, m.p. 176-8°, [ajff*" + 40° (EtOH). The mixture and both
epimerides gave Rosenheim’s colour reaction with trichloroacetic acid.®®

Comparative surface film studies have also been made with rubijervine,

t^orubijervine {see below), diacetylrubijervine and solanidine, and the results

indicate that solanidine has approximately the same molecular dimensions

as rubijervine.®®

tVaRubijervine, C27H43O2N. This alkaloid was found by Jacobs and
Craig, accompanying rubijervine, in working up the benzene-soluble frac-

tion of the alkaloids of Veratrum alburn,^ and was later isolated from V.

viride,^^ It crystallises with solvent, from hot alcohol, by rapid cooling,

in needles, and then melts at 218°, or slowly in anhydrous prisms, with

m.p. 241-4°, [ajff** -f 9*4° (EtOH). The dihydro-derivative has m.p. 244°.

The hydrobromide sinters above 275° and slowly resinifies at 290-5°. It

precipitates with digitonin and can be dehydrogenated by either the

Sexton or the Oppenauer process®® to the corresponding ketone. i«o-
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rubijervone, C27H4i02N, m.p. > 250°, [a]?/" +111°, which yields an
oxime, m.p. 250-4° {dec.), and is reduced by aluminium tVopropoxide to

the corresponding epimeric alcohols.^® From the digitonide prepared

from the mixture aZ/oi^forubijervine, m.p. 250-1°, [a]ff“ + 63° (CHCI3),

was recovered. Like the mixture of epirnerides it gives the Rosenheim
colour reaction with trichloroacetic acid.

The selenium-dehydrogenation products of ^^^>^ubijervine have not

yet been fully examined, but the two structurally significant products,

5-methyl-2-ethylpyridine and a hydrocarbon, m.p. 135-6°, yielding

a picrate, m.p. 134-5° and a 1 : 3 ; 5-trinitrobenzene addition compound,
m.p. 165-6°, which identify it as 1 : 2-c2/clopentenophenanthrene, indicate

for ^5^)^ubijervine, as for rubijer\dne, a normal sterol structure, for the

non-nitrogenous portion of tlr' molecule.®®

Protoveratrine, v>aN tirst isolated by Salzberger ® and
re-examined by Poothke.* It has recently been investigated by Jacobs

and Craig,*® to whom the above formula is due and who describe it as

crystallising from alcohol in platelets and decomposing at temperatures

varying from 275° to 288°, depending on the rate of heating ; it has

W?7* **“ (pyridine). The following data are mainly due to Poethke.

The base has [a]f®“ — 9 . 1 ° (CHCI 3 )
and dissolves in sulphuric acid, giving

a blue colour passing into violet on warming. Hydrochloric and phosphoric

acids on warming give a cherry-red solution, which develops an odour
of wobutyric acid. The hydrochloride, B . HCl . HgO, forms small tablets,

m.p. 234-6° (dec.)

;

the hydrobromide, B . HBr . 8H2O, melts at 230-2°

{dec,)
;
the picrate at 216-220° {dec.) ; and the aurichloride at 199° {dec.).

Poethke shows that on alkaline hydrolysis protoveratrine yields

acetic, Z-methyiethylacetic and methylethylglycollic acids and the alkamine

protoverine. It is therefore a triacyl ester of protoverine.

Protoverine and z.soProtoverine, C27H43O3N. Protoverine was first

obtained crystalline by Jacobs and Craig,*® who showed that woprotoverine

is also formed in the alkaline hydrolysis of protoveratrine, by the further

action of the alkali on protoverine. The latter crystallises with solvent,

e.g., B . 2MeOH, softens gradually to an effervescing resin at 195-200°,

— 12 ° (pyridine)
;
B . HgO has m.p. 210 -6 °. In presence of hydro-

chloric acid and acetone protoverine forms aeetonylprotoverine hydro-

chloride, C30H48O2NCI, m.p. 278-281° {dec.), from which the free base,

m.p. 258-6° {dec.), can be recovered by the use of sodium carbonate. It

contains seven replaceable hydrogen atoms
; two more must be engaged

in the acetonyl combination, which agrees with the nine replaceable

hydrogens found for protoverine, and accounts for the nine oxygen atoms

of the latter as hydroxyl groups. Protoverine .could not be catalytically

hydrogenated but is reduced by sodium in boiling butyl alcohol to a

dihydro-derivative, which does not melt but begins to decompose above
800°, has [a]^* — 54° (pyridine) and in view of the action of alkali may
be a derivative of either protoverine or its isomeride.

i^oProtoverine crystallises, without solvent, from methyl alcohol

;

it begins to decompose above 240°, effervesces at 264°, and has [a]^" — 48®
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(pyridine) ; it combines with acetone but the product could not be crystal-

lised. Unlike its isomeride, woprotoverine can be hydrogenated, forming a

dihydro-derivative, which crystallises with solvent, C27H45O9N . 2MeOH,
slowly decomposes at 315-820° and has [a]?®*" — 49° (pyridine). The
products of selenium dehydrogenation of protoveratrine have been

described by Craig and Jacobs (1942) ; they include the three acids

already mentioned as hydrolytic products, 5-methyl-2-ethylpyridine,

2 ; 5-dimethylpyridine, a base, CgH^ON, giving a picrate, m.p. 114-7°,

with cevanthridine (p. 703) and probably cevanthrol. These products

indicate that protoverine has a ring structure similar to that of cevine.

ProtoveraWdine, C32H51O 9N. Poethke ^ has shown that, as Salzberger

suspected, this alkaloid does not occur naturally, but is formed from
gernierme by loss of a molecule of methylethylgl3^collic acid in Salzberger’s

process of extraction. It forms glancing crystals, m.p. 266-7° {dec.)^

and yields a crystalline hydrochloride, m.p. 243-5° (dec,), picrate, m.p.

244-6° (dec,), aurichloride, and platinichloride, m.p. 195-200° (dec.). On
alkaline hydrolysis protoveratridine yields Z-methylethylacetic acid, and
germine, also formed by the alkaline hydrolysis of germerine (see below).

The alkaloid gives a red colour with sulphuric acid and a carmine-red

colour with hydrochloric acid, an odour of i^obutyric acid bdng developed

on warming.

Germerine, C37H590iiN. This alkaloid was isolated from Veratrum

album by Poethke,^ who assigned to it the formula C89H57O11N, which has

to be altered to that given above to accommodate the new formula found

by Craig and Jacobs for germine (see below). It crystallises from benzene

in leaflets, m.p. 193-5° (dec,), -f 10- 8 ° (CHCI3), and fornas well-

crystallised salts : hydrochloride, B . HCl . 2H2O, needles, m.p. 215°

((fee.) ;
hydrobromide, B . HBr, needles, m.p. 212-3° (dec,) ; acid sulphate,

B . H2SO4 ,
leaflets

;
picrate, m.p. 186-7° (dec.). The aurichloride is

amorphous. Germerine with strong sulphuric acid gives a colourless

solution which becomes carmine-red on standing or on warming, and with

Frohde’s reagent it slowly produces a reddish-violet colour, whereas proto-

veratridine is at once coloured violet by this reagent. On alkaline hydro-

lysis germerine gives germine, Z-niethylethylacetic acid and methylethyl-

glycollic acid. On standing with an aqueous solution of barium hydroxide

germerine is converted into protoveratridine (see above) by loss of 1 mol. of

methylethylglycollic acid.

Germine, Ca7H4308N. This alkaloid is produced by the hydrolysis

of either germerine or protoveratridine, but it also occurs naturally

in white and green hellebores. It was first obtained by Poethke ^ and
has been investigated recently by Craig and Jacobs,^ who have altered

Poethke’s formula, CaeH4i08N, to that given above, which makes it iso-

meric with cevine (p. 702), a base it closely resembles in several respects.

Craig and Jacobs prepared their alkaloid by saponifying the mixture of

amorphous alkaloids left after the removal of all directly crystallising bases

from the total alkaloids of V. album, and separating it from the associated

alkamines, rubijervine, wrubijervine and isogermine so produedd. Germine
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crystallises with solvents, e.g., from methyl alcohol, as B . 2MeOH, in

prisms, effervescing at 168-178° and finally melting at 220 °
; [a]f®° + 5^

(EtOH), or + 21 * 1 ° (dil. acetic acid). The aurichloride, B . IIAuCl4 ,

forms golden-yellow leaflets : the picrate sinters at 175® and decomposes
at 190-205®. The amine oxide crystallises in needles, m.p. 249® {dec,).

Germine, like cevine, contains eight replaceable hydrogen atoms. In pre-

sence of hydrochloric acid it combines with acetone to form acetonyl-

germine hydrochloride, C 3QH47O 8N . HCl, platelets gradually shrinking

above 255® to a resin, m.p. 275® (dec.). The free base recovered from the

salt melted gradually at 235-9° {dec.). It has not been possible to hydro-

genate germine, but it is reduced by sodium in boiling butyl alcohol to

dihydrogermine, C27H45O 8N, which resinifies >258® and melts at 265®;

[a]^* — 57® (pyridine). This still (contains eight replaceable hydrogen
atoms and yields a hydrochloride, uj.p. >265® {dec.)P On oxidation with

chromic acid germine yields the hexanetetracarboxylic acid, isolated as

the tetramethyl ester, m.p. 63 4®, [ajff" + 21 ® (MeOH), already obtained

from cevine, but no decevinic acid could be obtained from the

oxidation acids. On dehydrogenation with selenium at 340® germine, like

cevine, yields jS-picoline, 5-methyl-2-ethylpyridine, cevanthrol and
cevanthridine. A hydrocarbon provisionally formulated as CigHig, m.p.

160-7®, was also obtained.

i9oGERMiNE, C27H43O 8N. This was found by Craig and Jacobs ^ in

the chloroform mother liquors from the crystallisation of germine, and
is produced by the action of sodium hydroxide in methyl alcohol on ger-

mine.^ It crystallises from methyl alcohol without solvent and then

darkens >245®, sinters >250® and melts at 260®
; [a]|f“ -- 46*5® (EtOH).

In presence of platinum oxide as catalyst in methyl alcohol, it hydro-

genates to dihydrouogermine, which darkens >265° and melts at 277-8®

{dec.) ;
[a]^" — 61® (pyridine). The dihydro-base still contains eight

replaceable hydrogen atoms.®®

Structure of the Veratrum Alkamines. These substances, with the

exception of jervine (p. 705), are all tertiary bases containing one ethylenic

linkage and having all their oxygen atoms in the form of hydroxyl groups.

On selenium dehydrogenation they all yield as one basic substance,

5-methyl-2-ethylpyridine. The hydrocarbons produced in this reaction

are mainly of two types, cz/eZopentenofluorenes and cz/eZopentenophen-

anthrenes. Recognition of the former type is based mainly on the evidence

of ultra-violet absorption curves, e.g.^ the hydrocarbons C17H18 from
cevine (p. 708) and CaoH22, C24H30 and possibly CaiH24, all from jervine

(p. 707), give curves closely resembling that of fluorene and are regarded

as probably homologues of a tetracyclic fluorene, possibly a eyeZopenteno-

fluorene (I), while a second set, represented by CgoHje and CgaHjo from
jervine, may be homologues of either 1 : 2 - or 2 : 8-benzofluorene.®® For
this type of veratrum alkamine, which includes cevine, germine and
protoverine, Jacobs and Craig " have proposed the nuclear structure (II)

of which the teterocyclic portion needs modifleation to accommodate
the secondary base jervine, for which the partial formula (Ila) was
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suggested. Formula (II) explains the formation of the supposed hexane-

tetracarboxylic acid (COOH . CMe . CHg . COOH)2 ,
resulting from the

oxidation of cevine (p. 704) or germine (p. 711) by oxidativ^e scission of

rings {a) and {h) at the points indicated, but as it has since been found

(Huebner and Jacobs ^’) that this acid has not the structure suggested

it is now thought that, as in rubijervine and zsorubijervine, in this

type of veratruhi alkamine the normal sterol system of rings is also

present. Rings {e) and (/) account for the production of 5-methyl-2-

ethylpyridine and though the points of attachment have not been proved,^®

their location at and is supported by the formula assigned to solani-

dine (p. 665), and this alkamine also yields 5-methyl-2-ethylpyridine on
selenium dehydrogenation.^^

In the 1948 paper a more detailed discussion of the formula is given

with a suggestion for a possible mode of formation for cevanthridine, and
for possible location of the hydroxyl groups, one of which in rubijervine and
^5orubijervinc is placed at as in solanidine, to aeeount for the formation

of sparingly soluble digitonides. This is also considered a certain position

for one hydroxyl group in the other veratrum alkamines. In cevine there

are possibly hydroxyl groups at C®, and If the formation of

the hexanetetracarboxylic acid by oxidation of cevine or germine is

correctly interpreted, there cannot be hydroxyl groups at C^, C® or C^.

There is at present no definite evidence as to the position of the ethylenic

linkage in these bases.

t^oRubiJervine and rubijervine, like the other veratrum alkamines,
yield 5-methyl-2-ethylpyridine on selenium dehydrogenation, but the
two significant hydrocarbons formed in this reaction are from the former,
the 1 : 2-{^rfopentenophenanthrene (III : R = H) synthesised by Ruzicka
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et aL^ and from the second a methylci/c/opentenophenanthrene, which is

possibly identical with a methylc^/cZopentenophenanthrene (III : R = CHj),
also synthesised by Ruzicka et al,^^ The formation of these ci/c^openteno-

phenanthrenes suggests that rubijervine and its isomeride have a normal
sterol structure, in which case they might be expected to yield, like

solanidine and solasodine (p. 666), y-methylc^c/opentenophenanthrene ^
(Diels’s hydrocarbon). Support for the sterol type of formula for rubi-

jervine and its isomeride is provided by the fact that, as already described

(p. 707) they undergo a transition analogous with that of cholesterol vid

cholestenone to alio- and epiallo-choiesteroh, A similar transformation

could not be effected with cevine. Further, rubijervine and i^yorubijervine,

alone among the veratrurn alkamines, but in common with solanidine,

form sparingly soluble digitonides. They arc therefore regarded as having
a nuclear riiig system (IV) like that of solanidine and which differs from
that (II) of the other veralrum alkamines by the enlargement of

ring (b) from 5 to 6 carbons afid the elimination of the angular methyl
at C®.

Biological Work on Veratrurn Alkaloids, Much of the early pharma-
cological work on thest: alkaloids was done with “ veratrine,” the mixture

of alkaloids obtained from sabadilla seeds and consisting largely of

veratridine and e’evadine with a small amount of cevine, and it is only

recently that the individual alkaloids have been used. The ester alkaloids

cevadine, germerine, protoveratridine, protoveratrine and veratridine

vary in activity but in general are more potent pharmacologically than the

alkamines cevine, germine, jervine, protoverine and rubijervine. The
intravenous L.D./50 dose, mgm./kilo, for mice of protoveratrine is 0’048

and of its hydrolytic alkamine, protoverine, it is 194 : the corresponding

figures for cevadine and its alkamine, cevine, are 1-0 and 87-0 respectively,

and for the alkamines jervine and rubijervine 9*8 and 70-0 respectively.

Protoveratrine is much the most toxic alkaloid of the series.

Neither the drugs yielding these alkaloids nor the alkaloids themselves

are now recognised iti the British or United States Pharmacopoeia, but

the drugs still appear in non-oflicial publications along with “ veratrine,”

which may be either amorphous, i.e,, the mixture already referred to, or

crystalline, i,e., the alkaloid cevadine.

It is customary to regard “ veratrine,” aconitine and delphinine as a

group of poisonous alkaloids, exhibiting considerable similarity in action.

“ Veratrine ” stimulates the sensory nerve endings and when applied to

the skin gives rise to pricking sensations, and in contact with the mucous
membrane of the nose induces violent sneezing. The individual ester

alkaloids of the group cause a decrease in rate of respiration and in this

respect there seems to be little difference between cevadine, germerine and
veratridine. Small doses of the ester alkaloids lead to vasodilatation and
fall in blood pressure. This effect is also produced by jervine in large

doses, but not by cevine. It is accompanied by decrease in heart rate and,

especially after veratridine, by a decrease in rate and depth of respiration.

In view of the ^cumulating evidence of structural similarity between the
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cardiac glucosides and the veratrum alkaloids, special interest attaches

to the action of the latter on the heart. According to Krayer and Acheson/*

the major effects are (1) a positive inotropic action, (2) a moderate change

in sinus rate, (8) the production of irregularities, and (4) prolongation of

the beat.

The most interesting effect of the ester alkaloids is their action on the

skeletal neuromuscular system, first observed by Bezold and Hirt in 1867,

and described by Krayer and Acheson as follows :
“ Veratrine renders

certain tissues capable of responding to brief stimuli in a characteristically

prolonged manner. These responses we designate as veratrine responses.

Instead of the normal single all-or-none impulse, the tissues exhibit a

repetitive response consisting of a series of all-or-none impulses, which
long outlasts the stimulus. The prolonged veratrine response is therefore

similar to the after discharge observed in some reflex systems. The vera-

trine response is found in all varieties of nerve and skeletal muscle, which
have been tested. The phenomenon has been observed in the heart only

in special circumstances. It occurs in a number of non-striatcd, inverte-

brate muscles, but its occurrence in vertebrate smooth muscle has not

been established.” Much pharmacological work has been done on “ vera-

trine,” and since individual veratrum alkaloids have become available,

much progress has been made in the investigation and interpretation of

the action of these substances. In their comprehensive monograph on
“ The Pharmacology of the Veratrum Alkaloids,” Krayer and Acheson
review the whole of this work and discuss in detail the views and theories,

which have been evolved as to the mode of action of these bases. The
monograph includes an exhaustive bibliography. There has been recently

some revival of interest in the treatment of eclampsia by preparations of

green hellebore.^^^®^

In the intensive search of recent years for insecticides, it was natural

that the veratrum group should receive attention, as white hellebore

( Veratrum album) and sabadilla seeds have long been used for the destruc-

tion of insect pests. Methods for the evaluation of insecticides have been
worked out by Jaretzky and Janecke,^^ ^nd by Allen, Dicke and Brooks,
and have been used for preparations of sabadilla and its alkaloids. Accord-
ing to Ikawa, Dicke, Allen and Link,*® veratridine in kerosene is highly

toxic to the house-fly and cevadine and the residual mixed alkaloids of

sabadilla less so, though they are effective “ knock-down ” insecticides

and are more potent than the pyrethrins. Cevine is not toxic. For some
insects cevadine is more toxic than either ** veratrine ” or veratridine.

Ground sabadilla seed has also been used alone or mixed with slaked lime,*’'

and is stated to have a considerable range of activity against insect

parasites. Alkaloidal extracts of Veratrum viride (American hellebore)

were found to be highly toxic to the American cockroach,® Periplaneta

americana, but individual alkaloidal components of this drug, jervine and
^-jervine were not toxic and germine only partly toxic

; the results indicate

the presence of another and more toxic alkaloid such as germerine. ifk

useful summary of information on sabadilla as an insecticide has



VEMATRVM ALKALOIDS 715

published in the Bulletin of the Imperial Institute, which also provides each

quarter a bibliography of insecticides of vegetable origin/®

REFERENCES

(1) The first systematic investigation of all three species was made by Weight
and Luff ; sabadilla, J. Chem. Soc,, 1878, 33, 338 ; white hellebore, ibid,, 1879, 35,

405
;
green hellebore, ibid,, 1879, 35, 421. See also Bosetti, Arch, Pharm,, 1883, 221,

82 ,* G. Merck, Annalen, 1855, 95, 200 ; E. Merck, Chem, Soc,, Abstr., 1891, 60, 844.

(2) Jacobs and Craio, J, Biol, Chem,, 1948, 148, 41. (3) Salzberoer, Arch, Pharm,,
1890,228,402. (4) Poethke, iWd., 1937, 275, 357, 571 ; 1938,276,170. (5) Seifeele,
Johns and Hicvardson, J, Econ, Entom., 1942, 35, 85. (6) Jacobs and Craig, J,

Biol, Chem,, 1944, 155, 565. (7) Saito, Bull, Chem, Soc, Jap,, 1940, 15, 22 ; Jacobs
and Craig, J. Biol, Chem., 1945, 160, 555. (8) Apoth, ZeU,, 19(m, 21, 41, 58. (9)

“ Die
Fabrikation der Alkaloide,” Berlin, 1927. (10) “ Die Pflanzenstoffe.” Jena, 1929 ;

Saito. ^ (11) GsriENER, Pharm, Zdt,, 1932, 77, 609 ; Jacobsen, Dansk, Tids, farm,,

1935, 9, 302 ; KOeschner and Immenkaw, Pharm. Zent,, 1936, 77, 458 ; Ducommun,
Pharm, Acta Heiv., 1936, 11, 322 ; Novo8^> ’tseva and Mogie^skii, Farmatsiya, 1945,

8, 30 (Chem, Abstr,, 1947, 41, 3258). (11«) Hummelsheim, Arch, exp. Path, Pharm,,

1983, 172, 227 ;
Christensen and McLean, J, Amer. Pharm, Assoc,, 1936, 25, 414 ;

ViEHOVER and Cohen, Amer, J. Pharm,, 1939, 111, 86 ; Cohen, ibid,, p. 240 ; Wu.
BuM, Nat, Perm, Comm, U.S.A., 1947, 15, 74. (116) Manceau et al,, Ann, pharm,

franc,, 1945, 3, 11. (12) Jaretzky and Janecke, Arch, Pharm,, 1940, 227, 84, 82;
Lindewald and Streubert, Suddeut, Apoih, Zeit,, 1942, 82, 59 ; Allen, Dicke and
Brooks, Soap, 1948, 19, No. 4, 99, 121 ; Seiferle et al,^ (18) Swanson and Har-
greaves, J, Amer, Pharm, Assoc,, 1930, 19, 122. (13a) Dansk, Tids, Farm,, 1945,

19, 222. (14) Annalen, 1877, 185, 224. (15) Ber„ 1890, 23, 2700. (16) Cf, Freund
and ScHWAiaz, ibid,, 1899, 32, 800. (17) Macbeth and Robinson, J, Chem. Soc.,

1922, 121, 1574. (18) Frankforter, Amer, Chem, J,, 1898, 20, 361. (19) Horst,
Chem. Zeit,, 1902, 26, 334. (20) J, Biol, Chem,, 1938, 125, 625. For previous papers

see, ibid,, 1937, 119, 141 ; 120, 447; 1938, 124, 659. (21) Freund (with Speyer),

Ber,, 1904, 37, 1946 (with Schwarz), J. pr, Chem,, 1917, [ii], 96, 236. (22) J. Chem,
Soc,, 1935, 122 (with Crowfoot), ibid,, 1936, 414. (23) J, Biol, Chem,, 1941, 139, 293.

(24) Ibid,, 1939, 129, 79 ; 1941, 139, 263. (25) Craig, Jacobs and Lavin, idem, p. 277.

(26) J. G^, Chem, Russ,, 1934, 4, 875. (27) Craig and Jacobs, J. Amer, Chem, Soc,,

1939, 61, 2252 ;
J. Biol, Chem,, 1940, 134, 123 ; 1941, 141, 253 ; Huebner and Jacobs,

1947, 170, 181. (28) Ber,, 1876, 9, 1115. (29) Ibid,, 1919, 52, 1984. (30) Bull, Chem,
Soc, Jap,, 1934, 9, 15 ; 1936, 11, 168, 172. (31) J. Biol, Chem,, 1943, 148, 51 ; 1947,

170, 635. (32) Jacobs, Craig and Lavin, ibid,, 1941, 141, 51. (33) Craig and Jacobs,

J, Biol, Chem,, 1943, 149, 451. (84) Schopf and Herrmann, Ber,, 1933, 66, 298.

(35) Sexton, J. Chem. Soc., 1928, 2825 ; Oppenauer, Rec, trav. Ckim., 1937, 56, 137.

(36) Jacobs and Craig, J. Biol. Chem. , 1944, 152, 641. (37) Schoenheimer and Evans,
ibid,, 1936, 114, 567. (38) J, Biol, Chem., 1945, 159, 617. (39) Rothen and Craig,

J. Amer, Chem, Soc., 1943, 65, 1102. (40) J. Biol. Chem., 1942, 143, 427 ; 1943, 149,

271. (41) Ibid., 1948, 148, 57. (42) Craig and Jacobs, Science, 1943, 97, 122 ; cf.

Rochelmeyer, Arch, Pharm., 1936, 274, 543; 1937, 275, 336, and Prelog and
Szpilfogel, Heh), Chim. Acta, 1942, 25, 306. (43) Craig and Jacobs, J. Biol. Chem,,

1941, 141, 253 ; 1943, 149, 451 ;
(43a) 1945, 160, 243. (44) Helv, Chim, Acta, 1933,

16, 833. (45) Physiological Reviews, 1946, 26, 383 ; see also Jagues, Rev, Can, biol,,

1946, 5, 246. (45a) Wiu^ON, Amer, J, Obstet Gyn,, 1946, 52, 273, (46) J. Biol.

Chem,, 1945, 159, 517 ; J, Econ. ErUom,, 1944, 37, 400 ; Allen, Link, Ikawa and
Brunn, ibid,, 1945, 38, 293. (47) Fisher and Stanley, ibid., p. 125 ; Anderson,

ibid,, p. 564. (48) BuU, Imp. Inst., 1946, 44, 102, 124 ; 1947, 45, 156.



ALKALOIDS OF UNDETERMINED CONSTITUTION

ALKALOIDS OF ALSTONIA SPP.

The barks of Alstonia species (Apoeynaeea^) had a considerable reputa-

tion throughout the tropics as effective anti-malarial drugs, which led to

their inclusion in the British Pharmacopoeia, 1914, and tOftheir chemical

examination by various workers. The following is a list of the species

examined and of the alkaloids found. The figures in brackets are per-

centages of total alkaloids.

(
1

)
Alstonia constricta F. Muell. Alstonine (chlorogenine), alstonidine,

porphyrine, porphyrosine (Hesse
; alstonine, and three un-

characterised, amorphous bases A, B and C (Sharp (0*4) ;
alstonine

and alstoniline (Hawkins and Elderfield).^^®^

(
2

)
Alstonia macrophylla Wall. Villalstonine, macralstonine, macral-

stonidine and base M (Sharp,® cf, Santos) (0*9).

(
8

)

Alstonia somersetensis F. M. Bailey. Villalstonine, macralstonidine

(Sharp ®) (1*4).

(4) Alstonia villosa Blum. Villalstonine, base V (Sharp ®) (1‘45).

(5) A, verticillosa F. Muell. F^hitamine (Sharp ®) (0*27).

(
6

)
A. scholaris R. Br. Ditamine, echitamine (ditaine of Harnack and
echitenine (Hesse

;
echitamidine (Goodson ®) (0-16 to 0*40).

(7) A. spectabilis R. Br. Ditamine, echitamine, echitenine, alstonamine

(Hesse

(
8

)
A. angustiloba Miq. Echitamine (Goodson ®) (0*17).

(9) A. congensis Eng. Echitamine, echitamidine ®
(
0*2 to 0 - 6 ).

(10 ) A, Gilletii De Wild. Echitamine.®

(
11

)
A, spathulata Blume. Echitamine ® (0-06).

Most of these barks also contain considerable quantities of unnamed
and uncharacterised amorphous alkaloids. The barks fall into three

groups as sources of (a) alstonine, only found in A, constricta
;

(b) villal-

stonine, found in Nos.
(
2

)
to (4) ;

and (c) echitamine, isolated from Nos. (5)

to
(
11 ). It is imusual to find species belonging to the same genus divided

into such well-marked groups, in respect of their alkaloidal constituents.

Alstonine, C21H20O3N2 . The base was first obtained crystalline by
Sharp.® It is unstable, and cannot be recrystallised without loss, but has
been obtained by precipitation, followed by trituration with water, as a
microcrystalline, yellow powder, B . 4H2O, sintering at 77"^ and decomposing
at 180®, or from dry alcohol in pale yeHow crystals, B . 1*25 HgO, sintering

at 87® and decomposing at 254®. It yields well-crystallised salts : the
sulphate, Bg . HgSO^ . SHgO, forms stout, pale orange rods, m.p. 209®

(dec.)

;

[a]i) + 118* 6® (dry salt ; H2O), Leonard and Elderfield describe

two hydrated sulphates, viz. Bg . HgSO^ . 2H2O, m.p. 195-6®, [a]© -f 127®

71«
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(H2O) and Bg . H2SO 4 . 4H2O, m.p. 208-4®, + 120°
;
the acid sulphate,

B . H2SO 4 , occurs in yellow prismatic needles, m.p. 246-8° (corr., dec.),

[ajn +113-1° (HgO) ;
the hydrochloride forms yellow, pentagonal plates,

m.p. 286° (corr., dec,), and shows a purple fluorescence in solution in alcohol

;

the picrate separates from alcohol in rosettes of reddish-orange needles,

m.p. 194-5° (con.). Dilute solutions of the salts are yellow and show a

marked blue fluorescence. Alstonine behaves as a monoacidic base,

contains one methoxyl but no methylimino group, and, unlike echitamine,

does not give indole colour reactions.

Sharp ^ has also shown (1938) that alstonine on catalytic hydrogenation

yields tetrahydroalstonine, C21H24O3N2 , colourless rods, m.p. 230-1°

(corr.), [a]o — 107-0° (CHCI3) or — 88 ° (pyridine), which can be hydrolysed

by alcoholic potassium hydroxide to methyl alcohol and tetrahydro-

alstoninic ^cid, isolated as the hydrocliloride, C20H22O 3N2 . HCl, hygro-

scopic needles, m.p. 296° (corn, dry, dec.), [a]p — 22 - 1 ° (MeOH). On
dehydrogenation with selenium at 300°, alstonine, tetrahydroalstonine and
tetrahydroalstoninic acid, all yield the oxygen-free base, alstyrine, CigHgoNg
or Ci 9H22^2 »

yellow plates, m.p. 113° (corr.). Alstonine, tetrahydro-

alstonine and alstyrine all yield methiodides, melting at 246°, 236° and
221 ° respectively. All three have been used as starting-points for exhaus-

tive metliylation, but in no case could this process be carried far enough
to eliminate either nitrogen atom. On oxidation with permanganate
alstonine yields iV-oxalylauthranilic acid.

Leonard and Elderfield ^ have also carried out degradation experi-

ments with alstonine and its tetrahydride. On fusion with potassium

hydroxide at 300-350° in nitrogen, alstonine furnishes harman (p. 490)

and indefinite basic and acidic fractions. Tetrahydroalstonine on like

treatment produces harman, norharman, and three unidentified bases, each

of which fluoresces blue in alcoholic hydrochloric acid : Base A,

m.p. 171*5 to 172-5°, forms a picrate, m.p. > 267° ,- is probably a substituted

j3-carboline. Base B, CigHio or isNg, gives a picrate, m.p. 261° (dec.). Base C,

CiTHigNg, isolated as the picrate, m.p. 203-5-205-5°. From the acid

products of the fusion indole-2-carboxylic acid was isolated.

On thermal decomposition of alstonine at 300-330°, the bases produced

distilled at 120-170°/0-15 mm., and on fractionation as picrates gave three

products : Base D, Cj^HigNa, picrate, m.p. 254-6°, Base E, CjgHgoNg,

or CjgHggNg, picrate m.p. 198-5-195°, not identical with Sharp’s alstyrine,

and base F, CiaHjgNg, m.p. 79-81°, picrate, m.p. 261-262*5°, hydrochloride,

m.p. about 275° (dec.), methiodide, m.p. 283-4° (dec.). Base F has an ultra-

violet absorption spectrum very similar to that of 2-ethyl-j3-carboline, but

it is not that substance nor is it 1 : 2-dimethyl-j8-carboline, 2 : 8-dimethyl-j8-

carboline, l-ethyl-j3-carboline or 3-ethyl-)3-i50carboline. Base F was also

produced when alstonine was distilled with zinc dust,

Tetrahydroalstonine gives with the Adamkiewicz test, as modified by

Harvey et ah, a colour similar to that given by yohimbine, which is taken

to indicate the pre^fence of a tetrahydro-j3-carboUne ring system. Further,

the ultra-violet absorption curves for yohimbine and tetrahydroalstonine
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are similar, except that the latter shows an inflection at about 2,500 A,

which disappears in the case of hexahydroalstonol, CgoHgeOaNg, m.p. 282-4°

(dec.), [a]?7* — 78° ± 8 ° (pyridine), which is formed by the reduction of

tetrahydroalstonine with sodium in boiling n-butyl alcohol. It gives a

picrate, m.p. 237-8° (dec.), and an acetyl derivative, m.p. 95-6°
;

in its

formation a carbomethoxy group is reduced to a primary carbinol group

and two atoms of hydrogen are added. The authors suggest that the data

so far provided indicate that alstonine has a
j
8-carboline nucleus with

substituents at positions 2 and 3, an unlocated carbomethoxy group and

a still unexplained residue,

Alstoniline, C22HJL 8O3N2. This alkaloid was obtained by Hawkins and
Eldcrfield in working up A. constricta bark by a special process for

alstonine. It occurs in tlie anhydrous form as yellow-brown needles,

decomposing at 372°, and as a monohydrate, B . HgO, also in y^low-brown
needles, decomposing at 356°. Each form gives its own series of salts,

but the ultra-violet absorption curves of the two are similar so that the

hydration docs not seem to imply a fundamental change in the ethylenic

linkage. The anhydrous form changes to the monohydrate on crystallation

from 95 per cent, alcohol.

The following salts of the anhydrous form are described : sulphate,

Bg . H2SO 4 , m.p. 260-4° (dec.)

;

picrate explodes above 850°
;
methiodide,

B . Mel, decomposes over a wide range.

The monohydrate gives the following salts : hydrochloride,

B . HCl . HgO, hne-red needles decomposing over a wide range
;

picrate

B . CgH^O^Ng . H2O, m.p. 294° (dec.). Attempts to obtain a methiodide

produced a new monohydrate, yellow needles, m.p. 189-190°.

Alstoniline is susceptible to oxidation and in some reactions is recovered

as the oxide, C22Hig04N2 . H2O, m.p. 212-8° or 219-221-5° (dry), which
can be prepared by the aeration of the hydrated base in alcoholic solution.

Alstoniline monohydrate absorbs four atoms of hydrogen in presence of

platinic oxide, but on exposure to air during working-up, the reduced

product changes into alstoniline oxide. Alstoniline sulphate and hydro-

chloride absorb 8 and 4 atoms of hydrogen respectively, producing stable

products, m.p. 288-4° (dec.) and 281-2°.

All Hesse’s alkaloids accompanying alstonine are amorphous except

alstonidine,^ needles, m.p. 181°, which also yields crystalline salts, but for

which no formula has been suggested.

Villalstonine, C40H50O4N4 . This alkaloid, isolated by Sharp,^ is a

colourless granular powder, sintering at 218° and melting at 260°
; it yields

well-crystallised salts. The hydrochloride, B . 2HC1

.

4H2O, forms colour-

less needles, m.p. 270° (dec.), [ajo + 56*8° (HgO) ; the hydrobromide,

B . 2HBr . 4H2O, is similar and has m.p. 298°
; the sulphate,

B . H2SO4 . OHgO, crystallises with difficulty in prismatic rods, m.p. >810°,

Wn + 52-94° (H2O) ; the oxalate, B , H2C2O4, separates from alcohol in

colourless leaflets, m.p. 285° (dec.), [a]© + 55*6° (Hfi). The base gives a
pink colour, changing to bluish-violet with vanillin and hydrochloric add,
and a brgwn, changing through purple to blue with sulphuric acid,
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Villalstonine contains two methylimino groups
;
two of the nitrogen

atoms are non-basic. It yields a dimethiodide, B . 2MeI, rosettes of stout

needles, m.p. 287® {dec.). One methoxyl group is present as a methyl
ester, and is eliminated on alkaline hydrolysis of the alkaloid, the product
being an amphoteric substance, isolated as the hydrochloride,

C38H47O2N4 . COgH . 2HCI, m.p. 291-3° {dec.).

Macralstonine, C44H54O5N4 . This base is sparingly soluble in most
solvents except chloroform, but can be crystallised from pyridine by
addition of dry alcohol, in colourless, rectangular rods, m.p. 293° {dec}),

Wd + 27*5° (CHCI3 ). The sulphate, B . H.
2
SO 4 ,

forms prismatic rods,

m.p. 263°(/mi^., (fee.), [a]D — 86 - 8°(H20 ). The base contains one methoxyl
and three methylimino groups.

Macralstonidinei forms colourless platelets from dry
alcohol, becomes yellow on exposure to light and vitreous on heating,

with final decomposition at alxml 270°
; it has [ajo + 174*5° (CgHg). The

hydrochloride, B . 2HCI, forms rosettes of colourless needles, m.p. 326°

{dec.), [a]n + 136*5° {HgO). The alkaloid contains two methylimino

groups but no methoxyl group.

Base M. This substance, which is present in traces in A. macrophylla,

has only been obtained as a crystalline sulphate, m.p. about 257°, [ajp

-71*9°(H20).
Base F, found in minute quantity in A. villosa, forms prisms from

alcohol, m.p. 273° {dec.), [ajp + 54*6° (CHCI 3 ).

Echitamine, C22H28O4N2 . This alkaloid has been examined by Ilarnack,*

Hesse,® Bacon,® and Goodson and Henry.® The free base is supposed to

have been obtained by Hesse in the form of a crystalline tetrahydrate,

which at 100° lost SHgO, giving a crystalline monohydrate, m.p. 206°,

[a]i> — 28*8° (EtOH). The hydrochloride, when crystallised quickly from
water, forms long anhydrous needles, m.p. 295° {dec.), [ajjf'* — 58° (HgO),

or stumpy prisms, B . HCl . HgO, m.p. 292°, when crystallised slowly
; the

hydrobromide occurs in transparent prisms, B . HBr . HgO, m.p. 258°

{dec.) or 268° {dry, dec.), [ajo — 43*5° (HgO). These salts are less soluble

than the sulphate, B2 . H2SO 4 . HgO, rosettes of needles, decomposing

from 275°, [aj{f“ — 51*6° (HgO). The picrate crystallises from dilute

alcohol in rosettes of needles, B . C 3H2(OH)(NOa) 3, . 2H2O m.p. 98°.

The alkaloid contains one methylimino group and one methoxyl group.

The latter is present as a methyl ester, since all attempts to prepare

free echitamine result in the production of a methoxyl-free substance,

C2iHae04Na, yielding salts, which are acid to litmus, those of echitamine

being neutral. This substance, dernethylechitamine, crystallises as a

dihydrate from 70 per cent, alcohol in prisms or hexagonal plates, m.p. 290°

{air-dry, dec.) or 268° {dry, dec.). On methylation it is reconverted into

echitamine (Goodson ®). It yields a hydrochloride, B . HCl, prisms,

m.p. 306° (dec.), and like echitamine gives an intense blue colour with

Hopkins and Cole’s glyoxylic acid reagent. Echitamine yields a diacetyl

derivative, the hydrochloride of which forms needles, m.p. 271° {dec.), a
nitroso-derivative, rosettes of yellow needles, m.p, 157° (dec.) and a
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dinitro-derivative C22H2e04N2 .
(N02)2 • 4H2O, red rosettes of minute

needles, m.p. 156® {dec,) or 184® {dry, dec.). On distillation with 50 per

cent, potash solution or with soda lime, echitamine yields methyl alcohol,

methylamine, an unidentified base and a substance giving indole colour

reactions. These results indicate that the formula of echitamine may be

extended thus : Ci 2H2oO(OH)(C02Me)(NH)(NMe).

Echitamidine, CgoHgeOgNg. This alkaloid was isolated by Goodson ®

from the mother liquors of echitamine hydrochloride obtained from A.

congensis and A. scholaris. It crystallises from wet ether in rosettes of

six-sided plates, m.p. 135®, with softening at 122® or 244® {dry, dec.),

[a]J®" — 515® (EtOH), and behaves as a monoacidic base ; the hydro-

chloride, B . HCl . 4H2O, forms prisms, m.p. 179® {dry, dec.), [ajj®** — 478®

(H2O) ;
the sulphate, B2 . H2SO 4 . llHgO, rosettes of needles, m.p. 169°

{dry, dec.), [ajj/** — 362® (HgO) and the picrate, m.p. 226-7®. The alkaloid

probably contains one methylimino and no methoxyl group.

Ditamine, CieHi902N, and echiienine, C20H27O 4N, which according to

Hesse accompany echitamine in A. scholaris and A. speciabilis are ill-

defined products. Alstonamine, also found in the latter, is crystalline but

of unknown composition.

Pharmacological Action. At the end of their monograph on the bark of

Alstonia scholaris, Fliickiger and Hanbury say “ The bark has been

recommended as a tonic and aiitiperiodic, being extravagantly praised

as a substitute for quinine.” ® In most of the tropical and sub-tropical

areas in which Alstonias occur, the barks of the local species have a

reputation as anti-malarials and A. scholaris and A. constricta barks were

officially recognised in the British Pharmacopoeia 1914. Since it became
possible to test drugs on malaria in birds and monkeys, the various Alstonia

alkaloids have been so tested and none has been found to show more
than slight activity. This is not quite conclusive as to the therapeutic

value of the bark because some proportion of the total alkaloids is amor-
phous and some is soluble in water and is not extracted by indifferent

solvents. It may be argued that these fractions may contain an active

ingredient. It has however been found by Mukerji, Ghosh and Siddons

that the total alkaloids of A. scholaris, used as sulphates, are inactive in

monkey malaria, and that a tincture of the bark, which should contain

all the alcohol-soluble components of the bark, had no curative effect on
malaria in human patients. It did however prodiice a slight fall in tempera-

ture, and while this effect lasted the patients appeared to be comparatively

free from subjective symptoms. These results were confirmed by Das
Gupta, Siddons and Chakravarti,^^f®^ using extracts of A. scholaris in human
malaria. It seems possible therefore that the early reputation of Alstonia

barks as effective anti-malarial drugs may be due, partly to this anti-

pyretic effect and partly to their use in the days before the diagnosis of

malaria was as certain as it is to-day. In these galenical preparations the

alkaloid alstoniline was probably present as the oxide and as that alkaloid

can now be isolated as such, it will be interesting to see whether it exhibits

anti-malarial activity A preparation of the total alkaloids of Alstonia
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constricta var mollis has been examined by Keogh and Shaw,^^ and in its

action on isolated intestine, uterus, heart, circulation and striated muscle

is said to resemble quinine
; but in animal experiments showed little anti-

malarial action.

According to White, alstonine sulphate causes contraction and
increased tone in isolated rabbit uterus and induces a fall in blood pressure

in the anaesthetised cat, which is unaffected by atropine.

Wakim and Chen state that alstonine hydrochloride has about

two-thirds of the activity of quinine against Plasmodium lophurw in ducks
but is more toxic. Large doses have a deleterious action on the heart,

and fatal doses cause primary respiratory failure in anaesthetised cats,

dogs and rats. VillalsU^nine iKdiaves similarly but is less acti\ Echita-

mine, according to Trevan,^® is toxic mice in doses of 0*3 to 0*5 mgm.
per 20 gin., and acts by paralysis of the medulla. Rayrnond-Hamet
has investigated the influence of echitamine on the effects induced by
administration of adrenaline : unlike ergotoxine, yohimbine and other

indole alkaloids, it exerted no sympathicolytic action, and he was unable

to confirm the atropine-like effect on the cardiac vagus attributed to it by
Harnack.^’
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ALKALOIDS OF ARISTOLOCHIA SPP.

The Aristolochias are used in medicine as tonics due to the presence

of bitter principles, though Hesse ^ suggested that A. reticulata Nutt, then

the serpentary root of commerce, might contain aristolochine, and the

view that the bitter constituents are of alkaloidal character has been

confirmed by Krishnaswamy, Manjunath and Rao,^ for A. indica L.

Three apparently different bases have been isolated from this genus

of plants and named aristolochine. Pohl’s alkaloid ® was obtained from A.

clemaiiiis L. and A, rotunda L. It was assigned the formula CggHa^O^jN,

which Hesse* reduced to Ci^H^OyN, and is described as crystallising

from ether in yellow needles, m.p. 215° (dec,), soluble in alkalis and giving

a green coloration with sulphuric acid. The same substance was obtained

by Castille * from A. Sipho H^rit. and by Ryo ® from A. deUli, The former

states that it canT>e reduced to a colourless substance, which
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is fluorescent in solution. Hesse ® obtained from A, argentina Griseb., in

addition to tlie acids referred to below, an alkaloid, itself amorphous but
yielding crystalline salts, which he named aristolochinc, suggesting at

the same time that Pohl’s base was probably a homologue of aristinic

and aristidinic acids and should be renamed aristolochic acid. The third

claimant is the aristolochinc of Krishnaswamy et al.,^ which, like Pohl’s

base, has m.p. 21
5

‘’j but differs considerably in composition, and the

description below is taken from this source. Rosenmund and Reichstein®

have published a historical review of work done on Aristolochia spp, and
have concluded that the aristolochic acid {see below) they have prepared

from A, Sipho is identical with the “ aristolochia yellow ” of Frickhinger,’

and substances referred to above, viz,, Pohl’s aristolochine, Hesse’s aristinic

acid, Castille’s aristolochic acid and Krislmaswamy’s isoaristolochic acid.

Aristolochine, C17H19O3N, is a crystalline powder, m.p. 215° {dec,),

Wd — 268*6°, dissolves in alkaline solutions, but is sparingly soluble in

organic solvents. The hydrochloride has m.p. 268° (d^c.), — 236*2°,

and the picrate, m.p. 222 ° {dec,). The base contains one replaceable

hydrogen, one methoxyl group, and the nitrogen atom carries two methyl
groups.

^^oAri$tolochic acid, C 17H11O 7N, occui'S in A, indica ^ and Bragantla

wallichii Lour. ^ has m.p. 275°, yields a red sodium derivative and a benzoyl

ester, m.p. 170-1°, contains one replaceable hydrogen atom, but no
methoxyl or methylenedioxy group, and furnishes a methyl ether, m.p. 267°

{dec,). It is oxidised by hydrogen peroxide in presence of alkali to a dib.asic

acid, CigHijO^N, m.p. 164*5°.

From the roots of A, argentina, Hesse ^ obtained the following

alkaloids :

—

Aristinic acid, Ci 8Hi307N. This crystallises from hot acetic acid in

greenish-yellow leaflets or needles, m.p. 275° {dec,). The potassium salt,

C18H12O 7NK . 2H2O, forms reddish needles and the methyl ester yellow

needles, m.p. 250°.

Aristidinic acid, Ci 8Hi307N, occurs in greenish-yellow needles, m.p. 260°

{approx, , and contains one methoxyl group.

Aristolic acid, cr3n5tallises in orange-red needless, m.p.

260-270°, and, like the two foregoing alkaloids, gives a green solution with

concentrated sulphuric acid.

Aristolochic Acid. Rosenmund and Reichstein ® prepared their

material from roots and rhizomes of A, Sipho, It has the formula

Ci 7Hii07N, m.p. 275° {dec,), and forms a methyl ester, m.p. 280° {dec,),

[a]© ± 0 °, which is difficult to saponify and on hydrogenation gives a
bright yellow substance, m.p. 312°, Ci8Hii-.i304N(?), which forms a diacetyl

derivative, m.p. 806°. Aristolochic acid evolves a small amount of methyl
iodide on boiling with hydriodic acid, presumably from a methylimino

group, and is decarboxylated when heated with copper and qt^oline,

forming a neutral product, m.p. 206°. The acid does not

contain reactive carbonyl, or groups reacting with acylating agents.

According to Ryo ® aristolochine causes cardiac and respiratoty
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paralysis in frogs and mice : exerts some pressor action and increases the

rate of respiration in rabbits. Skeletal muscle is stimulated by small and
paralysed by large doses. In rabbits it causes hsemorrhagic nephritis and
an arsenic-like, gastro-intestinal irritation in dogs. Serpentary root is

used in medicine solely as a bitter tonic. Its appearance is, no doubt, the

foundation for tlie^belief, common among natives of the tropics, than it is

an antidote for snake-venom.
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1022, 4, 669. (6) Ryo, Folia Pharmacol. Jap., 1927, 4, 123. (6) Pharm. Acta IJelv.,
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ALKALOIDS OF CASSIA ABSUS
Two alkaloids, chaknne and ifioehaksine, were isolated as carbonates

from the seeds of this plant by Siddiqui and Ahmed, ^ and the formula

CJ 2H21O2N3 was assigned to them. Botl\ were described as quaternary

bases, forming salts, v/ater and chaksine sulphate

on treatment with barium hydroxide yields f.vochaksine. Later Kapur,
Ciaind, Narang and Ray ^ suggested the new empirical formula CjiHgjOgNg,

and Puri, Sharma and Siddiqui ^ found that the analytical results with

the benzoyl benzoate supported the C12 formula, but those for organic acid

salts were in be tter agreement with the formula. Chaksine has only

been prepared in an impure state, [ajp + 32° (EtOH). The iodide has

m.p. 168° {dec.)
;

chloride, m.p. 178°, bromide, m.p. 186°
; nitrate,

m.p. 220° {dec.)
;
sulphate, m.p. 316° {dec.)

;
picrate, m.p. 289-240° {dec.)

and platinichloride, m.p. 232° {dec.). The hydrogen carbonate, B . HCO 3 ,

formed by adding a saturated aqueous solution of potassium bicarbonate

to the iodide in methyl alcohol, melts at 117-9° and is converted by the

action of benzoyl chloride, in presence of sodium hydroxide, into benzoyl-

chaksine benzoate, C26H29O 4N3 . 0-SHgO, m.p. 183-4°, — 29°

(CHCI 3 ), which is slowly dehydrated at 100° in vacuo to the anhydrous

form, m.p. 273°, + 15*9° (CHCI 3 ). A few preliminary degradation

experiments have also been made with chaksine.

isoChaksine forms a picrate, m.p. 184°, a platinichloride, m.p. 172° {dec.),

and a chloride, which loses a molecule of water at 90°, forming a product,

m.p. 250-2° {dec.). The carbonate, BgCOg, m.p. 128° {dec.), is formed when
chaksine acid carbonate is heated in alcohol.

REFERENCES
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ALKALOIDS OF DENDROBIUM SPP.

The stems of these plants constitute the drug “ Chin-Shih-Hu,’’

used in China and Japan as a tonic and antipyretic. Some uncertainty
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exists as to the species used, but Read gives the Chinese name as “ Shik

Hu ” and the source as D, moniliforme Sw., with D. monile Lindl. and D,

Macrae as quoted by other authors. From this drug Suzuki et ah isolated

dendrobine and an unnamed base.^ They have also obtained dendrobine

from D. Linawianum, and recorded the presence of alkaloids in D, jlavi^

jlorum and D, toscensis and their absence from D, longicalcaratum,

Dendrobine, Ci^HasOgN, crystallises in colourless needles or prisms,

m.p. 134°, [ajj)®** — 51*5° (EtOH) and yields well-crystallised salts : B . HCl,

m.p. 246° (dec.), - 41° (U^O) ; B . HI, m.p. 223° (dec.), - 34-5°

(HgO) ;
aurichloride, B . HAUCI 4 ,

needles, m.p. 181°
; methiodide, B . Mel,

m.p. 231° (dec.), [ajjf** — 30*9° (MeOH). The base sublimes slowly at 50°.

It contains a methylimino but no methoxyl group, behaves as a tertiary

amine and appears to be ay-lactone furnishing dendrobinic acid, ^16H2703N,

m.p. 227° (dec.), — 27*5° (EtOH), which yields an unstable hydro-

chloride, an amorphous aurichloride, m.p. 85° (dec.) and a crystalline

methiodide, m.p. 211 ° (dec.). Methyl dendrobinate has m.p. 94°,

— 17*5° (EtOH), and gives an acetyl derivative, m.p. 75°.

Dendrobine methiodide is convertible into the methohydroxide,

m.p. 251° (dec.). With cyanogen bromide cyano^iordendrobine, m.p. 188°,

was obtained, from which wordendrobine, m.p. 117-8°, — 21*6°

(EtOH), was prepared via the carbamide. Dendrobine has also been

prepared by Chen and Chen,^ who record for certain of the salts, m.ps.

different from those given above, e.g., B . HCl, m.p. 198°, B . HI, m.p.

284-5°, but whose data are otherwise in agreement with those of Suzuki et al.

Chen et al.^ state that dendrobine produces moderate hyperglycemia,

diminishes cardiac activity in large doses, lowers blood pressure, depresses

respiration, inhibits isolated rabbit intestine and contracts isolated

guinea-pig uterus. It has a weak analgesic, antipyretic action. Cheii

and Rose ^ found that the convulsions induced by injection of dendrobine

can be controlled by use of sodium t^oamylethylbarbiturate : they appear
to be central in origin due to action on the cord and medulla.
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ALKALOIDS OF DICHROA FEBRIFUGA
Dichroa febrifuga Lour, of the botanical family Saxifragaceee, is a

Chinese anti-malarial drug known as Ch’ang Shan, of which the roots are

used. It was stated to contain two alkaloids, dichroine-A, m.p. 280°

(dec.), and dichroine-B, m.p. 287-8° (dec.), of which the second proved
active in chick malaria,^ but according to Tonkin and Work * neither

acid nor aqueous extracts gave alkaloidal reactions though they showed
considerable activity against a trophozoite-induced infection of P. gaUim-
ceum in chicks.
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The roots and leaves have been re-examined by Koepfii, Mead and
Brockman,* who have isolated two alkaloids. Febrifugine^ C10H19O3N3,

m.p. 139-140'^, [ajff*" + 6 ° (CHCI 3), was obtained from both root and
leaves. It yields a dihydrochloridc, m.p. 220-2 ° (dec.), and is stated to

have about 100 times the activity of quinine against P. lophurce in ducks.

The second base, ^>ofebrifugine, is isomeric with the first, has m.p. 129-130°,

+ 131° (CIICI
3 ), gives a hygroscopic hydrochloride and is convertible

into febrifugine by heat. Both alkaloids have almost identical ultra-violet

absorption spectra with maxima at 225, 266, 275 and 802 mp and minima
at 250, 271 and 288 mp, and there is evidence that two of the nitrogens are

in a quinazoline ring. The total alkaloidal content is about 0*1 per cent,

of the dry weight of the roots.

A further contribution to this subject has been made by the Chinese

workers * quite recently, in which th^v describe briefly live bases, of which
the three dichroines are interoon^/ertibk isomerides of the formula,

C13H21O 3N 3 . The melting points of the salts are also decomposing points:

—

Dichroinc-of, m.p. 136°
; sulphate, m.p. 230°

;
B . HCl, m.p. 210 °.

Dichroine-jS, m.p. 146°
;

sulphate, m.p. 224°
; B . HCl, m.p. 219°

;

B . 2HCI, m.p. 238°.

Dichroine-y, m.p. 161°; sulphate, m.p. 224°; B . HCl, m.p. 219°;

B . 2HC1, m.p. 238°.

Dichroidine, C18H25O 3N3 ,
m.p. 213°.

4-Ketodihydroquinazoline, CgHgONg, m.p. 215°.

They also state that analytical studies of the oxidation products of

dichroine-a indicate that the dichroines are quinazoline derivatives, as

already indicated by Koepfii et al. for their alkaloids. With the probable

exception of dichroine-a, these bases are active against malaria in chicks

in the descending order : dichroine-y (1), dichroine-jS (4) ; dichroidine
;

quinazolone (40) ;
the ligures in brackets are effective doses (mgm./kilo.).

There are also two neutral substances present, umbelliferone (dichrin-A)

and dichrin-B, m.p. 179-181°.
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ALKALOIDS OF ERYTHROPHLOEUM GUINEENSE G. Don.

This tree occurs widely distributed in Africa and the bark is known
under a variety of native names, e.g., “ sassy bark ” in West Africa,

where it was formerly used as an ordeal poison
;

in East and Central

Africa it is said to have been an ingredient in arrow-poisons. The bark

was first examined by Gallois and Hardy ^ who isolated a toxic alkaloid,

erythrophleine, which was examined by Hamack and Zabrocki * and
later by Hamack,* whose results differed from those of Gallois and Hardy
and were generally confirmed by Power and Salway.* Recently interest
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in this and other species of the same genus has revived and a number of

chemical and pharmacological investigations have been made. Dalma ®

isolated from E, guinemse bark, collected in forests at the mouth of the

Congo, four alkaloids, cassaine, cassaidine, worcassaidiiie, subsequently

shown to be cassaidine, and homophleine, which is amorphous. In a

second sample of bark from the same locality, but possibly derived from
a sub-species of E. guineense^ Dalma found 0*1 per cent, of alkaloids of

which about one-tenth was cassaine, while in a third specimen from
central Congo forests 0*5 per cent, of amorphous base was isolated, which
appeared to be erythrophleine. Paris and Rigal ® isolated from the bark
of E. guineense four alkaloids for whicji they record the following melting-

points ; {a) 105-6°, picrate, m.p. 882-4° {dec.) ;
{h) 114-6°

;
(c) 105°, and

{d) 112°, and from the seeds two more : {e) 185-6°, picrate, m.p. 277-8°,

acetyl derivative, m.p. 128-4°, and (/) m.p. 124°.

These results seem to indicate a remarkable capacity for variation in

the alkaloidal components of Erythrophlceum guineense^ or a need for

botanical investigation of the genus Erythrophlceum, and for care on the

part of chemists in making certain of the botanical authenticity of the

plant material they investigate.

Paris and Rigal state that the toxicity to guinea-pigs of E. couminga^

E. guineense^ E, ivorense and E. Fordii decreases m that order, Laborde ’

recorded the presence ofan alkaloid resembling erythropleine in E. couminga,

a species foimd in Madagascan* and the Seychelles, and in some of the

earlier papers on Dalma’s alkaloids there are references to “ rnadagascar,”

CgsH^jO^jN, coumingine and coumingaine, of which coumingine has

been fully described. To these Schlittler has added coumingidine and
Ruzicka et have given a preliminary description of a third, well-

defined, but still un-named alkaloid from this species, in which they have
also recorded the presence of cassaine and cassaidine.

Alkaloids closely resembling erythrophleine have been recorded in

the Australian species E. chlorostdchys by Petrie,® in E. lasianthum of S.

Africa by Kamerman,® and in an unidentified bark from Mozambique by
Jacobsohn.^®

All the erythrophleum alkaloids examined in detail so far are of the

same type, m., acyl esters of either monomethylaminoethanol, e,g.,

erythrophleine and coumingidine or dimethylaminoethanol, such as

cassaine or cassaidine. The acyl substituents are complex, yield 1:7:8-
trimethylphenanthrene on selenium dehydrogenation, and contain

at least one hydroxyl group, which may be acylated by an aliphatic

acid, e.g., coumingine forms three components on hydrolysis,

jS-hydroxywovaleric acid, Me, • C(OH) . CHg . COOH, cassaic acid,

Ci7H27(CHOH)(CO)(COOH), and dimethylaminoethanol,

HO.CHg.CHg^NMejj.

Erythrophleine, Cg4H8g05N. This formula, adopted by Blount,

Openshaw and Todd,^^ is based on analyses of the sulphate B . 0*5HgSO4,

and on the composition of the well-defined hydrolytic products, prepared
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and characterised by these authors. The base has not been crystallised ;

the commercial sulphate is a cream-coloured, amorphous powder, but
a crystalline specimen has been mentioned by Chen et The salt

is readily soluble in water and in several organic solvents, including

benzene.^^ The base contains one hydroxyl, one methoxyl and one
methylimino group, and gives a positive reaction for carbonyl with
2 : 4''dinitrophenylhydrazine. Harnack ^ first showed that erythrophleine

could be hydrolysed by boiling with hydrochloric acid and described the

products as methylamine and amorphous, nitrogen-free erythrophleic acid.

Blount, Openshaw and Todd investigated this reaction and found that

the best results were obtained by the use of A^/3-sulphuric acid under
carefully controlled conditions. The prodiuls are erythrophleic acid,

C21H82O 5, and j3-methylaminoethanol : the latter was identified as the

picraie, m.p. 148"^, and the N-methyl-N-^-hydroxyeth^/hN'-a-naphthyl-

thiourea, m.p. 125®. On this basu thf formula of erythrophleine may be
extended thus : . CO . O . CH^ . CH^ . NHCH 3 .

Erytluxiphleic acid melts at 218®, has — 40® (CIICI3), contains

one methoxyl group and on hydrogenation, with platinic oxide catalyst,

takes up one molecule of hydrogen rapidly, to saturate one ethylenic

linkage, and a second molecule slowly, in reduction of a carbonyl group.

The methyl ester of the acid sublimes at 140®/10’^ mm. as a white powder,

yielding a 2 : 4-dinitrophenylhydrazone, m.p. 219®, crystallising in small

orange-red plates. On dehydrogenation with selenium at 270-300®,

erythrophleic acid yields 1:7: 8-trimethylphenanthrene, m.p. 143-4®,

and a selenium compound, CigHj^Se, m.p. 161-2®. Erythrophleic acid

contains one hydroxyl group but no crystalline acyl derivative has yet

been obtained. The ultra-violet absorption spectrum (max., ca. 2210A ;

log €, 4-2) probably indicates an ajS-position of the double bond in relation

to the carboxyl group. From these data, and assuming that the formation

of 1:7: 8-trimethylphenanthrene on dehydrogenation implies a diter-

penoid structure, the partial formula I was suggested for this acid : the

positions of the methoxyl and carbonyl groups are still unknown and the

ethylenic linkage may be at C*—C^ instead of C^—C® as shown.

The authors point out that erythrophleic acid may be a

methoxy-derivative of cassaic acid,

C20H80O 4 (p. 728). Ruzicka, Dalma and

Scott (1941) have pointed out that

formula I cannot be the basis of a general

formula for the erythrophloeum alkaloids,

because their degradation to 1 : 7

:

8-tri-

methylphenanthrene would then imply the

migration of a methyl group from C® to

for which a substituent at is essential.

Me Me

These conditions do not obtain in cassanic acid (p. 728) although this acid

dehydrogenates to 1 : 7 : 8-trimethylphenanthrene.

Cassaine, C24H22O4N. This alkaloid was first isolated by Dalma ® and
was further examined by Faltis and Holzinger.^* According to Dalma it is
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best isolated from alcoholic solution as the acid sulphate B . HaS04 . 2HaO,
m.p. 290® (dec.). The base has m.p. 142-5°, — 111 ° (EtOH) or

— 114-6° (iV/lO-HCl) and yields a hydrochloride, B . HCl . HgO, m.p.

212-3°, an oxime, m.p. 123-5°, and an acetyl derivative, m.p. 123-4°.

Of the four oxygen atoms one is present as hydroxyl, another as carbonyl

and the other two as an ester group, since the alkaloid is hydrolysed by
boiling iV-hydrochloric acid to (a) a base identified (F. and H.) as dimethyl-

amiiioethanol and (b) cassaic acid (ketohydroxycassenic acid), C20H30O 4 ,

m.p. 203°, [a]f?“ — 126-3° (EtOH). The acid retains the hydroxyl and
carbonyl of the parent alkaloid and its methyl ester, m.p. 189-190°, yields

an acetyl derivative, m.p. 189-191°, of which the semicarbazone has

m.p. 246-7°. In a later investigation Riizicka and Dalma have shown
that cassaine contains one ethylenic linkage and on catalytic hydrogenation

gives a dihydro-derivative, m.p. 115-6°, zt 0 ° (EtOH) or —6-5°

(N/IO — HCl), wdiich is hydrolysed by potassium hydroxide in alcohol, to

ketohydroxycassanic acid, C20H32O4, m.p. 253-5°, [a]?®** Jz 1 ° (EtOH) or

— 5° (NIlO — NaHO), also formed by the hydrogenation of cassaic acid,

and reducible by sodium in alcohol to dihydroxycassanic acid, C20H 84O 4 ,

m.p. 262-5°, Mf®"* — 7° (A^/10 — NaHO), of which the methyl ester has

m.p. 172-4°. The name cassanic acid (see below) is applied to the hydroxyl-

free, carbonyl-free, saturated, parent acid, C20H34O2 ,
of this series. On

dehydrogenation by selenium at 340° in an open vessel, dihydroxycassanic

acid yields 1:7: 8-trimethylphenanthrene, m.p. 142-3°, picrate m.p. 133-5°,

which is accompanied by what is probably 1:7: 8-trimethyltetrahydro-

phenanthrene, when this operation takes place in a sealed tube.^®

Ketohydroxycassanic acid, C20H32O 4 , has also been used for another

mode of degradation by Ruzicka, Dalma and Scott (1941). On oxidation

by chromic acid in acetic acid it yields diketocassanic acid, C20H30O 4 ,

m.p, 225°, [a]f®“ — 44° (EtOH), which forms a methyl ester, m.p. 108°,

Wfr — (EtOH), and is reduced by sodium amyloxide at 220 ° to

cassanic acid, C20H34O2 , m.p. 224°, [ajf?'" -f 3° (CHCI 3 ), which on selenium

dehydrogenation also yields 1:7: 8-trimethylphenanthrene.

On oxidation by chromic acid cassaic acid yields dehydrocassaic acid

(diketocassenic acid), C2oH2 g04 , m.p. 238-9°, [a]f®“ — 164-5° (EtOH), a

diketo-acid of which the methyl ester has m.p. 129-130° and forms a

dioxime, m.p. 180-2°, and a disemicarbazone, m.p. 290° (dec?.).® When
cassaine is hydrolysed by alkali, cassaic acid is replaced as a product by
aZtocassaic acid, m.p. 222-4°, + 81-8° (EtOH). Absorption spectrum

observations indicate that the ethylenic linkage in cassaic acid and cassaine

is in the ajS-position to the carboxyl group and has probably shifted to the

jSy-position in the alkaline hydrolysis, leading to aZZocassaic acid.

Ruzicka, Engel, Ronco and Berse ^ have shown that the carboxyl

group in cassanic acid is not at position C® by replacing this carboxyl

group by teopropyl, dehydrogenating the product with selenium to a

hydrocarbon, CgoHgg^ which proved not to be identical with a synthetic

specimen of 1 : 7 : 8-trimethyl-2-iiffopropylphenanthrene.

Cassaidine, C24H41O4N* First isolated by Dalma * and examined in
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detail by Ruzicka and Dalma ; it is prepared from the mother liquors

containing the total, ether-soluble alkaloids of E, guineense bark after

removal of cassaine as acid sulphate. The base has m.p. 139-5°,

— 98*0° (EtOH), and yields a hydrochloride, m.p. 251°, acid sulphate,

m.p. 228°, and amorphous acetyl and benzoyl derivatives. Zereviiinov

determinations indicate the presence of two hydroxyl groups : no carbonyl

group is present. On hydrolysis by boiling 2iV-hydrochloric acid, two pro-

ducts are formed, (a) dimethylaminoethanol (aurichloride, m.p. 194°),

and (b) cassaidic acid, C20H 32O 4 , which decomposes at 275-7°, [ajf?" — 100°

(EtOH), gives a methyl ester, m.p. 162-3°, and an amorphous diacetyl

derivative, m.p. 90-125°, and is oxidised, by chromic anhydride in

acetic acid at 35* 40°, to diketoi-assenic acid (dehydrocassaic acid), CgoHggO^,
identical with that resulting from oxidation of cassaic acid, the non-nitro-
genous, hydrolytic product of eassame {set below). Hydrogenation of

cassaidine with platinic oxide as catalyst produces a mixture of bases

including dihydrocassaidine, C24H 48O4N, m.p. 96-7°, it 0 ° (EtOH),
yielding a hydrochloride, m.p. 247°, and hydrolysed by potassium

hydroxide in alcohol to dihydroxycassanic acid, C20H 34O 4 ,
also derivable

from cassaine {see above). The absorption spectrum of cassaidine indicates

that, like cassaine, it is an ajS-unsaturated ester, viz,^ the jS-dimethylamino-

ethyl ester of cassaidic acid.

The formula of cassaidic acid may be extended thus :

—

Ci7H27(CHOH)2(COOH), and cassaidine may be written

Ci7H27(CHOH)2 . CO . O . CH2 . CHg . NMeg, cassaine being

Ci 7
H27(CHOH)(CO) . CO . O . CHg . CHg . NMcg.

Homophleine, C 53H30O 3N2 ,
amorphous, resembles erythrophleine in

appearance and characters.

Coumingine, C29n470 eN. The formula C28H45O 3N first used has been
changed to that now given. This alkaloid was isolated from the bark

of Erythrophlosum couminga Baill. by Dalma and has been examined by
Ruzicka, Dalma and Scott.^® It has m.p. 142°, — 70° (EtOH), and
forms a hydrochloride, m.p. 195°, and an oxime, m.p. 165°. Crude
coumingine, but not the pure alkaloid, reacts with acetic anhydride in

pyridine to form an acetyl derivative, C30H47O 7N, m.p. 154-5°. On
hydrogenation in acetic acid and with platinic oxide as catalyst, coumingine

gi^s a dihydro-derivative, m.p. 95-6°, -f 8 ° (EtOH), yielding a

hydrochloride, m.p. 160-2°, and convertible by the action of potassium

hydroxide in alcohol into ketohydroxycassanic acid, already described

under cassaine. On acid hydrolysis coumingine yields dimethylamino-

ethanol and coumingic acid, CasHjgO®, m.p. 200 °, [a]^* — 81° (EtOH),

which forms a methyl ester, m.p. 217-8°, — 88 ° (EtOH), giving an

oxime, m.p. 124- 5°.

On alkaline hydrolysis coumingic acid and coumingine yield cassaic

acid, CaoHso04, for which and its derivatives somewhat different {cf. p. 728)

constants are now rjecorded, viz., acid, m.p. 223-4°, [a]!®*" — 123° (EtOH)

;

methyl ester, m.p. 188-9°, [a]!®** — 124° (EtOH) ; acetyl derivative of
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methyl ester, m.p. 150°
; oxidation product, diketocassenic a^id, m.p. 249°,

[a]^* ~ 152° (EtOH), and its methyl ester, m.p. 182-8°, [a]!®” — 156°

(EtOH).
From these results it was concluded that coumingine is an ester of

cassaine with an acid, which was later identified by Ruzicka, Dalma,
Engel and Scott as /9-hydroxyi>ovaleric acid,

HO . C(CH3)2 . CHg . CO^H.

Coumingidine, C28H45O 6N, or C27H43O 6N. This alkaloid, found by
Schlittler in the bark of E. couyninga, is a secondary base and is best

isolated as the nitroso-derivative, m.p. 174-174'5°, from which it is

regenerated by the use of cuprous chloride.^® It has m.p. 160-1° and forms

a hydrochloride, m.p. 217-9°
;

phenylthiocarbamate, m.p. 146°, and
acetyl-derivative, m.p. 155°, [a]?®** — 64*5° (EtOH).

Dihydrocoumingidine, obtained by catalytic hydrogenation, and
isolated as the perchlorate, m.p. 166-8°, forms an acetyl derivative,

m.p. 115 116*5°. On hydrolysis by coummgidine yields

monomethylaminoethanol, identified as the 3 : 5-dinitrobenzoyl derivative,

m.p. 195-196*5°. When either acetyl- or nitroso-coumingidine is treated

with potassium carbonate in methyl alcohol, the amino-alcohol is split off

and the nitrogen-free hydrolytic acid is obtained as a methyl ester,

C26H40O 8 ,
m.p. 204-6°. This, on treatment with potassium hydroxide in

methyl alcohol, gives an acid, C20H30O 4, m.p. 209-211°, of which the

methyl ester has m.p. 170-1°
; this acid is not identical with aUocassaic

acid (p. 728). The methyl ester, C2eH 4oOe, still retains the ethylenic linkage

and its dihydro-derivative, C26H42O 8 , m.p. 162°, on alkaline hydrolysis

furnishes an acid, C20H 32O 4, m.p. 282-4° (methyl ester, m.p. 114°), which
in spite of its rather low melting-point is believed to be identical with keto-

hydroxycassanic acid (dihydrocassaic acid) for which Faltis and Holzinger^^

recorded m.p. 229-285°, while Ruzicka and Dalma found m.p. 258-5°.

Direct hydrolysis of coumingidine by acid or alkali proceeds less smoothly

than with other alkaloids of this group, but one of the products from
hydrolysis by alkali, or by oxalic acid, is cassaic acid.

An unnamed third alkaloid, C25H32(4i)OeN, has been isolated by
Ruzicka, Plattner and Engel from E. couminga by chromatographic

fractionation of the residual alkaloids after removal of secondary bases by
nitrous acid. It has m.p. 149-151°, and — 47° (EtOH), and forms an

acetyl derivative, m.p. 100 °.

A summary of work done on the Erythrophloeum alkaloids has been

published by Engel.®®

Pharmacology, It has long been known that erythrophleine possessed

local anaesthetic properties, and was the only alkaloid exhibiting action

of the digitalis t3T>e. This cardiac action has been confirmed by Chen,

Chen and Anderson,®^ who used a commercial, erythrophleine i^phate
described as cr5rstalline. Santi and Zweifel ®® showed that this was also

the case with Dalma’s alkaloids which they arranged in the following

order of increasing toxicity : norcassaidine (now known to be c^saidipe).
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cassaine, erythrophleine, homophleine, coumingine. Cassaine is distin-

guished from the other four bjT producing intense excitation. Trabucchi ^

arranges the alkaloids in the following decreasing order of locaranaesthetic

activity
: (1)

“ madagascar,” (2) homophleine, (3) erythrophleine,

(4) cassaine, (5) norcassaidine
;

percaine, used as a standard in these

experiments, came between (8) and (4). The first two are more irritant

locally. According to Chen, Hargreaves and Winchester, the potency of

coumingine in the cat is similar to that of scillaren— (a cardiac glucoside

of squill) ; the other alkaloids, coumingaine, cassaine, norcassaidine, are

less potent than erythrophleine. They all produce emesis in cats. Acetyla-

tion reduces the cardiac activity, but raises slightly the emetic action of

cassaine. These authors add that the Erythrophloeum alkaloids like other

cardiac drugs increase blood pressure in cats and stimulate rabbit intestine

and guinea-pig uterus. This has been confirmed by further work of Santi

et who put these activities, and also a vaso-constrictor action, in

approximately the following descending order : coumingine, erythro-

phleine, homophleine, cassaine, tw)rcassaidine.

Further work has been done by various pharmacologists on several

of the special activities referred to above, ^.g., the action of erythrophleine

on the isolated uterus and intestine of the rabbit by Rothlin and Raymond-
Hamet,^® and the effects of cassaine, cassaidine, erythrophleine and
coumingine on the isolated mammalian heart by Maling and Krayer,^*^

who state that erythrophleic acid is devoid of any characteristic action

on the heart in a dose at least 100 times as large as the minimal positive

inotropic dose of erytlirophleine sulphate
; a similar result by Chen is

quoted by Blount et alM Ruzicka, Plattner and Engel have prepared

a series of esters of dirnethylamino- and diethylamino-ethanol with bile

acids and these have been tested pharmacologically as hydrochlorides.

They showed a slight and uncharacteristic digitalis action, and in some
cases local anaesthetic action accompanied by marked local irritation.

Owing to their ready hydrolysis the oral dose may be ten times the

subcutaneous dose without causing toxic symptoms.
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ALKALOIDS OF FRITILLARIA SPP.

The chemistry of some species of the genus is in a confused state

owing to the uncertain botanical origin of the materials used. The following

is a list of the species examined and their alkaloidal components so far

known ; more detailed descriptions of the better defined alkaloids are

given later ;

—

Fritillaria impel ialis L. Imperialine.^

F. raddeana Rgl. Raddeaninc.^

F, Roylei Hook. This is said to be one source of the Chinese drug
“ Pei-rnu,” of which there are at least two varieties, “ Szechuan ” and
Chekiang.” Read ® gives F. Roylei Hook as the source of the former,

and for the latter F, verticillata Willd., var Thunbergii Bak., F, Thunbergii

Miq., F, collicola Hance or Uvularia cirrhosa Thunb. In view of this it

hardly seems useful to say that “ pei-mu ” or even “ Chekiang pei-mu ”

has been found to contain certain named alkaloids. It does, however,

seem to be reasonably well established that F. Roylei contains peimine

and peiminine.^ From “ Szechuan pei-mu ” Chou and Chen ^ obtained

fritimine.

F. sewerzowii Rgl. Alginine.^

F, verticillata Willd. From this species Yagi ® obtained fritilline,

C26H 41O 3N . HgO, m.p. 214°, and an amorphous base, m.p. 117°, while

from F. verticillata var. Thunbergii, Fukuda ^ isolated verticine, verticilline

and fritillarine.

Li’s “Chekiang pei-mu”® yielded peimunine, Ci 9H3o( 32)OaN, m.p,
223-4°, [a]D — 27-6°, and a second crystalline base, m.p. 130-3° {cf.

peimine and peiminine, below).

Imperialine, C35H 30O4N. This alkaloid, isolated from the bulbs of

F. imperialis L. by Fragner,^ crystallises in short needles, m.p. 254° {dec,),

[a]D—35*4° (CHClg), and yields crystalline salts; B , HCl
;

platini-

chloride, Bg . HgPtCle ;
aurichloride, B . HAUCI 4 . The base, mixed with

sucrose, gives with sulphuric acid a series of colours
;

yellowish-green,

pale-green, flesh, cherry red and on long standing dark violet.

Peimine. This alkaloid was isolated by Chou and Chen * (1932), who
assigned to it the formula C19H30O2N, which was altered by Chi et al,*

(1936) to C20H43O3N, also given by Chou and Chu* (1947), but changed
to C27H45O3N by Wu.^ The recorded m.p. varies from 215° to 224° and
[a]© from ± 0 ° to — 25° (EtOH). The hydrochloride has m.p. 295° {dec.)

;

hydrobromide, m.p. 288° or 293*5-294°; hydriodide, m.p. 282-^°; acid

sulphate, m.p. 278-280°
; nitrate, m.p. 268-9°

;
platinichloride, m.p.

238-5° {dec.) ; amichloride, m.p. 164-5°. The diacetyl derivative melts
indefinitely, but forms a hydrochloride (dihydrate), m.p. 293°. The
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alkaloid has two active hydrogen atoms but contains neither a methoxyl
nor a methylimino group. Wu^ suggested that peimine may be a dihydroxy-

5 6 5 6

dihydrosolanidine (cf, p. 668
)
with —C==CH— —> —CH—CHg— . Chi

et al.^ regard verticine {see below) as probably identical with peimine.

Peiminine, C 2eH4 i03N. First prepared by Chou and Chen,^ who
adopted the formula Cj 811220

2

N, which was changed, first to C26H 43O 2N
by Chi et al.^^ then to C25H 4i03N by Wu,^ and seems to have been iinally

settled as C26H4408N by Chu and Chou^ (1947), who state that peimine,

CgeH^gOgN, is oxidised by Beckmann’s mixture to peiminine by the

conversion of a secondary alcohol group to carbonyl. Peiminine has been
stated to have m.p. 135°, [a]}f* — 67*3° (EtOH), and to form a hydro-

chloride, m.p. 295°, and a hydrobromide, m.p. 292°, but Chi ei aL^ found
that the base sinters at 140°, melts at 147-8°, re-solidifies at 157° and
re-melts at 212-8 °, which is also the m.p. after drying at 110 ° in vacuo.

They also regard peiminine as identical with verticilline {see beloxv). Chou
and Chu * prepared a monoacetate, m.p. 174 ,

a semicarbazone, m.p.
255-6°, and a phenylhydrazone hydrochloride, m.p. 266°.

Chou ^ has described recently the isolation of four minor alkaloids from
F. Roylei ; they occur in the drug to the extent of 0*001 to 0*002 per cent.

Peimidine, C27H 45O2
N, m.p. 222 °, [a]?®*" — 74° (EtOH), isolated as the

hydrobromiae, m.p. > 300°, yields a hydrochloride, B . HCl, m.p. 318°,

and an amorphous platinichloride.

Peimiphine, C27H 43O 3N, m.p. 127°, — 69° (EtOH), also isolated

as the hydrobromide, forms a hydrochloride, m.p. 287°, and an amorphous
aurichloride.

Peimisine, C27H 43O 4N, m.p. 270°, [ajff** — 51° (EtOH), isolated as the

hydrochloride, m.p, 257°, forms an amorphous aurichloride and a

crystalline oxime, m.p, 196°.

Peimitidine, C27H44O 3N, m.p. 188°, —
- 68 ° (EtOH), forms a

hydrochloride, m.p. 291° {dec.), an amorphous aurichloride and a very

soluble platinichloride.

Fritimine, C38H32O3N2 . Obtained by Chou and Chen ^ (1933) from a

variety of Szechuan “ pei-mu,” different from that yielding peimine and
peiminine {see above). It has m.p. 167°, [a]??*" — 50° (EtOH), and forms a

hydrochloride, m.p. 230°.

Verticine, C^gllggOgN or C19H35O2N. Obtained by Fukuda
J
from F.

verticillata var. Thunbergii {see above), has m.p. 224-224*5°, — 10 * 66°

(EtOH), yields a crystalline platinichloride and contains one methoxyl

group. Chi et al.^ suggested its identity with peimine {see above).

Verticilline, C19H33O2N. Of the same origin as verticine, sinters at

130°, melts at 148-150°, re-solidifies at 157-9° and re-melts at 212-3° (<?/.

peiminine with which its identity has been suggested) ; it yields a crystal •

line platinichloride.

FritUlarine, C19H3SO2N, isolated as the perchlorate from the residual

bases of F. verticillata var. Thunb., is amorphous and has m.p.

180-1°.
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Raddeanine, CgiHggOgN, has m.p. 255-7®, and forms the following

salts
;

perchlorate, m.p. 204-5®
; hydrochloride, m.p. 167-8®

; auri-

chloride, m.p. 180-2®
;
methiodide, m.p. 248-250°. The ben25oyl derivative

melts at 235-6®. The alkaloid is unchanged by boiling with potassium

hydroxide in alcohol. ^

Alginine, C23H39O3N, has m.p. 271-2®, [a]D + 108*5® (EtOH), forms a

hydrochloride, m.p. 823-5®, and a methiodide, m.p. 810-1®. The nitrogen

atom is tertiary and there are three hydroxyl groups.®

Pharmacology, According to Yagi,® imperialine is a heart poison, and
Narumi states that verticine, verticilline and fritillarine behave in frogs

qualitatively similarly to Yagi’s fritilline.® Respiration is paralysed,

voluntary and reflex movements cease, the heart is damaged. The blood

vessels are constricted by these alkaloids and on the isolated nerve muscle

preparation a veratrine-like effect is produced. In rabbits the symptoms
again are like those found with fritilline ; various cerebellar co-ordinating

centres are paralysed. Large doses slow respiration and lower the blood

pressure, small doses of verticine and verticilline have the reverse effect.

The movement of the intestine is inhibited and the tone of the uterus

increased.

According to Chen, Rose, Anderson and Chou ^ (1935), fritimine lowers

blood pressure in the anaesthetised cat and temporarily depresses respira-

tion
;

it induces contraction in the guinea-pig uterus and inhibits the

isolated small intestine of th^ rabbit. Chen, Chen and Chou state that

peimine and peiminine, perfused through the inferior vena cava in frogs,

both cause a decrease in heart rate, complete A-V block and periodicity.

They induce a fall in blood pressure in cats, inhibit the activity of isolated

rabbit intestine at a concentration of 1 : 10,000 , and cause some hyper-

glycaemic action in rabbits. The minimum lethal dose in mice is 9 mgm./
kilo. According to Zolotukhina.^^ raddeanine stimulates the central

nervous system in dogs, cats and rabbits, but in large doses paralyses.

The toxic dose for rabbits is 10 to 30 mgm./kilo. The same author states

that alginine is mainly notable for its local anaesthetic action but also

shows some mydriatic activity.
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ALKALOIDS OF GARRYA SPP.

Early investigations ^ indicated the presejice of an alkaloid in G,

fremontii and G, racemosa. Six species were examined recently by Oneto,^

who found no alkaloid in G. flavesceus, amorphous bases in G. fremontii

and G. bicxifolia, and alkaloids yielding crystalline hydrochlorides in G.

ellipticay G. wrightii and G. veatchii. The bark of the last-mentioned

species was worked up for total alkaloids, which on fractionation yielded

two crystalline bases.

Garryine, C22H32O2N . H2O, m.p. 96°, after shrinking at 88 °, [a]f/

— 84*23° (EtOH), gave the following salts : B . HCl, m.p. 251-2° {dec .)

;

B . HBr, m.p. 229-280° {dec.)

;

B . HI, m.p. 203-4° (dcr.), and sulphate
;

the latter decomposes over a long range.

Veatchincy C22H 32O2N, m.p. 122-8 °, — 69*01°. The following

salts were prepared ; B . HCl, m.p. 251 2° {dec .) ; B . HBr, m.p. 229-230°
;

B . HI, m.p. 222-3° {dec.).
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ALKALOIDS OF GEISSOSPERMUM VELLOZII

From ‘‘ pereiro bark of this species (also known as Taberncemontana

Iccvis Veil.) used in Brazil as a febrifuge, Hesse isolated two alkaloids,

geissospermine and pereirine ^ and a third, vellosine, was found by Freund
and Fauvet.^ Geissospermine has been investigated by Bertho et al.,^ whose
data are used in the following account,

Geissospermine, C40H5QO3N4 . 1 -5H20 ,
crystallises from dilute methyl

alcohol, has m.p. 145-7° {dec.), — 101*9° (EtOH), and on recrystallisa-

tion from ethyl acetate gives the dihydrate, B . 2H2O, m.p. 210-2 ° {corr.),

Wd 108*2 (EtOH). The sulphate, B . H2SO 4 . eHgO, m.p. 226° {dec.),

[ajn — 84*2° (HgO) ;
oxalate, B . H2C2O 4 . SHgO, m.p. 193° {dec.)

;

and
dimethiodide, B . 2MeI . 4H2O, m.p. 261-2°, — 61*5° (EtOH), are all

well crystallised. The alkaloid contains one methoxyl group, a labile, basic

methylimino group and two active hydrogen atoms (Zerewitinoff). It gives

a colourless solution with pure sulphuric acid, a blue colour with sulphuric

acid containing ferric sulphate and a purple colour with nitric acid. For

a detailed study of the colour reactions, see Raymond-Hamet.^
Bertho et ci? have shown that geissospermine is hydrolysed by cold,

strong hydrochloric acid to two isomeric bases, CgoHaeOgNg, presumably

by the scission of an ether linkage between the two halves of the molecule.

Base A discolours at 155°, m.p, ^ 205° {dec,), — 101 ° (EtOH), and

shows colour reactions similar to those of the parent base, which resemble

those of yohimbine and it is suggested that base A, the corresponding

half of geissospermine, and the minor alkaloid pereirine (p. 736) probably

have the same ring system as yohimbine. Base B, isolated as the hydro-

chloride, m.p. 159-1^°, is crystalline, m.p. ^ 160° {dec.), gives no colour
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with nitric acid, is free from methoxyl but contains one methylimino group

and forms a hydrobromide, m.p. 225-6° {dec.), and a methiodide, B . Mel,

m.p. 230-1° {dec.). The latter gives an amorphous monoacetyl derivative,

C22H28O 3N2 . Mel, decomposing at 287°.

Geissospermine is converted by phosphorus and hydriodic acid in

boiling acetic acid to a deoxy-base, C20H26ON2 ,
m.p. 212--3° {dec.), which

gives no colour with nitric acid and forms a methiodide decomposing at

246°. The function of the third oxygen atom in geissospermine has not

been ascertained ; it gives no carbonyl or hydroxyl group reactions.

Two of the nitrogens are tertiary and from the results of pyrolytic experi-

ments the other two appear to occur in a pyridine and an indole nucleus.

The two active hydrogens are also still unexplained.

Distillation of geissospermine with zinc dust affords 3-ethylpyridine,

identified as the picrate, m.p. 126°, and platinichloride, m.p. 183°, and an
indole base giving a picrate, m.p. 256-7° {dec.). The mixed minor alkaloids

accompanying geissospermine, on distillation with zinc dust, gave
(
1

)
a base

forming a picrate, m.p. 128-130°, and a platinichloride, m.p. 188-190°,

which may be 2-methyl-6-ethylpyridine, and
(
2

)
a hydrocarbon,

m.p. 44-5 to 45*5°.

Pereirine, CaoHacONg . O-SHgO. According to Bcrtho and Moog®, this

amorphous alkaloid, m.p. 134-5°, + 137*5° (EtOH), gives a

methiodide decomposing at 233-5° and a methyl ether, m.p. 195-7° {dec.),

and is stable to dilute mineral acid. Bertho and Sarx * state that chromato-

graphic examination shows the alkaloid has not been obtained pure,

Vellosine, C23H28O4N2 ,
crystallises from hot alcohol in prisms, m.p. 189°,

[a]j) + 22 * 8 ° (CHCI3). The hydrobromide, m.p. 194-5°, and the hydriodide,

m.p. 217 -8 °, both crystallise with one molecule of water. Vellosine

contains two methoxyl groups and behaves as a monoacidic, tertiary base.

On heating with mineral acids it loses water, forming apcvellosine,

^46^6407^4 * physiological action it resembles brucine and is toxic to

rabbits in doses of 0*075 gm. per kilogramme of body weight.^

Raymond-Hamet ^ has published, with a bibliography, a critical

historical account of the botany and chemistry of pereiro bark, the botanical

source of which he suggests should be named Geissospermum Iceve (Vellozo)

Baillon. There seems to be some doubt as to whether vellosine was actually

obtained from this species.
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ALKALOIDS OF GELSEMIUM SPP.

The existence of alkaloids in the rhizome and roots of the North
American plant Gelsemium sempervirens Ait (Loganiacese) was first demon-
strated by Wormley ^ and later a crystalline alkaloid, gelsemine, was
isolated by Gerrard.* Thompson® found in addition to gelsemine an
amorphous alkaloid, geheminine, Gelsemine was later examined by
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Spiegel^ and by Gdidner,® who adopted the formula C22H2e03N2 ,
which

was altered by Moore * to C20H22O2N2. A third alkaloid, sempervirine,

possibly identical with Thompson’s gelseminine, was isolated by Stevenson
and Sayre, ^ together with the amorphous fractions gehemidine and
“ gelsemoidine,^^ From the latter Forsyth, Marrian and Stevens ® isolated

a methiodide, C2oH22(24)03N2 . Mel, m.p. 296-7° (dec,), [aj^ + 3-9° (HgO),

which differs from Moore’s apogelsemine methiodide (see below) in specific

rotation but has the same composition and melting-point. Forsyth et al,

also isolated from gelsemium preparations a crystalline picrate,

C20H24O 4N2 . C 3H3O 7N3 ,
melting at 152°, and as tail products

3f this, pierates, m.p. 118° and 140°, in addition to a picrate,

CijHggOgNa , 2C 3H3O 7N3 , m.p. 185°, and a methiodide, CigHgoOgNa . Mel,
m.p. 261° (dev.). From “ gelsemoidine ” picrate, the same authors

separated as the benssoyl derivative, the alkaloid geUemicitie, which Chou ®

first obtained from gelsemium root. Chou has also prepared from Chinese

gelsemium (G, elegans Benth.) a series of five new alkaloids,^® and Chi,

Lee and Lee state that the drug twan-chan-tsao ” of Kwangsi, which
may be G. elegans, contains an alkaloid giving a hydrobromide, m.p. 287°.

Processes for the isolation and separation of the gelsemium alkaloids

will be found in the papers cited and a number of methods of estimation,

both chemical and biological, have been described, and standards

suggested.^^

Gelsemine, C20H22O2N2,
crystallises from acetone in prisms, m.p. 178°,

loses one mol. of acetone at 120° and has [ajp + 15‘9° (CHCI3 ). The
hydrochloride, B . HCl, has m.p. 833° (dec,), [a]© + 2 * 6° (HgO) ; the

hydrobromide, m.p. 825° (dec,)

;

the nitrate, B . HNO3 , m.p. > 280°

;

the methobromide, m.p. 813-4°, and the methiodide, m.p. variable from
286-301° (dec,), [ajjf"* + 6 *0(HaO). According to Moore,® the methiodide

has [ajo + 8*9° (HgO) and on treatment with potassium hydroxide solution

regenerates gelsemine.

Moore also states that gelsemine, on treatment with acetic anhydride,

yields acetylgelsemine, CgoHajONa . OAc, prisms, m.p. 60-70° or 106-8°

(dry), but this is not confirmed by later workers. When boiled with

hydrochloric acid, gelsemine takes up one molecule of water, forming

apogelsemine, C80H24O3N2, an amorphous base which yields crystalline

salts, and a methiodide, m.p. 295° (dec,), [a]© + 12*4° (HgO), and isoapo-

gelsemine (m.p. 810°). A third product, in which a molecule of hydrogen
chloride has been added, is chloro^oopogelsemine, CgoHggOgNgCl.

According to Chou and Chu,^* gelsemine, on treatment with zinc and
hydrochloric acid, in presence of palladium chloride or platinum chloride,

yields (a) isogelsemine, m.p. 200-2° (dry), + 38*8°, of which the

methiodide, B . Mel, has m.p. 279-280° (dec,), and (b) an unnamed base,

C18H22O4N, m.p. 265-7° (dec.), — 14*9° (MeOH), giving a hydro-

bromide, m.p. 805-8° (dec,), and a methiodide, m.p. 262-5° (dec.). On
hydrogenation in presence of platinic oxide, gelsemine and t^ogelsemine

give dihydrogelsemine, C8oH2408Na , COMcj, m.p. 224r-5°, +78-5°
(CHClg), forming crystalline salts : B . HCl, m.p. 818--820° (dec.)

;

B , HBr,
ALK. 24
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m.p. 828-^30" {dsc,) ; B . HNO3, m.p. 285" {dec.), and B . Mel, m.p. 801 2
"

{dec.). The dihydro-base on treatment with nitric and sulphuric acid at

— 7® forms dinitrogelsemine, C2oH2oOaN2(N03 )2 ,
m.p. 257-8® {dec.),

+ 6*6", of which the methiodide has m.p. 255~6" and [a]}f — 68:5®

(MeOH). Marion found that a mixture of bases and neutral products

is obtained when gelsemine is heated to 820® with either soda-lime or

selenium. The neutral products included 2 : 3-dimetliylindole, charac-

terised as the picratc, m.p. 154-5®. The bases gave two picrates, m.p. 210 °

and m.p. 288® {dec.), not yet identified.

Forsyth et al.^ pointed out that gelsemine is remarkably inert
; they

were unable to repeat Moore’s preparation of an acetyl derivative, to

obtain reactions with hydroxylamine, or to induce normal degradation of

the methiodide and they confirmed Moore’s failure to induce reaction

with boiling alkali. By hydrogenation of gelsemine in dry acetic acid in

presence of Adams’s platinic oxide catalyst they succeeded in preparing a

hexahydro-derivative, C2oH2802N2 » ^-P* 170®, which forms a methiodide,

m.p. 296°, and does not give the gelsemine colour reaction with sulphuric

acid and dicliromate. On fusion with potash, gelsemine gave the amor-
phous base providing the picrate, m.p. 152®, already referred to.

In view of the strychnine-like pharmacological action recorded for

gelsemine, Janot and Berton have compared the ultra-violet absorption

spectra of the two alkaloids, which proved to be remarkably similar.

That of sempervirine was quite different and also unlike those of indole,

quinoline and cinchonamine, With which it was also compared.
Gelsemine dissolves in sulphuric acid, giving a colourless solution,

which on the addition of a crystal of potassium dichromate becomes red,

then violet and finally green. A solution in alcohol gives a pink colour

with dimethylaminobenzaldehyde in hydrochloric acid.

Addendum. Witkop has shown recently that on distillation with zinc,

gelsemine yields skatole (3-methylindoIe) and two basic products, of which
the stronger has the formula CnHuN, forms a picrate, m.p. 185-7®,

and is probably a dimethyl isoquinoline, not identical with the known
1:3; 1:4; or 3 : 4-dimethyh’soquinolines. The weaker base yields a
picrate, Ci 4HiiN . CgHgO^Nj, m.p. 218-220®. The formation of skatole

and a dimethyhsoquinoline implies simple breakage thus :—CaQH220aN2
“->

CgHgN + CnHjiN and it is suggested that gelsemine may have a structure

of the yohimbine type (XIV
; p. 508), which in this reaction breaks across

ring C.

Sempervirine, . HgO. From the alkaline liquid, after removal
of gelsemine by ether, Moore ^ observed that amyl alcohol extracted two
amorphous alkaloids, of which the more basic was probably Thompson’s
geJseminine. From this material crystalline sempervirine was obtained

by Stevenson and Sayre,’ and later by Chou,® but a formula was first

assigned to it by Hasenfratz.^^ It forms yellow needles, m.p. 228®, from
chloroform, or orange-yellow to brown-red crystals, m,p. 258-260®,

from alcohol, [a]© ± 0°, value ^ 10*6. The salts crystallise well

:

B . HCl . 2H2O, yellow prisms, m.p. > 800®
; B . HBr . 2H2O, m.p. 825®
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{dec,). The nitrate, B . HNO 3 . 2H2O, has m.p, 282® (cfec.), and is sparingly

soluble in water. The methiodide has m.p. 848® {dec,), Sempervirine has
been less investigated than gelsemine but it appears to be equally un-
responsive to reagents. According to Forsyth ei al,,^ the methiodide
yields an amorphous product with potassium hydroxide solution, and
cyanogen bromide merely converts the alkaloid into the hydrobromide.
Sempervirine absorbs three molecules of hydrogen rapidly and five mole-
cules in all. The presumed “ decahydro-derivative,” resulting from this

operation, formed yellow needles, m.p. 205®, and on analysis gave results

indicating the formula C19H24ON2 . The base dissolves in sulphuric acid

with a bluish-violet fluorescence.

Add ndum. More fundamental results are recorded by Goutarel, Janot
and Prelog and by Prelog in two papers, received too late for detailed

description. They propose for sempervirine, the formula originally

suggested by Barger and vSehob, for yobyrine (IV^a
; p. 508) with a possible

alternative having the ethylenic linkages at — €^4 in ring D moved to

C3 — C4. Sernpcrvdrine contains one active hydrogen (Zerevitinov) and no
methylimino group and on degradation yields a series of products already

associated with yohimbine. When heated with selenium at 295-300° it

is isomerised to yobyrine (IVb : p. 508), and is oxidised by selenium dioxide

in boiling xylene to yobyrone (V : p. 508). Refluxed with Raney nickel

in boiling xylene for 10 hours it is converted into tetrahydroyobyrine

(VI
:

p. 508).

This association of sempervirine wit h yohimbine is of biological interest

since the former alkaloid is derived from a plant of the Loganiaceae in which
alkaloids of the strychnos group seemed to be characteristic, whereas the

yohimbine group of alkaloids have so far only been found in the

Apocynacese and Rubia(*e<c.

Gelsemicine, C20H24O4N 2, crystallises in broad, orthorhombic prisms,

has m.p. 171°, ~ 140° (EtOH), and yields a hydrochloride, needles,

m.p. 139« 5-140°, and a picrate, m.p. 203°.

Forsyth et al,^ found that gelsemicine contains three active hydrogen

atoms (Zerewitinov determination), yields a non-basic, monobenzoyl

derivative, m.p. 232°, and behaves as a secondary base giving A'-methyl-

gelsemicine hydriodide, m.p. 227°, on treatment with methyl iodide. It

does not react with either hydroxylamine or 2 ; 4-dinitrophenylhydrazine.

On hydrogenation in dry acetic acid in presence of Adams’s platinic oxide

catalyst it absorbs three molecules of hydrogen.

Chou ® also obtained an amorphous alkaloid giving a hydrochloride,

[a]^' + 85°.

Two varieties of Chinese gelsemium have been examined by Chou
ei al,9 mz,y “ Kou-wen ” and “ Ta-ch’a-yeh,” both said to be derived

from Gelsemium elegans Benth. The alkaloids found in “ Kou-wen ” are

as follows :

—

Koumine, C20H22ON2,
rhombic prisms from acetone, m.p. 170®, [a]^

- 265® (EtOH) ; B . HCl, m.p. 255® {dec,) ; B . HBr, m.p. 209® {dec,),

Kouminine, amorphous, m.p. 115®, [«]d dr 0®, yields a crystalline hydro-

24—

a
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chloride and hydrobromide, both melting above 800°. Kouminidne^
amorphous and laevorotatory. Kouminidine, prisms, m.p. 200°. Chi, Klao

and Huang have confirmed the existence of koumine, purified koumini-

dine, C19H25O4N2, m.p. 299 °, and shown kouminine to be a mixture of

gelsemine with other bases.
“ Ta-ch’a-yeh ” contains gelsemine, koumine, kouminine and kounidine,

C2iH2405N2, m.p. 315 °
;
hydrochloride, m.p. 318 °.

According to Okanishi,^® the toxic components of G, eUgans are identical

with those of G. sempervirens.

Pharmacological Action, Most of the early observations on the gelse-

niium alkaloids were made on amorphous preparations, and the results

recorded are probably further confused by the fact that while in English

journals the first crystalline alkaloid obtained was called gelsemine and
the residual amorphous fraction gelseminine, these two names were used

in the opposite sense in some German publications.

Cushny found that in the frog gehemine hydrochloride produced

tetanic convulsions and later paralysis of the motor nerve ends. In

mammals these effects were not observed for the dosages used. Dale,®

using Moore’s gelsemine hydrochloride, found that intravenous injection

of 0-1 gm. produced practically no effect in rabbits. More recently

Raymond-Hamet has recorded that 0* 2 mgm. per kilo of gelsemine

hydrochloride given intravenously produced in the dog a prolonged fall

in blood pressure and increased respiration, while a dose of 8 mgm. per

kilo augmented the pressor action of adrenaline and almost abolished

the apnoea caused by the latter. According to Henderson and Chen,^*^

hydrogenation of gelsemine has little effect on its pharmacological action
;

both gelsemine and its dihydro-derivative relax rabbit intestine, contract

isolated rabbit uterus, lower arterial blood pressure in cats and show the

same toxicity in mice, the intravenous 50 per cent, lethal dose being

104 mgm. per kilo body-weight. Christensen and Gramling found that,

unlike sempervirine and gelsemicine, gelsemine in doses of 20 mgm. did

not produce emesis in pigeons.

Both Cushny and Dale ® found the amorphous gelsemium alkaloids

represented by such fractions as gelseminine ” much more active than

gelsemine. Cushny stated that “ gelseminine ” resembled coniine in

action and showed a greater depressant eff^t on the central nervous system,

but unlike coniine it exerted no pressor effect. It was also a powerful

mydriatic. Dale found that 0-001 gm. of the hydrochlorides of the

amorphous alkaloids injected into rabbits caused death from respiratory

failure in 25 minutes, preceded by convulsions. These results are explained

by the subsequent isolation from such amorphous fractions, of the potent

alkaloids sempervirine and gelsemicine.

According to Raymond-Hamet,^® sempervirine resembles sparteine,

which, like it, is an oxygen-free alkaloid, in annulling the cardiac effects

of electrical stimulation of the vagus and in conunon with gelsemine and
gelsemicine produces on intravenous injection a prolonged fall in blood
pressure, while it augments the hypertensive action of adrenaline. It also
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induces a marked and lasting decrease in sensitivity of the guinea-pig

intestine to adrenaline and acetylcholine.

Gelsemicine is more toxic than gelsemine but its effects on arterial

pressure are less marked. It appears to be the alkaloid to which
gelsemium owes its characteristic effects. According to Hou,^® it is very
toxic for the rabbit, rat and dog, death being due to respiratory arrest.

In minute doses it stimulates respiration, but as the dose is increased,

progressive paralysis of the respiratory centre occurs. It has but little

effect on the circulation, but is active on the isolated frog heart, dog and
rabbit intestine and uterus and shows mydriatic action. Chen and Chou
have made a similar investigation of the action of gelsemicine in pigeons,

cats and monkeys. Its intense toxicity l(‘d Chen to compare it with

pseudaconitine and aconitine, it appeared that the toxicity of

each alkaloid varied with the animal species : thus for intravenous

injection in mice the order is gelsemicine > aconitine > pseudaconitine,

but in rabbits and guinea-pigs it is reversed thus : pseudaconitine >
aconitine > gelsemicine.

de Espanes states that the fluid extract of Chinese gelsemium pro-

duces bradycardia in the chloralosed dog and that the electrocardia-

graphic effects are similar to those induced by an extract of G. semper-

virens, Chou, Wang and Cheng state that kounidine causes muscular
weakness and shows inhibitory effect on the respiratory centre. Chou,
Pak and Hou find that koumine resembles gelsemine in action and that

kouminicine is much more toxic to mammals.
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ALKALOID OF GENTIANA KIRILOWI
This plant contains the alkaloid gentianine^ Cj^HgOgN, rn.p. 79-80°, of

which salts have been prepared : hydrochloride, m.p. 171-2°
;

nitrate,

m.p. 238-240°; oxalate, m.p. 152-3°; and methiodide, m.p. 190-1°. On
catalytic hydrogenation, dihydrogentianine, m.p. 75-6°, is formed. On
solution in alcoholic sodium hydroxide, gentianine forms sodium gentianate,

m.p. 132-4°, from which the alkaloid is regenerated by acids. Oxidation

of gentianine by permanganate in acetone produces an acid, C 9H 7O 4N,

m.p. 260-2° (dec,), which on further oxidation by aqueous alkaline

permanganate, leads to pyridine-3 : 4 : 5-tricarboxylic acid. Zinc dust

distillation of gentianine yields pyridine. The alkaloid is regarded as

3-vinylpyridinc fused at positions 4 and 5 with a cyclic lactone, which

may be of type (a) or (b) :

—

I

'
I i 1

(a) CO . C . C . C . (\ O or (b) CO . C . C . CMe . O
(Prcjskurnina, J. Gen, Chem, liuss., 11)44, 14, 1148.)

ALKALOIDS OF HOLARRHENA SPP,

In 1858 Haines^ isolated from the bark of Holarrhena (Wrightia)

antidysenterica Wall., known in India as “ kurchi,’’ the alkaloid conessine.

It was prepared from the seeds of the same plant by Stenhouse,^ who
named it “ wrightine,” and by Warnecke,^ in a crystalline condition from

the same source. It was also obtained by Polstorff and Schirmer ® from

the African species II, africana D.C., by Pyman * from H, congohnsis

Stapf., together with a second alkaloid, holarrhenine, by Henry and Brown ®

from H. Wulfsbergii, and by Siddiqui et from H, febrifuga Kdotsch.

In recent years much interest has been displayed in the Indian species

and other alkaloids, named in the following list, have been isolated from
it, though it should be noted that doubts hp.ve been expressed by several

authors ® as to the individuality of some of these substances.

Bertho ® (1939), in the course of a critical examination of extraction

methods, has confirtned the occurrence of conessine, conessidine, con-

kurchine, kurchine, holarrhimine, kurchicine and a new alkaloid, conkur-

chinine. He suggests that worconessine is impure kurchine and points

out that several of these alkaloids, notably conessidine and conkurchine,

on treatment with alkali, yield high-melting products, which are only

recoverable in the normal forms by solution in acid and re-precipitation

by ammonia. “ Kurchenine ’’ is such a form of conkurchine (cf, p. 745 ),

and it is suggested that lettocine is also of this type,

Irani has isolated from an alcoholic extract of kurchi seeds a crystal-

line gluco-alkaloid, which froths at 65°, melts at 200° (dec.)^ forms a
benzoyl derivative and gives a dark-green colour with ferric chloride.

When a sattirated solution of picric acid is added to an aqueous solution

of the gluco-alkaloid hydrolysis occurs, the products being conessine

picrate, a second picrate, m.p. 113-6°, and galactose.
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Conessine C2iH8i(NMe)(NMe2)
norConessine, C23H38N2
Conessimine, C2iH3i(NH)(NMe2)
mConessimine, CaiH3i(NMe)(NHMc)
Kurchine, CaaHggNa
Coniinine, C2iH3i(NH)(NHMc)
Conamine, CaiH3i(NMe)(Nll2)
Conarrhiminc, C'2iI43i(NH)(NJl2)

Conessidine, CaiHgaNj
Conkurchine, CgilisaNg
Conkurchinine, CggHseNa
Holarrhenine, C24H38ON2
Holarrhimine, C2iH3i(OH)(NH2).
Holarrhine, C2oH38^3N2
Kurchieine, C20H33ON2
Lettocine, C17H23O2N

Conessine, €24^14

0

^2 *
crystallises from boiling acetone in large colourless

plates, m.p. 125°, [aji) — 1-1)° (CHClg),^ + 21-6° (f^tOH).^ The hydro-

chloride, B . 2HC1 . HgO, forms masses of silky needles, m.p. > 340°,

Wfr + (HgO) *
;

the hydrobromide* has [a]© + 7*4°, the acid

oxalate, B . 2H2C 2O 4, crystallises in prisms, m.p. 280° {dec.), readily

soluble in liot and sparingly in cold water. 1'he platiniehloride is a crystal-

line powder ; the picrate has m.p. 222-4° (dec.). Dihydroconessine has

m.p. 97*5°, +37*3° (EtOH). On oxidation with potassium iodate

in dilute sulphuru* jjcid dioxyconessitie, 024114202^2 ?
is formed (Warnecke 2

).

This crystallises from alcohol on addition of wat( r in needles, m.p. 294-5°,

Wd + 11*79° (EtOH), and forms an amorphous dibenzoyl derivative,

which is still diacidic, so that the two oxygen atoms appear to be present

as hydroxyl groups. On further oxidation with chromic acid, it yields

dimethylamine and a lactone acid, C22H33O 4N.
Work by Siddiqui et ah has served to establish relationships between

the alkaloids to which extended formula) are assigned in the foregoing table.

S. and R. H. Siddiqui ® showed that on appropriate treatment with cyano-

gen bromide, followed by hydrolysis of the cyano- and dicyano-derivatives

formed, conessine, C2iH 3i(NMe)(NMe2 ), was demethylated to ^^oconessi-

mine, C2iH 3i(NMe)(NHMe), and conimine, C2iH 3i(NH)(NHMe). Conessine

on treatment with sulphuric acid in acetic acid,^® is isomerised to neo-

conessine, m.p. 128-9°, + 96*8° (EtOH), and this on further action

by sulphuric acid yields w'oconessine, b.p. 239-241 °/3 mm., -f 97°

(EtOH), which Siddiqui, Siddiqui and Sharma demethylated to

(a) wonomaconessine (B . HI, m.p. 292--3°), and {h) ^^aconimine, isomerides

of waconessimine and conimine respectively, and which are also formed
from the latter by the action of sulphuric acid. The relationships thus

established are shown in the following table :

—

Alkaloid Isonierised by H^SO* to Methylated to Demethylated to

Conessine . isoConessine — tsoConessimine and
conimine,®

i^oConessine — — mnomoConessine and
tsooonimine.^^

t^oConessimine . isonomoConessine Cx)ne8sine ® —
Conimine . tsoConimine Conessine ® —
Conessimine — Conessine ® —
isonorisoConessine —

i isoConessine
isoConimine — woConessine 1®

1

—

Conessine forms a dimethiodide, B . 2MeI . SHaO, m.p, 808-4° (cfea,),

+ 11*5° (HaO). The aqueous solution of the quaternary ammonium
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base formed from this by the action of silver oxide, on distillation yields

trimethylamine, methyl alcohol and a crystalline product,® which Kanga,
Ayyar and Simonsen showed was a mixture of two bases, of which they

isolated and characterised opoconessine, needles, m.p. 68-5®, yielding a

picrate, m.p. 284® (Spath and a methiodide, m.p. 288-5®, which
reverts to apoconessine on treatment with silver oxide. Spath and
Hromatka^® found that in the formation of apoconessine the methyl
alcohol arises from a secondary reaction, that apoconessine should be

represented by the formula C28H35N, and that it contains three ethylenic

linkages (hexahydroapoconessine, m.p. 69-70®), one of which is originally

present in conessine, which yields a dihydro-derivative (see above), also

formed by the hydrogenation of dioxyconessine (Osada The same
authors found that apoconessine methochloride was transformed by
sodium amalgam into trimethylamine and a hydrocarbon, CgiHg^, m.p.
74-6®, — 183*7® (pyridine), hydrogenated to CgiHgg, m.p. 56-8®,

0*9547, njf" 1*50664, [a]}f + 14*5® (benzene).

The conclusion is drawn that conessine contains four hydrogenated,

carbocyclic rings with a ring containing one nitrogen atom attached. This

complex includes one ethylenic linkage resistant to reduction. The
nitrogen eliminated in the formation of apoconessine was originally in an

acyclic structure as an . NMeg group.^ Siddiqui and Sharma obtained

from conessine and t^oconessine hydriodides, ammonia and conessene,

C21H30 , b.p. l85-192®/3 mm., -f 85*0®, which, like Sp&th and
Hromatka’s hydrocarbon, contains three ethylenic linkages, but is not

identical with it.

Siddiqui et have also investigated the nitration and the bromina-

tion of conessine, and its oxidation by permanganate and by chromic

acid, and have carried out various reactions with the products
;

one

outcome of this work is the suggestion that the structure of conessine

includes the chain . CH : CH . CHg.

norConessine, CgsHggNa, was obtained by Haworth from the mother
liquors remaining from the isolation of conessine as the hydrogen oxalate.

It is a colourless, viscid oil, b.p. 288-240®/0*7 mm., [a]© +6*7® (EtOH),

yielding well-crystallised salts. The dihydrogen dioxalate separates from
alcohol or water in nodules, m.p. 225-7® (dec ,) ;

the dihydrochloride has#

m.p. 840® (dec,), and the dimethiodide forms pale yellow prisms, m.p.
810-2® (dec.). With potassium iodate in presence of dilute sulphiiric add
norconessine yields dihydroxynorconessine, C23H4QOaNa, m.p. 264-6®, and
the dimethiodide, on treatment with silver oxide, gives the corresponding

ammonium hydroxide which decomposes when heated tmder reduced

pressure into trimethylamine and the corresponding apo-base, aponor-

conessine, Ca^HagN, b.p. 190-2®/0*2 mm. The latter furnishes a picrate,

m.p. 244-5®, and a methiodide, m.p. 274-6®, which could not be d^aded
further. Dihydroxytiofconessine decomposes on melting, forming a
vapour, which gives the pyrrole pinewood reaction. According to Bertha •

(1989) norconessine is identical with kurchine (see p. 745).

Conessimiiiet C3iH3|.(NH)(NMe2). This is one of four isomeiddes
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Ca8H3gNa, which differ from conessine by CHa, and was isolated by
Siddiqui and Pillay.® It has m.p. 100°, b.p, 280°/l*8 mm., — 22*8°

(CHCla), yields a hydrochloride, m.p. 842-4°, [a]|®" — 15-1° (HgO) ; a
hydriodide, m.p. 818-9° {dec,) ; aurichloride, B . HAuCl^, m.p. 165° {dec,)^

and a picrate, m.p. 172-4°. Conessimine contains one reactive hydrogen
atom, two methyl groups attached to nitrogen and a secondary nitrogen

atom (nitroso-derivative, m.p. 240° (dec.) ). On methylation with formalde-

hyde and formic acid, it is converted into conessine, C2iH3i(NMe)(NMe2).

i^oConessimine, C2iH3i(NMe)(NHMe), isolated by Siddiqui,® has
m.p. 92° or 88-92° as a dihydrate, + 80»0° (EtOH). The hydro^

chloride has m.p. 885°, hydriodide, m.p. 816°
;

picrate, m.p. 198-200°

(dec.) ; and platinichloride, B . H2PtCl 2 , m.p. 285° (dec.). It contains one
reactive hydrogen atom and two methylimino groups and on methylation

furnishes conessine. Sulphuric a»‘id isomcrises it to ismorisoconessme,^^

Wif* + Itll^ (EtOH)
;

picratf*, xn.p. 166°
; hydriodide, m.p. 289° (dec.),

Kurchine, C^
3H3iiN2,

isolated by Ghosh and Ghosh, has m.p. 75°,

~~7-6° (CHCI3) or +6*4° (EtOH), forms a hydrogen oxalate,

m*p. 221°, dihydriodide, m.p. 278° (dec.), diperchlorate, m.p. 250° (dec.),

dimethiodide, m.p. 286*5°, and aurichloride, m.p. 160-6°. On catalytic

hydrogenation it yields dihydrokurcliine, of which a picrate, m.p. 176°,

an acetyl derivative, m.p. 112°, a nitroso-compound, m.p. 109°, and a

p-toluenesulphonate, m.p. 174°, have been prepared. Kurchine contains

two methylimino groups ;
according to Bertho ® (1989) norconessine (see

above) is impure kurchine.

Conimine, C2iH3i(NH)(NHMe), isolated by Siddiqui, has m.p. 180°,

Wb?" — 80° (EtOH), and yields a hydrochloride, m.p. 818-820° (dec.)

;

platinichloride, B . HaPtClg, m.p. 296-8° (dec.)

;

and picrate, m.p. 140-1°.

It contains two reactive hydrogen atoms and one methylimino group
; is

.^-methylated to conessine and formed by the demethylation of conessine

by the action of cyanogen bromide. Sulphuric acid isomerises it to

woconimine, [alff** + 59° (EtOH) [hydriodide, m.p. 832° (dec.)

;

picrate,

m.p. 135°], which is also formed by the demethylation of isoconessine.^

Conamine, C2iH3i(NCH3)(NH2), has m,p. 180°, - 19° (EtOH)
(Siddiqui ®).

Conarrhimine, C2iH3i(NH)(NH2), has not been obtained pure owing

to its tendency to form eutectic mixtmes, m.p. 160° and 175°, with

holarrhimine, but its presence has been established by the isolation from

such mixtures of nitrosohydroxyapoconarrhimine, C,iH3,(N.NO)(OH).
m.p. 160-8° (Siddiqui ®).

Conessidine, C2iH32N2, m.p. 128°, — 68*5° (CHCI3), was obtained

by Bertho, von Schuckmann and Schonberger.® It yields a dihydriodide,

m.p. 259° (dec.), a diperchlorate, B , 2HCIO4 . HgO, m.p. 248° (dec.), and
a dimethiodide, m.p. 269° (dec.), and contains one methylimino group.

According to Bertho ® (1989, 1944) it also occurs as a stable dihydrate,

m.p. 291-2° (dec.), with characters similar to those of the conkurchine

hydrates.

Conkurchine, Cg^HgaNa, was first isolated by Bertho et oZ.® The base
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has m.p. 152-3°, [a]f®“ — 51*9° (EtOH), and forms a nitrate, B , 2HNO 3 ,

which colours at 180° and explodes on further heating, carbonate,

Bg . HgCOg, m.p. 149-150°, dihydriodide, B . 2HI, m.p. 278° (dec,),

sulphate, Bg . H2SO 4 , and oxalate, Bg . H2Cg04 . The diacetyl derivative

forms a monohydrate, m.p. 182--3° (dec.), and an alcoholate, m.p. 263°.

Hydrogenation in methyl alcohol, with platinic oxide as catalyst, leads

first to dihydroconkurchine, m.p. 97-8°, and eventually to tetrahydro-

conkurchine, m.p. 340-1° (hydrated) or 101-4° (anhydrous). Methylation

of these hydrogenated products, with formaldehyde and formic acid,

roduccs conessine and dihydroconessine respectively (see p. 743). With
methyl iodide in boiling ethyl alcohol, conkurchine forms dimethyl-

conkurchine dimethiodide, C25H 42N2I2 , m.p. 277° (dec.), A normal

monomethk dide is only obtainable indirectly (see below). Conkurchine

condenses with aromatic aldehydes to form SchifF bases, and the salicylidene

compound, CgaHggONa, m.p. 244-5°, [a]}f + 15*6° (CHCI 3 )
is recom-

mended as a means of isolating the alkaloid from kurchi bark extracts.

With a(‘etoin condensation involves two molecules of base and the product

formed is m.p. 256^-7° (dec.), which is hydrolysed by dilute

nitric acid forming conkurchine nitrate. Neither acetaldehyde nor glycollic

aldehyde condenses with the alkaloid. Dihydro- and tetrahydro-con-

kurchine do not condense with aldehydes, and it is assumed that the

condensation requires an ethylenic linkage in the heterocyclic ring and
that conkurchine may contain in addition to the NHg group a .NH . C • group

in equilibrium with . N : C< . A crude kurchi bark extract yielded 16*4 per

cent, of conkurchine, isolated as the salicylidene derivative.

In working up alkaloidal fractions from the original kurchi extract,

Bertho et al.^ isolated three substances
: (a) m.p. 323°, (b) m.p. 335-6°, and

(c) m.p. 302-3° (dec.), [ajo — 34*87° (EtOH), which on solution in dilute

hydrochloric acid and re-precipitation by alkali remain unchanged, but on
recovery in like manner from solution in strong hydrochloric acid yield

conkurchine and, from solution in dilute nitric acid deposit, conkurchine

nitrate. They were at first regarded as “ molecular associates ” of conkur-

chine but are now thought to be due to the addition of the elements of

water to ethylenic linkages in conkurchine. Form (b) is the substance

formerly named “ kurchenine ” (1933). Form (c) is a “ dihydrate,”

CgjHggNg . 2H2O, of this stable type. It condenses with salicylic aldehyde
to form two salicylidene derivatives,

(
1

)
C2gH4o03Ng, m.p. 205*5° (dec.),

and (2) CggHggOgNg, m.p. 205*5°, described respectively as di- and mono-
hydrates. From another high-melting fraction there was isolated as the

sparingly soluble nitrate, a base, CggHggNg, m.p. 87-8°, provisionally named
“ nitrate base II.”

Addendum. In a later paper (1947) it is shown that a normal
conkurchine monomethiodide, m.p. 266° (dec.), can be obtained by
hydrolysing benzylideneconkurchine methiodide, m.p. 245*5°, with
2N—HCl. This and the dimethylconkurchine dimethiodide referred to

above, as well as by-products formed with them, were subjected to a
number of reactions, the results of which provide material for a
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preliminary discussion bearing on the structure and tautomerism of the

alkaloid, and the formation from it of pseudoammonium bases of the

type C2iH3oN 2( : R) MeOH, where R is an arylidene residue, when the

arylideneconkurchine methiodides are treated with silver oxide.

Conkurchinine, CgsIIaeNg. This is a ditertiary base, first isolated by
Bertho ® (1939) ;

it melts at 161°, has [a]^“ — 47-0° (EtOH), and forms a

dihydrated diperchlorate, which darkens from 260°, and a dirnethiodide,

m.p. 255-6° (dec.). The alkaloid is decomposed by dilute nitric acid

forming conkurchine nitrate, CgiHggNg . 2HNO3 ,
presumably by hydro-

lysis, the other product being a four-carbon compound, w hich it is suggested

may be a hydroxybutyraldehyde, the condensation product of the two

^
I

^

f

being of the type C21H29— N--(CHa) 3—CH ; N and no methylimino group
being present. On this basis conkurihine (see above) would be a primary-

secondary base, C2,H29(NH)(NH2).

Holarrhenine, cryslallises from ethyl acetate in silky

needles, m.p, 197 8 °, [aj^ — 7*1° (CIIClj), is soluble in alcohol or chloro-

form. but sparingly so in cold ethyl acetate, acetone or ether. The hydro-

bromide, B . 2HBr . 8H2O, crystallises from water in flat needles, m.p,

265-8° (dry)y [a]D + 11 * 0 ° (H2O). The alkaloid gives, like conessine,

analytical results for three iV-alkyl (probably methyl) groups, and the

oxygen is present as hydroxyl, since the base yields an acetyl

derivative, oblong plates (m.p. 180°, from acetone), which is still diacidic

(Pyman ^).

Holarrhimine, C
2iIl3i(NH2 )2(OH), m.p. 183°, [a]?f“ - 14-2° (CHCI3),

furnishes a dihydrochloride, m.p. 345°, — 22 * 8 ° (MeOH)
;
a hydro-

bromide, m.p. 358-360° (dec.)

;

and picrate, m.p. 198-200° (dec.). It

contains five active hydrogen atoms, but no methoxyl or methylimino

groups (Siddiqui and Pillay ®), It is converted by treatment with formalde-

hyde and formic acid into tetra-.^-methylholarrhimine,

m.p. 233-5°, —45*5° (EtOH). The latter yields a hydrochloride,

m.p. 315-6° (dec.)

;

hydriodide, m.p. 302-3° (dec.)

;

hydrobromide, m.p.

306-7°
;

platinichloride, B . H2PtCl 3 , m.p. 251-2°
;

picrate, m.p. 272-5°
;

monomethiodide, m.p. 286-7° (dec.)

;

and monobenzoyl derivative,

m.p. 176°. With excess of benzoyl chloride in presence of pyridine,

holarrhimine gives a tribenzoyl derivative, m.p. 269-270°. It contains

one ethylenic linkage (dibromide, m.p. 290-5°), and with methyl iodide in

chloroform gives a dirnethiodide, C23H 42ON2I2 , m.p. 279°, convertible

by alkalis into methylholarrhimine, C22H83ON2 , m,p. 170°, yielding a

dihydrochloride, m.p. 266° (dec.), and a picrate, m.p. 205° (Siddiqui ®),

According to Bertho it forms a disalicylidene derivative, m.p. 246-7^.

Kurchenine (see under Conkurchine, p. 745).

Holarrhine, CaoHggOgNa, m.p. 240°, — 17-0° (MeOH), yields a

platinichloride, B . HaPtClg, m.p. > 800°, and a picrate, which darkens at

275° and is not melted at 820° (Siddiqui and Pillay ®).

Kurchicine, C20H33ON2 ,
m.p. 175°, 7 (CHCI3 )

- 8.45°

(EtOH), yields a dihydrochloride, m.p. > 260°
;
dihydrobromide, m.f 260°
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{dec.), 27-2° (HjO), and aurichloride charring from 195® (Ghoah

and Ghosh
Lettodne, C17H25O2N, is a pale brown microcrystalline powder,

m.p. 850-2®
; it yields a crystalline hydriodide, B . HI, m.p. 256® (dec,)

;

picrate, m.p. 198®, and is recovered unchanged from boiling acetic

anhydride.^® Bertho suggested that it may be a condensed form of a Kurohi

alkaloid (p, 742).

Addendum, In a recent paper Bertho et al. have described a new
process for the isolation of kurchi alkaloids. From the final residue a

new base, C23H34N2 ,
m.p. 129*5°, was isolated as the carbonate, m.p. 91°

;

it provides the following salts: B, 2HI, 2H2O, {dec.) 174°; B, 2HCIO4 ,

2 .5H2O, m.p. 283°, and a mono-acetyl derivative, m.p. 254°. In a

second paper Bertho, Schonberger and Kaltenborn describe further

products obtained in the oxidation of conessine by chromic acid and by
potassium permanganate.^®

Pharmacological Action, According to the early work of Keidel,^®

conessine is toxic, producing narcosis and finally death from paralysis of

the respiratory centre. Giemsa and Halberkann,® on the contrary, were
able to give comparatively large doses by mouth to dogs and to human
beings without producing narcosis, and Bum found that, though both
conessine and holarrhenine induce narcosis in frogs, this effect is inappre-

ciable in mammals. Both alkaloids produce local anaesthesia, but cause

necrosis on subcutaneous injection. Oxyconessine has no general or local

anaesthetic action, but produces "a ciirare-like effect in frogs.

A later pharmacological investigation of conessine by Chopra, Ghosh,

Gupta and David confirms Burn’s results in general, and White
found that norconessine closely resembled its homologue in action, the

loss of a methyl group having but little qualitative effect on the general

activity. Kurchicine and i^oconessine show considerable similarity in

action to conessine, but kurchicine diminishes while mconessine increases

the coronary outflow in the isolated rabbit heart. Findlay, quoted by
White, found that Entamoeba histolytica grown on a buffered serum
medium, pH 7-2, was killed by emetine at 1 in 5,000,000 ; by conessine at

1 in 20,000 ; and by norconessine and dioxyconessine at 1 in 5,000.

Meissner and Hesse have made the interesting observation that conessine,

in common with harmine, a-woquinine, ethyl ajpoquinine and amino-
dihydroquinine, inhibits the growth of the tubercle bacillus in vitro,^

Kurchi bark is principally used in India as a remedy for amoebic
dysehtery, and in recent years there has been a revival of medical interest

in the drug in this connection.^ It is generally used in the form of a bark
extract but, in imitation of emetine bismuth iodide, “ kurchi bismuth
iodide,” consisting of the bismuth iodides of the mixed alkaloids of the

bark, has also been used.^^®^ On the pharmaceutical side Batta and Bal
have studied the pharmacognosy of the bark and a method of alkaloidal

assay has been devised by Schrofif and Dhir,®* who have also described a
process for the preparation of kurchi bismuth iodide, a product for which
they, and also MuWierjee and Dutta,®’ have provided methods of assay.
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ALKALOIDS OF LOLIUM PERENNE L.

In the course of a biochemical investigation of pasture grasses in New
Zealand, an alkaloid was found in extracts of darnel or rye grass. The
alkaloid showed in presence of ammonia a marked green fluorescence,

which disappeared on acidification.^ It was thought that it might be the

cause of facial eczema in cattle, and processes for its estimation in plant

material and in animal tissues and fluids were devised, depending

on measurement of colour in chloroform solution in which the green

fluorescence is well shown. The total alkaloids were extracted and
separated into four fractions. A, B, C and D,® of which A is the desired

alkaloid, now named perloline, and B is largely perloline dihydrochloride.

C is the alkaloid later named perlolidine.’^

D is a volatile base, CeH 7N, b.p. 184r-8^ Djf 0-9595, 1-4968, giving

a picrate, m.p. 154-6®, and a mercurichloride, m.p. 151-2®
; it is isomeric

with the picolines and resembles )S-picoline, but does not oxidise to nicotinic

acid or reduce to jS-pipecoline and so cannot be )S-picoline ; it may contain

some a-picoline. A base similar to D has been isolated from tall fescue

grass.*

Perloline^ C8i,H2208N4{OMe)4 . HgO, is isolated as the dihydrochloride

B . 2HC1 . THgO, which forms golden yellow needles ; m.p. 220-265^,

[otjD db 0® (H^O). The monohydrated base occurs as pale yellow needles^



750 ALKALOIDS OF VNDETERMINED CONSTITUTION

m.p. 181°, becomes anhydrous at 70° in a high vacuum and then crystallises

from alcohol, by addition of ether in prisms as a mono-alcoholate, B . EtOH,
m.p. 252°. The dipicrate has m.p. 242°, and the diperchlorate, m.p. 284°

(dec.)

;

the mercurichloride exists in two forms, yellow, m.p. 265°, and
orange-red, m.p. 201 °

;
the reineckate decomposes at 195-205°. The base

gives a monoacetyl derivative, m.p. 296-300° (dec.).

The absorption curves of perloline and its hydrochloride show maxima
at 470 m/i and 898 m/u respectively.® Perloline contains one alcoholic

hydroxyl group and four methoxyl groups ; no evidence of a reactive

carbonyl group, a methylenedioxy group, a lactone, carboxyl or ester

group was found and the two remaining oxygen atoms must be present as

unreactive carbonyl or ether groups. No methyhmino group, or methyl

to carbon group, could be detected : of the four tertiary nitrogen atoms

two are basic. On boiling with 50 per cent, sulphuric acid the base yields

demethylated perloline, €361122^3^4(011)4 . IlgO, m.p. >350°, of which
the hydrochloride has m.p. 210 °, the amorphous picrate, m.p. 206°, and
the pentacetyl derivative, m.p. 216° (dec.). With methyl iodide perloline

forms di-iV-methylperloline dihydriodide, C,on 3jO,N 4(Me),(HI)a, m.p.

264°, which on special alkaline treatment yields di-A^-rnetliylperloline as a

monohydrate, m.p. 199°, giving yellow, non-tluorescent salts, of which
the dihydrochloride has m.p. 268-270° and the acetyl derivative m.p.
219-221° (dec.).

Some of these substances in further reactions give small yields of perlo-

lidine,c.g,,the molecular sublimation at 0*01 mm. of demethylated perloline,

also oxidation of the latter, or of dimethylpcrlolinc, by alkaline permanga-
nate, or warming a solution of demethylated perloline in sodium hydroxide

solution.*^ Perloline could not be reduced by any of the means tried : it

has been subjected to a number of reactions designed to yield degradation

products of constitutional interest but only preliminary results are avail-

able so far. Neither perloline nor its demethylated or methylated deriva-

tives give indole colour reactions, but the vapours evolved during some
oxidations and a fraction resulting from alkaline pyrolysis of perloline,

had indole-like odours and gave pink to purple colgurs with dimethyl-

aminobenzaIdehyde

.

An investigation of eighty-five plant species, representing forty genera
of the Gramineae and ten species each of Cyperacese and Juncaceae, resulted

in the recognition of perloline in only four species in addition to Lolium
perenne, viz. L. temulentum L., L. multijlorum Lam., Festuca arundinacece

Schreb. and Setaria lutescens (Weigel) F. T. Hubb.’
Hofmeister has recorded the presence of a liquid toxic alkaloid,

temuline^ in L. temulentum.'^^^^

Perlolidine, C26H18O2N4 , occurs naturally and is also produced in

small yield by the oxidation of perloline in various ways. It crystallises

in silky needles, m.p. 825-6°, sublimes at 180°/0’04 mm., and yields a
dihydrochloride, B . 2HC1

.

2H2O, m.p. > 850°. It shows a marked blue
fluorescence in neutral or acid aqueous solution, which with the hydro-
chloride is visible at 0*15 parts per jnillionp The base is phenolic; it
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precipitates with the usual alkaloidal reagents, but gives no characteristic

colour reactions, c.g., with ferric chloride or the Milton or Adamkiewicz
reagents. No well-defined degradation products have been obtained.*^

According to Cunningham and Clare,® perloline produces toxic effects

in mice, rabbits and sheep when injected intravenously or intraperitoneally,

but only in doses large in comparison with toxic doses of nicotine or

strychnine. Doses of 59 mgm. per 100 gm. body-weight given orally to

sheep for thirty-two days followed by 96 mgm. per 100 gm. body-weight,

for four days, produced no toxic effects and it is unlikely that such concen-

trations would be reached by the ingestion of pasture plants. The toxic

symptoms produced on injection were not similar to chose (*f any known
cattle disease. Perloline possesses photodynamic properties of a mild order

but photosensitisation was not prQduce<i in ^^hcep by oral administration

and even mild positive effects were only indueed by intravenous injection

of large doses. It is suggested that the lack of cumulative effects is due
to the rapid destruction of perloline, which is shown to occur after admini-

stratkm orally or by injection.

REFERENCES

(1) Melvillk and Guimmett, Nature, 1941, 146, 782 ;
N.Z. Journ. Sci. Tech.,

1943, 24B, 149. (2) (a) Bathurst, Heifer and Clare, ibid., p. 161 ; (b) Clare,
ibid., p. 103. (3) Grimmett and Waters, ibid., p. 151. (4) Shorland, White and
Grimmett, ibid., p. 179. (5) Reifer and Bathurst, ibid., p. 155. (0) Shorland,
ibid., p. 159. (7) White and Reifer, ibid., 1945, 27, 38 ; Clare and Morice, ibid.,

p. 30 ;
Reifer and White, ibid., p. 242. (7a) Arch. exp. Path. Pharm., 1892, 30, 203.

(8) N.Z. Journ. Sci. Tech., 1943, 24, 167.

ALKALOIDS OF LUNASJA COSTULATA

Lunasia cosiulata Miq {Lunasia amara Blanco) is a native of the

Malayan Archipelago where the bark and leaves are used as stomachics

and the extremely hard wood to form arrow points. The early history of

the drug is recounted, and the work on its botany, pharmacognosy and
chemistry is critically reviewed by Dieterle and Beyl.^ Boorsma ^ isolated

three alkaloids from the bark : lunasine, lunacrine and lunacridine. Wirth®

and Amelink^ confirmed the presence of the first two but Dieterle and
Beyl found all three of Boorsma’s alkaloids. The bark has also been

examined by Steldt and Chen,® who obtained four alkaloids : lunacrine
;

lunacridine, as described by Boorsma ; lunamarine, probably identical

with the lunacridine of Dieterle and Beyl ; and lunamaridine. Lunasine

was not found.

Lunasine, CigHaiO^N, m.p. 188-9° (dec.), [ajp — 88°, contains a

methoxyl and a methylimino group.®

Lunacrine, . HaO, m.p. 95-5° or 115° (dry), [oL]f^ - 58°

(EtOH) ;
solutions show a blue fluorescence in ultra-violet light. It

contains one methoxyl, one methylenedioxy and one methylimino group.

The following salts have been prepared : B . HCl, m.p. 164-5°, — 28°

(HjO) ; B . HBr, m.p. 170-1°
; B . HI, m.p. 196-7°, picrate, m.p. 208°,

aurichloride, m.p. 176-7°. The methiodide, Ci,Ha208NI, m.p. 180-1°,
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on treatment with silver oxide produces an isomeride of lunacrine,

m.p* This behaviour resembles that of other Rutaceous alkaloids,

e.g., skimmianine (p. 414).

Lunamarine, CigHi504N, probably identical with the lunacridine of

Dieterle and Beyl. M.p. 245-6°, [a]D ± 0 °. Solutions in alcohol fluoresce

blue in ultra-violet light.®

Lunacridine^ C17H28O 4N, probably identical with Boorsma’s lunacri-

dine, m.p. 79-88*5°, [a]!®” +81*6°. Solutions show a weak blue fluore-

scence in artificial light.®

Lunamaridine, CigHigOgN, m.p, 209-210°.

The median lethal dose of lunacrine hydrochloride is 78*7 ± 8*8 mgm,
per kilo given intravenously in mice. Oral doses of 1 gramme of lunamarine

are not fatal. The m.l.d. of lunacridine by mouth is 1,097 ± 167 mgm.
per kilo. Lunamarine stimulates isolated rabbit intestine and uterus, but

lunacrine and lunacridine inhibit peristaltic movement of the isolated

intestine. All three alkaloids reduce arterial blood pressure in cats.®
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ALKALOIDS OF LYCOPODIUM SPP.

Recent interest in the alkaloids of the club mosses dates from 1984,

when Orekhov ^ called attention to Lycopodium annotinum as a source of

alkaloids. In the following year Muszynski * gave a preliminary account

of chemical and pharmacological work on the alkaloids of five European
Lycopodium species, and later Oficjalski® recorded the toxicities of

Muszynski ’s alkaloids. Most of the recent work on the genus has been
done on American species by Marion and Manske, who distinguish their

alkaloids provisionally, by the letter L and a number, e.g., LI8 , a trivial

name being assigned when the individuality of an alkaloid has been clearly

established. The following list records the alkaloidal constituents of nine

Lycopodium spp. so far examined. Lycopodine has been found in all the

species except L. saururus. Nicotine occurs in four species, Jt has also

been found in one of the horse-tails, Equisetum aroense L.,® and is the only

alkaloid so far found both in flowering plants and the pteridophyta, thus

establishing an alkaloidal link between the phanerogamia and cryptogamia.

(
1
) L. annotinum L. Annotinine (L7), lycopodine, obscurine (L6

), (L8),

(L9), (LlO), (Lll), (Ll2 ). (Mi^ke and Marion.^)

(2) L. ckwatum L. (European specimen.) Clavatine, clavatoxine, lyco-

podine (Achmatowicz and Uzifbio ®). (American specimen.) Lyco-
podine, nicotine, (LIB), (L18), (Ll9). Marion and Manske ® suggest

that the American and European forms may be different varieties of
one species, or possibly distinct species.
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(
8

)
L. complanatum L. Lycopodine (Bodeker

(4) L. flabeUiforme Fernald. Re-namcd from L. complanatum L. Com-
planatine (Ll), lycopodine, nicotine, obscurine (L6),

(L2), (L8), (L4),

(L5). (Manske and Marion.®)

(5) L. lucidulum Michx. (Urostachyx lucidulus Herter.) Lycopodine,
nicotine, (Ll8), (L20 ), (L21 ), (L22 ), (L28), (L24), (L25). (Manske and
Marion.®)

(
6

)
L, obscurum L. var. dendroideum (Michx.) D. C. Eaton, Lycopodine,
obscurine (L6 ), (Ll8 ), (Ll6 ), (Ll7). (Manske and Marion.^®)

(7) L, sahincefolium Willd, Lycopodine, nicotine. (Ll3 ), (L26). (Marion
and Manske.^ ^)

(B) L. saitrurus Lam. Pillijanine ( Adrian, Arata and Canzoneri,^®

Domingiiez ^^). Saururine, sauruxine (l)eulofeu and de Langhe ^®).

(9) L. tristachyum Pursh. LyiH*poduie, nicotine, (Ll 3 ), (Ll4) and (Ll5).

(Marion and Manske.^®)

Lycopodine^ C1JH25ON. BodektT,’ who first isolated the alkaloid,

assigned to it the formula C32H52O3N2 . This was changed to that now
given by Achmatowicz and Uzi^bio ® and confirmed by Manske and
Marion.® It has in.p. 115-6"^, — 9*01° (acetone), and forms a per-

chlorate, m.p. 283“^ (dec,), methiodide, m.p. 335-7°, methochloride,

m.p. 238-240°, and according to Bodeker a crystalline hydrochloride and
aurichloride. No methoxyl or methylimino group or active hydrogen
(Zerevitinov) is present and it does not hydrogenate even under pressure

at 200 ° in presence of Raney nickel. The oxygen atom is probably

present as a cyclic ether and the nitrogen atom may be common to two
rings. On selenium dehydrogenation, a complex mixture of bases is

formed, from which 7-methylquinoline, b.p. 75~80°/2 mm. picrate,

m.p. 242°, and 5 : 7-dimethylquinoline, picrate, m.p. 246°, were isolated.

Heated with phthalic anhydride in a sealed tube at 250°, lycopodine yields,

in addition to 7-methylquinoline, a substance forming an oily picrate,

and a crystalline perclilorate, C14H23N . HCIO 4 , m.p. 285° (Marion and
Manske

The following is a descriptive list of the known subsidiary alkaloids.

The figures in brackets after the formulae refer to the numbered items in

the distribution list (pp, 752-3) :

—

Annotinine, CieH2i03N, ( 1 ). M.p. 232°; perchlorate, m.p. 267°. In a
later paper (1947) Manske and Marion* record the results of the

action of alkali and of halogen acids on annotinine, and of the oxida-

tion of the base and discuss the reaction products. They conclude

that two of the oxygen atoms are present as a lactone group

and that the third oxygen may form an ether bridge in a 5- or 6-

membered ring.

Clavatine, (2 ). M,p. 212-^°, ~ 865*7° (acetone);

B . Mel, m.p. 817-^°, OMe and NMe absent.

Clavotomne, (2). M.p. 185-6°. OMe and NMe absent.

Complcmaiine, Cj^Hj^lON, (4). M.p. 169°
;
perchlorate, B . 2HC10^ . HjO,

m.p. 190°,
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Obscurine, CigH^ONa, (
1 ), (4), (

6). M.p. 282°; perchlorate,

B . 2HCIO4 . HaO, ni.p. 299° (dec.).

Pillijanine, C1SH24ON2 , (
8 ). M.p. 64-5°; B . H^SO^ . O-SHaO

;

B . 2HijPtCle.

Saururine, C10H19N, (8 ). Oil
;

picrate, m.p. 202°
;
B . Mel, m.p. 242-4°.

Sauroxine, C^HagONg, (
8). M.p. 198°, Mff - 71-8° (litOH) ; B . Mel,

m.p. 258°.

Ll (see complanatine, p. 753).

L2 , Ci 8H2902N (4). M.p. 97^ perchlorate, m.p. 231°.

L3, Ci 8H 3i02N (4). Perchlorate, m.p. 246°.

L4, CiqH27N (4). Perchlorate, B . HCIO^ . ()* 5H20 ,
m.p. 225°.

L5, C18H 28O 2N 2 (4). Perchlorate, m.p. 282°.

L6 (see obscurine, above).

L7 (see annotinine, p. 753).

L8, CieHggOgN (1). M.p. 180°
;

perchlorate, m.p. 318° (dec,),

L9, probably a mixture of (a) C16H23ON and (b) C 20II 31O 4N : m.p. 122 °,

forms two perchlorates, (a) m.p. 276° and (b) m.p. 273*5°, yielding a

base, m.p. 98°.

LlO, C13H 27ON ( 1 ). Perchlorate, m.p. 223°.

Lll, C13H 21O 3N (
1 ). M.p. 174°; perchlorate, m.p. 239°.

LI2
, C18H 25O 3N (1). M.p. 119°; perchlorate, m.p. 244°.

L13, CieH250N (2 ), (5), (
6 ), (7), (9). M.p. 130°

;
perchlorate, m.p. 274°.

L14, C16H25N (9). Perchlorate, m.p. 238°.

L15, C32H 31O 4N (9). Perchlorate, m.p. 231°.

LI6
,
C13H 25ON (

6 ). Perchlorate, m.p. 221 °.

L17, Ci 8Ha703N (6). Perchlorate, m.p. 296°.

L18, CjiHigON (2). Picrate, m.p. 195°.

L19 (no formula) (2). M.p. 231°.

L20, Ci7H2702N (5). M.p. 2,59°; perchlorate, m.p. 271°.

L2I, C13H 21ON (5). Perchlorate, B . HCIO 4 . 0*5MeOH
; m.p. 201 °,

picrate, m.p. 107°.

L22
, CigH270N (5). M.p. 108°

;
perchlorate, m.p. 254°.

L23, C13H 25O 2N (5). M.p. 161-2°
;
perchlorate, m.p. 300°.

L24, Ci^HgsON (5). Perchlorate, m.p. 278°,

L25, C13H 25O 2N (5). Perchlorate, B . HCIO 4 * O-SHgO, m.p. 297°.

L26, Ci^HagON (7). M.p. 171°.

Most of these bases have been isolated and characterised as perchlorates

for which formulae are only given in the list when they are not the usual

anhydrous mono-salts. Most of the bases are either or Cjg tj^pes, and
in this connection Manske and Marion suggest that sauroxine may be
C13H 24ON2,

which equally well suits the analytical results quoted by
Deulofeu and Langhe.^®

Addendum, In a later paper Manske and Marion * report on L.

annotinum var. acrifolium Fern., which they suggest should be raised to

specific rank as L, acrifolium (Fern.) N. Comb., since its alkaloidal con-

stituents differ from those of L, annotinum. It contains annotinine as the
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chief alkaloid, with lycopodine and the following new bases of which
L28, L29 and L81 have not been crystallised, but yield crystalline

perchlorates :

—

L27 (acrifolhie), CigH2302N, m.p. 97°, perchlorate, m.p. 266°.

L28, C17H 27O 2N, perchlorate, m.p. 211 °.

L29, CieH2302N, perchlorate, m.p. 274°.

L80, CielljsOgN, m.p. 178°, perchlorate, m.p. 311° {dec.)

L31, C 2on2904N, perclilorate, m.p. 217° {dry).

The same authors^ (1918) have isolated nicotine and the two following

alkaloids from Lif^opodivm cernuum L. :
--

L32 {cernuint), ^'ieH 2gON2 , m.p. 100°; pt rchlorate. H . HCIO 4 . r 5H20 ,

m.p. 110\
L33. m.p. 218^.

Pharrnarologital Action. Ohcjalski ® lound, for the alkaloids he
examined, that the toxic dose for eats rangeti from 0*005, in the case of

pillijanine, to 0 05 gin. per kilo for clavatinc. Rabbits and rats required

larger doses. Ac(‘ording to Achmatowicz and Uzieblo,^ lycopodine, clava-

tine and clavotoxine stimulate the respiratory centre in mammals and
paralyse the central and peripheral nervous system in frogs, De Espanes

found that in dogs, ana‘sthetised with chloral, intravenous injection of

0*5 mgm. per kilo of saururine produced a rise in blood pressure, accom-

panied by tachycardia, potentiated the pressor effect of adrenaline, and
decreased the depressor effects of acetylcholine and pilocarpine. Doses of

2-4 mgm. per kilo produced a fall in blood pressure, electrocardiagraphic

changes, cardiac arrest and cessation of respiration. Manske’s alkaloids,

annotinine, complanatinc, lycopodine, obscurine, L8 and L9, were

examined by Lee and Chen.^® All have a marked pressor action in cats,

obscurine being the most potent. By intravenous injection in anaesthetised

cats none affect respiration. Lycopodine, complanatinc, obscurine and

L9 stimulate isolated rabbit uterus and lycopodine, L8 and L9 contract

isolated guinea-pig uterus. The toxicities were determined by intravenous

injection in mice and are expressed as L.D. 50 zb S. E. in mgm. per kilo. :

lycopodine, 27*58 zb 1*16
;
complanatinc, 14*87 zb 0*46

; obscurine, 99*17

zb 11*29 ;
annotinine, 114*6 zb 2*94 ; L9, 40*28 zb 1*49. A detailed com-

parison of annotinine and lycopodine has been made by Marier and

Bernard with special reference to their action on the autonomous

nervous system. The club-mosses have in some areas a local reputation

as antip)^etics and, according to Nikonorow,^® an aqueous extract of

jL. clavatum is an effective antipyretic against fever induced in rabbits by
subcutaneous injection of hay infusion, but Lee and Clifen found that

lycopodine had no curative action on malaria in ducklings.
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ALKALOIDS OF MITRAGYNA, ADINA AND OUROUPARIA SPP.

These three Rubiaceoiis genera contain alkaloids about which compara-
tively little is known. Some of them, described as new, have subsequently

been identified with knowm bases. In the following list the superseded

names are shown in brackets :

—

Adina rubrostipulata K. Schumann. Mitraphylline ^ (rubradinine ; Denis).

2

Mitragyna diversifolia Hook. Mitraversine.^

M. inermis Kuntze (M. africana Korth). Rhyncophylline (mitrinermine).^

M, parvifolia Korth. Unnamed, crystalline alkaloid.®

M, rotundifolia (Roxb.) Kuntze {M. diverH.ifolia Hook). Rhyncophylline

and rotundifoline.®

M. speciosa Korth. Mitragynine,^ mitraspecine ’ and a base, or bases,

giving an amorphous picrate, m.p. 128-7®.®

M. stiptdosa Kuntze (M. macrophyUa Hiern). Rhyncophylline.®

Ourouparia formosana Mats. Formosanine.®

O. Gamhir Baill. {Uncaria Gambir Roxb). Gambirine, uncharacterised.

0. Kawakamii Hayata. Hanadamine.^^

O. rhyncophylla Mats. Rhyncophylline and worhyncophylline.^®

The alkaloid crossoptine, which Blaise 1® isolated from Crossopteryx

kotschyana Fenzl, has been examined by Raymond-Hamet, who assigns

to it the following formula and constants : C22H*804N2, m.p. 218-9®,

[a]D — 24® (CHCI3), and suggests that it is mitrinermine, which is now known
to be rhyncophylline. He also considers that the bark used was
probably derived from a Mitragyna sp.^®

It is of interest to note that rhyncophylline occurs in two genera,

Mitragyna and Ourouparia. Raymond-Hamet ® suggested in 1986 that

rhyncophylline, hanadamine and formosanine are chemically and pharma-
cologically related to the Mitragyna alkaloids and the first chemical

evidence of this is the identification of mitrinermine with rhyncophylline

(Barger et aL).^ Millat ® has recently expressed doubt of this identification.

The formulae and chief characteristics of these alkaloids are summarised
in the table on p. 757.

Some progress has been made towards the determination of structure

in three of these alkaloids, mitragynine, rhyncophylline and rotundifoline.

The functions of the oxygen atoms, so far as known, are shown in the

extended formulae in the table. The bases are monoacidic and the second
nitrogen is non-basic and usually assumed to be present in an indole ring.

In rhyneo^ylline it is a secondary nitrogen as indicated by Zereidtindv
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jf&aa and Formala
^ Phyaloal Conatante

of Baaa Salta

Mltragynlaa amorph. , m.p. 105-115® PiaratOp 817-223®; B.BCl.m.p.843®;
0i8H2iK2(C»(a) 2(O>CO*Ua) b.p.830-e40®/8 m.a. B.0^402, m.p.l76-6®(i3^ ).

matbloAlAa. amorphons, m.p .211-5®.

Mltraphylllna
OUa)

m.p.270®j[a3j®%.840 Piorata. a.p.l66®.

MltraTarslna
C2oHi90H2(MaO) 2(OH)

m.p. 837® B.HOl, m.p. 808-810®.

Ultraepaolna
C25H2702N2(0Ma)3

in.p.M4-S‘’; Blorata m.p. 136®

Rhynoophylllna

Ci9H£20 ]4 ( CKa )

(

0 ' CO •Ma

)

*“*-“*”
1 BoRHynooptorlllne uonb. , m.p. 60-700,

ral|%8.3®
B.HCIO4 , m.p- 150®(<^c ).

Rotundifoline

Ci9K2o02»2( OMa ) ( 0 • 00* Me

)

m.p. 833-4®;

184®

Formoeanina

0eiH«4( 86)04^^2

m.p. 808-218®; [aljj

91.3®

— — —

Hanadamlna m.p.l67®,[alX®° B.HAUCI4 , m.p.l56®(^^^‘- )

.

0* 00*Ma ) ( OH)

j

-183*7° platinlohlorlda , a-norph. ,m.p. 228-9®.

determination and the formation of an acetyl derivative, m.p. 151-3°,

Mif three bases are hydrolysed by alkali and the resulting

acids are amorphous. Rhyncophylline provides rhyncophyllic acid,

C 2iH 2 e04N 2, which slowly decomposes above 150°, and according to

Kondo et al,^^ is methylated by diazomethane to ^^arhyncophylline. The
latter is converted by boiling acetic anhydride into rhyncophylline and its

acetyl derivative.

Rotundifoline yields rotundifolic acidy which froths at

about 165°, and on heating with quicklime is decarboxylated to a base,

C20H24O8N8, xn.p. 200-2 °.«

Heated with potassium hydroxide in methanol, mitragynine at first

appears to combine with a molecule of the alcohol to form a product,

C23H34O 5N2 (picrate, m.p. 185-6°), containing four methoxyl groups,

which on further action of the reagent is converted into a monocarboxylic

acid, C2iH2804Na ^picrate, m.p. 157°), containing two methoxyl groups

and which does not re-form mitragynine on methylation (Ing and Raison,®

cf. Field ®). Oxidation of mitragynine by permanganate produces only

acetic and oxalic acids.

The most interesting product arising from more drastic degradation

experiments is a base, Ci4Hi40Na, m.p. 115-120°, obtained by distilling

mitragynine with zinc dust. It contains a methoxyl and a methylimino
group, and has a reactive methylene group, since it forms a p-nitrobenzyl-

idene derivative, m.p. 255°. This base closely resembles both ind- and
jpi/f-JV-methylharmine, but is not identical with either.

Among products of the distillation of rhyncophyllic acid with lime is a
neutral substance, .CjoH^ON, m.p. 182-4°, which it is suggested may be a
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methylcarbostyril
; it is soluble in hot alkali and when distilled with

zinc dust produces a substance giving a positive Ehrlich reaction.

Pharmacological Action, Under the name “ Kratom ” the leaves of

M. speciosa are chewed as a narcotic in Siam. The view that “ kratom ”

can be used as a cure for the opium habit is not generally accepted.

According to Grewal,^* mitragynine exerts a general depressant effect on
plain muscle, facilitates the passage of autonomic impulses and in some
respects resembles both cocaine and quinine, but has no action on patho-

genic organisms. According to Raymond-Hamet,^ rhyncophylline

(mitrinermine) lowers blood pressure, paralyses sympathetic nerve endings

and, unlike yohimbine, but like echitamine, does not reverse the action of

adrenaline. The same author anticipated, by pharmacological comparison,

the chemical identification of mitrinermine with rhyncophylline and
showed that the latter is markedly more toxic to frogs than mitraphylline,

and Massion states that the latter resembles mitragynine in action but

is weaker.
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ALKALOIDS OF THE NYMPHAEACEiE
Several alkaloids have been recorded for plants of this sub-order.

From Nymphcea alba Linn., Bures and PlzAk ^ isolated nympheeine,

Ci 4Ha302N ;
it is amorphous, has m.p. 76-7°, gives a hydrochloride,

m.p. 280° (dec.), contains a hydroxyl group, appears to be a secondary

base, and to contain a pyrrole ring. It is toxic to frogs and produces

tetanus-like symptoms.
Prom N, Iviea L. (Nuphar luteum Sibth.) Achmatowicz and Mollowna *

obtained two alkaloids.

OL-Nuphetridine, C15H23ON, b.p. 121-121 * 5°/2 mm., [a]}f" — 112 - 1 °,

forming a hydrochloride, m.p. 258-9°
; hydriodide, m.p. 185-7°

; picrate,

m.p. 165-7°
;

platinichloride, m.p. 245-7°, and methiodide, m.p. 185-7°.
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fi-Nupharidine, CigHggON, b.p. 127~8°/2*5 mm., yields a similar series of
salts : B . HCl, m.p. 269-270°

; B . HI, m.p. 273-5°, picrate, m.p. 152-3°,

platinichloride, m.p. 230 -2°.

Both alkaloids contain a hydroxyl group and a tertiary nitrogen but
neither a methoxyl nor a methylimino group. Each contains one ethylenic

linkage and hydrogenates to an oily dihydro-derivative ; dihydro-a-

nupharidine gives a hydrochloride, m.p. 240-2°, and a picrate, m.p. 190-2°
;

dihydro-jS-nupharidine hydriodide melts at 279-280°.

From Nupharjaponicum Arima and Takahashi * isolate d a nupharidine,

C15H 23O 2N, m.p. 220-1°, [ajff** + 17*6°, of which salts were prepared,

B . HCl, m.p. 245^6° (d^c.), B . HI, m.p. 265--6°, B . HNO3, m.p. 195° (dec.),

and picrate, m.p. 175°. An alkaloid has also been isolated from an un-

identified species of this sub-order by Raymond-Hamet.^
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ALKALOIDS OF ORIXA JAPONICA
From the routs of this plant Terasaka ^ isolated four alkaloids of

which one, kokusaginine, resembles skimmianine (p. 414), which Obata ^

has found along with kokusagine in the fruits of the plant.

Orixine, Ci 8ll2i(23)OeN, has m.p. 152*5°, [a]}/** + 83*3°, and forms an
aurichloride, m.p. 155° {dec.). It is a weak, tertiary base, contains one

methylenedioxy and two methoxyl groups and is converted by hydro-

chloric acid in ether into isoormne, m.p. 195°, + 27*4°. Dilute

hydrochloric acid under pressure produces orixidine, Ci 5Hi304N, m.p. 195°,

and Si phenolic hose, CigHigOgN, m.p. 113° (dec.).

Kokusagine, C13H 9O4N, rn.p. 194°, [aji) it 0 °, aurichloride, m.p. 171°,

picrate, m.p. 178° (157° ; Obata) ; contains one methoxyl and one

methylenedioxy group and is converted by methyl iodide at 100 ° into

isokokusagine, m.p. 247° (cf. skimmianine —> i^oskimmianine, p. 414).

Kokusaginine, Ci4Hi3(i5)04N. Crystallises in prisms, m.p. 171°, forms

a hydrochloride, m.p. 225° (dec.), and a picrate, m.p. 218°
;
contains three

methoxyl groups (cf. skimmianine, p. 414).

Kokusaginoline, Ci 7Hi305N, m.p. 288°, contains one hydroxyl and two
methoxyl groups.
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ALKALOIDS OF PICRALIMA KLAINEANA
This Apocynaceous species is widely but sparsely distributed in tropical

Africa, where the seeds enjoy an undeserved reputation as a specific for

malaria. The drug is rich in alkaloids of which nine have been isolated

and characterised.^ •
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Akuammine, C22H28O4N2,
minute needles from boiling alcohol, in

which it is sparingly soluble, m.p. 255®, [a]D — 66*7® (EtOH) or — 78*4®

(CHCla) ; B . HCl . H.O, m.p. 227®, [aj^ 26-6® (HjO) ; B . HBr . HaO,
prisms, m.p. 228®, [a]^“ — 26-1® (HaO)

;
picrate, m.p. 199®

;
picrolonate,

m.p. 194°
;

perchlorate, m.p. 215®. Akuammine yields a monoacetyl
derivative, m.p. 226®, and a methiodide, m.p. 274®, and contains one

methoxyl and one methylimino group. On treatment with alkali in alcohol

it is converted into aktuimmine hydrate, C22H3o05Na, which also occurs in

the seeds and yields a methiodide, m.p. > 300°.

Akuammidine, C21H24O3N2 . HgO, needles, m.p. 248-5°, + 21 ®

(EtOH) or + 70-2® (iV/lO-HCl), yields well-crystallised salts : B . HI . SHgO,
prisms, m.p. 90® or 238® (dry)

;
perchlorate, m.p. 70° or 110® (dry)

;

picrate, m.p. 215®
;

contains one methoxyl and one methylimino group.

The acetyl derivative has m.p. 272®, and the methiodide m.p. 195® or 233®

(dry).

Akuammiline, C22H^404N2 . Prisms, m.p. 160°, [a]|P“ + 47-9® (EtOH)

;

the hydrochloride B . HCl . HjO forms needles, m.p. 196°, — 29-6®

(HgO) ; hydriodide, B . HI, hair-like needles, m.p. 210®
;

methiodide,

rosettes of needles, m.p. 233®, [ajp®** — 83-3® (EtOH). One methoxyl
group is present.

Akuammigine, C22H28O3N2 . H2O. Yellowish tablets, m.p. 125®,

Wi)^* — 44-4® (EtOH
)

;

the hydrochloride, B . HCl, forms prisms, m.p. 287®

[ajf®* — 37*8® (MeOH)
;

picrate, garnet-red prisms, m.p. 240°. The base

contains one methoxyl group.

^-Akuammigine, C22H26O3N2. Colourless prisms, m.p. 165®, [a]!®"

— 53 - 8 ®. The hydrochloride, B . HCl . HjO, has m.p. 183® or 218® (dry),

15-4® (EtOH)
;

picrate, m.p. 228®
; methiodide, m.p. 275®. One

methoxyl and one methylimino group are present,

Akuammenine, C20H22O4N2. This base has only been isolated as the

scarlet-red picrate, m.p. 225®
; it contains one methoxyl group.

Akuammicine, CigHgoOgN^, crystallises in leaflets, m.p. 177*5®,

— 737-5® (EtOH or CHCI 3 ) ; the hydrochloride, B . HCl . 2H 2O, forms

prisms, m.p. 144® or 171® (dry), [aJJ®**
— 626-2® (H 2O), and the methiodide

prisms, m.p. 252®. The alkaloid contains one methoxyl but no methylimino

group.

\/^-Akuammicine, C19H20O2N2,
forms plates from alcohol, m.p, 187*5®,

and yields a hydrochloride, B . HCl . H2O, needles, m.p. 216°, and a picrate,

m.p. 196®. It contains one methoxyl but no methylimino group.

The names, extended linear formulae, yields and typical colour reaction

of the nine alkaloids are given in the table on p. 761.

The alkaloids whose names are asterisked in the table yield crystalline

monomethiodides except akuammigine, in which case it is amorphous.

All these methiodides behave as quaternary iodides, indicating the presence

of at least one tertiary nitrogen atom in the parent alkaloid. No evidence

that the second nitrogen atom in akuammine is present as an imino group
has been obtained. This base gives a benzoyl derivative, which behaves
as a normal 0-benzoyl ester, and with nitrous acid it yields nitroakuam^
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Name Extended Linear Formula
Yield

on Seeds
percent.

Akuammiclnc • Ci,H|,ON,(OMe) 0*0064
Pseudakuammlclne . C„Hi,ON,(OMe) 0*0037

Akuammeninc . Ci,H„0,N,(OMe) 0*0006
Akuammidine*. C,*H,»0,N,(OMe) 0*0310
Akuammigine *

.

C„H„0,N,(OMe) 0*0100
Pseudakuammigine . C,.H„0,N(OMe)(NMe) 0*0170

Akuammiline * . C„H„0,N,(OMe) 0*0107
Akuammine * . C„H„0,N(OH)(OMe)(NMe) 0*5600

Akuammine hydrate * C,.H„0,N(OH)(OMc)(NMe) —

Colour Reactions

Cone. HNOt Flperonal + HCl

Bright green,
becoming blue
on dilution with
water.

YeUow ^
Bright yellow I

Brown, changing I

to yellow /

None
I

Blood- red I

Blood-red ;

Magenta, changing
to ultramarine
blue on standing.

Pink, changing to
amethyst on
standing.

mine, Akuammidine also yields a monobenzoyl derivative, but this is

neutral in reaction and insoluble in acids, and the entering acyl group is

apparently attached to a nitrogen atom
;
this, however, does not neces-

sarily imply the presence of an imino group in akuammidine, and may
be due to the scission of a heterocyclic nucleus. A nitroso-derivativc of

akuammidine has not been obtained, nitrous acid converting the base into

an intractable amorphous product. Akuammigine, pseudakuammigine
and akuammiline also yield neutral benzoyl derivatives, apparently similar

in type to benzoylakuamrnidine, but have not yet been obtained in a

satisfactory condition for analysis. Benzoyl chloride converts akuam-
micine into a basic substance which is very soluble in water, cannot be

extracted from its aqueous solution by immiscible solvents and has so far

only been isolated as an impure picrate. The alkaloids are inactive in

bird malaria.^

A series of papers on the pharmacological action of akuammine has

been published by Raymond-Hamet ® in which it is established inter alia

that the alkaloid has a local ansesthetic action almost equal to that of

cocaine.
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ALKALOIDS OF RAUWOLFIA SPP.

The alkaloids of this genus of plants seem more attractive to biologists

than to chemists, for in the last ten years the number of papers published

on their chemistry has been far outnumbered by those on their pharma-
cological action. The following is a list of the species in which alkaloids

have been recorded.

(1) J8. caffra Sonder. Alkaloids A and B and a third alkaloid, which
should be called “ rauwolfine Koepfli,” to distinguish it from the rauwolfine

of van Itallie and Steenhauer (Koepfli ^).

(2) jB. canescens L. Rauwolscine (Mookerjee ^).

(8) R, heteraphylla Roem. and Sch. Chedchupine-A, m.p. 168®
;
picrate,

m,p, 150-2®
; hydriodide, m.p. 240®

;
platinichloride, m.p. 261-2®.
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Chalchupine^B, m.p. 240^^
;

picrate, m.p. 154-6°
; hydriodide, m.p. 258-

260°
;

tartrate, m.p. 250-6°. The colour reactions of A indicate that the

structure includes an indole group (Deger ®
; Paris and Daza ®).

(4) B. monobasiana Stapf. (a false iboga, p. 768). Pharmacological

examination of an extract. (Raymond-Hamet.^)

(5) R. naialensis Sond. Several amorphous alkaloids (Rindl and
Groenewoud ®).

(6) R, serpentina Benth. Ajmalicine, ajmaline, ajmalinine, serpentine,

serpentinine (Siddiqui and Siddiqui ®). From a geographical variety of

the species, 26oajmaline, neoajmaline and unnamed alkaloids, m.p. 220°

and m.p. 234° (S. Siddiqui ®). From the same species van Itallie and
Steenhauer ’ isolated alkaloids B, C and A (rauwolline) which may be

identical with Siddiqui’s serpentine, ajmalinine and ajmaline respectively.

(7) R, vomiioria Afz. (sample from French Guinea). Ajmaline, iso-

ajmaline, ajmalicine, ajmalinine and possibly serpentinine, cf, R, serpentina

(Paris ®).

The species which has received most attention as a drug is R, serpentina

for which Schroff and Bhatia and more recently Dutt et aL have devised

assay processes.® Information regarding native uses of plants of this genus

will be found in short accounts published by Raymond-Hamet,^® (who
uses the synonym Ophioxylum serpentinurn Willd. for R, serpentina Benth.),

Lewin and Watt and Breyer-Brandwijk.^^

Ajmaline, CgoHgeOgNg . SllgO. Regarded as identical with the rauwolfine

of van Itallie and Steenhauer {see below). It is only completely dehydrated
at 200 °, has m.p. 159-160°, [ajf?** + 128° (CHCI 3 ), and yields crystalline

salts, B . HCl . 2H2O, m.p. 133-4°; platinichloride, m.p. 217-8°; picrate,

m.p. 126-7° or 223° (dry). The iV-benzoyl derivative has m.p. 214-6°

(dec.). Methyl iodide converts it into methylajmaline hydriodide,

C2iH2 g02N2 . HI, m.p. 230-1°
; the base recovered from this forms stellate

clusters of needles, m.p. 130-1°, Ajmaline forms a dibromo-derivative,

m.p. 280° (dec,) ;
an amorphous trinitro-compound, m.p. 288-258° (dec.),

and a monosulphonic acid. On heating at 200 °, or on boiling with alcoholic

potassium hydroxide solution, it is partly converted into i^oajmaline,

m.p. 265-6°, + 72*8° (EtOH), which behaves as a diacidic base,

B . 2HCI, amorphous, m.p. 288-240° (dec.), + 98-7° (HgO).

i^oAjmaline was subsequently found to occur naturally in a specimen of

the drug collected in the Dun Valley (item 6, see above) along with a

third isomeride, neoajmaline, m.p. 205-7°, which is convertible into iso-

ajmaline by heating at 270° or by the action of alcoholic potash (Siddiqui ®).

The two oxygen atoms are believed to be present as a betaine group,

T I

1

\

and the extended formulas NMeR(NH) . CO . O and NMeR(NH) . CO . O
are suggested for ajmaline and tVoajmaline respectively.

Ajmalinine, C2oH2e08N2 . l-SHgO, forms hexagonal prisms from
moist ethyl acetate, m.p. 180-1°, [a]i> — 97° (CHClg), gives a doubtftilly

crystalline hydrochloride, m.p. 240-5°, — 44° (HgO), an amorphous
0-benzoyl derivative, m.p. 140-150° (dec. from 100°), and a crystalline

'
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metbiodide, m.p. 288-4® (dec,). One methoxyl group is present. At 210®

ajmalinine is converted into opoajmalinine, CigHi^OgN, rectangular

plates, m.p. 270-2®, [ol]d ± 0®. This base is also regarded as a betaine,

Ajmalicine (no formula). Crystallises in silky needles or rectangular

plates, m.p. 250-2®, B . HCl (amorph.), m.p. 260® (dec.)
;
picrate (amorph.)y

m.p. 212-5® (dec.).

Serpentine, CgoHgoOgNg . l-SlIgO, forms bright yellow plates, m.p. 158®
;

the hydrochloride, B . HCl, has m.p. 188-5® or 260-1® (dry), -f 188®

(H2O) ; nitrite, m.p. 165-6° (dec.)
;

methiodide, B . Mel, m.p. 271-2®

(dec.). It forms a monobromo-hydrobromide, m.p. 257-8® (dec.), and on

heating at 210® isomerises to mserpentine, prismatic rods, m.p. 280-2®,

from alcohol, of which the hydrochloride has m.p. 271-2® (dry) and

+ 168-08® (HjO), and picrate, m.p. 263-4° (dec.). Serpentine contains

one hydroxyl and one methoxyl, but no methylimino group.

Serpentinine, C20H20O6N2 . l-SHgO, has m.p. 268-5®, hydrochloride,

m.p. 271-2® (dec.), [a]!/” + 166*93®
;

picrate, m.p. 263-4°; and auri-

chloride, m.p. 194-5® (dec.). It is a secondary base giving a nitroso-

derivative, m.p. 159-160® (dry) ;
contains a methoxyl but no methylimino

group.

From the same raw material van Itallie and Steenhauer ’ isolated

three alkaloids
: (B) m.p. 262° (cf. serpentinine) ;

(C) m.p. 177®, [a]D—76-4° ;

(cf. ajmalinine) and (A) rauwolfine, (cf. ajmaline).

Rauwolfine, which resembles Siddiqui’s ajmaline (p. 762), but to

which the formula C 2iH260aN2 is assigned, has m.p. 160®, [a]o + 181*1®

(CHCI 3 ) ; hydrochloride, B . HCl . 2H2O, m.p. 189-140®, [aj^ + 96*6°.

It is isomerised by heat or alkali to i^orauwolfine, m.p. 263-5®, [ajo +75^
(EtOH) (cf. ajmaline —>i6*oajmaline).

R. caffra Sonder. From this S. African species Koepfli ^ isolated three

alkaloids : (A) forming hair-like needles, m.p. 294-5®, (B) crystalline, but

uncharacterised and rauwolfine, CaoHagOgNj . 2 - 5H20 ,
which forms buff-

coloured tablets, decomposes at 285-8° (vac.), and dissolves in sodium

hydroxide, though not in sodium carbonate solution. Rauwolfine chloride,

C20H25O2N2CI . HaO, forms faintly pink plates, m.p. 297-300° or 300-3°

(dry, dec.), [a]20" + 29® (HaO) or + 45® (EtOH).
It is imfortunate that the name rauwolfine has been used for two

distinct alkaloids, but if van Itallie and Steenhauer’s rauwolfine proves to

be ajmaline, the difficulty will disappear.

Rauwolsdne, C2iH2e03N2 . This alkaloid, isolated as the oxalate,

B . H2C 2O 4 . 2HaO, m.p. 245-6®, from the leaves of R. canescens L. by
Mookerjee,2 has m.p. 231-2® (dec.), — 4o® (EtOH), and forms a

hydrochloride, B . HCl, m.p. 278-80® (dec.), + 74® (HjO), nitrate,

m.p. 257-8® (dec.), and picrate, m.p. 208®. It contains two active hydrogen

atoms and yields a monoacetyl derivative, m.p. 216-8® (dec.). With
concentrated ammonia solution at room temperature, rauwolscine is

converted into rauwolscinic acid, C2(^2403N2 . HjO, m.p. 262-4® (dec.),

Wfr + 136*8® (HjO), which forms a hydrochloride, m.p. 255*5-257*5®

(dec.), and on esterification with methyl alcohol reverts to rauwolscine.
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Rauwolscine gives colour reactions like those of yohimbine and the

absorption curves of the hydrochlorides of the two alkaloids are very

similar. Heated to 800°/5 mm. rauwolscinic acid forms harman (p. 490)

and 8-ethylindole and on fusion with potassium hydroxide decomposes

into indole»2-carboxylic acid, wophthalic acid, harman and an unidentified

indole derivative. Rauwolscine itself on distillation with zinc dust

produces harman, 2-methylindole (scatole) and w(?quinoline. It is sug-

gested that the alkaloid has the skeletal structure suggested by Scholz

(formula XIV, p. 508) for yohimbine, the positions of the hydroxyl and
carbomethoxy groups being still undetermined.

Pharmacology, According to Chopra et extracts of R, serpentina^

the total alkaloids of the drug and the alkaloid serpentine, lower the

carotid blood pressure of chloralosed normal cats. Ajmaline and serpen-

tinine raise it. These two also depress the cardiac musculature, produce

splenic contraction, stimulate respiration and increase peristalsis of the

guinea-pig intestine. Serpentine and the total alkaloids of the drug have
the opposite effect on these organs. In hypertension induced in cats by
adrenaline or ephedrine the blood pressure is lowered by the total alkaloids

and by serpentine and to a less extent by ajmaline and serpentinine. In

1948 Chopra et al,^^ stated that in addition to the medullary stimulants

ajmaline, serpentine and serpentinine, there is present in R, serpentina a
hypnotic principle, since (a) an alcoholic extract of the drug, (b) the total

alkaloids of the drug, and (c) the residue left after removal of the three

alkaloids named, from the total alkaloids, are all sedative and hypnotic.

This component antagonises the medullary stimulation due to picrotoxin.

Gupta, Kahali and Dutt found that a resinous, non-alkaloidal fraction

isolated from the Dun Valley variant of the plant, exerted the charac-

teristic sedative action for which Rauwolfia preparations are used clinically

in India, and suggested that for this purpose the resin freed from alkaloids

should be used. The iso- and n^o-ajmalines found in this Dun Valley

variant have been examined by Bhatia and Kapur, who found that

both have a slight stimulant action on the nervous system followed by
depression, cause depressant effects on plain muscle of the heart, blood

vessels and intestine and lower blood pressure in intact, decerebrate and
spinal animals in normal conditions, or after experimental hypertension.

aeoAjmaline has a powerful stimulant action and woajmaline a slight

depressant effect on rabbit and guinea-pig uterus. Gupta and Kahali
have examined total alkaloids from R. serpentina collected in three districts

and note that the differences in action observed are due to the variation

in the relative amounts of the individual alkaloids present.

Raymond-Hamet has given much attention to the action of the
Rauwolfia alkaloids. Using Siddiqui’s ajmalinine, he found that it provokes
hypotension accompanied by renal dilatation and exerts a true sympathi-
colytic action. Ajmaline and serpentined^ also induce hypotension
and a decrease in intestinal action; serpentinine diminishes the rennl
constrictive action of adrenaline, but does not alter its hypertensive
effects. d«
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A preliminary report on rauwolscine by Chakravarti indicates that
it is a cardiovascular depressant, shows hypotensive action and a relatively

high toxicity. Koepfli’s rauwolfine produces a fall in blood pressure, and
stimulation of respiration ; in frogs it has a curare-like action.®® The
rauwolfine of van Itallie and Steenhauer ^ has been examined by Hartog
and by de Boer,®® especially in regard to its cardiac action. According to

Raymond-Hamet,®® it reverses the action of adrenaline.

Work on R. heterophylla has been confined to the action of aqueous
extracts of the plant, which are sympathicolytie and diminish the tone
of the intestine in chloralosed dogs.®* In spite of its local reputation as

an anti-malarial drug, it gave negative results in schizonticidal tests in

malaria in ducklings,®® Though R. vomitoria has been stated ® to contain

the same alkaloids as B. serpentina, the pharmacological effects of the

two plants do not seem to be identical especially as regards action on the

intestine.®*
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ALKALOIDS OF THE STEMONACEiE
Four species belonging to this botanical family have been investigated.

Suzuki has explained that the plant from which he isolated stemonine

and stemonidine ^ is not, as at first supposed, Stemona japonica Miq.

After further investigation it has been named Stemona ovata Nakai and from

it he has isolated ® a third alkaloid, isostemonidine, m.p. 187®, [ajp — 84*9®,

to which the following extended formula has been assigned,

Ci,H,e(NH)(OH).(0~CO)(CO).

Stemonine, Ci7H^04N, m.p. 151®, [a]]f — 118*84®, crystallises in

prisms, yields ery^lline salts {B , HCl, m.p. 802® (dec.) ), and behaves
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as a secondary base, yielding methylstemonine methiodide m.p. 276° (dec,)^

with methyl iodide. The functions of the oxygen atoms are indicated by
the following extended formula : CieH2o(NH)(OH) 2(0—CO). (For

another stemonine see below,)

Stemonidine, C19H31O5N. The base has m.p, 116°, — 7*65°, and
yields a hydrochloride, m.p. 260® (dec.), and a methiodide, m.p. 248°. It

is a tertiary base and of the five oxygen atoms two are in a lactone group

and a third is present as methoxyl : the functions of the other two are

unknown.*" The alkaloid is unaffected by hydrogen chloride (25 per cent.)

in alcohol or acetic acid. The permanganate oxidation products vary

with the conditions of the experiment :

—

(a) In acetone there is formed a base yielding a methiodide,

C19H29O 5N . Mel, m.p. 235°
;

(h) In dilute sulphuric acid at 10° two substances are formed,
(
1

)
a

neutral product, CigH230 5N, m.p. 208°, [a]D — 58*3°, in which a lactone

and a methoxyl group but no carbonyl group is present and
(
2

)
a compound,

C11H17O 4
N, m.p. 202°, [a]D— 24*17°, which forms a semicarbazone,

m.p. 258°, and contains a methoxyl but no lactone group : it reduces

ammoniated silver but does not give pyrrole reactions.

On distillation with zinc dust the alkaloid gives an easily hydrogenated

pyrrole base, and on dehydrogenation by platinised asbestos at 260-290°

it yields
(
1

)
an amorphous dehvdro-base, which forms an oxime and a

methiodide, C17H23O 4N . Mel, decomp. 227-8°, and contains a lactone

and a methoxyl group,
(
2

)
a neutral pyrrole derivative, and (3) an acid

giving a dark green colour with ferric chloride ^ (1989).

From S. sessilifolia Miq., Furuya ® isolated hodorine, C19H 31O 5N, an

amorphous base yielding crystalline salts : B . HCl, m.p, 244-5° (dec.)

;

B . HBr, m.p. 258-9°. The same species was re-investigated by Schild,^

who described an unnarticd alkaloid, C22H33O 4N, m.p. 86-7°, b.p. 220°/

0*0006 mm., — 47*1° (CHCI 3 ), giving a perchlorate, m.p. 243°, methio-

dide monohydrate, m.p. 230-3° (dec.), and methochloride dihydrate,

m.p. 169°. The latter is converted by silver oxide into the betaine,

C23H37O 5N . H2O, m.p. 227-0° (dec.). The parent alkaloid, referred to

subsequently as A, contains a lactone group, behaves as a tertiary base,

and on catalytic hydrogenation in cLcid solution yields a substance,

C22H35O4N, m.p. 134°, — 13*2° (CHCI 3 ), and in neutral solution a

second substance, C22H86O4N, lyi.p. 118-120°, — 10 * 8 ° (CHClg).

The absorption spectrum of A indicates that no aromatic ring is present,

but its colour and other reactions imply the presence of a pyrrolidine ring.

Kondo et al. have suggested that Schild’s alkaloid may be identical with

tuberostemonine (see below).

From S. tuberosa, Loureiro, Lobstein and Grumbach obtained stemonine,

C22H33O4N, m.p. 160°, [a]D + 76*5°, which gives pyrrole reactions and
whose pharmacological action is described.*^ (For another stemonine see

p, 765.) Suzuki’s investigation of the same plant ® led^jto a different

result, the isolation of the alkaloid tuberostemonine.

Tuberostemonine, C22H88O4N . MeOH. This alkaloid was at first
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assigned the formula, Ci9H2904N, which was changed by Kondo, Suzuki
and Satomi ® to that now given. It has m.p. 65-88° (dec,), or when solvent-

free, 86-8 °, and [a]i) — 25*4° (acetone) and forms a hydrobromide, m.p. 120°

(dec,), and a perchlorate, m.p. 242° (dec,). It is a non-phenolic, tertiary

base which contains a lactone but no methoxyl, methylenedioxy or methy-
limino group, and does not react with carbonyl reagents or provide evidence
of active hydrogen atoms. The methiodide, B . Mel . HjO, has m.p. 236-8°

(dec,), the methochloride B . MeCl . 2H2O, m.p. 172°, and the methyl-
methosulphate, m.p. 258° (dec,). It is not hydrolysed by acids, is recovered

unchanged from attempts at electrolytic or Clemmensen reduction and
treatment with phosphorus and hydriodic acid yielded no definite product.

In presence of much platinic oxide, in methanol or 2A -hydrochloric acid,

a dihydro-derivative, m.p. 138°, yielding a hydrochloride, m.p. 281°, is

formed. The constants of the alkaloiti and of its derivatives agree closely

with those of Schild’s base A from S, sr^silifolia (see above) and Kondo et al,

have suggested that the two are identical. Tuberostemonine metho-
hydroxide at 145° in vacuo yields hydroxy-A^-methyltuberostemonine,

CaaHg^OgN, m.p. 123-5 ^ which does not react with methyl iodide, but
with cyanogen bromide forms an adduct, C23H 37O 5N . CNBr, m.p. 232°

(dec,), which is unaffected by boiling acid or alkali. Tuberostemonine
also forms a cyanogen bromide adduct, C22H33O 4N . CNBr, m.p. 200-2 °.

With magnesium methyl bromide tuberostemonine gives a product,

which on treatment with ammonium chloride solution yields a substance (a),

Ca 4H 4i04N, m.p. 110-2 °, but with dilute sulphuric acid, furnishes the

dehydrated compound, (b) C24H39O 3N, m.p. 164°. The results of this

reaction are represented as follows :

—

/CH3
r—CO r—c—OH r

CgiHaaOjN^^
|

-> \CHj —C
[—0 [—OH t~OH

7'uberostemonine. Substance (a). Substance (b).

Tuberostemonine is oxidised by silver oxide to a neutral substance,

C 2*H2904N, m.p. 178°, which retains the lactone group and gives the

Ehrlich pyrrole reaction. Vapours giving the pyrrole pine-shaving test

are produced when tuberostemonine is distilled with zinc dust. When
heated with palladised asbestos at 260-270° the alkaloid gives off only

water and carbon dioxide and forms an acid substance, CigHaaOgN,
m.p. 171-5°, and a series of neutral, nitrogenous products of which the

most abundant, C2aHa703N, forms yellow tablets decomposing at 275°.

From the Chinese drug “ pai-pu,” said to be derived from a species of

Stemona, Lee and Chen have isolated two alkaloids, paipunine, ^24^87^4^1
m.p. 105* 5-106* 5°, [a]^“ — 53-7° (acetone), and sinostemonine, CaiHg^OgN,

m.p. 138-138*5°, [a]f®“ — 37° (HaO). The pharmacological action of

paipunine is described.’
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ALKALOIDS OF TABERNANTHE IBOGA

Tabernanthe Iboga Baill., found in the Gabun district of French West
Africa, where it is known as Iboga, has received much attention in France

from economic botanists and pharmacologists since 1867, when it first

appeared in Europe. An interesting account of work done with it was
published in 1940 by Raymond-Hamet,^ from which it appeared that little

is known of its components beyond the fact that it contains amorphous
alkaloids and a crystalline alkaloid ibogaine, possibly accompanied by a

second, crystalline alkaloid, m.p. 206-7°. According to the same author,^

ibogaine has the formula Ci 9H24(26)ONa and yields a hydrochloride, B . HCl,

[a]if — 37*3° (HgO) or — 67-1° (MeOH). Older figures for the base itself

are m.p. 152°, [a]© — 4!8*3° (EtOH) or — 12*88° (C^Hg).® It contains one

methoxyl group
;

gives indole colour reactions,^ and on distillation with

zinc dust or soda-lime yields products showing reactions of indole, or

indole derivatives with the j3-position free. The ultra-violet absorption

spectrum, according to Brustier ei al.,^ resembles that of quinoline rather

than that of indole.

More recently Delourme-Houdd ^ has also isolated ibogaine, to which
he assigns the formula C2oH8gON,. He has also named and assigned a
formula to the second alkaloid, viz. tabernanthine, CjiHagON*. It forms

needles or orthorhombic plates, m.p. 209°, [a]D — 40° (acetone), gives a
hydrochloride readily soluble in chloroform, contains one methoxyl group
and is unsaturated. The ultra-violet absorption spectrum shows maxima
at 2,700 and 8,000 A and minima at 2,575 and 2,800 A, whereas ibogaine

has a maximum at 2,950 A and a minimum at 2,575A. It gives indole

colour reactions with glyoxylic and phosphovanillic reagents.

The amorphous alkaloids include a substance, giving fluorescent

solutions in organic solvents, which is thought to be a decomposition

product of ibogaine.

Methods for the isolation and estimation of the alkaloids of the root

are described. The seeds of the plant contain alkaloids giving colour

reactions different from those of the root alkaloids.

Iboga is used by natives of the Gabun in much the same way as coca
is used by South American Indians and that aspect of its action has been
discussed by Raymond-Hamet,® who has also published a series of papers
dealing with its action on isolated organs and the intestine.’’^ Like cocaine,

ibogaine potentiates the pressor action of adrenaline and abolishes the

sinoK^arotid reflexes, but unlike it also augments considerably the action of

tyramine, and slightly that of di-ephedrine.® According to Vincent and
Sero it inhibits the action of serum cholinesterase.®

DeIourme*-Houd^ ® finds that tabernanthine injected into dogs is

hypotensive, decreases the rate and amplitude of respiration, reduces
the reflex hypertension induced by occlusion of the carotids and, like
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ibogaine, increases the hypertension produced by injection of adrenaline

but also prolongs the hypotension resulting from injection of acetylcholine.
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ALKALOIDS OF YAXUS BACCATA
Taxine, is contained in the leaves, shoots and fruits of

the yew (Taanis haccaia), from which it was first isolated by Lucas. ^ It

was investigated by Hilger and Brande,* Amato and Capparelli,^

Thorpe and Stubbs,® Wmterstein et al.,^ Kondo et al.,*^ Takahashi® and
Gulland et al.^

A phytochemical investigation of taxine in the yew has been conducted
by Kuhn and Schafer,^® who have devised special methods for the detec-

tion, estimation and purification of the alkaloid. Masson states that

Taxus canadensis contains an alkaloid giving the colour reactions of taxine

but different from it in being crystalline and having m.p. 288-9®
; no

ephedrine was present.

Taxine is amorphous, as are also its derivatives, and special methods
have to be used in isolating it in a pure state. Gulland and Virden ® have
shown that ephedrine is also present in the yew.

Taxine, in the purest form in which it has yet been obtained, has m.p.
121-4® after sintering at 115®, [aJiT + 95*7® (EtOH).® It is soluble in

ether, chloroform or alcohol, but insoluble in water or light petroleum.

The salts are amorphous, including the aurichloride, m.p. 182-4® (two

forms, m.p. 90-105®, 110 ®, Kondo). The methiodide has m.p, 123-5®,

and with alkali produces trimethylamine and a product, C35H44O10,

m.p. 120-140®. Taxine, on reduction, takes up four atoms of hydrogen
and forms a tetrabromide on addition of bromine. On oxidation with

permanganate, benzamide, benzoic acid, acetic acid, oxalic acid and
benzonitrile are stated to be produced. Cinnamic acid seems to be a con-

stant product of the action of alkalis and acids on the alkaloid. Warmed
with dilute sulphuric acid for ten hours, taxine yields a crystalline com-
pound, C„H„O.N, which may be a /5-dimethylamino-)3-phenylpropionic

acid.® Wmterstein and Guyer ® suggest the following partial formula from
the observations so far made : NMci . CHPh . CH* . CO . * OAc.
Callow, Gulland and Virden ® obtained evidence of the presence of four

replaceable hydrogen atoms and of a lactone group, thus accounting for

six out of the ten oxygen atoms required by the formula. The remaining
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four are required for the acetyl and )3-dimethylamino>/3-phenylpropionyi

ester groups. These authors found that taxine on hydrolysis by boiling

dilute sulphuric acid yielded, in addition to the products already men-
tioned, a resinous substance, which after purihcation had m.p. 155-165®,

and is represented by the formula C.4H,40r and named anhydroxaiine.

It is assumed to be formed by the loss of a molecule of water and of the two
esterifying acids, so that taxine is regarded as a diacyl ester of xatine,

C24H840e(0H),. The following partial formula was suggested for taxine :

NMe, . CHPh . CH* . CO . 0(Ac0)(C0 . 0)(OH)4(C*8H8o), and more detailed

suggestions have been made by Takahashi ® as a result of his investigation

of taxine and its non-nitrogenous associate taxinin.

Pharmacological Action. Taxine is mainly of interest owing to the

occurrence of cases of poisoning, due to farm animals eating yew shoots

and also the occasional use of the leaves as an abortifacient. In the human
subject the fatal symptoms are those of gastrointestinal irritation, cardiac

and respiratory failure. The taxine prepared by Gulland ® was investigated

by Bryan-Brown,^® who found the lethal intravenous dose in rabbits was

2 to 8 mg. per kilo ; the heart was slowed to a varying extent owing to

interference with the conducting mechanism, respiration was first accele-

rated and then slowed. Death was due to cardiac and respiratory failure.
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Acacia spp. According to White, the tops of A, Jiorihunda Sieb., A»
longifolia Willd. and A, pruinosa Cunn. contain tryptamine (3-6u-amino-

ethylindole), usually in association with jS-phenylethylamine {N,Z. Journ.

Sci, Tech,, 1944, 25, B, 157).

Alangium lamarckii Thw. The bark yields alangine,

m.p. 205-8"^ {dec,), [a]x> 9° (EtOH), of which a hydrochloride, m.p. 264°,

picrate, m.p. 84°, mcthiodide, m.p. 201° (dec,), and other salts have been
prepared. The base is monoat idic and tertiary, contains one methoxyl
group and possibly an alcoholic h) droxyl, but no methylimino group.^

Pharmacological w^ork has been dont' on an amorphous, alkaloidal prepara-

tion by Chopra and Chowhan,^ and on an injectable extract of the plant

by Raymond-llamet 3 (( 1 )
Pariliar and Dnlt, Proc, Ind. Acad, Sci.,

1946, 23, A., 325 (see also 1942, 16, A, 328). (
2

)
Iml, J, Med, Res,, 1934,

21, 507. (3) r. R. Soc, Biol,, 1941, 135, 1011 ).

Anchnsa officinalis L. Cynoglossine ;
B . HCl, crystalline. Paralyses

peripheral nerve terminations. Consolidine ; gluco-alkaloid
;
hydrolysed

to glucose and consolicine (also present as such). Paralyses the central

nervous system. The same alkaloids are also present in Echium vulgare L.

and Cynoglossum officinale L. (Greiner, Arch, Pharm,, 1900, 238, 505).

Arachis hypogcea L. Arachine, C5H14ON2 , with choline and betaine.

Yellowish-green sy^up
;

crystalline platinichloride, m.p. 216°
; and

aurichloride
;
produces transient narcosis in frogs and rabbits with partial

paralysis (Mooser, Landw, Versuchs-Stat,, 1904, 60, 321 (Chem, Soc, Abstr,,

1905, [i], 79) ).

Argernone mexicana L. As a result of pharmacological and clinical

investigations in India it was established that certain outbreaks of epidemic

dropsy in that country were due to the consumption of mustard seed oil

containing argemone seed oil.^ Argemonc seed contains berberine and
protopine (p. 169), but Mukherji, Lai and Mathur ^ isolated from samples

of the oils concerned, a colourless alkaloid, Ci 9lii504N, m.p. 190°, which
fluoresces blue in solution in alcohol, does not give the colour reactions of

protopine and is regarded as forming part of the complex molecule of

the toxic constituent. Argemone mexicana is also suspected of toxicity to

cattle,® but in such cases there is a tendency to regard the latex of the

plant as the source of the poison though the information available is

confusing (

(

1
)
Sarkar, Ind, Med, Gaz,, 1939, 74, 752 ;

Ann, Biochem,

Exp, Med,, 1941, 1, 59, 271 ; Curr, Sci., 1942, 11, 239 ;
Sen, ibid., 239 ;

Chopra and Pasricha (with Goyal, Lai and Sen), Ind. Med. Gaz., 1939,

74, 193
;

(with Banerjee), ibid., 1940, 75, 261 ; Lai, Das Gupta ^nd
Adak (with Argawala), Ind. J. Med, Res., 1941, 29, 818 ;

(with Mukherji),

ibid., p. 889. (2), Ibid,, p. 861. (8) Hurst, The Poison Plants of New
South Wales,” 1942, 125).
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Artemisia abrotanum L. Abrotine, C21H22ON2 . Crystalline, bitertiary

base ; sulphate (crystalline), and platinichloride (Giacosa, Jahresb.y 1888,

1856).

Arthrophytum kptocladum M. Pop. (Chenopodiaceae). The green

part of the plant contains three bases, ^-methylphenylethylamine,

C2H5 . CH2 . CH2 . NHMe, dipterine and leptocladine, Ci8Hi2N2 . The
latter is shown to be 8 : 4-dimethyl-8 : 4 : 5 ; 6-tetrahydro-4-carboline,

which brings it into close relationship with harmine (p. 489). It has m.p.

109-110°, forms two picrates, one from water, m.p. 112-4°, and the other

from alcohol, m.p. 176-7°, a dipicrate, m.p. 181-2°, hydrochloride, m.p.
234-5° {dec,)^ platinichloride, m.p. 197-8° {dec,), methiodide, m.p. 227-8°

and a benzoyl derivative, m.p. 182-8°. Leptocladine was synthesised by
condensing dipterine (p. 774) with acetaldehyde in presence of dilute

sulphuric acid (Juraschevski, J. Gen, Chem, U.R,S,S„ 1989, 9, 595 i

1941, 11, 157).

Asteracantha longifolia Ness (Acanthaceai). This plant, formerly

named Hygrophila spinosa, contains an alkaloid, Ci8Hi203N4 , m.p. 216-7°,

which forms an oxalate, m.p. 221-2°, and a sulphate, m.p. 210 -1 °, and may
be a purine derivative (Basu and Lai, Qtiari, J, Pharmacol,, 1947, 20, 88 ).

Astragalus spp. Members of this genus are included in the group of
“ loco ” weeds causing disease in cattle in the United States. From A,
earlei. Pease and Elderfield ^ isolated a- and earleines, which were later

shown by Stempel and Elderfield ^ to be betaine and choline respectively :

these are also present in A, wootoni, along with trigonelline (p. 7).®

( (1) J. Org, Chem,, 1940, 5, 192, see also p. 198
; (2) Ibid,, 1942, 7, 482 ;

J, Amer, Chem. Soc., 1941, 63, 815. (8) Knowles and Elderfield, J, Org.

Chem,, 1942, 7, 889).

Boerhaavia diffusa L. (Nyctaginae). There is present an alkaloid

punamavine, C17H22ON2, m.p. 236-7° (dec.), which forms a sulphate,

m.p. 204-5°, picrate, m.p. 114-5° (dec.), and platinichloride, m.p. 118°

(dec.) (Basu and Sharma, Quart. J. Pharm., 1947, 20, 41 ; cf. Chopra et al,,

Ind. Med, Gaz., 1928, 58, 203 ; Ind. J. Med. Res., 1940, 28, 475 ; Agarwal
and Dutt, Proc. Acad. Sci. U.P., 1984, 4, 78 ; 1985, 5, 240 ; Prasad,

J. Amer. Pharm. Assoc., 1948, 37, 108).

Casimiroa edulis La Llave and Lejarza. Casimiroine, C22Hi40eN2(0Me)2,

rosettes of needles, m.p. 196-7°, [ajo ± 0°
; aurichloride, m.p. 195-6°

;

picrate, m.p. 165°, Absorbs HgO and loses COg by action of alkalis, forming

casimiroitine, C28H22O7N2, m.p. 171°. Casimiroedine, C17H24O 5N2,
needles,

m.p. 222S°, [a]i> — 86‘5°; aurichloride, m.p. 90° or 145-8° (dry, dec.)

(Bickem, Arch. Pharm,, 1908, 241, 166 ; Power and Callan, J. Chem. Soc.,

1911, 99, 1998 ; de Lille, An. Inst. Biol. Univ. Mdx., 1984, 5, 45).

Ceanothus spp. C. americana L. Ceanothine, C29H8 *04N4, m.p, 227-^®

and 284°, [a]D — 809'4° (CHCIj); hydriodide, m.p. 250° (dec.). Two other

bases, m.p, 240° and m.p. 188° (Gordin, Pharm. Beo., 1900, 18, 266 ; Clark,

Amer. J. Pharm., 1926, 98, 147 ; 1928, 100, 240 ; Bertho and Liang, Atck.

Pharm., 1988, 271, 278 ; cf. Julian, PiW and Dawson, J. Amer. Chem. Soc.,

1988, 60, 77),
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C. velutinus Dougl. Base, C28H2e04N2, m.p. 270® (dec.) (Richards and
Lynn, J. Amer. Phcurm. Assoc,, 1984, 28, 882).

Chloroxylon swietania D.C. The timber (East Indian satinwood)

contains chloroxylonine, Ci8Hii03N(0Me)4, m.p. 182-^8®, — 9*8

;

B . HCl., m.p. 95®
; B . HBr., m.p. 125®

; B . HAUCI4
;

m.p. 70®
; no

hydroxyl group. Irritant causing dermatitis when applied to the skin.^

Mukerjee and Bose ® identify chloroxylonine with skimmianine (p. 414)

which they have isolated from the bark of the plant ( (1) Auld, J, Chem,
Soc,, 1909, 95, 964 ; Cash, Brit, Med. J,, 1911, ii, 784. (2) J. Ind. Chem.

Soc., 1946, 23, 1).

Chrysanthemum cinercmcefoUum Bocc. Chrysantheminc ” is a mixture

of choline and stachydrine (Marino-Znt*o, Chem, Soc, Abstr,, 1891, 60, 888 ;

1892, 62, 84 ;
Yoshimura and T^'ier, Zeii. Physiol, Chem., 1912, 77,

290).

Convolvulus phirieaulis Chois. From this perennial herb, Basu and
Dandiya isolated a crystalline alkaloid, sankhpuspine, C17H28O3N, which

melts at 162-4° and yields a picrate, aurichloride and platinichloride,

decomposing at 76®, 208® and 180® respectively (J. Amer. Pharm, Assoc,,

1948, 37, 27).

Croton spp. C. gubouga S. Moore. 4-Hydroxyhygric acid, m.p. 242®

(dec,), [a]© ““ 84*9® (Goodson and Clewer, J, Chem, Soc,, 1919, 115, 928).

C. Tiglium L. Crotonoside (6-amino-2-hydroxypurine-d-riboside)

(Cherbuliez et al,, Helv, Chim. Acta., 1982, 15, 464, 978).

Crypiolepis sanguinolenta Sch. contains cryptolepine,

m.p. 198-4®
;
B . HCl . 8H2O, golden-yellow needles. Causes fall in body

temperature and has marked vasodilator properties (Clinquart, Bull, Acad.

Med, Belg., 1929, [v], 9, 627 ;
Delvaux, J. Pharm. Belg., 1981, 13, 955, 978 ;

Raymond-Hamet, Compt, rend., 1988, 207, 1016 ; C. R. Soc, Biol., 1987,

126, 768).

Daucus carota L. Pyrrolidine ; daucine, C11H13N2, b.p. 240-250®,

[ajn + 7*8® (Pictet and Court, Bull. Soc. Chim., 1907, [iv], 1, 1001).

Elceagnus spp. E. angustifoUa L., E. hortensis M. B., E. orientalis L.,

and E, spinosa L., contain two alkaloids of which one has been crystallised

and named eleagnine, Ci2Hi4N2. It has m.p. 180-181*5®, [a]© ± 0®, and
forms a hydrochloride, m.p. 258*6°-254*6® (Massagetov, J. Gen, Chem,,

U.R,S.S., 1946, 16, 189). Two alkaloids have also been isolated in an
impure state from Hippophce rhamnoides belonging to the same botanical

family, Elseagnacese {Idem, ibid., p. 775).

Equisetum palustre. The alkaloid palustrine, first obtained by Glet,

Gutschmidt and Glet,^ has been prepared again and further examined
recaitly by Karrer and Eugster.* It has the formula C17H23O2N3, m.p. 121®,

+ 1^*8® (H2O), and forms salts :—B . 2 HCl . H2O, m.p. 188-190®

(dec.), [a]|f® + 8'8® (HaO), gives an acid solution in water
;
picrate, m.p.

1S(H150*6® ;
platinichloride B . m.p. 221-8®. The base con-

tains two active hydrogen atoms, but no methoxyl : it absorbs two atoms
of hydrogen. The plant has given rise to poisoning cases in cattle, and
a short statement of the pharmacological action of {lustrine is included
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in the paper ((1). ZeiU Physiol, Chem,, 1936, 244, 229; (2). Helv, Chim,

Acta, 1948, 31, 1062).

Erythrcea centaurium. The plant contains 0-8 per cent, of alkaloids

from which erythricine, CioHgOgN, m.p. 81“3°, has been isolated. It forms

a pierate, m.p. 122-4"", oxalate, m.p. 151-2°, nitrate, m.p. 114°, hydro-

chloride, m.p. 165-6° {dec,), and appears to be a lactone, hydrolysing to a

Cj^acid and oxidising to a acid (Feolilaktovand Ban’kovskii, Farrnatsiya,

1946, 9, No. 5, p. 10).

Flindersia anstralis R . Br. Flindersine, CgaHgeO^Na, m.p. 182-3°

{dec.), [a]p rb 0°
;

pierate, m.p. 174°
;

platinichloride, m.p. 262° (Matthes

and Schreiber. Ber. deut. Pharm, Ges., 1914, 24, 385).

Galanthus Woronovi (Amaryllidacejc). The leaves and bulbs contain

two alkaloids
:

galantine, Ci8Hi3N(OMc) 3(OH) . IlgO, m.p. 132-3°, or

160-4° {dry), [ajp — 87°
;

hydrochloride, m.p. 198-9°, hydrobromide,

m.p. 201-3°
;
perchlorate, m.p. 199-201°. Galantidine, Ci3Hi60N(CH202),

m.p. 235-8°
;
hydrochloride, m.p. 197-9°; hydrobromide, m.p. 213-213*5°,

[a]D + 32*3°
;

methiodidc, m.p. 232 -3° (Proskurnina and Areshkina,

J, gen, Chem, U.K.S.S., 1947, 17, 1216).

Girgensohnia spp. G, diptera Bge. contains A-methylpiperidine and

dipterine, C11H14N2 ,
m.p. 87-8°, [a]j) rb 0°

; hydrochloride, m.p. 177-8°,

pierate, m.p. 189-190°, and picrolonate, m.p. 242-3°, which was later

shown to be iV-methyltryptamine.^ G. oppositiflora Pall, contains N-
methylpiperidine and girgensonine, C13H43ON2 , m.p. 147-8°, [a]j) it 0°.

The latter forms a hydrochloride, m.p. 145-8°, and a picrolonate, m.p.

192-4°, and on hydrolysis by alkali yields piperidine, hydrocyanic acid

and jt?-hydroxybenzaldehyde, indicating that it is N-piperidyl-p-bydroxy-

phenylacetonitrile, and this has been confirmed by comparison with a

synthetic specimen.^
( (

1 )
Juraschevski and Stepanova, »7. Gen. Chem, Russ.,

1939, 9, 2203 ;
Juraschevski, ibid., 1940, 10, 1781. (

2
)
Juraschevski and

Stepanova, ibid., 1946, 16, 141).

Hedyotis auricularia Linn. Contains hedyotine, CieH2208N2 ,
yielding

a hydrochloride, m.p. 245°, nitrate, m.p. 252° (dec.), aurichloride, m.p. 305-

310° {dec.), and pierate, m.p. 265° {dec.) (Dey and Lakshminarayanan,

Arch. Pharm., 1933, 271, 485). A different alkaloid was isolated in small

quantity by Ratnagiriswaran and Venkatachalam and named auricularine,

C42H55ON6 . HgO ; it has m.p. 201 ° {dec.) and forms an oxalate, m.p.

>230° {dec.), and a pierate, m.p. 217-8° {dec.). A third base, giving a

hydriodide, which decomposed at 215-220°, and amorphous bases were

also found (J. Ind. Chem. Soc., 1942, 19, 389).

Heliopsis longipes (A. Gray) Blake. This plant is the source of affinin

formerly believed to be derived from Erigeron affinis D.C. Affinin has

m.p. 160~2‘^/0*3 mm. and 1*5128 and has been identified as N-isO’

butyl-2 : 6 : 8-decatrienoamide. The substance is toxic to house flies at

a concentration of 122*8 mgm. per c.c. of solvent (Acree, Haller and
Jacobsen, J. Org. Chem.^ 1946, 10, 236, 449 ; 1947, 12, 731).

Helleborus viridis L. contains celliamine, C21H35O2N, silky needles,

m.p. 127-181°, tertiary base ; no methoxyl group^ SprifUiUamin0t
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C28H46O 4N, silky needles, m.p. 228-9°, tertiary base, yields a crystalline

hydrochloride, m.p. 287-8° (dec,), and a methiodide, m.p. 251-2°, has a
methylimino but no methoxyl group. SprintilHne, C25H4i03N, m.p.

141-2 °, sinters from 132°, yields a crystalline hydrochloride, m.p. 278-9°

{dec,) ; tertiary base, contains no methoxyl group. Alkaloid ^9 ^26H43O0N,
needles, m.p. 267-8° (dec,), weakly basic.^ No alkaloids were found in

the closely related H. niger L. According to Franzen,^ the first three alka-

loids belong pharmacologically to the aconitine, cevadine, delphinine group
of alkaloids, which paralyse the bulbospinal centres, but show a marked
phase of respiratory stimulation, not described for this group, nor do
they so far show any of the typical sensory effects of aconitine. The
irritant action of crude hellebore preparations is said not to be due to

any of these alkaloids
( (1) Keller and Schobel, Arch. Pharm,^ 1927, 265,

238 ; 1928, 266, 545. (2) Arch, e.cp. Path. Pharrn,, 1931, 159, 183).

Helvetia escuh nta. Liquid, volatile alkaloid, CgHi2 (i4)N2 ;
picrate,

m.p. 145-150° (Aye, Arch. Phann.. 1933, 271, 537).

Hydrocofyle osiatiea Linn. (Umbclliferse). The early history of this

African and Asiatic drug has been summarised by Fliickiger and Hanbury,^
who, it may be noted, say that Boileau’s claim that it cures leprosy is

generally disbeliev(‘d.^ This claim has, however, been revived recently

and the anti-kprotic action of the drug attributed to a glucoside.® It has

been repeatedly analysed in a preliminary manner with conflicting results,

and has been re-examined recently by Basu and Lamsal,^ who have isolated

an alkaloid, hydrocotyline, C22H330gN, m.p. 210-2 ° {dec,), yielding a

picrate, m.p. 110-2° {dec.), oxalate, dec. 295°, aurichloride, m.p. 134-6°

{dec.), and platinichloride, m.p. 171-3° {dec.) (( 1
)
“ Pharmacographia,

”

London, 1879
; (2) quoted by Bouton, “ Medicinal Plants of Mauritius,”

1857 ;
Hunter, Medical Reports, Madras, 1855

; (3) East African Med. J.,

1945, 22, 243 ;
Brit. Med. J., 1945, No. 4392, p. 338

; (4) Q,uart. J. Pharm.
Pharmacol., 1947, 20, 135).

Inula royleana D.C. According to Chopra, Kohli and Handa, this

plant contains about 3 per cent, of an alkaloid, royline, CgiHggOgN, m.p.

120-1 °, [ajj/** — 42*5°
;

aurichloride, m.p. 142° {dec.). The base produces

a fall in blood pressure and stimulation of tone and peristaltic movement
of the intestines on injection into urethanised cats {Ind. J. Med. Res.,

1945, 33, 139).

Isopyrum spp. I. biternatuni. Isopyroine, C28H4 g09N, m.p. 160°

;

B . HCl, m.p. 255-7°
; B 2 . HgPtClg, m.p::v238° (Frankforter, J. Amer.

Chem. Soc., 1903, 25, 99).

I. thalictroides L. Isopyrine ; iff-isopyrine (Hartsen, J, Chem. Soc.,

1873, 511 ; Mirande, Compi. rend., 1919, 168, 316).

Isotoma longifiora. This Peruvian plant contains an alkaloid, m.p.
190*^, forming a hydrochloride, m.p. 160°. Pharmacological results are

recorded and it is suggested that the alkaloid resembles lobeline of which
it may be a derivative (Sanchez, Rev. Med. expil. (Peru), 1945, 4, 284;
Chem. Abstr., 1948, 42, 1350).

“ Kai-ho^chieti.^^ This Liliaceous plant is stated by Tang and Chang
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to contain a small amount, 0*082 per cent., of an alkaloid, C2^840j|N,

m.p. 245-6®. (J. Chin. Chem. Soc., 1945, 12, 181 ; Brit. Abstr., 1947, Aii,

868 .)

Leontice Eversmanii Bge. Leontamine, C14H24N2, b.p. 118-9®

;

dichloroplatinate, m.p. 248® {dec.) ; dipicrate, m.p. 194-5®
; dimethio-

dide, m.p. 265-8®
; contains four saturated rings. Leontidine, m.p.

116-8®
;

hydrochloride, m.p. 298® (dec.)
; platinichloride, m.p. 258-9®

{dec.) (Orekhov and Konovalova, Arch. Pharm., 1982, 270, 329).

Leptactina senegambica (Rubiacese). The root-bark contains about

1 per cent, of alkaloids, including leptaciinine, m.p. 264-6°, which forms

a picrate, m.p. 258° {dec.), picrolonate, m.p. 196®, and styphnate, m.p.

240-2®. The colour reactions with numerous alkaloidal reagents are recorded,

some of which indicate that an indole nucleus is present. Pharmacological

effects of an extract of the root bark are described (Paris and Bouquet,

Ann. pharm. franc., 1946, 4, 238).

Lophantcera lactecens (Malpighiaceae) contains lophanterine, a crystalline

alkaloid, m.p. 175-7° {dry), — 92*7° (EtOH), forming a hydro-

chloride, m.p. 188-9®, sulphate, m.p. 194-5°, and picrate decomposing
>280°. It is said to resemble quinine in action (Ribeiro and Machado,

Anais Assoc. Quint. Brasil. 1946, 5, 39 ; Brit. Abstr., 1947, Aii, 266).

MesemJbrianthemum spp. M. anatomicum Harv., M. expansum L. and

M. tortuosum L. contain mesembrine, Ci^HggOjN, amorphous, yielding a

crystalline picrate, m.p. 193-4®, picrolonate, platinichloride, Bg . HgPtCle,

m.p. 181®, and a methyl ether, m.p. 220-2 ®. It contains one methoxyl,

one phenolic hydroxyl and one methylimino group and is a local anaesthetic

and mydriatic, and is regarded as possibly belonging to the tropane group

(Hartwich and Zwicky, Apoth. Zeit., 1914, 29, 925 {Chem. Soc. Abstr.,

1915 [i], 710) ;
Rimington and Roets, Oriderstepoort J., 1988, 9,

187),

Monniera cuneifolia Michx. {Herpestis monniera HB and K. (Scro-

phulariaceae). The plant contains alkaloids, of which the chief item,

herpestine, has been obtained crystalline. It has the formula C,4H4,0,N*,

m.p. 116-8°, is diacidic and forms the following salts : sulphate, dec. 120°,

tartrate, m.p. 209-210°, platinichloride, dec. from 242°, aurichloride,

m.p. 210-8° (dec.) (Basu and Walia, Ind. J. Pharm., 1944, 6, 85, 91 ; Basu
and Pabrai, Quart. J. Pharm. Pharmacol., 1947, 20, 187).

Mueuna pruriens. Mehta and Majumdar state that the seeds contain

two alkaloids ; mucunine, which forms a hydrochloride, m.p. 65°, and a
platinichloride, m.p. >800°, and mucunadine, which is more basic and
forms a hydrochloride, m.p. 75° (Ind. J. Pharm., 1944, 6, 92).

Ormosia dasyearpa Jacks. Ormosine, m.p. 85-7°, long

needles ; methiodide (abnormal)
;

picrate, m.p. 178° (dec.). Ormosinine,

CgoHjsNg, in,p. 208-5°
; methiodide, needles, m.p. 245°. Morphine-like

in physiological action (Hess and Merck, Ber., 1919, 52, 1976).

PerOadethra macrophyUa Benth. Paueirte, Cg,H,gOgNg . 6*5H!,0.

Yellow leaflets, m.p. 126° (dec.) ; B . 2HC1

.

6HgO, colourless needles,

m.p. 245-7°
;

picrate, red prisms, nup. 220° (dec.) ; B . H,PtCl, . 6-5H/),
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m.p. 185®. Furnishes dimethylamine when heated with potassium
hydroxide ; toxic (Merckxs Report, 1894, p. 11 ).

Pithecolobium Saman Benth. Alkaloid, CgHi^ON ; hydrochloride, [ajJT
-~18-1®; aurichloride, m.p. 184-5®. Pithecolohine, Cj^HggONg, [a]J^
— 12 * 12® (EtOH) ; B . 2HC1, —19*8®; yields methylamine and
piperidine on distillation with zinc dust (Greshoff, Ber., 1890, 23, 8541*;

van Itallie, Pharm. WeekbL, 1982, 69, 941).

Premna integrifolia Linn. (Verbenaceae). From the stem bark of the

plant two amorphous alkaloids have been obtained
;
ganiarine charac-

terised as the platinichloride, m.p. 289-241®. and premnine, CuH„ON.
m.p. 82®, yielding a crystalline hydrochloride, ni.p. 211-8°, picrate,

m.p. 98-101® {dec,), and platinichloride decomposing at 254-6®. Some
preliminary pharmacological result^ are recorded (Basu and Dandiya,
J. Amer, Pharm. Auoc,, 1947, 36, 8S9).

Pycnarrhenu rnanillefisis Vidal. Ambaline,

C8iH 3 ,04(CH,02)(CHs0 )3(C0)(CH3N)g,

m.p. 128®, + 148* 2 ® (CHCI 3 ) ;
aurichloride, m.p. 185® {dec,)

;
B . 2HC1,

m.p. 265®
;
oxime, m.p. 197® {dec,) (Quibilan and Santos, Vniv, Philipp,

Nat, Appl, Set, Bull., 1933, 3, 353). Ambalinine, Ci 5Hi20{0CH3 ) 2(NMe),

m.p. 208-4®
;

platinichloride, m.p. 240® {dec.) ; aurichloride, m.p. 170®

{dec.) ; picrate, m.p. 238® {dec.) (Villanos and Santos, ibid., 1985, 4, 888 ).

Roccella fuciformis, Picroroccelline, C27H28O 5N2, m.p. 192-4®, gives

benzaldehyde and benzoic acid on oxidation (Stenhouse and Groves,

Annalen, 1877, 185, 14).

Sarracenia purpurea. According to Walti,^ this pitcher plant on dis-

tillation with alkali yields a basic product from which on neutralisation by
acid only ammonium salts could be isolated, which is said to be sufficient

to account for the pharmacological results recorded for a neutralised

distillate of the plant by Bates and Judovich *
(

(

1
)
J. Amer. Chem. Soc.,

1945, 67, 2271 ; (
2

)
Ancesthesiology, 1942, 3, 668

;
Judovich, ibid., 1948,

4, 818).

Sedum acre L. (Crassulacese). Nicotine (p. 86 )
and sedamine,

Ci4HaiON . 0 *8H20 , m.p. 89® {corr.) ; hydrochloride, m.p. 205®

(Kolesnikow and Shvartsman, J. Gen. Chem. U,R.S.S., 1989, 9, 2156

;

Marion, Can. J. Res., 1945, B. 23, 165).

Spheeranthus indicus Linn. From this plant, of the botanical family

Compositse, an alkaloid, spheeranthine, CigHigOgN, m.p. 166-8® {dec.),

has been isolated and the following salts prepared : B . HCl, m.p. 158-160°

{dec.), Bg . H2SO4, dec. 185®, tartrate, m.p. 182° {dec.) ; picrate, m,p,
154-^° {dec.), and platinichloride, dec. 196-8® (Basu and Lamsal, J. Amer.
Pharm. Assoc.^ 1946, 35, 274).

Syndesmon thalictroides Hoffm. Abnormal fasciated specimens yielded

8-methylqumoline-4-carboxylic acid and methyl and ethyl wocarbostyril-8-

carboxylates (Beattie, J. Amer. Chem. Soc., 1908, 40, 415).

Thesivm minJewizianum (Santalacese). From this plant Mashkovstdi

records the isolation of ihesine. The all^oid is very toxic ; at sufficient
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concentration it depresses intestinal muscular activity but does not

affect uterine tone ; it lowers blood pressure and depresses the brain

motor centres, causing a general loss of tone in the skeletal muscle

system (Farmakol. i ToksikoL, 1943, 6 ,
No. 1, 25 (Chem. Ahstr,^ 1945, 39,

1465).

Trianthema monogyna L. (Ficoidic). Contains an alkaloid, C32H4gO0N2,

m.p. 125-7°, forming a sulphate, m.p. 110-1°, oxalate, m.p. 138°, picrate,

m.p. 112°, and aurichloride, m.p. 150-3° (Basu and Sharma, Quart, J,

Pharm,, 1947, 20, 39 ; cf, Chopra et aL, Ind, J. Med, Res,, 1940, 28, 475 ;

see also Prasad, J, Amer, Pharm, Assoc,, 1948, 37 103).

Triclisia Gilletii, Triclisine, CigH3iOioN, m.p. 255-260° (dec,),

+ 116-7° (0-5iV-HCl). Tricliseine, C33H40O7N, m.p. 135°, [a]i) + 68*5°

(0*5iV-HCl) (Castagne, Chew, Zeni,, 1934, ii, 76; 1935, i, 2828; cf,

Delvaux, them, Abstr,, 1936, 6129).

Tylophora spp. {Asclepiadacea‘). T, asthmatica Wight and Arn.^

Tylophorine, C24H27O4N, crystalline, m.p. 275° (dec.) ^ — 15*8°

(CHCI3); B.HCl, m.p. 261-5° (dec,); B . HBr, m.p. 252-5° (dec,),^

Tylophorinine, C23H27O4N . 0* 5H2O, crystalline, m.p. 232-3° (dec,)^

( (1) Hooper, Pharm, J,, 1891, 21, 6. (2) Ratnagiriswaran and Venkata-

chalam, Ind, J, Med, Res,, 1935, 22, 443. (3) Chopra, Ghosh, Bose and
Ghosh, Arch, Pharm,, 1937, 275, 236 ;

Chopra, De and Chakerburty,

Ind, J, Med, Res,, 1935, 23, 263).

T, brevipes (Turez) F. Vill. Tylophorine (Brill and Wells, Philipp,

J, Sci„ 1917, 12, 167).

Valeriana officinalis. Fresh root contains (a) chatinbie, B . HCl,

m.p. 115°; picrate, m.p. 97-8°, and (b) valerine ; uncharaeterised,^

(c) pyridine base, Ci^HigN, picrate, m.p. 147-8°.
^ (d) 2-acetylpyrrole,

m.p. 90°.^ From the dried root Blackic and Ritchie ^ prepared a water-

soluble, amorphous base, which reduced blood pressure, had some cardiac

action and showed inhibition of movement in isolated rabbit intestine

( (1) Chevalier, Compt, lend,, 1907, 144, 154 ; Goris and Vischniac, ibid,,

1921, 172, 1059. (2) Tschitschibabin and Oparina, C, R, Acad, ScL
U.R,S.S,, 1934, 119. (3) Cionga, Compt, rend,, 1935, 200, 780. (4) Pharm,
J„ 1939, 142, 299).

Vinca pubescem Urv. (a) Vinine, C19H23O4N2, m.p. 211*5-213°, [ajn •

— 70*12° (EtOH) ;
B . HCl, m.p. 212° (dec,) ; Bg . H2SO4, m.p. 229-230°

(dec,) ; platinichloride, m.p. 226-7°. (b) Pubeacine, C20H23O4N2, m.p.
227-8°, [aji) ~ 134*2° (EtOH). (a) and (b) lower blood pressure, (c) Base,

m.p. 194° (Orekhov, Gurevitsch and Norkina, Arch, Pharm,, 1934,

272, 70).

Viscum album L. Base, CgHj^N
;

platinichloride, m.p. 250° (dec,)

(Leprince, Compt, rend,, 1907, 145, 940 ; Crawford and Watanabe, J. Biol.

Chem,, 1916, 24, 169). Choline (Einleger, Fischer and Zellner, Manats,,

1924, 44, 277),

Viteco negundo Linn. (Verbenacese). Basu and Singh have isolated

from the leaves an alkaloid, nishindine, C^gHgiON, m.p. 266°, yielding the

following salts ; tartrate, m.p. 238°
; hyd&ochloride, m.p. 198-200°

;
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sulphate, m.p. 210-2°. On oxidation with permanganate the alkaloid

provides a quinoliriecarboxylic acid, m.p. 254°, and on fusion with

potash quinoline is produced {Quart. J. Pharm. Pharmacol., 1947, 20 ,

136).

Withania somnifcra Dunal. Amorphous alkaloid ;
aurichloride,

m.p. 185°. Boiled with alcoholic potassium hydroxide, yields a crystalline

base, CigHigNg ;
leaflets, m.p. 116°. Physiologically inactive (Power and

Salway, J. Chem, Soc., 1911, 99
,
490. Cf. Amer. J. Pharm., 1891, 63

,
77 ;

Trebut, Lafleet, 1886, fi], 467).

Zygademis spp. Z. inter}nedius contains zygademne, C39Hg30ioN,

needles, m.p. 200-1°, [a]i, - 48*2°; toxic resembling cevadine in action.^

According to Vorlako\,^ Z. sihiricus contains three alkaloids, one crystal-

line and devoid of veralrinedike activity, and two amorphous, possessing

this tvpe of action and said to be a fv.blc of replacing veratrine
( (1)

Mitchell and Smith. Amer. J. PhyAol . 1911, 28
,
318 ; Heyl Hepner and

Loy. J. Amer. Chan. Soc.. 1913, 35
,
258 ;

Marsh and Clauson, Bull. Bur.

Plant. Ina., U.S.A., 1915. No. 125 (bibl.). (2) Farmatsiya, 1941, No. 1,

P. 27).

Alkaloids have been recorded in the following plants :

—

Achillea spp. A. millefolium L. contains achilleine, amorphous ;
hydrolysed

to achilletine, (\1H17O4N, also amorphous, ammonia and a reducing sugar.^

A. rnoschata contains achilleine and moschatine, C21H27O7N, an ill-defined gluco-

alkaloid.2 ( (1) Zanon, Annalen, 1846, 58, 21. (2) von Planta, ibid., 1870,

155,153.)
*

,

Adennnihera pavonina. The leaves are stated to contain an alkaloidal

substance, m.p. 88°. (Patel, Shah and Parikh, Curr. Sci., 1947, 16, 346.)

Adenocarpus spp. Alkaloids have been recorded in A. hispanicus (Santos

Ruiz and Llorente, Anal. Fis. Quim., 1941, 37, 624) and in A. intermedins (Rivas,

ibid., 1942, 38, 197).

Ajuga chia (liabiata;). In this haemostatic drug the presence of alkaloids

has been recorded by Aliev. {Farmatsiya, 1946, 9, 21 ;
Chem. Abstr., 1948, 42

,

287.)

Anisomeles malabarica. Alkaloidal material recorded by Rao and Majumdar.

{Indian J. Pharm., 1945, 7, 123.)

Aplopappus hartwegi (Gray) Blake, contains uncharacterised alkaloids and

yields pyridine on steam distillation from its suspension in strong alkaline

solution. (Buehrer, Mason and Crowder, Amer. J. Pharm., 1939, 111, 105.)

Asarum europeum L. According to Abdul’menev, the root of this plant

contains 1-7 per cent, of uncharacterised alkaloid, asarine. The root produces

in frogs, rabbits and dogs, acceleration of respiration, nausea and emesis ; the

cardiac activity of the leaves is thought to be due to a glucoside. {Farmatsiya,

1945, 8, No. 4, p. 39 ;
Chem. Abstr., 1946, 40, 7411.)

Baccharis cordifolia (Composite). Baccharine, crystalline, neutral to litmus •

(Arata, Pharm. J., 1879 [iii], 10, 6.)

Bryonia dioica Jacq. Amorphous base. (Power and Moore, J. Chem. Soc.,

1911,99,937.)

Brucea javanica (Simarubaceae). The source of a Chinese anti-dysenteric

drug, “ Ya-tan-tzu.” Stated to contain an alkaloid, yatanine.^ No alkaloids
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have been recorded from Brucea anH-dysenterica or B, sumairana^ (

(

1 ) Liu,

Chang and Chuan, Ohm, med, J., 1941, 60, 229 ; J, Trop, Med. Hyg.^ 1942,

45, 86 ; c/. Lan, J. Chin, Ckem, Soc,, 1940, 7, 144. (2) Power and Lees, Pharm,
J., 1908 [iv], 17, 188 ; Power and Salway, ibid,, 1907, 79, 126 ; Salway and
Thomas, ibid,, p. 128.)

BurasHa madc^ciscariensis, (Davidson, Emt African Med, J,, 1945, 22, 80 ;

cf, Spencer et al,, Lloydia, 1947, 10, No. 8
, p. 145.)

Cassia Siamea Lam. Alkaloid, Ci4Hn08N. Toxic. (Wells, Philipp, J, Sd,,

1919, 14, 1.)

Celastrus paniculata Willd. Two alkaloids have been found in the seeds of

this plant, celastrine, Cj0Hj 5O 8N, m.p. 260° (dec.), and paniculaHne, which was
not characterised. For other “ paniculatines ” see pp. 502 and 674. (Basu and
Pabrai, J. Amer. Pharm. Assoc., 1946, 35, 272.)

Cephalaria gigantea. Uncharacterised alkaloids were recorded by Mirzojan,

Jarosehenko, Amirzadian and Serpetschian. (Proc. Acad, Sd, Armenian S.SJi,,

1946, 4, 83 ; Brit. Absir,, 1947, Aiii, 162.)

Chlorocodon whitdi. Maseru and Paris have recorded the presence of alkaloids

in the root, stem and seed of this plant. (Ann. pharm. franc., 1947, 5, 228.)

Clematis angustifolia Jacquin. The roots contain unidentified alkaloids.

(Tang and Chao, Pharm. Arch., 1940, 11, 60.)

Combretum micranthum. From the leaves of this W. African native drug
Lalimann prepared a non-volatile alkaloid, conibretine, (Ileil u. Gewurz-Pflanzen,

1948, 22 , 1 ; Chem. Abstr., 1946, 40, 7523.)

Dcemia eadensa (Asclepiadaceae). Dutta and Ghosh ^ were unable to confirm

the presence of an alkaloid in spite of previous records * to the contrary. (

(

1 ) J.

Amer. Pharm. Assoc., 1947, 36, 250 ; Gupta, Roy and Dutta, Ind, J, Med. Res.,

1946, 34, 181. (2) Dymock, Warden and Hooper, Pharmacographia Indica,

1891, Vol. II, p. 442.)

Daphniphyllum spp. From the bark of D. macropodum Miq. Yagi ^ isolated

an amorphous alkaloid, daphnimacrine, C87H41O4N, m.p. 75-84°, which closely

resembles in pharmacological action,the amorphous base, prepared

from D. bancanum Kiirz by Greshoff and examined by Plugge.* (

(

1 ) Arch,

Intemat. Pharmacodyn., 1910, 20 , 117. (2) Arch, exp. Path. Pharm,, 1898,

32, 277.)

Eremosparton aphyUum. The roots are rich in alkaloids, which have not
been characterised. The root extract slows respiration, lowers blood pressure

and raises the pulse rate on intravenous injections in dogs. (Lyubushin, Farmakol
i Toksikol., 1946, 9, No, 2 , 30 ; (Chem. Abstr., 1947, 41, 8220).)

Erodium dcutarium THerit. Geraniaceae. (Koskoroski, Chem, Zentr., 1988,

ii, 3269.)

Esenbeckia febrifuga Juss. Brazilian angostura bark (cf,, p. 415) ; contains

8*9 per cent, of alkaloids. (Hartwich and Gamper, Arch, Pharm., 1900, 238, 568.)

Evgenia Jambos L, Jambosine, crystalline, m.p. 77®. (Gerrard, Chem. Soc.

Abstr., 1885, 48, 396.)

Fraxinus malacophylla Hems. (Oleaceas). The source of a Chinese drug
Pai-chi-ang-kan,^' or Ken-ken-yao/* and stated to contain an alkabid,
sinine resembling quinine.^ Tonkin and Work * found the drug inactive in

malaria in chicks and, like Mukeiji,* were unable to confirm the presence of an
alkaloid. (

(

1 ) Liu, Chang, Chuan and Tan, Chin. Med. J., 1941, 59, 575. (9)
Naiure, 1945, 156, 630. (8) IMd., 1946, 158, 170.)

GastmlMum eajydnum Benth. Cygnine, Convulsant pofaon*
(Mann and Ince, Proc. Boy. Soc., 1907, 79B, 48S.)



ALKALOIDAL 0CCVBJRENCE8 781

Qonioma kamassi E, Mey, Alkaloid with curare-like action. (Dixoa» Proe.
Roy. Soc., 1911, 83B, 287.)

Hydrangea umbellata Rheder (Saxifragacese). A Chinese anti-malarial drug
said to contain several crystalline alkaloids. (Jang, Fu, Huang, Wang, Nature,

1948, 161, 401.)

Ipomcea sidcefolia Choisy. The seeds, “ piule,” contain a gluco-alkaloid with
narcotic properties. (Santesson, Arch. Pkarm., 1937, 275, 532.)

Jatropha gossypifolia L. var. elegans Muell. Jatrophine, Cj4H20O0N. (Barriga

Villalba, J. Soc. Chem. Ind., 1937, 46, 396T.)

Julocroton montevidiensis. YtdocroHne, (Anastasi, Anal. Asoc.

quim. argent., 1925, 13, 348.)

Leonurua sibiricus L. (Labiatas) Leonurincs CiqHi40jNj, m.p. 262-3®

{dec.),^ or Cj4Hig04N4, m.p. 288®.*
( (1) Shu, J. Chin. Chem. Soc., 1984, 2, 237 ;

(2) Kubota and Nakashima, Fol. Phunm^ol. Jap., 1930, 11, 153.) Leonurua
cardiaca. The dried plant contains 0*85 t>ef csent. of alkaloids. (Tariverdieva,

Parmataiya, 1946, 9* 15.)

Lutmria biennia (L. annua) Miich. Crystalline base, m.p. 220®. (Hairs,

Bull. Acad. Boy. Bdg., 1909, 1042.)

Maytenua spp. ‘‘ Chuciiuara ” or “ chuchuhuasiia ” from Peru contains

an amorphous sdkaloid which lowers body temperature and reduces blood
pressure. (Raymond-Hainet and Colas, Bull. Acad. MSd., 1935, 114, 139 ; Perrot,

Millat and Colas, BtUl. Sri. Pharmacol., 1937, 44, 325.)

Melia azadiraccUa L, (neem or margosa). The bark, according to Cornish, ^

yields a minute amount of a bitter alkaloid, margoaine. The fruit is reported to

be toxic and to contain an alkaloid, azaridine.^ The leaves are stated to be insect-

repellent and from them an alkaloid paraiaine ® has been prepared. The flowers

are alkaloid-free.^ ( (1) Ind. Ann. Med. Sci., 1857, 4, 104 ; (2) Carratala,

Rev. Asoc. med. Arg., 1939, 53, 338 ; (3) Volkonsky, Arch. Inst. Pasteur

Algeria, 1937, 427 ; (4) Subramanian and Hangaswamy, Curr. Sci., 1947, 16,

182.)

Momordica charantia L. A preliminary examination has indicated the

presence of two alkaloids of which one has been named momordicine. (Rivera,

Amer. J. Pharm., 1941, 113, 281.)

Ochrosia eUiptica Labill. (Bleekaria cahcarpa Hassk.). According to Ray-
mond-Hamet ^ the pharmacological action of an aqueous extract of the bark

of this species does not support the claim that the bark contains quinine * though

alkaloids are present.* ( (1) C.R. Soc. Biol., 1940, 133, 262, (2) Jacques, “ Un
arbre k quinquina en Nouvelle Caledonie,” Noumea, 1937. (3) Greshoff, Meded.

uiVs Lands Planten, 1890, 7, 59 ; 1898, 25, 130.)

Orthosiphon stamineus Benth. The presence of an alkaloid has been recorded

by Tang and Hsii. (J. Chin. Chem. Soc., 1940, 7, 116 ; cf. Dietzel and Schmidt,

Arch. Phmm., 1936, 274, 10.)

Oatryodefia chevdlieri Dunn. An alkaloid, CijHjjOgNg, [alu — 75®, has been

recorded by Balansard and Martini. (Bull. sci. pharmacol., 1939, 46, 268.)

Oafylobium parviflorum Benth. Lobine, C44H84O4N,. Toxic. (Mann and

Ince, Proc. Boy. Soc., 1907, 79B, 485.)

Pdlicourea rigida H.B.K. Douradine

;

crystalline, m.p. 235®. (Santesson,

Arch. Pharm., 1897, 235. 148.)

Perseirgra<issiiiiaGaertn.{Avocado pear). The leaves are reported to contain

pharmacologically active all^ids. (Stellfeld, TrUnma Farm., 1938, 6, 96;

Appleman, Calif. Avocado Soc. Year-book, 1944, 87.)

PkyacMa moUia Nuttall (Solanaoese). The presence of an alkaloid has been
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recorded, but the insecticidal properties of the plant appear to be due to a
glucoside. (Harris, J. Amer. Pharm. Assoc., 1948, 37, 145.)

Picrasma crenata. Stated to contain an uncharacterised alkaloid sigmine,

which lowers the contractility and tonicity of the isolated duodenal preparation

of the rabbit. In dogs it is hypotensive and lowers concentration of blood

sugar, 8 to 4 hours after injection. (Pereira, Ann. fac. med. Univ. S. Paulo,

1938, 14, 269 ; (Chem. Abstr., 1939, 33, 3877).)

Piscidia eryihrina L. Alkaloid, amorphous, m.p. 26-7°
;
B . HCl, m.p. 124°.

(Danckwortt and Schiitte, Arch. Pharm., 1934, 272, 701.)

Polyporus Jrondosa. Amorphous base yielding crystalline salts. (Bamberger
and Landsiedl, Monats., 1911, 32, 041.)

“ Pseudo udcmno calima elegans.^" This toxic Brazilian plant was found to

contain a laevorotatory alkaloid, mol. wt. 527, [a]x, — 20°. (MeUo and Fernandes,

Rev. soc. brasil. quiin., 1940, 9, 155.)

Quebrachia Lorenizii Griseb. Loxopteryginc, C'26H8402N2(?). Amorphous,
m.p. 81°

; amorphous, bitter salts ; blood-red colour with nitric acid, bluish-

violet colour with sulphomolybdic acid. (Hesse, Annalen. 1882, 211, 274.)

Quisqualis indica. The seeds of this plant, used as an anthelmintic, are stated

to contain alkaloids. (Hsu and King, J. Chin. Pharm. Soc., 1940, 2, 132.)

Ramondia pyrenaica Rich. An oily alkaloid, most abundant in the leaves,

was recorded by Girard and Marzat (Bull. trav. soc. pharm. Bordeaux, 1938,

76, 150).

Ryania spp. Plants of this genus including R. acuminata, pyrifera,

sagotiana, speciosa, subuliflora and iormentosa contain alkaloids possessing

insecticidal properties and preparations of the plants have been protected by
patent for use against insect pests. (Folkers, Rogers and Heal, U.S.P. 2,400, 295 ;

for insecticidal tests see Pepper and Carruth, J. Econ. Entom., 1945, 38, No. 1,

59 ;
Ivy and Ewing, ibid., 1947, 40, 568 ; Doehlert, Chem. Abstr., 1946, 40, 2580.)

Sansevieria zeylanica. An alkaloid is present in the roots and rhizomes.

The juice contains aconitic acid. (Scheindlin and Dodge, Amer. J. Pharm.,
1947, 119, 232.)

Sarcocephalus Didderichii (West African boxwood). Cardiac poison. (Gibson,

Biochem. J., 1906, 1, 39.)

Saussurea Cappa Clarke. The root contains saussurine ^ which, according to

Prasad,® accounts for the effect of the drug in controlling attacks of bronchial

astlima, especiaUy of the vagotonic type. ( (1) Ghosh, Chatterjee and Dutta,
J. Ind. Chem. Soc., 1929, 6, 517 ; (2) Ind. J. Pharm., 1945, 7, 81.)

Smilaxpseudo-china (Tu-fu-ling). Among other products, probably alkaloids.

(Liu and Kuo-Chen Chen, J. Chinese Chem. Soc., 1945, 12, 122 ; Chem. Abstr.,

1946, 40, 3851.)

Spigelia marylandica L. Spigeline. Liquid
; toxic. (Dudley, Amer. Chem. J.,

1881, 1, 138.)

Talauma meodcana Don. (Magnoliaceae). The leaves have been stated to

contain a liquid alkaloid, talaumine, forming a crystalline hydrochloride. Accord-
ing to Raymond-Hamet, an extract of the leaves has a nicotine-like action.

(C.JB. Soc. Biol., 1939, 132, 459 : with a bibliography.) The drug is known in
Mexico as “ yoloxochitl ” and a number of non-alkaloidal components have
been obtained from it and characterised by Pallares and Garza. In a paper
received too late for detailed reference, the same authors have described the
isolation from this source of the al aloid, aztequine, regarded as
belonging to the bisbenzyK^oquinoline group (p. 346), in support of which a
series of degradation products have been prepared and described. {Areh*
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Cardiol. Mex.^ 1947, 17, 833 ; (Chem. Abstr., 1948, 42, 2730) ; Archiv. Biochem.,

1948, 16, 275.)

UsHlago maydis. Alkaloids isolated from this maize fungus were named
ustilaginine and ustilagotoxine and are stated to resemble ergotinine and ergo-

toxine respectively. (Mas, Bol. Soc. Quim. Peru, 1938, 4, 3.)

Zanthoot^lum budrunga. From the bark Khastagir isolated two alkaoids,

budrugaine, which chars above 180° but does not melt, and budrugainine, m.p. 155®

{Curr. Set., 1947, 16, 185 ; Chem. Abstr., 1948, 42, 326.)
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Abrine, 484
Abrotine, 772
Abrus precatorius, 484
Abuia spp., 871
Acacia spp., 771
Acetylcholine, 262, 518
Acetylomithine, 170, 171, 172
Achillea spp., 779
Achilleine ; achilletine, 779
Acolyctine, 686
Aconine, 673, 675, 679, 685
Aconines, nuclear structure, 698
Aconite alkaloids, 678
Aconitine, 678, 674, 776

oxidation products, 676
Aconitines, pharmacological action, 690
Aconitinone, 676
Aconitoline, 676
Aconitum and delphinium alkaloids,

interrelationship, 692
Aconitum spp., 678, 674, 678, 680, 682,

684, 685, 686, 687, 689, 690, 695
Actinodaphne spp., 819, 822
Actinodaphnine, 322, 828
Acutumine, 268, 272
Adenanthera pavonina, 779
Adenocarpus spp., 779
Adhaioda xmsica, 617, 620
Adina spp., 756
Adlumia spp.,, 169, 210
Adlumidine, 169, 172, 210

pharmacological action, 212
Adlumine, 169, 171, 210
pharmacological action, 212

JEgle marmeloSf 414
Afiinin, 774
Agmatine, 518
Aizoacece, 1

Ajacine, ajacinine, ajacinoidine, ajaconine,
694

Ajmalicine, 762, 763
Ajmaline, 762 ; isoajmaline, 762, 764

;

neoajmaline, 762, 764
Ajmalinine, 762
Ajuga chia^ 779
Akuamma alkaloids, 760
Akuammenine, 760
Akuammicine, ^akuammieine,
akuammidine, akuammigine,
5
^-akuaimnigine, akuammiline, 760

Akuainmine, 760
hvdrate, 760
pharmacological action, 761

Alangine, 771
Alangium lamarckii, 771
Alginine, 782, 734
Alkaloidal amines, 630
Alkaloids of undetermined constitution,

716
a-Alkyldihydrochelerythrines, 278
Aloperine, 118, 150
Alstonamine, 716
Alstonia alkaloids, pharmacological action,

720
Alstonia spp., 716, 718, 719, 720
Alstonidine, alstoniline, 716, 718
Alstonine, 716

degradation products, 717
Alstyrine, 717
Amanita tnuscaria, 658
Amaryllidacese, alkaloids, 406
minor alkaloids, 411

Ambaline, ambalinine, 777
Aminodihydroquinine, 748
)5-Amino-4-ethylglyoxaline, 671
Aminolaudanosine, 811
Ammodendrine, 85, 116, 139
Ammodendron Conollyiy 85, 116
Ammothamnine, 116
Ammothamnus lehmanni, 116, 151
Amoebicides, synthetic, 402
Amphiporine, 49
Amphiporus lactiftoreus, 49
isoAmylamine, 518
woAmylputrescine, 680
Anabaseine, 45
Anabasine, 85, 43, 44, 50, 58
Anabasis aphylla, 85, 48, 53. 118
Anacyclus pyrethrumy 2
Anagyramide, 140
Anagyrine, 116, 187, 188, 140, 142, 148,

152
Anagyris foetiday 116, 140
Analgesics, synliietic, 268, 265
Anamirta panictdata, 849
Anatabine, 85, 48, 46
Anchusa officinalis, 771
Andira spp., 681
Andirine, 681
Angelic add, 604
Angdine, 681
Angostura bark, alkaloids, 415
Anhalamine, 154

constitution, 156
Anhalidine, 154, 156
Atihaline (l^idi^liie), 154, 161, 9$^
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Anbalinine, 154, 150
Anhalonidine, 154, 155, 160, 161

constitution, 157
Anhalonine, 154, 155, 160, 161

constitution, 158
Anhalonium alkaloids, pharmacology, 160
Anhahnium spp., 154
AnhydroberberiUc acid, 882
Anhydroecgonine, 97
Anhydrolupinine, 120
Anhydroxatine, 770
Anisomeles malabarica, 779
iV-(2-p-Anisylethyl)-iV-methyl-

cinnamide, 880, 681
Annana amMay^ 871
Aiinotinine, 752, 753, 755
Anodmine, 47
Anolobine, 817
Anonaceae, alkaloids, 817, 829, 849
Anona mtmcoto, 817
Aiioaaine, 818
Anthorine, 678
Anthranoyllappaconine, 686
Aathranoyllyooctonine, 687, 694, 696
Anti-histamine drugs, 113, 197, 644
Anti-malarial drugs, synthetic, 475
Aphyllidine, 85, 54
Aphylline, 85, 54, 138, 148
Aplopapptis hartxvegi, 779
Aporeidiue, 178, 276
Aporeine, 178, 178, 275
Aporphine alkaloid, 232, 278, 284, 306,

314, 817, 319
interrelationships and syntheses, 309,

310, 811, 828
pharmacological action, 312, 816, 327

AptUeia molans, 151
Arachine, 771
Arachis hypogcea, 771
Arariba rtitra, 490
Archangelisia Jlava^ 829
Areca nut alkaloids, 8

pharmacological action, 12
Arecaidine; arecaine, 10
Arecolidine, 12
Arecoline, 9, 12
Argemone spp., 169
Argemane mexicanat 771
Argemonine (protopine), 169
Aribine, 490
Aricine, 419, 465, 466
Aristidinic acid, 722
Aristinic acid, 722
Aristolic acid, 722
Ansiohchia rumio^olia, 871
Aristolochia spp., 721, 722
Aristolochic acid, 722
isoAristolochic add, 722
Aristolochine, 722
Annepavine, 178^ 195, 276
Artabotrine, 817, 818

methyl ether, 819
Artabotrinine, 819
ArkMryB mm/eotenSf 817
Artariue, 880

Artemisia abrotanumt 772
Arthrophytum Uptocladium, 681, 772
Asarine, 779
Asarum europeum, 779
Asclepi^ syriaca, 85
Asiminine, 817
Aspidosamine, 511
Aspidosine, 512
Aspidosperma spp., 511
Aspidospermatine, 511
Aspidospermicine, 511
Aspidospermine, 500, 511
Aateracantha longifolia, 772
Astragalus spp., 772
Atherosperma tnoschcUumt 320
Atherospermine, 320
Atisine, 678, 687

isoatisine, 687
Atroglyceryltropeine, 74
Atrolactyltropeine, 78
dtropa spp., 65, 67, 68, 69
Atropamine, 71
Atropine, 64, 65, 66, 70, 79, 83, 86, 161

constitution, 72
pharmacological action, 105, 107, 110,

112, 196, 197
synthetic substitutes, 109, 118

apoAtropine, 64, 65, 71
pharmacological action, 107

norAtropine, 64, 66, 83
^-Atropine, 73
Atroscine, 84, 85
Attagenus piceus, 49
Aureine, 601
Auricularine, 774
Aurotensine (d- and di-scoulerine), 170,

171, 178, 291
Avocado pear, 781
Azaridine, 781
Aztequine, 788

Baccharis cordifolia ; baccharine, 779
Bakankosine, 554
Banisieria spp., 488
“ Banisterine,” 488
Baptisia spp., 116
Baptitoxine, 142
d-Bebeerine (a-bebeerine), 868, 364, 367
^Bebeerine (curine), 863, 364, 869, 374,

377
dimethyl ether methochloride, 392

isoBebeerine, 863, 365
jS-Bebeerine, 368, 364
Bebeerine-B, 863, 364
Belladonna alkaloids, 1, 65, 69
Belladonnine, 64, 65, 71
Bellaradine, 67
Bellatropine> 71
Benzaoonine, 673, 675
Benzhypaoonine, 681
Benzmesaoonine, 680
Benzoylaconine, 675
Benzoyle<^;oniiie> 96
BensQ^heteratisiue, 689
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Benzoyloscine, 86, 88
Benzoylpseudaconine, 684
Benzoyltropine, 64, 93, 107
Benzoyl- ^-tropine, 100

pharmacological action, 106, 107
1 : 2-Benzpheiianthridine, 279
Benzylmethylaminc, 636
Benzylmorphine, 217, 260
Benzylisoquinoline alkaloids, 182,-196
Berbamine, 329, 346, 350, 302

pharmacological action, 349
Berbamine methyl ether, 340, 350
Berberal, 332, 340
ivoBerberal, 332
Berberidacea?, 328
Berberilene, 337
Berber! lie acid, 332
Berberinal, 333
Berberine, 162, 169, 170, 171, 287, 328,

329, 331, 344, 345, 031
Berberine, quaternary ammonium bases
from tetrahydro-derivative, 337

Berberine and related bases,

pharmacological action, 345
syntheses, 334

Berberineacetone, 333
cpt'Berberine, 297
jpro/oBerberine, 336
^-Berberines, 335
Berberinium hydroxide, 333
Berl)erinol, 333
Berheris spp., 328, 331, 346
Berberoline, 332
Berberonic acid, 507
Berberrubine, 329, 343
“ Berbine,” 836
Betaine, 518
Bicucine, 170, 209

pharmacological action, 212
Bicuculline, 169, 170, 171, 172, 209, 210

pharmacological action, 212
Bikhaconine, 685
Bikhaconitine, 674, 685
Bisbenzyhsoquinoline alkaloids, 196, 346,

849, 352, 853, 788
characters and relationships, 358

Biscoclaurine sOkaloids, 346
Bisdihydrodioscorine, 92
Bismatridine, 148
Bi8-(8-quinolyloxy)-l ; 5-pentane

diethiodide, 891
Bleekaria calocarpa, 781
Bocconia spp., 169
Boerhaavia diffusa, 772
Boldea fragrans, 825
Boldine, 325, 827
Bourreria vertidllata, 895
Boxwood alkaloids, 868
Brassica ^p. , 648
Bromocooide, 217
Bromomorphide, 217, 254
1-Bromosinomenine, 271
Brucea ferruginea, 656
Brucea javanim, 779
Btucidine, 576

neoBrucidine, 575, 583
Brucidone, 583
Brucine, 553, 556, 581

constitution, 561
pharmacological action, 596

isoBrucine, 562
weoBrucine, 575, 583
^-Brucine, 559
Brucinolic acid, 571
Brucinolones, 571, 574
Brucones, 584
Bryouia dioim, 779
Budrugaine ; budrugainine, 783
Bulbocapnine, 171, 172, 306
Bulbocapnine and allied alkaloids,

pharmacological action, 313
Buphanine, 406

pharmacological action, 412
Buphanitinc, 411
Burasifiii madagascarierms, 780
Buxine

;
Buxm sempervirens, 303

Cacalia hastata, 001
Cacotheline, 500
Cactacete, 154
Cadaverine, 518
Calabar bean alkaloids, 539
“ Calabarine,’’ 540
Calabash curare, 373

alkaloids, 380
formula" and characters, 384
non-alkaloidal constituents, 385

Calabash-curarine I., 380, 382, 385
Calabash-eurarines 11 and 111, 382
Calebassine, 383, 385
Calebassinine, 385
Calycanine, 480, 487
Calycanthidine, 488
Calycanthinc, 485, 486, 488

isocalycanthine, 485, 488
Calycanthus spp., 485, 486
Calycotumine, 146
Calycotome spinosa, 117
Calycotomifle, 117, 146
Campeslrine, 601
Canadinc (tetrahydroberberine), 162, 170,

171, 172, 291, 333, 336, 838, 348
pharmacological action, 345

a-Canadine, 172
Candicine, 161

Capauridine (d/-Capaurine), 170, 171, 339
Capaurimine, 171 , 339
Capaurinc, 170, 171, 339, 345
Capnoidine, 170, 171, 211, 212
Capparis sola, 872
Capsaicin, 2
Carboline, 492
Carica Papaya, 599
Camegia gigantea, 169
Camegine, 158, 159
Carpaine, 599

pharmacological action, 600
Carpamic acid, 599
“ Carpasemane/’ 600
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Carpyrine, 599
Ctirthamoidine, 601
Casealutine (i-isocorypalmine), 170, 291
Caseanine (Metrahydropalmatine), 170,
291

Casimiroa edulis^ 772
CasimiroDdine, casiniiroine, casimiroitine,

772
Cassaic acid, 728, 729
aWoCassaic acid, 728, 760
Cassaidic acid, 729
Cassaidine, 728
Cassaine, 726, 727, 729
Cassanic acid, 728
CoHHia absiis, 723
Cassia Siatneu, 780
CiiHtor-oiJ seed, 5
“ ('athine,** 635
Caulophylline, 118
Caulophyllam thaltriroidrs, 118, 1 i0
( caiiothinc, 772
Veanoihus spp., 772, 773
CUastriiie, 780
CelastTus paninilaia, 780
OHianine, 774
Cephadiuc, 39 i, 395, 396, 779
ifiroccphaeline, 398
worcephicline, 398
Cephadis Ipecacuanha^ 394
Cepharanthinc, 350, 357, 358, 362
Cephalaria giganiea, 780
Ceraiocapnos spp., 169
Ccreus coryne^ pharmacological action of

bases, 161
Cereus pecien aboriginum, 159
Ccrnuiiic, 755
Cevadilla seeds, 700
Ccvadilline, 701 , 705
Cevadine (crystallised veratrine), 701,

702, 775, 779
Cevanthridine, 703, 710, 712
Cevanthrol, 703, 710
Cevine, 701, 702, 710, 712
Chairamidine, 419, 467
Chairamine, 419, 467
Chaksine, isochaksine, 723
Chalchupines A and B, 761, 762
Cliatinine, 778
Chavicine, 2
i-Cheilanthifoline, 170, 171, 339
Cheiranthin, 649
Cheiranthus spp., 649
Cheirinine, cheiroline, 649
Chelerythrine, 169, 173, 277, 278, 279
^-Chelerythrine, 277, 279, 280, 281
Chelidonine, 169, 173, 278, 279, 281, 282,

283
Chelidonium majus, 119, 277, 288
Chin-Shien-Tiao-Hu-Lu, 351
Chlorocodides, a- and jS-, 217
Chlorocodon whiten^ 780
Chlorogenine. See Alstonine.
Cliloromorphides, a* «nd p-, 217, 254, 255
Chloroxylonine, 773
Chloroxylon awietenia, 414, 778

Choline, 413, 773
Choline-esterase, 262
Choline-esterases, inhibition by
physostigmine and by synthetic drugs,

548, 551
d-Chondocurine, 377
Chondodendrine (bebeerine), 363, 367
isoChondodendrine (wobebeerinc), 363, 365
d-Chondrocurarine salts, 377, 378
d-Chondrociirine, 377
Chondrodendrine (bebeerine), 363, 367
^-Chondrodendrliie (j9-bebeerine), 363, 364
/.so-Chondrodcndrinc, 363, 361, 365, 368,

370, 376
ilimethyl ether, 366, 377

Chotidrodendron catidKans^ 364, 371
' Oiondrodendron iqaitanum^ 371
Cfmndrodendran limaciifoliunif 371, 372
Chnndrodcndnm microphyllum^ 364, 377
Chondrodendron platyphyllum^ 363, 377,

392
alkaloids, 364

Chondrodendron polyanthum, 371

Chondrodendron tonientosum, 363, 371 , 373,

377, 391
alkaloids, 376

Chondrodine, 363, 364
Chondrofoline, 364, 365
Clirycentrine, 172, 313
ChTyNanthemiiK*, 773
Chrysanthemum einerariwfolium, 773
“ Chuehuara,’’ 781
“ Chuchuhuaslia,” 781
Cicuta virosuy 13
Cinchamidine, 419, 429
Cinchene, 439
Cinchenine, 438, 439, 440
apoCinchcninc, 440, 441
Cincholoipon, 438
Cincholoipoiiic acid, 438, 443
Cinchomeronic acid, 183
Cinchona alkaloid structure, synthesis, 457
Cinchona alkaloids, bactericidal action of

some derivatives, 478
centres of asymmetry, 44^
constitution, 435
formulae and characters of

transformation products, 449, 451
general formula, 443
hydroxydihydro-bases, 448, 452-4
melting-points and specific rotations,

446
minor, 463
optical relationships, 440
pharmacological action, 469
relative anti-malarial efficiency, 470
stereoisomerism 443
syntheses, 454
transformation products, 448
vinyl-free analogues, 447

apoCinchona alkaloids, 448, 449, 450-4
Cinchona bark, analyses, 420

experimental plantations, souroes of
supply, 419

Cinchona febrifuge, 420
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Cinchona PetteHerana, alkaloids, 466
Cinchona spp., alkaloids, 418, 424
Cinchona, total alkaloids. See Totaquina.
Cinchonamine, 419, 465
Cinchonhydrines, 449, 452
Cinchonicine (cinchotoxine), 419, 442, 451
Cinohonidine, 419, 427

constitution, 435
npoCinchonidine, 448, 452
^>Cinchonidine, 448, 452
Cinchonihne (dihydrocinchonine) 428
Cinchonine, 419, 421, 427, 583

constitution, 435
oxidation, 436
structural formula, 442

^eteroCinchonine (ii-cinchonine), 451
i^oCinchonines, 451
Cinchoninic acid, 454
“ Cinchonino,” 421
Cinchoninone, 437, 438, 442
Cinchotenidine, 436
Cinchotenine, 436
Cinchotine (dihydrocinchonine), 419, 428
Cinnamylcocaine, 93, 95
Cissampelos insularist 370
Cissampelos Pareira, 363
Clavatine ; clavatoxine, 752, 753, 755
CUwiceps purpurea, 517
Clavine, 518
Clematis angusiifolia, 780
Coca leaves, alkaloids, 92
Cocaethyline, 96
Cocaine, 79, 92, 93, 99, 100

detection, 94
homologues, 96
pharmacological action, 106, 110
substitutes. 111

a*Cocaine, 100
i^oCocaine, 95
Cocaines, 81, 93
^-Cocaines, 94, 95, 07, 100

pharmacological action, 110
Cocamine and isooocamine, 95, 96
Cocculus spp., 329, 350, 351
Coclaurine, 196, 352
isoCoclaurine, 196, 364, 365
norCodaurine, 353
Coooberine, 414
Codamine, 178, 193, 194, 220
Codeine, 177, 178, 200, 216, 219, 222, 226,

227, 235, 262
constitution, 222
formulae, 240
isomerides, 217, 218, 235
pharmacological action, 196, 198, 211,
259,265

“ qpoCodeine,** 217
^*apocodeine, 217, 227
^-Codeine, 218
isoCodeine, 285
^'Codeiiies, 224, 226, 235
AderoCodeines, 216
Codeinone, 222, 224, 225, 226, 286, 24$,
249

^-Codeinone, 224, 225, 226, 286, 247

Cmlocline polycarpa, 329
Colchiceine, 651, 655

pharmacological action, 656
Colchicine, 650

pharmacological action, 656
Colchicum autumnale, 650
“ CoHoturine,” 490
Colubrines, a- and p-, 553, 559, 560

pharmacological action, 597
Columbamine, 328, 329, 342, 345
Combretine, 780
Combretum micrantfium, 7 80
Complanatine, 753, 755
Conamine, 743, 745
Conarrhimine, 743, 745
Conchairamidine, 419, 467
Conchairamine. 419, 467
Concusconine, 410, 467
Condelphine, 695
Conessidine, 742, 743, 745
Conessimiue, 743, 744
woConessimine, 743, 745
Conessine, 742, 743, 745, 748
apoConessine, 744
i^oConessine, 748
norConessine, 743, 744, 745
isonorisoConessine, 745
aponorConessine, 744
Conessine and allied alkaloids,

relationship, 743
Conhydrine, 17
0-Conhydrine, 18
y-Conicdne, 13, 19
Coniceines, 17, 19, 20
Coniine, 14, 56

pharmacological action, 108
tsoConiine, 16
Conimine, 743, 745
i«oConimine, 745
Conium maculatum, 13
Conkurchine, 742, 743, 745
Conkurchinine, 742, 748, 747
Conquinamine, 419, 465, 466
Conquinine, 424
Consolicine, 771
Consolidine (ex Anchusa), 771 ;

(ex Del-
phinium), 696

Consoline, 696
Convolvamine, 64, 67, 91
Convolvicine, 64, 67, 91
Convolvidine, 64, 67, 91
Convolvine, 64, 67, 91
Convalvuhss hamadce, 67, 101, 108
Convolvulus pluricaulis, 773
Convolvulus pseudomnkilnic^ 67, 91
Conyrine, IS, 16
Cooperia spp., 406
Coptine, 328
Coptic spp., 828, 344
Coptisinc, 170, 828, 344
iiarCoraly^xie, 292
Cordzasttne, 170, 211
Corltimidine, 171, 211
Corltuniiie, 171, 172, 211

phtenaodogical ad^on, 212
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Cornutine, 617
Coronarine, 601
Corybulbine, 170, 171, 172, 289

constitution, 290
tsoCorybulbine, 172, 290
Corycavamine, 172, 303

pharmacological action, 305
Corycavidine, 172, 303
Corycavine, 172, 303

pharmacological action, 805
Corydaldine, 285, 286, 290, 399
Corydaline, 170, 171, 172, 284, 290
Corydalis alkaloids, minor, 318

pharmacological action, 814
Corydalis and allied genera, alkaloids,

284
Cmydalia spp., lOO, 170, 171, 172, 313
Corbie acid, 286, 286
Corydilic acid, 286
Corydine, 172, 178, 398
i#oCorydine (Inteanine), 171, 172, 173, 308
Corynanike spp., 600
Corynantheidme, 504, 614
Corynantheinc, 500, 503, 504
Corynanthic acid, 602, 503
Corynanthidic acid, 604
Corynanthidine, 500, 504
Corynanthine, 502, 603, 505
Corypalliue, 160, 170, 171
Coryi>almine, 170, 171, 172, 291, 342
isoCorypalmine, 170, 212, 291, 294
Corytuberine, 172, 308
Coscinium spp., 329
Cotamic acid, 200, 201, 202
Cotamine, 187, 201, 202, 203, 206

pharmacological action, 211
neoCotamine, 205
Cotarnone, 202
Cotamonitrile, 208
Ccumingaine, 726
Coumingic acid, 729
Coumingidine, 726, 730
Coumingine, 726, 729
Courbonia virgeUa, 372
Crinamine, 411
Crinum spp., 406
CrosaopU^r^ kotschyanat 756
Crossoptine, 756
Crotalaria spp., 601
Croton spp. ; crotonoside, 778
Cryptocaria spp., 819
Cr^toeavine, 171, 172, 178, 299
Cryptolepine, 778
Cryptole^ 8€mgidnolenta^ 778
Cryptopalmatine, 298
Cryptopidene, 296
Cryptopine, 171, 172, 178, 292, 295

constitution, 296
synthesis, 298

Cryptopineand allied alkaloids, pharmaco-
logical action, 805

subgroup, alkaloids, 284*, 294
a-4ina(>yptopine(^-liomochelidonine), 169,

170, 171, 172, XT8, 301
Constitution and synthesis, 8lf2

fi-alloCryptopine (y-homochelidonine), 169i
178, 301, 888

Cucullarine, 172
Cularidine, 172, 313
Cularine, 170, 172, 212, 313, 814
Cupreine, 419, 430
a-apoCupreine ; jS-isocupreine. See

apoQuinine, 452
apoCupreine ethers, bacteriostatic

latencies, 479
Curalethaline, 872
Curare, alkaloids, 371

pharmacological action, 390
typos, 878

C-curare I. See Calabash-curare I.

Curbine, 572
Curine (i-bebeerine), 363, 867, 868, 374,

377, 891, 392
Cuscamidme, 420, 466
Cuscamine, 420, 466
Cusco bark, alkaloids, 466
Cuscohygrine, 66, 67, 98, 103
Cusconi<fine, 420, 466
Cusconine, 419, 466
Cuspareine, 415
Cus{>aria bark, alkaloids, 415

pharmacological action, 418
Cusparidine, 415
Cusparine, 415, 416, 418
Cyclea instdaria^ 870
Cygnine, 780
Cynoctonine, 674, 686
Cynogloaaum officinale ; cynoglossine, 771
Cyrocarpua spp., 319
Cytisamic acid, 145
Cytisine, 49, 116, 140, 141, 142, 151

distribution in plants, 116
pharmacological action, 158

Cytisinolic acid, 143
Cytisolidines, 143
Cytisoline, 142
Cytiaua spp., 117, 151, 681

Dactylicapnoa macrocapnoa, 172
Dasmia externa^ 780
Damascenine, 682

damasoeninic acid, 638
Daphnandra spp., 819, 326, 327
Daphnandrine, 326, 827
Daphnimacrine ; daphniphylline, 780
Daphniphyllum spp., 780
Daphnoline, 327, 828
Datura spp., 65, 68, 82, 88
Daturine, 65, 70
Dauoine, 778
Daucua coroia, 778
Dauricine, 850, 353, 862
Deaminocolchinol methyl ether, 652
Decevenie acid, 7p8
Dekaaaia spp., 819
Dehydrooor^aline, 170, 285, 286
Dehydrolaudanosoline, 189, 889
Dehydromorphine, 215
Dehydrosinomenine, 271
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Dehydrosparteines, 136, 138
Dehydrothalictrifoline, 172, 290
Delatine, 696
Dclcosine, 695
Delphainine, 697
Delpheline, 696
Delphinine, 697, 775

pharmacological action, 700
Delphinium spp., alkaloids, 693
Delphinoidine, 700
Delphisine, 700
Delphocurarine, 694
Delphonine, 693, 697
Delsoline, 695
Delsonine

;
wodelsonine, 696

Deltaline, 697
Demerol, 265
Demethoxyemetine, 398, 400
I>emethylcularines, 172, 313
Demethylechitamine, 719
6i5-Demethylsinomenylidene, 270
De-A^-mcthylsparteines, 134
Demethyitetrandrine, 351, 356
Dendrobine, 724
Dcndrobium spp., 723
Deoxy-cinchona bases, 443, 444, 446
Deoxycodeines, 236, 238, 252

dihydro-derivatives, 253
Deoxylupanine (dZ-sparteine), 129, 138
Deoxymorphines and their hydro-

derivatives, 253, 254
Deoxystrychnines, 564, 580
Deoxytetrahydrosinomenine, 269
Deoxyvasicine, 617
Deoxyvoniicines, 587, 588, 589, 590
Deoxyyohimbine, 514
Deoxyyohimbol, 505, 514
Diacetylniorphine, 260
3 ; 6-Diacetylneomorphine,

pharmacological action, 265
Diacetylyohirnbine, 514
Dicentra spp., alkaloids, 172, 299, 313, a

Dicentrine, 172, 173, 310, 323
woDicentrine

;
epidicentrine, 315

Dichapetaluni cymosum, 7
Dichroa febrifuga, 724
Dichroines^a-, y-, 725
Dicinchonicine, 466
Dicinchonine, 419, 466
Diconquinine, 419, 466
Dicranostigma franchetianumy 173
Dicrotalic acid, 603
Dicrotaline, 601, 603
Dictaranal ; dictamnic acid, 413
Dictamnine ; i^odictamnine, 413
Dictamnus albuSy 413
a-Didehydrosparteine, 136

pharmacological action, 152
Dielytra, See Dicenira*
j8-DiethyIaminoethyl fluorene-9-

carboxylate hydrochloride, 196
Dihydroatisine, 687
Dihydroberbeiine, 333
Dihydro-^-cheler^hrine, 279, 281
Dihydro-cinchoiia bases, syntheses, 458

Dihydrocinchonicinc, 452
Dihydrocinchonidine, 429
Dihydrocinchonine, 428
Dihydrocinchotoxine, 452
Dihydrocodeine, 260
Dihydrocodeinone, 245, 260, 270
Dihydrocodeinone oxime, reactions, 244

j

DihydroweZacodeinone, 249
Dihydrocryptopine and

1

isodihydrocryj)!opine, 296
Dihydrocupreicine, 452
Dihydrocupreidine, 431
Dihydrocupreine, 431
Dihydrodeoxymorphines, 254, 260-2
Dihydroeegonidine, 99
Dibydro-)8-erythroidines, 387

pharmacological action, 391, 392
Dihydronorharman, 498
Dihydrohernicytisylene, 1 44
dZ-liihydrolysergic acid, synthesis, 530
Dihydro-a-matrinidine, 149
Dihydromorphine, 219, 260, 261
Dihydromorphinone, 246, 260
Dihydroniquidines, 453, 461
Diliydroniquine, 453
Dihydropapaverincs, 185
Dihydroquinicine, 454
Dihydroquinidine, 430
epZDihydroquinidine, 427
ep/-C^-Dihydroquinidine, 454
Dihydroquinine, 429
epiDihydroquinine, 426
epi-C®-Dihydroquinine, 444, 454
Dihydrosanguinurine, 281
Dihydroscopoline, 86
Dihydrosinomeninc, 268, 269, 270
Dihydrospherophysines, 631

Dihydrostrychnidine, exhaustive
methylation, 577

Dihydrostryclmoline, 564
Dibydrothebacodeine, 269
Dihydrothebaine, 24^1

Dihydrothel»iinol, 243
Dihydrothebainol-6-methyl ether, 243
Dihydrothebainone-J-5 ; 6-methyl

enolate, 243
DihydroTTieZathebainone, 247, 248, 249
Dihydrothebainones, 247, 248, 250, 261,

270
Dihydrotoxiferine I and

isodihydrotoxiferine I, 382
norDihydrotropidine, 74
Dihydrotropilidene, 77, 78
Dihydrovomicidine, exhaustive

methylation, 593
Dihydroxydihydrosolanidiue , 733
2 : 9-Dihydroxy-3 : 10-dimethoxy-

tetrahydroproZoberberine See
Scoulerine.

a : /5-Dihydroxy-y-(2-niethylphenoxy)-

S
ropane, curarising action, 892
ydrox^ropane, 91 » 100

Diketocassenic acid, 728
2 : 8-Dikctomicidine, 667, 568, 673, 574
Dilupine, 117, 132
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2 : 3-Dimcthoxy-C) ; 4'-dialdehydo-5-
dimethylaminoethyldiphenyl ether, 367

2 : 3«X>imethoxy-6 ; 4'-dicarboxy-5-
vinyldiphenyl ether, 367, 368

2 : 6'-l)imethoxy-5 : 3'-dicarboxy-4'-

vinyldiphenyl ether, 368
Dimethoxystrychnine (brucine), 566
0-Dimethylbebeerilerie, 375
0"Dimethylbebeerine methosalts, 375
6 ; 8-Diinethylergoline, 530
iV-Dimethylmezealine, 161
Dimethylstryehnine, 563
O-Dirnethyltuboeuiarine iodide, 374
Dinilrostrychnini(‘ acid, 565
Oinitrostiy choi, 568
Diiiitrostrycholainide, synthesis, 569
Dinitrostrycholctiiboxylie aci<l, 565, 568
Dioscorea s])p., 01, 92
Dioscorine, 01
Dioxydehydroemetine, 401
Diphylline (slylopine), 173, 203
Dipterine (iV-methyltrypi amine), 772, 774
2 : 3'-t)ipyridyl, 35
Djquinicine, 466
Disinornenine and (/r-foiiri, 256, 271, 272,

346
Disinorneuol, 271
Dilaine. See Eehitaiuine.
Oitamine, 716, 720
Dithebaiiione, 255, 256, 346
Dimdathebainone, 256
1 ; 1 '-DithebaoJ ,

272
Diversine, 268, 273 ;

for another diversinc

see p. 350.
Domestieine, 312, 315, 329

^sodoniesticine, 316, 329
“ domestine,” 316

Donaxarine, 485
Donaxine, 484
Doryphora spp., 320
Doryphorine, 320
Douradine, 781
Drug addiction, 260, 262
Duboisia Ilopwoodii, 35, 37, 88, 42
Duboisia Leichhardtii, 05
Duboisia inyoporoides^ 66, 82, 83, 89, 100

Earleines, a- and (betaine and
choline), 772

Ecboline, 517
Ecgonines, 93, 96

constitution, 97
pharmacological action, 110

Ecgoninic acid, 98
Echinops Ritro^ 413
Echinopseine ;

echinopsines, 413
Echitamidine, 716, 720
Echitamine, 716, 719, 758
Echitenine, 716, 720
Echium vulgar 771
Eclipta aUba^ 85
Ekeagnm spp. ; eleagnine, 778
Ekeophora admtifoHa, 372
Etissarrhena grandifloTOt 872

Emetamine, 394, 395, 397
Emetine, 346, 394, 396, 779
isoEmetine, 398-401
Emetine and allied alkaloids, formulae,

899, 401
methylation, 398
oxidation, 399
therapeutic uses, 402

Einetoline (woreinetine), 898
Ephedine, 036
Ephedra spp., 634
Ephedrine, 173, 634. 636, 674
/-worE[>hedrinc, 638
V^-Ephedrine, 3 73, 635, 638

^-Ephedrine, 638
Ephedrines, configuration, 641

constitution, 639
pharmacological action, 197, 642
syntheses, 640

iseEphedrines, 640
Eqnisetum arvense, 1, 752
Equisetam palmire^ 773
KrechlUcs hieracifolia, 601
EremosparUm aphylluniy 780
Ergine

;
isoergine, 526

Ergobasine. See Ergometrine.
Etgoclavine, 518, 519
Ergocornine, 518, 524

pharmacological action, 536
structure of polypeptide from, 526

Ergocorninine, 518, 524
Ergocristine, ergocristinine, 518, 522, 523,

535, 536
Ergokryptine, ergokryptinine, 518, 523
Ergoline, 530
Ergometrine, 517, 524

isonierides and analogues, 528
pharmacological action, 534, 536

Ergometrinine, 517, 524
Ergomonamine, 517
Ergonovine. See Ergometrine.
Ergosine

;
ergosinine, 517, 518, 523

Ergostetrine. See Ergometrine.
Ergot alkaloids, 517

characteristics, 519
constitution, 525
dihydro-derivatives, 532
hydrolytic products, 526
pharmacological action, 533
relative sympathicolytic activities,

535
Ergotamine, 517, 522

pharmacological action, 161, 534
Ergotaminine, 517, 3S2
Ergothioneine, 518

pharmacological action, 536
Ergotic acid, 518
Ergotine, 517
Ergotinine (ergocristinine), 517, 520, 522.

783 •

0-Ergotinine, 517, 522
Ergotism, 536
Ergotocine. See Ergometrine.
Ergotoxine, 517, 520, 521, 788

pharmacological action, 584
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EHgfitm Tt4i

Etmimn ^cutariumy 780
Erymmum spp., 649

Erysoline, 660
** Erysocine,” 890
Erysodine, 800
Erysonine, 890
Erysopine, 890
Erysothiopine, 890
Erysothiovine, 890
Erysovine, 390
Ef^rcsa centaurium ; erythncine, 774
Erythraline, 388

constitution, 889
Erythramine, 888

constitution, 889
Erythratine, 889
Erythrina spp., alkaloids, 886

conoibin^ bases, 890
ciirarising potencies, 888, 890
liberated hBLses, 390

Erythroidines, 887
curarising potency, 888, 391, 392

Erythrophleic acid, reactions and
structure, 727

Erythrophleine, 725, 726
Erythrophleine and associated bases

pharmacological action, 780
Erythrophlcsum guineensey 725
ErythrophlcBum spp., 726, 729, 780
ErythroxyUm cocOy 92
Erythroxylon spp, , 92, 93
EschschoUzia ccMfomicay 178
Esenbeckia febrifuga, 780
Eseramine, 540, ^7
Eserethole, 541

synthesis, 545
noreserethole, synthesis, 544

Eseridine, 640, 547
Eserine. See Physostigmine.
JBserine blue ;

“ eserine broim,” 541
Etheseroline, 542
2-Ethoxy-5 : 4'-dicarboxydiphenyl ether,

853, 355, 857
O-Ethylarmepavine, 196
O-Ethylbebeerilene, 369
Ethylbenzoylecgonine, 96
Ethylapocinchenine, 441
Ethylcodamine, 195
Ethylmorphine, 217, 260
Ethylapoquinine, 478, 748
Ethylyohimbine, 514
Eucurarine, 872
Eugenia jambos, 780'

Eurycka spp., 406
Evodia meliifaliay 829
Evodia rutceearpa, 498
Evodiamine, 498

synthesis, 500
tsoEvodiamine, 498
Eximidine ; eximinei 172, 310

Ee^gaira caraHniamm, 681
Eagara spp., 414, 415
Fagqira 880

F^atamide, 2
p-¥sLgeaiae, See Skimmianinef
Fagarines, 414
Fangohinine, 851

fEmgchinoline, 856
Febrifugines, 726
Feng-fan-chi, 851
Ferreira spectabUiSy 631
Festuca arundinacece, 750
Fibraurea chloroUucay 829
Flindersia australis ; flindersine, 774
Floribundine ;

floripavidine ; floripavine,

178, 276
Fluorocurine, 885
Fly agaric, 658
Foenugrec, 7
Formosanine, 756, 757
Fraxinus malacophyUay 780
Frilillaria spp., alkaloids, 732

pharmacological action, 734
FritUlarine ; fritilline

;
fritimine, 732,

733, 784
Fuchsiseneoionine, 601
Fumaria officinaliSy 178
Fumarine. See Protopine.

Galanihus Woronovi

;

galantidine ;

galantine, 774
Galega officinalis ; galegine, 680
Galipea officinaliSy 415, 416
Galipidine, 415
Galipine, 415, 416, 418

constitution, 417
Galipoidine, 416, 417
Galipoline, 416, 417, 418
Gambirine, 766
Ganiarine, 777
Garrya spp.

;
garryine, 735

Gaatrolobium calycinumy 780
Geissospermine, 785
Geissospermum spp., 785, 786
Gelsemicine, 787, 739, 740, 741
Gelsemidine, 787
Gelsemine, 49, 736, 737, 740

apo- and iso-gelsemines, 737
Gelspiinine, 736, 787, 740
Gelsemium spp., alkaloids, 500, 736

pharmacological action, 740
Gelsemoidine, 787
Geneserine, 540, 547
Genista spp., 117
Genisteine, 117, 188, 139
GenHana Kirikwi ; gentianine, 742
Geqffreea swmamensis ; geoffiroyine, 681
Germerine, 701, 706, 710
Germine, 701, 710, 712

degnsidation products, 711
fsogermine, 711

Qirgem^nia spp., 1, 774
GixgensoninCt 774
Glauoentrine, 172, 312
Glaucidine, 178, 311
Glaiidnc, 172, 178, 311, 820

phannacological action, 818
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i8oGlaiici)Eie» 320
Gktuciim alkaloids, 178
Gioriom mptarba, 650
Glyoxaline group, 621
Gnoscopine (dl-Narcotine), 178, 205
/S-Gnoscopine, 205
Gonioma kamaasi, 781
Gourd curare, 873

alkaloids, 880
Gramine, 484
Graminifoline, 601
Granatane, 62, 81
Grauatolines, pharmacological action, 108
Grandiflorine, 671
Grantianine, 601 , 603
Grantianinic acid, 608
Greenhoart alkaloids, 868
Guvacine, 9
i^roguvacine, 10

lla^^sdaM'i caspica ; halostachine, 681
Hamadine, 67
Hauadamine, 756, 757
Han-fang-(‘hi, 350, 851, 362

hanfanchines, A, B, C, 850
Hanssen's Cja acid ex brucine or

strychnine, 567, 575
Hanssen’s Ci® acid ex brucine, 566, 575
Harmaline, 488, 489, 490

pharmacological action, 496
syntheses, 494

Harmalol, 488, 489, 496
Harman, 486, 490, 507

pharmacological action of derivatives,
495, 514

norHarman (3-carboline), 486, 495, 508
Harmine, 488, 489, 490, 514, 748, 772
norHarmine, 490
apoHarmine, 480, 492, 494, 497
Harmol, 489

parasiticidal action of ethers, 408
pharmacological action, 406, 497

Haslerine, 511
Hastacine, 601, 603

hastanecine ; hastanecinic acid, 603
Hedyotine ; HedyoHs aurictUaria, 774
Heliopsia langipea, 774
Heliotric acid, 608, 613
Heliotridane, 606, 608

synthesis, 609
^-heliotridane, 606

Heliotridine, 602, 608, 604, 607
constitution, 008

Heliotrine, 601,
Hdi&tropium lastocarptany 601
Hellebores, green and white, alkaloids,

701,705,718 .

HdMmus spp., 774. 775
Hdvdia eacuktUa^ 775
Hemlpinio add, 201
ffietoHemipinio add, 188

add, 165

Hemispartdlene, 185
Hemlock alkaloids, 18

pharmacological action, 21
Henbane, alkaloids, 66

pharmacological action, 106
Herapathite, 424
Hertnidium cdipesy 681
Hernandia spp., 819
Heri)estine ;

Herpeatis monniera, 776
Heteratisine, 689
Hetisine. 689
Hexahydroanagyrine (d-sparteine), 180,

187
Hexahydroanagyryline, 141
Hexahydroyobytine, 505

hcxahydroyohimbol, 514

j
Hexfdupine, 117, 132

j

HieracifoUne, 601 , 603

;

hieracinecic acid, 602
Ihppopkoi rhanmoideSy 778
Histamine ; liistidine, 518
Hodorine, 766
Uolatrliena spp., alkaloids, 742

pharmacological action, 748
Holarrhenine ; holarrhine, 743, 747

holarrhimine, 742, 748, 747
Hoinatropine, 74

pharmacological action, 109, 110
^-homatropine, 101

a-Homochelidonine, 169, 277, 278, 288, 295
j8-, y-Homochelidonines. See a-,

cryptopines.
Homoapocinchenine, 440
“ Homocinchonine,” 427
Homophleine, 729
Homoquinine, 480
Homotrilobine, 360
Homotropine, 107
Hordenine (Anhaline), 154, 155, 161, 633
Hunnemannia funumcefoliay 173

hunnemannine, 178, 302
Hydrangea umbellatay 781
Hydrastal ; hydrastic acid, 164, 165
Hydrastine, 162, 209, 210, 828

constitution, 168
formula, 166-7
pharmacological action, 167, 212

Hydrastinic acid, 164
Hydrastinine, 163, 187, 209

pharmacological action, 161, 167, 211
Hydraatia canadenaisy alkaloids, 162, 200,
828,886

Hydrooinchonidine, 420
Hydrocotamine, 160, 178, 200, 201, 203
HydrocotyU aaiatica ; hydCrocotyline, 775
Hydrocupreidine and ethers of, 481
Hydrooupreine and ethers of, 431
Hydroergotinine. See Ergotoxine.
Hydiohydrastinine, 158, 160, 164, 165, 172
Hydroipecamine, 897
Hydroquinidine, 419, 430
Hydroquinine, 419, 429
Hy^rhombij^e, 118, 151
9-Hydroxyoodeiiie, 284, 285
14-HydrQxycodemone, 241, 248
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7-Hydroxycodeinone, 271 Jaborandi alkaloids, 621
Hydroxydihydrocinchonidine, 452 pharmacological action, 628
Hydroxydihydrocinchonines, 452 Jaborine, 621
Hydroxydihydroquinidines, 454 0-jaborine, 621, 628
Hydroxydihydroapoquinidines, 453 Jacobine, 601, 603
x-Hydroxydihydroquinine, 454 Jacodine, 601, 604
Hydroxydihydroapoquinines, 453 Jaconine, 601, 604
7-Hydroxydihydrothebainol, 271 Jambosine, 780
Hydroxyheliotridane, 603, 604, 606, 607 Japaconine, 679, 085
4-IIydroxyhygric acid, 773 Japaconitine

;
japbenzaconine, 679

Hydroxylaudanosines, 1 88 Jaieorhiza (jatrorrihiza) palmata, 329, 342
Hydroxylupanine, 117, 131 jateorhizine. See Jatrorrhizine.

Hydroxymagnoline, 355 Jatropha gossypifolia, jalrophine, 781
a-Hydroxy-fi-phenylpropionyltropcine, 73 Jatrorrhizine (jateoritizinc), 329, 342, 345
Hygric acid, 42, 101

Hygrines, 67, 93, 101, 102, 103*

Hygrinic acid (hygric acid), 42, 101
Hygroline, 102
Ilygrophila spinosa, 772
Hyoscine, 64, 65, 66, 83, 84, 86, 89

pharmacological action, 106, 107, 111

apoHyoscine, 86
d/-norHyoscine, 89
Hyoscyamine, 64, 65, 66, 69, 71, 79, 82,

83, 84
constitution, 72
pharmacological action, 106, 110

worHyoscyamine, 64, 65, 66, 82, 83
^-Hyoscyamine, 66, 83
Hyoscyamus spp., 65, 66, 67, 68
Hypaconine, 681
Hypaconitine, 673, 674, 681
Hypaphorine, 386, 484
Ilypecoum spp., 173
Hypoquebrachine, 511
Hypoxonitine, 681

Iboga ; ibogaine, 768
Ignatius beans, 553
llligera spp., 319
Imperialine, 782
Indaconitine, 673, 684
Indole alkaloids, 484
Indolizine, 16
Insularine, 362, 370
Integerrimine

;
integerrinecic acid, 601

,

603
Inula roykanai 775
lodotropine, 59
lonidine, 173
Ipecacuanha, alkaloids, 894

interrelationships, 897
therapeutic uses, 402

Ipecamine, 397
Jponwea sideefoliay 781
Isatidine, 601, 603

constitution, 612
Isatinecic acid, and monolactonic acid,

603, 613
Isatinecine, 603, 612
Isatropylcocaines, 95, 96
Isopyrines ; isopyroine, 775
laopyrum spp., 776
Isotoma hmgifiwat 775

Javfinine, 420, 466
Jequirity seeds, 484
Jervine, 701, 705, 711
/AoJervine, 705, 706, 707
Jervinols, 706
Jesaconitine, 674, 679
Jesanisaconine, 679
Julocroion monlevidiensisy 781

Kai-ho-chien,'' 775
Ketodihydromethylmorphimethine, 235
l-Keto-6 : 7-diniethoxy-2-mcthyl-
tetrahydrouoquinoline, 354

Ketohydroxycassanic acid, 728, 729, 730
KetohydroxycaSvScnic acid. See Cassaic

acid, 728
l-Keto-6-mcthoxy-7-ethoxy-2-
methyltetrahydroi.voquinol ine ,

355
Ketoyobyrine, 504, 500, 508
Kobusine, 674, 680
Kokusagine ;

kokusaginine ;

kokusaginoline, 759
Koumine, 739
Kouniinicine, 740
Kouminidine, 740
Kouminine, 739
Kounidine, 740
Krameria triandray 631
Kukoline, 350, 362
“ Kurchenine,” 742, 746
“ Kurchi bismuth iodide,” 748
Kurchicine, 742, 743, 747, 748
Kurchine, 742, 743, 744, 745

Lanthopine, 178, 259
Lappaconine, 686
Lappaconitine, 674, 686
Lasiocarpine, 601, 604
Lathreine, 47
Laudaline, 187
Laudanine, 178, 191, 195, 220

pharmacologioai action, 197, 198
synthetic isomerides, 194

isoLaudanine
;

^-laudanine, 194
Laudanidine ({-laudanine), 178, 193
Laudanosene, 187
Laudanosine, 178, 187, 194, 195

pharmacological action, 197, 198
syntheses, 188
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Laudanosoline, 189
dZ-Z^molaudanosoline, 191
Laudanosolines, alkylated, 191
LauracccBy alkaloids, 317, 319
Laiirales, alkaloids, 319
Lautelia spp., 319, 322
Laureliiie, 319, 322

constitution, 323
Laurepukine, 323, 324
Laur jtetanine, 320, 323, 327
norLelobanidine, 23, 29
Lelobanidines, 23, 28, 29, 30, 31, 32
Lelobanincs, 29, 30, 32
/torLelobaniiics, 29, 30
Lelobine group, 23, 28, 29
Leontamine, 776
Leontice Eversmami, 776
l/contidine, 776
Leonurus biennia, 781

Eeplavlinn seneguminro

;

leptaciine.

776
Leptodadine, 772
Lcttocine, 743, 748
Leuc(pna glam^i, 2, 4
lieucannirie, 3
Leucenol (leuea;niiie), 2, 4
Litsea spp., 310, 320, 321, 320
Lobelan, 34-

Lobelanidiiie, 23, 25, 27
worLobelaiiidine, 23, 25, 28
r^ibelanine, 23, 24, 25, 26, 27
worLobelaiiine, 23, 27
Lobelia alkaloids, 22

pharmacological action, 33
synthetic substitutes, 34

Lobelta spp., 22, 23, 33, 34
/-Lobeline, 23, 27, 49 775
Lobeline group, 23, 24, 33
Lobinaline, 33, 34
Lobinanidines, 23, 31, 32, 33
Lobinanine, 31, 32
woLobinanine, 31
Lobine, 781
Lobinine, 23, 30, 31, 32
isoLobinine, 23, 30, 31, 32, 34
Lobinine group, 23, 28, 30, 31
Lodal, 211
Lohitam, 47
Loiponic acid, 439
Lolium spp. ,

750
LoUum perenne, alkaloids, 749
Longilooine, 601, 604
Longinecic acid, 604
Lophantasra lactecens ; lophanterine, 776
Lophophorine, 154, 155, 156, 160, 161

constitution, 158
“ Loturine,” 490
Loxopterygine, 782
Luciculine, 690
Lucidusculine, 678, 690
Lumicolchicine, 651
Lunacridine ;

lunacrine ; lunamaridiiie ;

lunamarine, 751, 752
Lunasia costulatat alkaloids, 751
Lunasine, 751

Lupanines, 117, 128, 136, 137, 142, 148,
152

constitution, 129
formulae, 131
isolupanine, 129, 186, 188

Lupin seeds, poisonous properties, 119, 151
Lupinane group, 116

pharmacological action, 152
Lupirianes, 121, 123, 124, 126, 136, 148
worLupinanes, 124, 125, 126, 148

synonyms, 124
Lupinidine. See Sparteine.
Lupinine, 35, 117, 120, 147

aWolupinme, 123, 127
rpilupinine, 126
Tvclupinine, 123, 126

I^ipiniriie acid, 120
4-w<>rLupinone, 126

• Lnpi-nas lidem, 117, li9

j

spp., 117, 118
Luteanine (/.vcCorydine), 171, 173, 308

) Lycaconitine, 673, 686 , 687, 696
Lycoctonic acid, 686
Lyeoctonine, 686, 687, 694, 695
Lycopodine, 752, 753, 755
Lycopodium alkaloids, series Ll to L33,

754, 755
Lycopodnim spp., alkaloids, 752

pharmacological action, 755
Lycoramine, 406, 408
Lycorenine, 406, 409
Lycorine, 389, 406

pharmacological action, 410
/iomoLycorme, 406, 411
0-Lycorine, 406, 411
i/t-honwhyCorine t 408
Lysergic acids, 527

formulae, 528
hydrazides, 527
urethanes, 532

d-LysergiC“( 4- )-^-butariolaraide,

pharmacological action, 534

Maclkyink. See Protopine.
MdcovUKa guyanensis ; macoubeine, 372
Macralstonidine

; macralstonine, 716, 719
Madagascar,” 726

Magnolamine
; magnolaminic acid, 855

Magnolia fuscata, 349, 350, 354, 355
Magnoline, 350, 354, 355
MSionia spp., 329, 345
“ Ma-Huang,” 634
Mandelyltropeine, 74
Mandelyl-^-p'opeine, 101
Mandragora spp., 66, 82, 83

mandragorine, 66, 83
Margosa ; margosine, 781
Matridine, 148
Matrine, 118, 188, 147, 149
Matrinio acid, 147, 148
Matrinidines, 148
Maytenm spp., 781
Meconidine, 178, 221, 259
Meconin, 200, 206
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Melia emdiractUa, 781
Menisarine, 850, ^0, 861

normenisaiine, 850, 361
Menisidine, 850, 862
Menisine, 850, 356, 862
Menispermaoese, alkaloids, 820, 349, 850,

851, 871
pharmacological action, 861

Menispermine, 349
Meratia prcBcoXt 486
Meroquinenine (meroquinene), 437, 438,
440,443

Meroquineninenitrile, 442
Mesaconine, 680
Mesaconitine, 678, 674, 680
Mesaconitone, 681
“ Mescal buttons,'’pharmacological action

of alkaloids, 161
Meseinbrianthemurn spp. ;

mesembrine,
776

Metaphanine, 361
Meteloidine, 64, 83
Methoxychelidonine, 169, 282

2-

Methoxy-5 : 4'-dialdehydodiphenyl
ether, 853, 857, 859, 361

corresponding acid, 854, 357, 860

3-

Methoxy-4 : 6-dihydroxyphenanthrene
ex codeinone, 226

6-Methoxylepidine, 440

2-

Methoxy-2' : 3'-methylenedioxy-5 :
6'-

dimethyl-4 : 5'-diethyldiphenyl ether,

857, 358

3-

Methoxypyridine, 1

Methylacylecgonines, 93
6-Methyl-8-amino-eigolen and -isoergolen,

531
6-Methyl<8>aminoeigolines, 532
iV-Methylanabasine, 85, 45, 53
l-iV-Metnylanatabine, 85
iV-Methylanhalamine, 154
O-Methylanhalamine, 154
0-Methyl-d>anhalonidine, 154, 155
^^-Methylanonaine, 31

5

O-Methylbebeerilene, oxidation products,
868

Methylbenzoylaconine, 675
Methylbenzoylecgonine (cocaine), 98
Methylbenzoyl-aoxodelphonine, 698
Methylapocinchenine, 441
Methylcinchonicine, 442
Methylcocaine, 96
O-MethyliMxshondrodendrine, 850
JV’Methyleoclaurine, 848, 858
A''-Methylconiines, 17
A’-Methylcytisamides, 141, 145
jV-Methylc^isine, 117, 144, 146, 146

pharmacolo^cal action, 158
a-Methyldihydr«merberine, 888
Methyldihydrodeoxymoiphine, 260
Methyldihydiomoiphinone, 246, 262
Methyldihydrothel^nes, reactions, 288
a-Memyidihydrotropidine, 78
7 : 7'-Methylene5isdihydiooodeinone, 272
^-Metbylephedrine

; if-^^-methyl-
^-ephcd^e, 689

N-Methylgranatoline, 59
JV-Methylgranatonine, 58
Methylhamines, 492, 767
Methylhemisparteilene, 185
JV-Methyllaurotetanine, 821
Methyllycaconitine, 696
Methyl jV-methylmatrinate, 147
^-Methylmezcaline, 154, 155
Methylmorphenol, 228
Methylmorphimethines, 218, 219, 223,

225, 237, 240
Methylmorphol, 228
iV-Methylmyosmine, 40
Methylnornarcotine, 200
AT-Methylnicotone, 42
N-Methylnorpapaverinium phenolbetaine,

194, 195
Methylpelletierine, 55, 56
Methylisopelletierine, 55, 57
iNT-Methylphenylethylamine, 772
jV-Methylpiperidine, 1, 774
Methylporphyroxine, 220

0-

Methylpsychotrine, 894, 895, 397, 400

1-

Methylpyrrolidine ;
1-methylpyrroline,

67
Methylstrychnine, 562
j3-Methyltetrahydrocoptisine, 345
a-Methyltetrahydropalmatine, 287
Methylthebaol, 225
1-Methyltropacocaine, 81
a-Methyltropidine, 77, 78
l-Methyltropinone, 81
^-Methyltyrosine, 631
Mezcaline (mescaline), 154, 166, 160, 161
Micranthine, 326, 327, 828
Mikanoidine, 601
Mimosa pttdica, 4
Mimosine, 3, 4
Miotic action by physostigmine and its

substitutes, 549
“ miotine,” 550

Mitrc^yna spp., alkaloids, 760
Mitrasynine, 756, 757

pharmacological action, 758
Mitraphylline ; mitraspecine

;

mitraversine, 756, 757
Mitrinermine, 756
Mo-fang-chi, 851
Momordica charantia ; momordicine, 781
Monimiaceie, 817, 819
Monniera cuneifoliat 776
Monocrotalic acid, 604, 612
Monocrotaline, 601, 604

constitution, 610, 612
monocrotic acid, 604, 612

Monohipine, 117, 132
Monspggsalanine, 117, 146
Mor^a pterygosptrma i moringinine, 685
Mor^^ol, 224, 226
MorphiDe, 213, 210, 227

constitution, 222
estimation, 176
fbnmilse, 2M
isoineiide8,217, 219, 224, 886, 285,251
tnaimfactuee, 179
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Morphine, pharmacological action, 196,

sui^titutes, 263
opoMorphine, 214, 217, 222, 224, 231, 232

constitution, 227
pharmacological action, 265
synthesis of dimethyl ether, 228

neoMorphine, 219
pharmacological action, 265

pseti^Morphine, 215, 346
constitution, 255

0-Morphines, a-, j3-, y-, 215
constitution, 255

Morphine alkaloids, bimolecular types, 255
Morphine sub-group, alkaloids, 213

constitution, 222
ketones, 245
pharmacological action, 259

Morphol, 224, 226
Morphothebaine, 222, 227, 230, 232

pliarmacological action, 266
Morphothebaine dimetuyl ether, 231, 273
Moschatine, 779
Mticuna pruriem ; mucunadine ;

mucunine, 7V6
Mu-£hng-chi ; mufangchine, 351
Muricine ; muricinine, 317, 319
Muscarine,* 658

pseudomuscarines, 658, 660
Mydriatic alkaloids, 64

synthetic substitutes, 109
Myoctonine, 673, 686, 687
Myosmine, 47, 50

Nandazotine, 329
Nandina domestica^ 315, 329, 843
Nandinine, 329, 343
Nantenine, 316, 329
Napelline, 674, 678
a-Naphthaphenanthridine alkaloids, 277

pharmacological action, 283
Narceine, 178, 205, 206, 207, 208

pharmacological action, 211
homoNarceine, ^7
nor-Narceine, 208, 209
0-Narceine, 207
Narcipoetinef 406
Narcissine, 406
Narciitaus spp., 406
Narcotine, 177, 198, 200, 206

pharmacological action, 211
steieoisomeric forms, 178, 205, 206,

208
synthesis, 205

isoNarootine, 204
norNarootine and methyl ethers, 200
Narootines, a* and 205, 206
NarootoUne, 178, 206

pharmacological action, 211

Nccio acids, 002
constitution, 612

Necincs, 002, 607
oohstitiitioa, 608 .

Nscfondra spp., 810, 868

Neolinc, 674, 678
Neonicotine, 43
Neopelline, 678, 674, 678
Neopine (jS-codeine), 178, 218, 251

pharmacological action, 265
Neostigmine, 550
Neprotine, 329, 341
Nicoteine, 43
isoNicoteine, 85, 46
Nieotelline, 85, 46
Nicotiana spp., 85, 48, 47, 48

alkaloids of, 85
biological work on, 47

Nicotimine, 85, 48, 45
Nicotine, 35, 36, 752, 758, 777

constitution, 88
isomcrides, 48
moriomethiodidcs, 40, 42

' pharmacological action, 49, 153
I syntheses, 40
I
a-Nicotine, 48

' metoNiootine (woniootine), 89
worNicotine, 35, 37, 41, 47

constitution, 38
isomerides, 42, 43

Nicotinic acid, 7
Nicotoine, 35, 46
Nicotyrine, 35, 40

constitution, 88
isomerides, 43
synthesis, 40

worNicotyrine, 41
Nigella spp., alkaloid, 682
Niquidine, 449, 451, 453, 461, 471
isoNiquidine, 449, 453
Niquine, 453, 471
Nishindine, 778
Nonalupine, 118, 132
Nucidine ; nucine, 567
Nux-vomica seeds, 553
Nymphaeaceoe^ alkaloids, 758
Nymphaeine, 758
Nupharidines, 758, 759

Obeeine, 47
Obscurine, 752, 753, 754, 755
Ochotensimine, 171, 314
Ochotensine, 171, 172, 314
Ochrobirine, 171, 301
Ochrosia ellipHca, 781
Octadehydromatrine, 149
cpcioOotadiene, 60
Octahydropyridocoline, 137
Octahydropyrrocoline, 16
Octahydrostryohnidine, 581
Octalupine, 118, 132
cpc/oO^tetraene, 61
(^ioOctatriene, ^
Ophiocarpine, 171, 338
Opianic acid, 200, 201
Opium alkaloids, 175

pharmaoolo^cal action, 259
Opium, estimation of morphine and other

alkaloids, 176, 177
sources and production, 175
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Oripavine, 173, 276
Orim japonica, 414

alkaloids of, 759
Orixine, 759
Ormosia dasycarpu ; orniosine

;

ormosinine, 770
Orthosiphm staminem, 781
Oscine (scopoline), 84, 86, 87, 88, 89
worOsoine, 89
Ostn/oderis chevalieri, 781
Othoneciiie, 604
Otho enine, 601, 604
Ourouparia spp., alkaloids, 756
A’^-Oxalylanthranilic acid ex strychnine,

569
Oximinoquinicine, 442
Oxoaconitine, 677
Oxoi^oatisine, 688
Oxodelphinines, 697, 098, 699
Oxonine, 677
Oxonitine, 676, 680
Oxyacanthine, 329, 346, 353, 362

constitution, 347
methyl ether, 350, 357
pharmacological action, 349

Oxyberberine, 329, 332. 333
isoOxylx‘rberine, 333
Oxychelidonine, 169, 282
Oxydehydrocorydaline, 288
Oxydiniorphine. See 0-Morphine.
Oxyhydrastinine, 164, 165, 332
ncwOxyhydrastinine, 332
Oxylobium parviflorumy 781
Oxymatrine, 118, 150
Oxynarcotine, 178, 209
Oxysanguinarinc, 173, 282
Oxysparteine, 54, 136, 138, 142

Pachycarpine (d-sparteine), 118
Pachycerem viarginaius, 161
Paipunine, 767
Palicourea rigida, 781
Palmatine, 328, 329, 342, 345
Palmatine and associated alkaloids,

constitution, 342
Palmatine-acetone, 288
Palmatisine, 674
Palustrine, 773
Paniculatine ex Aconitum paniculatuniy

674
Paniculatine ex Celasiras paniculatay 780
Paniculatine ex Pausinystalia paniculatay

501,502 '

Papcwer somniferuniy (opium poppy),
alkaloids, 175

Papaver spp., alkaloids, 173, 196, 282, 274
Papaveraceous alkaloids,

a-naphthapbenanthridine sub-group, 277
Papaveraldine, 178, 182
Papaveramine, 178, 259
Papaverine, 161, 177, 178, 182, 195, 259

pharmaoolo^cal action, 196, 198, 211,
259

special reactions, 186
syntheses, 184

protoPapaverine, 195
0-Papaverine (papaverine), 178, 187
Papaverinic acid, 188
Papaverinol, 183, 188
Papilionacese, alkaloids, 116
Paraberine, 386
Paraisine, 781
Paramenispermine, 349
Paramorphine. See Thebaine.
“Pareira brava,” alkaloids, 363, 364,
• 377
Paricinc, 419, 466
Paucine, 776
Pauffinysialia spp., 500, 501
Payta bark

;
paytamine ;

paytine, 513
Pectenine, 159
Peganine. See Vasicine.
Peganum Ilarmala, alkaloids, 488, 617
l*eiinidine, 733
Peirnine, 732, 734
Peiminine, 732, 733
Peimiphine, 733
Peimisine, 733
Peimitidine, 733
“ Pei-mu,” 732
Peimunine, 732, 734
Pelletierine, 55

constitution, 56
Pelletierine and associated buses,

pharmacological action, 62, 108
tsoPelletierine, 55, 57, 58
psei^doPelletierine, 55, 58

constitution, 59
synthesis, 01

Pellitorine, 2
Pellote. See Mescal buttons.
Pellotine, 154, 155, 156

constitution, 157
pharmacological action, 161

Pelosine. See Bebeerine.
Pentaclethra macrophyllay 776
Pentalupine, 118, 132
Pepi)er. See Piper spp.
Pereirine

;
pereiro bark, 735, 736

Perlolidine, 749, 750
Perloline, 749, 751
Persea graiissimay 320, 781
Pethidine, 265
Petrocapnos spp., alkaloids, 173
Petrosimonia monandruy 1

Pheanthus ebracteolatmy 850
Pheanthine, 850, 356
PheUodmdron amurensey 829
Phenanthridine group, alkaloids, 406
Phenylalkylamines, 631
Phenyldehydrosparteine, pharmacological

action, 152
Phenyldihydrothebaines, 288
Phenylglycollyltropeine, 74
Phoradendron spp., 631
Phthalideisoquinoline alkaloids, 162, 178,

200, 209
pharmacological action, 211

Phyaalis mollis^ 782
Physostigma venenamm^ alkaloids, 589
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Physostigmine, 262, 540
pharmacological action, 548
synthetic work, 641-7

isoPhysostigmine, 540, 547
Physostigmol

;
physostigmol ethyl ether,

541
Physovenine, 540, 548
Picraconitine, 675
Picralima klaimana, alkaloids, 759
Picranma crenata, 782
Picrorocelline, 777
“ Picrosclerotinc,” 517
Pillijanine, 758, 754, 755
Pilocarpidine, 621, 626

isopilocarpidine, 626, 627
syntheses, 625

I’ilucarpine
; /\sf>piloearpiiie, 621, 622

syntheses, 625
j8~Pilocarpine, 621
n^oPilof*arj)iiie, 627
0-Pilo(*arpin(\ 621, 628
Pilocarpine and associates,

phannacological action, 628
Pilocarpus spp., alkaloids, 621
Piloccreine

;
PHocereus sai^eutiauus, 154

Pilopic acid, 622 ;
i.vopilopic acid, 625

/loraoPilopic acid ; /loimo'.s-opilopic acid,

622, 624, 626
^

Pilosine, 621, 627
pilosinine, 627
synthesis, 628

Piper spp., 1, 2
piperidine, 1

pipcrinc, 1

piperovatine, 2
Piptantfms iiepalensh^ 118
Piscidia erythrina, 782
Pilhecolobine

;
Pitkecolohium Sainan, 777

“ Piule,” 781
Platynecic acid (senecic acid lactone), 605,

618
Platynecine, 602, 005, 607

constitution, 609
Platyphylline, 602, 604, 618

pharmacological action, 614
Pneurnus Boldm {Boldeafra^rans), 319, 825
Podalyria spp., 118
Polyporus frofidosa, 782
Pomegranate root bark, alkaloids, 55
Pontaconitine, 674
Poroidine ;

isoporoidine, 64, 66, 90
Porphyrine

;
porphyrosine, 716

Porphyroxine, 178, 220
Pot curare, 373

alkaloids, 378
Premna irUegrifolia ; premnine, 777
Prostigmine, 262, 550
Protocurarine, 378, 391
Protocuridine ;

n^oprotocuridine, 378, 392
Protocurine, 878
Protopine, 169, 170, 171, 172, 173, 178,

293, 299
constitution and synthesis, 300
pharmacological action, 305

Protoveratridine, 701, 705, 710

Protoveratrine, 701, 705, 709
Protoverine ; isoprotoverine, 709
Pseudaconine, 682, 684, 685
Pseudaconitine, 673, 682, 684
a-Pseudaconitine, 684
“ Pseudo ademno calima elegam,*^ 782
Pseudocinchona africanay 500, 503, 504
Pseudocinchona pachyceraSy 504
Pseudojervine, 701 ,

707
Psiiocaulon absimilCy 1

Psycliotrine, 394, 396
Pterophinc 602, 605
Pterophneeic lactone, 605
Pubcscinc. 778

I Pukateme, 322, 323, 327
constitution, 323

1 methyl ether, 819, 322 323
naniavine, 772

I
Pungent principles of plants, 2
Punica Granatumy alkaloids, 55

pharmacological action, 62
I Purapurine, 666
Putrescine, 07, 518
Pycnarrhena manillensiSy 777
Pyraconine

;
pyraconitine, 675

l*yridine, ( x belladonna, 67
Pyridine group alkaloids, 1

Pyrindole, 21, 492
P^obikhaconitine, 685
Pyrodelphinine, 608
Pyrobypaconitine, 081
Pyroindaconitines, 685
Pyrojapaconitine, 079
Pyrojesaconitinc, 679
Pyromesaconitine, 680
Pyro-a-oxodelphinine, 698
t^oPyrooxodelphinine, 698
Pyropseudaconitine, 682
Pyroxonine, 677, 680
Pyroxonitine, 677
Pyrrolidine, 773
Pyrrolidine group alkaloids, 599
Pyrrolizidine group alkaloids, 601

QuKBRACHAMINE, 511, 512
Quebrachia Lorentziiy 511, 782
Quebraebine (yohimbine), 500, 501, 511,

513
Quebracho alkaloids, 500, 511
Quinamicine, 465
Quinamine, 419, 463
apoQuinamine, 465
^inazoiine group alkaloids, 617
Quinenine (quinene), 438, 489, 440
opoQuinenine, 440
Quinetum, 420
Quinicine (quinotoxine), 419, 425, 442, 448
Quinidine, 419, 424

conjuration, 443
constitution, 435
isomerides, 458-4
pharmacological action, 479
transformation products 448

epiQuinidine, 419, 4^ ^
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Qtiinidinechloride, 439
ajToQuinidines, 452

methyl ethers. See isoQuinidines.
isoQuinidmes, 458, 454
Quinidinone, 437
Quininal, 486
Quinine, 419, 421, 748, 776, 780, 781

configuration, 448
constitution, 485
detection, 424
isomerides, 458-4
pharmacological action, 478
salts, 422-3
synthesis, 461
synthetic replacements, 474, 476
transformation products, 448

Quinine and othercinchona bases ;
relative

anti-malarial efficiencies, 471
effect of structural change on anti-

malarial efficiency, 472
Quininechloride, 489

ethoehloride, curariform action, 892
479

eptQuinine, 419, 426
h-Quinine, 419, 449, 454
opoQuinines, 452
tsoQuinines, 444, 453
Quininic acid, 437, 488, 454
Quininone, 437, 488, 442
“ Quinoidine,’* 426
Quinoline, alkylquinolines, occurrence in

Cusparia bark, 416
Quinoline group alkaloids, 418
tsoQuinoline group alkaloids, 154
Quinolylphenetoledicarboxylic acid ex

cinchonine, 441
Quinolylpiperidylcarbinols, syntheses, 460
Quinolylquinuclidine alkaloids, 418
Quinotoxine, 425. See also Quinicine.
jS-isoQuinotoxine, 444, 454
Quinovatine, 466. See also Aricine.
Quinuclidine, 486, 448

and derivatives, syntheses, 455
Quirandine, 511
Quisqualis indica, 782
^itenidine, 487
Quitenine, 486

Ra2>D£anin£, 782, 734
Bamondia pyrenaica, 782
Ranunculacese, 828
Rauwolfia spp., alkaloids, 761

pharmacological action, 764
Rauwolfinc, 761, 762, 763, 765
Rauwolscine, 761, 763, 765
Bemijia PurdUana, altoloids, 465
Bemijia spp., 418, 424
Repandine ; repanduline, 827
Bdama sp^ierocarpa^ 118
Retamine, 117, 139
Retroneoanol, 605, 606, 607, 600
isoRetronecanoI, 607, 6^
Retronecue acid, 605
Retronecine, 602*6, 607

constittiticmi 6^

Retrorsine, 602, 605
Rhatanine, 631
Rhoeadales, alkaloids, 160, 209
Rhoeadine, 178, 178, 275
Rhoeagenine, 275
Rhombifoline ;

rhombinine, 118, 151
Rhyncophyllic acid, 757
Rhyncophylline ;

isorhyncophylline, 756,

757
pharmacological action, 758

Ricinidine, 6
Ricinine, 5
Ricininic acid, 5
Bicinus communis^ 5
Riddellic acid, 605
Riddelline, 602, 605
Roccella fuciformis, 777
Roemeria refracta, alkaloids, 178
Rcemerine, 178, 812, 314, 817, 818
Rosmarinecine, 605

constitution, 612
Rosmarinine, 602, 605, 613
Rotundifolic acid, 757
Rotundifoline, 756, 757
Royline, 775
Rubiiervine, 701, 705, 707, 712, 718

dehydrogenation products, 708
isomerides, 708
possible nuclear structure, 712

isoRubijervine, 701, 708, 712
dehydrogenation products, 709
isomerides, 709
possible nuclear structure, 712

Rubijervone ; tsorubijervone, 708
Rubradinine, 756
Rubremetine, 399, 400, 401
Rubreserine, 541
Ruiaceest 829
Rutsecarpine, 498

syntheses, 499
Ryania spp., 782

Sabadilla seeds, 700, 701, 702, 714
alkaloids, 702

Sabadilline (cevadilline) ; sabadine ;

sabadinine (cevine), 701, 705. See also

Cevine, 702
Salsamine, 160
Salsola BiMerit alkaloids, 159
Salsolidtne, 159, 160
Salsoline, 158, 159, 161
Sangmnaria canadensis, alkaloids, 178

277, 288
Sangidnarine, 169, 178, 277, 278, 279,

Sankhpuspine, 778
Semsevieria aeykmiea, 782
Sareqcapnos spp., 178
SoTweephcdm Diddenehii, 782
SaicHiaiiiiiiiic, 117, 138
Sarraemia purpurea, 777
Sarsapogenln, conversion to a

dUiyOTOflOkmidlne^ 666
Sassy^ bask, 725
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Sauroxine
; saururine, 758, 754

Sauasurea Cappa

;

saussurine, 782
Sceleranecic acid, 605
Soeleratine, 602, 605
Schcmocaulon officinale^ 700
Scopine, 64, 66, 88, 107

^-scopine, 89
nor- i/r>scopine, 89

Scopolamine, see Hyoscine
;

norscopolamine, see norHyoscine.
Scopolia spp., 66, 68, 82, 85
Scopolic acid, 86
Soopoligenine, 86
Scopolinc, see Oscine ; norSi‘OiX)Uiie, see

norOsoine.
SoopoUnic acid, 88
Scoulerine, 170, 171, 172, 178, 290, 29«
Secaleaminosulphomc acid, 518
Seealiiie, 517
Sedamine, 777
Sedum acre, 85, 777
Sekisanine ; sekisanoline, 406, 411
Sempervirine, 500, 787, 73S, 740
Seaecio acid, 605, 606, 613
Senecic acid lactone, 605, 613
Senecifolic acid, 606
Senecifolidine, 602, 606
Senecifoline, 602, 606
Senecifoliuine, 608, 606
Senecio alkaloids, 601

toxicology, 614
Seneciocic acid, 613
Senecionine, 602, 606
Seneciphyllic acid, 605, 606
Seneciphylline, 602, 606
Sensib^ine, 518, 519
Sepeerine, 868
Septentrionallne, 674, 686
Serpentine ;

serpentinine, 762, 763
Sesbania tripeti, 118
Setaria lutescens, 750
Shobakunine, 329, 340
Sida rhombifolia, 685
Silvasenecine, 602
Sinactine (i-tetrahydroepiberberine), 178,

268, 272, 829, 338, 889
Sinalbiae ; sinapic acid ;

sinapine, 648
Sinomenine, 268, 273, 851

hydrate, 270
Sinomenol, 270
Sinamenium acutum, alkaloids, 268, 829,

849, 850, 851
pharmacological action, 273

Skatole, 788
Skiffmia spp., 418, 414
Skimmian^l, 414
Skimmianic acid, 414
Skimmianine, 414, 752, 778
isoSkimmianine, 414
Sigtnine, 782
Sinine, 780
Sinostemonine, 767
Smilm psmda<Hna, 782
Sooratines, a-, 47
Sotancine, 671

Solanaceous alkaloids, 64

I

analytical method, 69
distribution in plants, 65-7
pharmacological action, 105

Solandra spp., 66, 82
Solandrinc, 82
Solaneine, 662
Solangustidine ; solangustine, 671
Solanidme, 661, 662, 671, 708, 712, 713

dehydrogenation products, 663
heterocyclic residue, 665
proximate derivatives, 664
structure, 665, 667

Solanine, 661
Solanine-s. See Solasonine.
“ Solan ines,'* pharmacological action, 671
Solanocapsidine, 671

' Sr lanocapsine, 670
t Soianum nigrum, 48

j

Solanum spp., 661 , 666, 669, 670, 671
Solasodine, 6^, 713
Solasonine, 666, 669
Solauricidine, 669
Solauricine, 668
Sophocarpidine. See Matrine.
Sophocarpine, 116, 118, 148, 150, 152
Sophochrysine, 118, 150
Sophora spp., alkaloids, 118, 138, 150

pharmacological action, 152
Sophoramine, 118, 150
Sophoridine, 118, 150, 152
Sophorine (cytisine), 142
Sparteilene, 135
Sparteine, 49, 54, 116, 117, 118, 180, 133,

188, 142, 148, 169, 674
pharmacological action, 152

d-Sparteine (pachycarpine), 138, 142
^-Sparteine, 188
iwSparteines, 184, 136, 152
Spartioidine, 602
Spartium junceum, 118
Spartyrine, 136
Spathulatine, 118, 132
Sphsranthine ; Sphesranthus indicus, 777
Sphasrophysa salsula

;

spluerophysine
(spherophysine), 680

Spigelia marylandica ; spigeUne, 782
Spilanthol, 2
Sprintillamine, 774
SprintiUine, 775
Squalidine, 602, 606
Squalinecic acid, 606
l-Stachydrine, 42, 778
Stachys spp., 7
Stapmsagroine, 700
Staphisine, 699
Stemanacem spp., alkaloids, 765
Stemonidine, 765, 766
tsoStemonidine, 765
Stemonine ex Stemona ovata, 765

ex S. tubero^a, 766
SUphania eepharainiha, 846, 850
St^hania app,, alkaloids, 850, 851» 861,

862
Stephanine, 861
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cpiStephanine, 228, 361, 362
^-cpiStephanine, 281, 361
profoStephanine, 861
Stephanoline ; Aomostephanoline, 861
Steroidal alkaloids, 661
Stramonium, 48

alkaloids of, 65
Strophanthus spp., 7
Struxine, 553, 560
Strychnicine, 553, 560
Strychnidine, 563, 564, 507, 576, 597
rifoStrychnidine, 575, 576, 583, 597
Strychnidone, 583
Strychnine, 488, 553, 554, 589

alkaline degradation, 581
constitution, 561
degradation products, synthetical

experiments, 581
dr.s‘-bases derived from, 577
development of forniulaj, 573
discussion on formulae, 582
detection, estimation and isolation,

554, 556
oxidation products, 565, 570
reduction products, 563, 584

isoStrychnine, 562, 580
reduction products, 563

ncoStrychnine, 575, 576, 583, 584
p,9ewdoStrychiiine

(
^-strychnine), 553, 557,

582, 583
Strychninic acids, 561
Strychnin olic acid, 570
Strychninolone, 570
Strychninonic acid, 570
Strychnolethaline, 372
Strychnoline, 564
Strychnone

;
0-strychnone, 559, 584

Strychnos Ilenningsii alkaloids, 553
Strychnos spp., 371, 372, 373, 553

alkaloids, 553
pharmacological action, 596

Strychnos toanfera bark, alkaloids, 380, 382
Strychnos vacacoua alkaloids, 554
StylophoTum diphyllum^ alkaloids, 173
Stylopme (/-tetrahydrocoptisine), 170, 171,

172, 173, 293
Suaveoline, 317, 319
Suisenine, 406, 411
Surinamine, 631
Sympatholjdic drugs, 514, 515, 535
Symplocos racemosa^ 490
Syndesmon thalictroides, 777

Tabemasmontana spp., 501, 785
Tabemsemontanine, 501
Tabemanihe Iboga, alkaloids

;

taberiianthipe, 768
Talatisamine ; talatisidine

;

isotalatisidine, 674, 690
Talatisine, 674, 689
Talauma meadcana

;

talaumine, 782
“ Tarconines,^’ 206
Taxine, 769

pharmacological action, 770

Taxus haccatay 635, 769
Tazettine, 389, 406, 410
“ Telepathine,” 488
Telitoxicum spp., 371, 372
Telftidinc, 64, 84, 89
Temuline, 750
Tetradehydroyohimbinc, 508
Tetrahydroanagyrine (/-lupanine), 130,

137
Tetnihydroberberine. See Canadine.

quaternary ammonium bases, 337
Tetrahydroprofobcrberine subgroup

,

alkaloids, 284
pharmacological action, 293

Tetrahydro-0-berl)erine, 335
Tetrahydro- i/r-eptberbcrine

,
334

Tetrahydrol)crberrubine, 344
Tetrahydrocolumbamines, 172, 291, 342
Tetnihydrocoptisines, 170, 173, 293, 344
Tetrahydrodeoxycodeine, 252, 253, 260,

272
Tetrahydrohemicytisylene, 141, 144, 145
Tetrahydrojatrorrhizine, 291, 342
Tetrahydropairnatine, 170, 171, 172, 291,

292, *294, 342
Tetrahydropapaverine, 186
Tetrahydropapaverolines, 289
Tetrahydroriddelline, 605
Tctrahydroshobakunine, 329, 340
Tetrahydrostrychnine, 504
Tetrahydrothebaine, 243
TetrahyJroyobyrine, 504, 505
Tetrahydroyobyrinecarboxylic acid ;

tetrahydroyobyroneearboxylie acid, 506
Tetrahydroworenine, 203, 344
Tetralupine, 118, 132
Tetramethylcoclaurimethine, 358
Tetramethyldiaminobutane, 67
Tetrandrine, 349, 350, 351, 355, 357, 362

tsotetrandrine, 846, 350, 356
d-Thalictrifoline, 172, 290
Thalictrine, 328, 340
Thalictrum foliolosuniy 328
Thebaine, 173, 178, 198, 219, 222, 226,

227, 247, 248, 26l
basic degradation products^ 225
formulffi, 237, 239, 241, 242, 243
pharmacological action, 211, 259, 266
reduction products, 242, 244

woThebaine, 173, 227, 232, 266, 812
Thebainol, 247, 248, 249
Thebainone, 247, 248, 249, 261, 269
me^aThebainone, 247, 248, 249
Thebainone methyl enolate, 243
Thebaizone, 248, 250
Thebaol, 226
Thebenidine, 280
Thebenine, 222, 227, 228

pharmacological action, 266
di»-l ; I'-Thebenone, 272
Thermopsine, 118, 150

Aomothermopsine, 118> 151
Thermopsis spp., 1, 118, 151

minor a&aloids, 150
Thesine ; Thesium minkwizianum^ 777
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Thunbergin, 851
Tiffloidine (tiglyl-^-tropeine), 64, 66, 89
Tmacora racemosa ; tiliaoorine, 850 ^
Tinoapora spp., 829
Tobacco alkaloids, 85

smoke, alkaloids, 46
Toddalia aculeala ; toddaline

;

toddalinine, 829
Tomato grafts on alkaloid-bearing

solanacese, 48
d-Tomentocurine, 877
“ Totaquina,” 419, 420
Toxiferine, 880
Toxiferines I and 11, 882, 884
Toxiferines, Ila and 115 chlorides, 888,

884
C-Toxiferine 1, 888 » 885
C-Toxifenne II, 882, 884
Truohelantamidine, 606
Trachelantannne, 602, 606, 607

pharmacological action, 614
Trachekmlhm karMmd, 602
Trachelantic acid, tW)6, 607
Trachelantidine, 607
Trachclantine, 602, 607
Triantherna nionogynat 778
Tnchocereua spp.

; triohocereine, 161
Trichodesma spp., 601, 602
Trichodesmine, 602, 607
Tricliaia Gilletii

;

tricliseine ; triclisine,

778
Tngoftella Fcenumgrcscumt 7
Trigonelline, 7, 418, 671, 772
Trilobamine, 350, 357
Trilobine, 850, 358, 859, 860, 862
isoTrilobine, 350, 859, 360
Trilupine, 1 17, 132
Trimethylcoclaurine, 353
Trimethylcolchicinic acid, 651
Trimethylpapaveroline, 194, 195
Tritopine. See Laudanidine.
Tropacocaine, 62, 64, 79, 100

pharmacological action, 106
Tropane, 87, 108
Tropane grcmp alkaloids, 64, 776

pharmacological action, 105
Tropeines, 73, 79, 81
Tropenone, 80
Tropic acid, 72
Tropidine, 59, 74, 75, 77, 78, 98
Tropigenine (nortropine), 64, 75, 86, 90,

91, 98
0-Tropigmine (nor-^-tropine), 76
T^piWe, 74, 75, 77
Tropilidene, 75> 77, 98
Tropine, 59, 64, 67, 73, 75, 77, 84, 86, 89,

97, 98, 99, 101, 107, 110, 441
constitution, 74
syntheses, 77

Tropine and allied ambio-alcohols, alka-

loids derived from, 64
norTropine, 64» 7S, 86, 90, 91, 98

nor^^TWmine, 76
^Tropine, 64, 75, 77, 89, 99, 100,

110
Tropinic acid, 59, 75, 76, 77, 98

Tropinone, 69, 74, 75, 77, 80
syntheses, 79
nortropinone, 76

Tropylscopine (tropylscopeine). See
Hyoscine.

di-Tropyltropeine. See Atropine.
i-Tropyltropeine. See Hyoscyamine.
Tropyl-0-tropeine, 101
Truxillines, 98, 95
Trymatococcus amazonicus, 872
Tryptamme, 465, 491, 771
Tryptophan, 491, 518
Tube curare, alkaloids, 878
Tuberostemonine, 766
Tubocurarine chloride, 368, 374, 877, 378,

891
Tuduranine, 268, 273, 812
Tyiophota spp. ; tylophorine ;

j

tyiophorinine, 778
'i yn>sine, 518

XJlex europceus, 118, 140
Ulexine (cytisine), 140, 142
Umbellatine, 829, 340, 845
Ungernia sewertzovii ; ungernine, 406
Upas tree, 554
IJstilago maydis ; ustilaginine ;

ustilagotoxine, 783

Valeriana officinalis ; valerine, 778
tsoValeric acid, 90
Valeroidine, 64, 66, 90, 100
norValeroidine, 90
woValerylnortropeine. See Poroidine.
Vallesia spp., 500, 511
Vallesine, 511, 512
Vascancellea heatatay 599
Vasicine (peganine), 488, 617
isoVasicine, 617
Veatchine, 785
Vellosine, 872, 735, 736
Veratramine, 701, 707
Veratridine (amorphous veratrine), 701,

704
“ Veratrine,” commercial, 701
Veratrine (crystallised). See Cevadine.
Veratrosine, 701, 707
Veratroylbikaoonine, 685
Veratroylmethylpseudaconine, 682
Veratroylpseudaconine, 682
a-Veratroylpseudaoonine, 684
Veratroyltropine, see Convolvamine

;

veratroylnortropine, see Convolvine.
Veratrum spp., 701, 707, 708, 710, 714

alkaloids, 700
insecticidal action, 714
pharmacological action, 718
alkaloidal types, 701

Veratrum alkamum, stnieture, 711
Vcrine, 704. See Cevine.
Vcrticine ; vertioilline, 782, 733, 784
Villnlstonine, 716, 718
Vinca pubeseens

:

vinine, 778
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Vinylquinuclidinecarboxylic acid, 464
j5-Vinyl-a'-quinuclidone-oxime, 442, 444
VirgUia capensis, 118
Virgilidiue ; viigiline, 118, 147
Viscum album, 778
ViUx ne^ndo, 778
Vomici^Qe and derivatives, 691, 592

oxidation, 594
Vomioine, 553, 586, 589, 592

constitution, 586
exhaustive methylation, 592
oxidation, 594
pharmacological action, 596
reduction products, 589
and derivatives, formulae, 587, 593,

595
isoVomicine, 587, 588, 589
Vomicinic acid and derivatives, 588
Vomipyrine, 595

WiEiiAND’s Ci 7
acid ex brucine, 566, 567,

575
fVithania somnifera, 779
Worenine, 328, 344
Wuchuyine, 498

Xanthaline. See Papaveraldine.
(x- and )?-Xantherines, 380
“ Xanthopicrit,” 331
Xanthorrhiza apiifolia, 328
Xanthoasylon, See Zanthoacylum,
Xatine, 770
Xylopia macrocarpa, 317
Xylopia polycarpa, 329

“ Yageine,” 488
^!^atanine 779
Yobyrinel 500, 604, 505, 507, 609, 514, 739

synthesis, 510
Yobyrone, 505, 507, 789
Yohimb^, alkaloids, 600
“ Yohiml^nine,** 600
Yohimbenone, 505
Yohimbic acid, 501, 505

isomerides, 502, 503, 505
Yohimbine, 161, 500, 501, 603, 505, 511,

785
constitution, 504
formulae, 608
reaction products, 507

qpoYohimbine, 503, 504, 506, 509
a-isoYohimbine, 503, 506
worYohimbine. See Yohimbic acid.

Yohimbine and isomerides, 500, 502, 508,

505, 506
constitution, 504
pharmacological action, 513

Yohimbol ; aWoyohimbol
;

cpiyohimbol,
505

Yohimbone, 504, 505
attoYohimbone, 505
Yulocrotine, 781

ZarUhoaaylum brachyacanthum, 301, 330,
336, 388

Zanthoacylum budrunga, 788
Zanthoacylum spp., 330, 331, 336, 338, 631
Zephyranthes spp., 406
Zygadcninc, 779
Zygadenus spp., 701, 779
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