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ABSTRACT

The thesis "Chemical examination of some medicinal plants”
deals with the isolation and study of the constituents of the

roots and stems of Cistanche tubulosa, roots of Aristolochia

bracteata and roots and stems of Convolvulus pluricaulis.

The subject matter of the thesis 1s divided in four
chapters, Chapter one contains a brief review of the litera.

ture on medicinal plants In general and on Cistanche,Aristo-

lochia and Convolvulus genus in particular, followed by a

detailed review of the llterature of the chemlcal work done on

Clstanche tubuiosa,Aristolochla bracteata and Convolvulus

pluricaulis.

Chapter two describes Cistanche tubulosa from whose roots

and stems a mixture of hydrocarbons, Hentriacontan-16-one,
/3-Sitosterol, B-Sitosterol-D(+)~-glucoside, another unidentifieq

glucoside have been 1solated and studied,

Chapter three deals with Avistolochia bracteata from whose
roots Hentrlacontane, Hentriacontan-l6-one, Hentriacontol,
A-Sitosterol, Aristolochic acld, free sugars and an alkaloid
have beenisolated and studled,

Chapter fomrth describes Coavolvulus pluricaulis from

which Henirlacontane, Nonacosan-10-one, Hentriacontol,

A-Sitosterol and Betalne have been isolated and studied,
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CHAPTER I
INTRODUCTTION




The study of natural products has been very fasci.
nating since very beginning., In thls process some very
useful compounds have been discovered, Most natural
products have usually been isolated from plants, since
the practical difficultles in extracting them from ani-

mals are much greater in most cases,

In India quite a large number of plants are used
for curing diseases, In all tlmes people everywhere
have attempted to utilize flora and fauna of thelr res-

pective reglons for the relief of human sufferings,

The importance of medlcinally useful organic
compounds derived from plants 1s enormous. In this
connection such useful compounds as morphine, atropine,
gquinine, papaverine, reserplne, cocalne, caffeine,
colchicine, penicillin and many others have been dis-
covered, These compounds present a broad and represenw
tative range of pharmacological activities, In addition

to this many crude drugs such as Digltalls purpurea

leaves are still preferred by many physicians in their

practice,

The study of plants particularly as a source of

food 1s one of the oldest of human activities,

A knowledge of chemlcal constituents of plants is

essentlal not only for the discovery of new therapeutic



agents, but also it is valuable in disclosing new sources of
such economic materials as tannins, indusirial oils, guus,

and precursors for the syathesis of complex chemical sub-

siances,

The knowledge of the chemical structure of the active
principles from plants has been of great value in the field
of drug research, I. has helped in many cases in establish.
ing the relationship between the chemical constitution of
these principles and their physiologzical activity, This
knowledge has been utllized by chemlsts in obtaining a ser-
ies of modified seml-synthetic compounds such as homoatro-
plne, N-allylnormorphine which would either enhance thera-
peutic action of .he drug or make 1t more specific with less

toxic side effects,

It is evident that the investigations of indigenous
medicinal plants has provlded many effective remedies, OF
over twenty two hundred Indlan plants which have been repora
ted to be of medieinal importance, oaly a few have been

systematically examined,

A systematlc investligation of the more important of
these plants by using modern technigues is lizely to be
fruitful,



Many poisonous plants like Digitalls znd Strophanthus
yleld glycosldes of medicinal Ilmportance, Cardliac glycosi-
des occur in small amounis in the seeds, leaves, stens,
roots or bark of plants, belonging to the familles of Lilia-
ceae, ‘oraceae and Ranunculaceae. The sea onlon (Scilla
maritina) a bulbous herb (contalning squillglyccsides) is -

used in medlcine by ancient Romans,

Compounds 1solzted from plants are =2lso used as
gtarting materlals for the preparatlon of several compounds
of medicinal importance, For example Diosgenin isolated
from Dioscorea 1s used as starting material for the prepara~

tion of all the steroldal hormones.

In India due to difference of climatle coaditlons,
it 1s possiple 1o grow different kinds of plantétS About
2200 of such plants are listed in the Ayurvedic aad Unania
tibb sysiems. These plants are still the naln source of
medicinal relief of the majority of the people of this sub-
coatinent, Some of the other countries represented by
books or review of publicatlonson medicinal botany are

6 7 8 0 10-11 15.14
Mexico, Poland, New Guinea, Nigerla, U,S.S.R. China} =%

14 18 16 1?7 Q 19-21
Burma, Malays, Africa, Greece, Australia%” New Zealand,

22-2 24-26
Taiwan2 ag well as many others,

The publicatlons describe the use of preparations

derived from animal, mineral and vegetable sources., Some
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of the drugs mentloned in them are serving mankind even
today, These lnclude Opium, Castoroil, Acasla, Calamus,

Saffron, Oliiveoll, Peppermint, Herbane, Aconite, Cannabis

and Garlic *

The knowledge about the chemlical nature of these
preparations was very little in early times, Thls was

due to the fact that the methods of extractions and ellue

cidation of structures were not much developed,

It was in nineteenth century that pure physiologi-
cally actlve substances were lsolated from plant material
and studled, The secrets of the paln relieving drug,

oplum,were unravelled step by stiep,

puring the year 1820 morphine ~ a name deduced from
the Graceo-Roman dlety of sleep was first isolated by
Serturner from oplum, In 1833 Atroplne was discovered
by Mein, Gieger and Hosse, In the year 1823 Pelletiler
and Dumes discovered quinine, The great demand of this
led to the synthesis of a number of compounds, Skraup's
synthesis of guinoline in 1880 was followed by Fischer's
synthesis of Kalrin, Knorr synthesised Antipyrine in
1883, followed by the synthesis of Aspirin in 1899 by

Drosser and Dulsberg,

A knowledge of the chemical constituents of plants
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1s also useful to those who are lnterested in the expanding
area of chemotaxonomy (biochemical systematics), in biosyn.

thesls etc,

The medicinal importance of the plants Clstanche
tubulosa, Convolvulus pluricaulls and Aristolochia

bracteata has been recognised from very early days and
thelr uses in medicine are well known even today. How-
ever, thelr systematic studles have not been carried so

far, The present work is an effort in this direction,

CISTANCHE TUBULOSA

Description of the Plant

The plant belongs to the famlly of Orobanchaceae,
a genus of about 28 specles of herbs is widely distri.

buted in Asia, Africa and the Madetarrlian regilon,

Cistanche tubulesa is found extensively in Rajas-

than, Pun)ab, Sind and Baluchlstan,

It is an unbranched herb, Rools are parasite on
Calotropig. The general colour of the plant is yellow
with an occasional tinge of purple colour, Stem is 1
meter to 1,5 meter high., It is 5 cm in diameter,
furrowed, flesy, densely covered with triangular acute

gcales wilth numerous flowers,



liedicinal Uses

According to Ayurveda the plant is useful in heart
diseases, anaemla, tumors and abdomlinal pains, The plant
is also effective in curing of sores and 1s given in curd
to stop diarrhoeg. The roots of the plant are known for

its diluretic properties, It 1s also reported to be use.

2
ful in cancer,

The review of the Literature on Cistanche Tubulosa

In fact no work of much chemical importance has been

reported on Cistanche tubulosa,

28
Alarjarov K.L. and others have determined the

alkalolds 1n different parts of different species, It

was found that the maximum number of alkalolds are present
in Cistanche ambigua.

The only work which has been reported on Cistanche
tubulosa 1s by T.S. Banjaﬁ9 of University of Delhi, His
work 1s related to the morphogenesis of embryo which 1s

of little chemlecal importance,

convolvulus Pluricaulis (Chois)

Description of the plant

The plant belongs to the famlly Convolvulaceae.
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_ 30
This family consists of 55 genera and 1,650 species., The

genus convelvulus (200 Spp) contaln purgative resins, some
of which have long been used medicinally., Most plants of

this famlly are annual or perennial herbs, often with twin-

ing stems, a few shrubs and trees, The Convolvulus pluri.
EEElE? is a perennial herb, The flowers are white o;;;:—
sionally pinkish, It 1s known by different names in
different parts of India. In Punjab 1t is known as "Parp-
rang dodak."” In Sanskrit the plant is called "Shankhpuspi",
The plant 1s distributed throughout the plains,

Medicinal Uses
The plant 1s used in curing aumber of diseases., In

rural areas roots are used as purgative, The crude extractg
of the plant are used for curing p=in in the bladder, snake
bite and as a domestic medicine for iadigestion<ﬂswe111ngs.

It 1s also used as a hrain tonlc in the trestmeut of some

cases of lnsanity.

Review of Literature
31
N.K, Basu and P,C, Dandiya analysed the drug and

isolated an alkaloid which they named t'Shankhpuspine!

melting point 162-164°C, C, . Hy N0, (decomposition),



They also prepared several derivatives,

Derlvatives of the alkalold Sankhpuspine

Derivative Melting Point
Platinichloride 180°%
Picrate 76°C
Aurichloride 208°¢

However they did not propose any structure for the base,

Presence of an essential 01l has also been reported

by the above workers, who determined some of 1ts physical

constants,

Basu and Bhanazreported the 1solation of two water
soluble bases. The first base has the molecular formula
CgH; 4NOg, melting point 84°C, They also prepared its
hydrochloride melting point 214°C(decomp) and picrate,
melting point 176°C, However, they could not isolate the
other base in crystalline formm, They prepared some deri-

vatives of the second base and determined the melting

points,

Hydrochlorlide, melting point 272°¢ (decomposition)

o
Oxalate, melting point 154°C,

33
S. Rakhit and Basu have reported the isolation of



sterol I and stercl II, The stercl I has molecular formuls
CogHgg02 and melting point 124-25°C, The sterol II has the

molecular formula C4OH6005' melting point 64-65°C.

Derivatives of Sterol I and Sterol II

Sterol I  (A) Acetyl derivative, melting point, 117°%¢
(B) Digitonide, melting point 224.25°C

Sterol II (A) Acetyl derivative, melting point 88-89°C
(B) Digiionide, melting point 84-8500

34
The same authors in thelr second paper on this plant

have reported the isolatlon of two bases A and B, The
base A possessesthe molecular formula CgHyqii0g, melting
point 287-8800 and the base B, meltling point 256°C
(decomposition), molecular formula, C5HgNO,, However,
these authors c¢ould not 1ldentify either of Sterols I and
II or bases A and B, They have also not assigned any
structures to all above mentioned compounds, These

authors have reported some pharmacoleogical activity of

thigs plant on rate and frogs.

35
Deshpande and Srivastava have carrdied out further

study of the plant C,pluricaulis, They have reported

the isolation of 6-methoxy-7-hydroxy coumarin in pure
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form, melting point 204 C, The molecular formula is

C10H804' These authors have also reported the presence

of D-glucose, maltose, B-sitosterol and ceryl alcohol,

No flavonoilds have been reported from this plant, but

from its sister specels C, arvensisassome flavonolds have

been siudied.

The isolation of clavine and lysergic acild alkaloids

have been reported from seeds of various convolvulus speceis,

Aristolochia bracteata (Retz)

Description of the plant

The plant belongs to the famlly Aristolochiaceae.
This famlly comprises of about six genera and two hundred
species of which about one hundred eighty belong to the
genus Aristolochla, Most of the members are herbs or
c¢limbing plants with woody stems. 01l secreting cells are

found throughout the famlly, sometimes forming transparent

dots on the leaves. The o0lls of Asarum europetm
(European snake wood) Asarum canadense (Canadian snake

root) and Aristolochia serpentaria (Virginian snake root)

have been examined,

The plant Aristolochla bracteata is very widely
distributed throughout India and also grows in Ceylen,

troplcal and subtroplcal Asia, Africa and America,
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The plant 1s known by different names in the different
parts of India. According to Chopra and Nayer: some of the

names are given below :

Sanskrit Dhumrapatra
Hindi Kiramar
Tamil and Malayanum Aduthirapalai

Medicinal Uses
Aristolochia bracteata is of great pharmaceutical

importance, It is extremely bitter plant and 1s used
a8 a purgative, Julce of the legves is given to cure
neglected ulcers, and the roots are used for expelling
round worms. The seeds are tonic and expectorant, They
are also effective in muscular pain and sre supposed

to purify blood and hasten delivery.

In Rajasthan the roots are consldered useful inm

expelling different kinds of worms from the stomach,

Ayurvedic medleal practlitioners consider this
plant to possess laxative and diuretic properties, The
powdered roots elither alone or in a combined form act
as a pain relleving for stomach, In over doses the drug
produces violent gastro intestlinal irritations, The

powdered roots mixed with honey are given for curing

leucoderma.



Literature Review

Knowledge of the constituents of Aristolochla species
has long been in an unsatisfactory state., In recent years

(1954-64) J.B, Stenlake and his colleagues have examined many

species,

C.R. Mehta, Y.P. Dutta and N,G.Rana  have isolated
and ldentified f-sltosterol, olelc acid, myristie acid,
palmitic acid, stearic acid, and lauric acid from the seeds
of Aristolochia bracteata by extraction with petroleum
ether (60-8000). From acetone extract they have separated

aristolochic zacid from the same seeds.

K.V, Jagannatha Rao, L,Rama Chandra Rao and Y,
Suryanarayana Murthyaghave separated aristolochle acid

(melting point, 275-77°C with decomposition)and arlstored

from the petroleum ether extract of the plant,

M.,S. Sastr?ohave isclated ceryl alcohol,,G-sitosterol,
aristolochic acid from the leaves and fruits, potassium

chloride and potassium nitrate salts were isolated from

the roots of the plant,

Some work has been reported from few other specles of
Aristolochia.

A,V. Subbaratnum and William B.Cooke41have reported
the 1solation of the following compounds from Aristolochis

indica,



1 13 :

1. Allantoin, m.p. 236.37°C

2, A bitter ygllog (rystalline substance,
M, P, 245-250°C

3. Aristolochic acid, m.p. 2792286 C (decomposition)

42.45
T.R. Govindacharl and his coworkers have reported the

isolation of sesguiterpene hydrocarbons from Aristolochis

indica namely lshwarane and aristolochin, The same authors
have also reported the sesquiterpenolds, namely ishwarone

and ighwarol from the same species of the plant,

Aristolochia rutunda has also been studied by

46
Salvatore and Carbone and have isclated aristolactum and

aristolochic acid.

47
From Aristolochia sipho various flavonoids and

related compounds have been reported,
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Object of the present work

A careful review of the literature avallable on

Cistanche tubulosa clearly indicates that no systematic

work has been done on chemical constituents of the plant,

48
It has been proposed by Spenser that aristolochie
acid 1s blosynthesised from norlaudanosoline alkasloid.
The main aim was to try and isolate the above alkaloid

which so far has not been ilsolated from any of the species,

Further two sterols and some bases have beenisolated

from Conveolvulus pluricaulls, but the chemical constitu.

tion of these compounds have not been established.

Therefore the object of the present work 1s to iso.
late vurious groups of compounds from above mentioned

plants and study them by chemical and physical (UV,IR,iMR

and mass spectra) methods,

On the basils of these studies the compounds have

been assigned structures and identified,



CHAPTER II

I8O0LAT IO TUDY OF MIXTURE OF HYD ARBONG  HENTRIACONT AN-
16-0ONE 10NE SI10SIERCL 11 OSTERO +)-QLUCO

ANOTEER UHID=§TIXIED GLUCOSIDE FROM THS 30018 AND STEMI OF
CISTANCHE TUBULOSA
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The roots and stems of Cistanche tubnlosa were extracted

with petroleum ether and the neutral fraction was chromato.
graphed on neutral alumina, Elution of column with petro.
leum ether, petroleum ether and benzene (10:1), benzene

and chloroform (2:1) gave compounts3, CA melting point
sdzesoc, CB, melting point 81°C and CC, melting polnt 13700

successively.

Study of the compound CA
This compound moves along with the solvent front on

neutral alumina tlc plate when developed with petroleum
¢_ 0
ether, The melting point range (60-66 C), indicates that

it ig the mixture of more than one compound.

The mixture is highly soluble in chloroform, ether,
benzene, and hexane and sparingly soluble in acetone,

methanol and ethanol,

Chemical tests
This mixture indicates the absence of nitrogen,

sul phur, halogens and also other functional groups,

The mixture gave a negatlve tetranitromethane test

showing this to be a mixture of saturated hydrocarbons,



Spectral. studies

UV spectrum did not glve any absorption from 200-700 nm.

The IR spectrum of this mixture in KBr shows bands at
-l -
725 cm  and 714 cm‘1 indicating n-alkane chainqg g%rong

absorption bands at 2920 em~! and 2850 cm’l indicate a large

51
number of -CH2 groups,

On the basls of above chemical and spectral studies

the CA seems to be the mixture of long chaln hydrocarbons.

Study of the compound CB

This compound is a white solid, melting point, 81°C.

The elemental analysis of the compound corresponds to the

molecular formula, C31H620'

Chemical studles
with hydroxylamine 1t forms filne needles which were

crystallised from ethyl alecohol, Melting point was found

to be 5900.

However the compound does not react with sodium
bisulphite to give a crystalline derivative, It gave

negative tests for sterolde and triterpenes,

The IR spectrum of the compound in KBr shows sz
strong peak at 1733 cm;110d10ating that the compound has
a carbonyl function, The other important peaks are at

-1 -1
722 om amd 715 cm indicating a n-alkane chaln,



The molecular formula of thegketone is supported by
molecular ion peak m/e 450 in mass spectrum, Mass spectro-
metry of ketones give a characterlstic fragmentatlion pattern

which helps 1n the determination of the positlon of the ketone

group,

In the mass spectrum of the ketone CB, no significant

(M-15)* peak was observed, This indicates that the ketone

69
has a straight chain,

The most Important peaks obtained in the spesctrum of
CB are at m/e 239, m/e 265 and m/e 254, These mass fragments
can be explained on the basis of the fragmentation pattern
given by V. Wollrab of nonacosan-7-one derived from the

70
secondary alcohols occuring in wax of flower Rosa damascena,

Frggmentatlon pattern of the ketone CB " ;
.

!
o+ _
CH_- (caz)la-caz-C—On CH.- (cna)la.cua-c =CH,

w/e 239 «_ , ®/e 255

Qo

Cﬂa-(Cﬂa)la-Cﬂz-C-Cﬁa-(CH2)13.083

£B

OH
l

[cua. (CHp) | -~ CHy~C=CH,
n/e 254

t
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The proposed siructure for theketone is further suppor-
ted by nuclear magneilc resonance spectrum of the compound,
This spectrum shows a signal at 9,12 { assigned to six
methyl protons, and a strong signal at 8,72 { due to methy.
lene protons., A multiplet centred at 7,60 ( is assigned

to four methylenic protons next to carbonyl function,

On the basls of above chemical and spectral studies,

the compound CB was identified as Hentriascontan-l16-one,

Identification of Hentriacontan-l6-one was further
confirmed by mixed melting point, IR spectrum and by Co-

tlc, with an authentic sample,

gtudy of the compound CC

The elemental analysls of the compound corresponds

to the molecular formula, Coglg o0

The compound gave a green colour in Liebermann-
Burchard tes?? red colouration in Salkowskiatest, and
a yellow colouration with tetranitromethang? When
alcoholic solution of digitonin wes added to the alco-
holic solution oﬂ&he compound, a preclpitate was formed
(digitonide, m.p. 22600)?5 On the bask of the colour

reactions and molecular formula, the compound under study



appears to be a sterold. IR spectrum of the compound showed

-1
peak at 3625 em “indicating the presence of hydroxyl group.

The compound on acetylation with acetic anhydride and
o
oyriZine formed an acetate, m.p. 126 C, (=] ~38° 58(cnloro.

form), IR spectrum of the acetate showed peaks at 1742 em*d
-1 5
(acetate ~C0) and 1236 cnm (O-COCHa).

The elemental analysls of the acetate corresponds to

the formula, CgiHs50,, indicatling the presence of one hydro-
xyl function in the compound CC, Thls 1s also 1n agreement

with the observations that most of the steroids are oxygena-~

ted at Cg, usually as alcohols,

On the basis of above observatlions, the compound under

study appears to be B-sitosterol,
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The ldentity of the compound was fupther established
by mixed m.p,,Co-tle and superimposable IR spectrum of the

sterol and its acetate with authentic samples of B-sitosterol

and 1ts gcetate,

Ireatment of the alevholic extract of Cistanche tubulosa
Alcoholic extract of the defatted roots of Cistanche
tubulosa was further extracted with solvent ether, chloro.

form, ethylacetate and n-butanol in a liquld-liquid extraca
tor,

The neutral fraction of the ethyl acetate extract,on
usuel processing and chromatography on silica gel column
gave a white crystalline compound CD, melting point 2890-
290°C (decomposition), 540-400 (pyridine),

Homogenelty of the compound was establlished by thin

layer chromatography on silica gel plate,

Elemental analysis of the compound CD corresponds

to the molecular formula, 03556006' The compound gave
yellow colouration with tetranitromethane, In Liebermann.

Burchard test the compound first gave a piak colour which

changed to bluish green. A red colour was observed in

Salkowskl test,

The alcoholic solution of the compound did not glve
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precipltate with digitonin., The compound zave positive
Molisch's test, but did not gilve characteristic colour

with aniline phthalate reagent (Hough),

On the basis of above observations, the compound under
study seems to be a phytosterolin in which the reducing
group of the sugar is ilnvolved in the glycosidic linkage,

IR spectrum of the compound showed strong absorption

at 3400 cm” 1 indicating the presence of hydroxyl function

in the compound, Absorption bands between 1130 em™t and

5
1010 cm'l indicate various C-0-C groups,

The phytosterolin on acetylation with mixture of
acetic anhydride and pyridine gave an acetate, m,p, 164°C,
7 -35° (chloroform). IR spectrum of the acetate showed

“'p
peaksat 1762 cm © (acetate -CO) and 1224 em > (0-COCHg),

Determination of acetyl percentage by Robinson and
59
Bailey method as described by J.,L. Noruls, showed the

presence of four hydroxyl groups.

NMR spectrum of the acetate dlsclosed a triplet at
7.98 ( assigned to the protons of CHg-C-(one signal
superimposed with the other signal), gignal at 5.82
assigned to the protons of CHy0AC and deformed envelop
between 4,95 ( to 4,70 ( assigned to the protons of



CHOAC, signal at 9.26 ( assigned to methyl group attached
to C-13, A triplet at 9,10 ( 1s due to the methyl group
attached to C.28, a doublet at 9,19 { 1s due to methyl

group attached to C-25 and a singlet at 9.0 { is due to

methyl group attached at C-10, Multiplet envelop between
8.92 { to 7.64 { is due to methylenes of the steroid ring
and ~CH, of the side chain, A deformed triplet at 4,68 {

is due to the ethylenic protons,

The phytosterclin CD on acld hydrolysis ylelded
AB-sitosterol and D(+)-glucose., The sugar was identified

by Co-paper chromatography.

/3-sitosterol was 1dentified by mixed m,p., Co-tle
and by superimposable Ig spectrum with an authentic sample

of A-sitosterol.

On the basis of the above observations the compound

under study appears to be A-sitosterol-D(+)-glucoside and

can be represented as.

C";"'l ’
> -~
4o P

/) /\'/IW/
- 0 J\/ N

on , -

cp
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Mass spectral studies of glycoside

rrom its mass spectrum the compound appears to be
unstable even using direct inlet probe, Towards the end
of the spectrum, intense peaks at m/e 396, m/e 327 and
peaks at m/e 398 and m/e 414 were obtained. Peak at m/e
397 can arise by the cleavage of the carbon oxygen bond
at 'A' (CD)., Peak at m/e 398 1s belng formed by cleavage
of carbon oxygen bond at 'A' and a hydrogen rearrangement,

Peak at m/e 396 corresponds to ihe fragment ohtained after

elimination of the sugar. Peak at m/e 414 which corres-

ponds to the mass of L-sitostercl may arlse by cleavage

of carbon-oxygen bond at 'Bf and a hydrogen rearrangement,
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The other peaks In the mass spectrum are at m/e 381,
303,288,275,273,255,231,229,213,

The occurrence of peaks at m/e 145, 127, 109, 73, 61,
and 60 in the lower reglon of the mass spectrum indicates

that glycone part of the glycoside may be glucose?0

{_‘p ] 2t H
rl/é
4 Y H
\ //’
0-0\\ /
H oM

m/e 1486
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Magss spectrum of the agcetate of CD showed peaks at
m/e 3%, 397, 398, 414, 381, 255, 329, 303, 275, 288, 273,
229, 231 and 213, Beslde these peaks, spectrum also showed
a. strong peak at m/e 331 which may arise by the fragment

obtained from cleavage of the carbon-oxygen boad at ‘B!,

Cw,0Ac

m/e 33!

Other signals are at m/e 289, 271, 229, 211, 157,
115, 109 and 57. These fragments are characteristic of

glucose tetra-acetate.

Thus by the study of mass spectrum of glucoside
and its tetra acetate its identity as A-sitosterol-D(+)-

glucoside wae completely established,

Treatment of the n-butanol extract of Cistanche tubulosgs
The n-butanol extract was separated into acidic,
basie, and neutral fractions, the acidlc and basic frace

tions gave negligible residues on evaporation, The
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neutral fraction on chramaetography on neutral aluminas column

gave a white crystalline compound CE, melting point 16200.

Study of the compound CE

The homogeneity of the compound was established by
thin layer chromatography on silica gel G plates, using
chloroform: methanol (9:1) as an irrigating scolvent and
concentrated sulphurle acld for revealing the spots, Rt

determined in chloroform and methanol (2:1) was found to

be 0,.32.

The alcohollc solution of the compound CE did not
give precipitate with digitonin. The compound gave posi-
tive Molisch's test, but did not give characteristic
colowr with awmiline phthalate reagent (Hough). 1In

Liebermann-Burchard test the compound first gave a pink

colour which changed to bluish green,

IR spectrum of the compound showed strong absorp-

tion at 3450 cm'} indicating the presence of hydroxyl

function in the compound. Absorption bands between 1150 cmrl

-1
and 1010 em indicate various C-0-C groups?s

On the basis of the above observatlons the compound
under study secems to be a steroldal glycoside in which

the reducing group of the sugar 1s lavolved in the glyco-

sidlic linkage.



The compound was hydrolysed 1ln presence of hydro-
chloric acid, This process yielded aglycone and D(+)-

glucose, which was identifled by Co-paper chromatography,

Rr value of the aglycone was determined in pure
chloroform (0.38).

Furtaner study of the glycoslde and its aglycone
could not be carried out because the glycoside was obtained

in very small amount,
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EXPERIMENTAL

Melting polnts were taken on THOMAS-HOOVER

Unimelt melting point apparatus and are uncorrected,

Optical rotatlons were measured on HILGER STAWDARD

POLARIMEIER medel MK-III, Ultra-violet absorption
gpectra were recorded on manual HITACHI PERKIN- ELMER
139 UV-VIS spectrophotometer and Infra-red spectra
were taken on HITACHI-PERKIN- FLMER 2378B. Nuclear mag-
netic resonance spectra were taken on VARIAN A-60D
instrument at Central Drug Reseorch Institute, Lucknow
where Mass spectra and Elemental analysis were also

carried out. The IMR spectra refer to deuterochloroforn

(CDClg), unless otherwlse stated,

WOLEM neutral alumlna, STAHL silica gel G were
used for thin layer chromatography. REIDAL neutral

alumina and BLH sllica gel were used for column chromato.

graphy.

Extraction and isolation
Air-dried and powdered roots of Cistgnche tubulesa
(6 Kg), collected locally, were exiracted in a Soxhlet

apparatus with petroleum ether (400-6000) for 50 hours,



The solvent was distilled under reduced pressure using
water suctlon pump and the yellow viscous residue (48 g)

80 obtained, was taken ia solvent ether, The ether solu-
tion was washed with 10% sodlum bicarbonate solution, On
acidification of this alkaline extract, no worthwhile resi-
due was obtalned, The ether sclution was then washed with
oN-sulphuric acid., Baslfication of this extract with

dilute ammonia gave a negligible residue,

Ether soluble neutral materlal was thoroughly washed
with distilled water and dried over anhydrous sodium suyl.
phate, Evaporation of the ether gave a viscous solid
(30,4 g). Chromatography of the viscous solid on tlc plates
using different solvent systiems and spraying the plate with
concentrated sulphuric acid and heating for 10 minutes at
1ao°c showed three main spots., 5% aqueous phosphoric acid
was also used as spraying reagent., One spot gave colour
on heating at 100°C for 10 minutes, indicating the presence

of a steroid, Crude solid also gave positive Liebermann-

Eurchard test for sterolds.

Treatment of neutral ether soluble material

12,0 g of the solid was dissolved in minimum quantity
of solvent ether and was adsorbed on 35 g of neutral alumina,

It was then placed on the top of chromatography colummn (40"x3"),



packed previously with 400 g of neutral alumina,

Development of the column was carried out utilising
a discontinuous gradient technique, beginning with petro.
leum ether (4626000) and finally with methanol, Elutes
were collected in fractions of 50 ml each and evaporated to
dryness under vacuum, Fractions from the column were divie
ded into three portions on the basis of tle pattern, Each

portion was rechromatographed on neutral alumina column

of Brockmann activity - 1,

Chromatography of portion I
Portion I (2,0 g) was chromatographed on alumina using

O
petroleum ether (40°-60°C) for elution, 25 ml fractions

were collected, First fractlon was discarded, Fractions
2 to 6 were combined on the basis of tlc pattern., The
petroleum ether was evaporated under reduced pressure, A

o 0
white solid (1+0gm) m,p. 60 C - 66 C was obtalned,
Remaining fractions were mixed together, evaporated
to dryness under reduced pressure and were combined with

portion II.

Chromatogzraphy of portion II

portion II (0.85 g) was dlssolved in minimum guantity

of hexane and placed on top of an alumina column (24"xj"),
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The column was washed with petroleum ether (50 ml) and the
washings were discarded, It was then eluted with petroleum
ather: Benzene (10:1). 25 ml fractions were collected. Frao-
tions 4 to 10 were combined according to tlc pattern, evapo-
rated to dryness and crystallised several times with hexane
to give white shining crystals CB (0,25 g), m.p, 81 C. Elutes

from benzene were combined with portion III.

Chromatogra of portion II
portion III (7.5 g) was chromatographed on neutral

alumina (120 g) column (30"x13"). Elution was carried
out successively with benzene, mixture of benzene:chloro-
form and pure chloroform. Finally the column was washed

with ethanol, 25 ml fractions were collected,

Benzene fractions (150 ml) were discarded. Elutes
from benzene: chloroform (2:1) were combined on tlec
pattern, The compound was crystallised with acetone to

give a white crystalline compound CC (3.5 g% M. 13700.

Thin layer chromatography of CA

Activated silica gel G plate spotted with hexane
solution of the compound was developed 1n a tenk satura-
0
ted with petroleum ether (40°60 C). The developed

plate was air dried and sprayed with conceatrated sulphu-

ric acid. The chromatogram on heating at 1209C for 18

minutes developed a single black spot at solvent front,
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Solubility of CA
This 1s highly soluble in chloroform, ether, benzene

and hexane and is sparingly soluble in acetone, methanol

and ethanol,

IR spectrum of CA in KBr

The observed peaks and thelr assignments are as

follows :

Peaks cm,-1 Assignment
2920 C-H stretching
2850 C-H stretching
1460 C-H bendlng

1375 C-H bending
725 n-Alkane chain
714 n- Alkane chain

Thin layer chromatography of the c¢compound CB

Activated sillica gel G plate was spotted with
chloroform solution of the compound and developed in
a tank saturated with petroleum ether: benzene (4:1).
The developed plate was alr drled and sprayed with
concentrated sulphuric acid, The chromatogram on heat-

ing at 120°C for 20 minutes developed a single black

Spot (Rf 0075)0
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Elemental analysis of the compound CB

Found Calculated f

T C4y 520
C = 82,44 % = 82,66 %
H= 14,12 % H = 13,77 %

eminbility of the compound CB
1he compound is soluble in chloroform, elher, and

sparingly soluble 1in ethanol and methanol, It is insoluble

in water,

pound CB

IR spectrum of the com
The observed peaks and thelr assignments are as

follows ¢
Peaks an* Assignments
2915 C-H stretching
28665 C-H stretching
1733 C=0 stretching
1460 C-H bending of -CHjand -CH,
1408 ~CHgeCO-
1375 C-H bending of .CH,
1182 C-0 stiretching
1170 C-0 stretching
722 nealitane chain

716



Preparation of oxime of compound CB

A mixture of 50 mg of the compound and 50 mg of

hydroxyl=zmine hydrochloride was taken in 50 ml round
bottom flask, To this 5 ml of alcohol and few drops

of pyridine were added, The contents of the flask

were refluxed on the water bath for 60 minutes, Alco.
hol was distilled off and & ml water was added, The
recidue was cooled in ice bath and filtered, The

crude oxime was crystalllsed from alcohol, melting

o
point was found to be 59 C,

Thin laver ahromatography of the compound CC

Activated plates of silica Gel G were spotted

with a chloroform solution of the compound and were

developed in a tank saturated with

(a) chloroform: Benzene (1:1)

and

(b) pure chloroform

The developed plates were alr dried and sprayed

with concentrated sulphuric acid. The chromatograms
o
were heated at 120 ¢ for 15 minutes., A single black

spot appeared in each case

Rf-  (a) 0.25
(b) 0.43
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Elemental analysis of the compound CC

Found Calculated for C,.H O
29 80

84,06%
12,07%

83.88%
H = 12.2% H

Reactions of the compound CC

(1) Liebermann-Burchard reaction - The compound

was taken in few drops of acetic acld and 2 ml of acetic
anhydride, When a drop of concentrated sulphuric

acid was added, a green colour developed,

(11) Salkowski reaction - The compound was dis-
golved in chloroform and a few drops of concentrated

sulphuric acid were added, A deep red colour was obser-

ved.

(441) Ruzicka's reaction - When a few drops of
chloroform solution of tetranitromethane were added to
a chloroform solution of the compound, a yellow colour
was observed.

(1v) when the compound 1in ethanol was treated

with alcohollic solution of digitonin o precipitate was

formed,
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IR_spectrum of the compound CC in cCl,

The observed peaks and thelr assignments are as

follows:
Peaks cm"l Assignments
3625 O-H stretching
2950 C~H stretching
2870 C-H stretching
1465 C-H bending
1385 ) gem dimethyl
1362 )
1048 C-0 stretching
1020 C~-0 stretching

chtvlat;og of ihe cggggggﬂ ce

The compourd (50 mg) was acetylated with a mixture

of acetic anhydride (6 ml) and pyridine (1 ml) oy usual

method. The acetylated product was crystallised from

ethanol to give whice flakes (48 mg), m.p, 12800’[}30-38°

(chlorofonm).

Jemental analysis of th cetyl derivative of the compound CC

Calculated for CSIH ()

Found 5000
’—-
C = 81.40’ C = 81,57%

H = 11.40%

H = 11 054%
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Iq spectrum of the acetyl derivative of the compound CC in ¢Ci
- 4

The observed peaks and thelr assignments are as

follows:
BEEEE_EE-I Asslgnments
2950 C-H stretching
2870 C-H stretching
1742 Acetate CO
1465 C-H bending
1380 ) Gem-dimethyl
1360 )
1236 O—CO-CH3
Digitonol erivative of the compound CC

A saturated solution of sterol in absolute alcohol

was treated with an equal volume of a saturated solution

of digitonln in absolute alco
on water path for two hours and cooled, when the

hol, The mixture was re-

fluxed

digitonide separates out,
e alcohol, m.p, 2270'22800,

It was filtered and crystal-

lised with sbgsolut

pengoylation of the compound £C

The compound (80 mg) was treated with benzoyl-

chloride (10 ml) and two drops of pyridine. The mixture

was heated OB water bath and allowed to stand overnight



at room temperature, The mixture was then poured in ice
cold water, The solid was filltered off, washed with 2%
aguous KOH and then thoroughly with water. It was oryg.

talllised from a mixiure of methanol; Acetone (2:1), m, p,

144°%C,

Ireatment of alcoholic extract of Clstanche tubulosg
The defatted roots of Cilstanche tubulosa (5 Kg)

were extracted with ethanol in a soxhlet extractor,
Ethanol was dlstilled under reduced bPressure, 100 m1
dlstilled water was added and the mixture was subjected
to liqguld - liquid extraction successively with solvent

ether, chloroform, ethyl acetate ang n-butanol,

The ethyl acetate solution was washed with little

water, dried over anhydrous (Na,S0,) and extracteg with

10% sodium bicarbonate solution, The ethyl acetate S0l
tion was then washed with 2N sulphuric acig (4x30 mi1),
The ethyl acetate solution left after this was washed

with water, dried over Na;3S0; and evaporateq under reduced

pressure to give a brown solid (2,5 gms),

Chromatography of the brown soligd
The brown solid 2.5 gm was chromatOgraphed 0n neutral

alumina (60,0 g) column, Elution was carrieq oyt succes.

sively with chloroform, mixture of chloroform ard ethanol,
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Finally the column was washed with methanol and 25 ml

fractions were collected.

chloroform fractions (200 cc) were discarded,

Elutes fronm chloroform and methanol (9:1) were combined

on tlc pattern. The compound was crystallised with

absolute alcohol to give a white crystalline compound

cD (1.25 g), melting point 289°C-290°C (decomposition),

- 40° (pyridine).

Thin laver chromstograph of the compound CD

Activated plate of silica gel G was spotted with

ethanol solution of the compound and ceveloped in a tank
saturated with chloroform: methanol (90:10). The air
dried plate was s prayed with concenirated sulphuric aciad.

A single pink spot developed, It was then heated at

120oc for 156 minutes, the pink spot turned black and no

other gpot appeared.

iysis of the compound CD

Eléggﬁﬁﬁl_ééi
Calculated for C35H60°

Found 6
e
H = 10,41%

H = 10055%
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feactions of the compound CD

(1) Liebermann-Burchard reaction - The comp
- - ound

was taken in a few drops of acetic acid and 2 nl of ti
acedle

anhydride, On adding a few drops of concentrated sulphuri
uric

acid a pink colour developed which Immediately ch d
anged to

bluish green.

(11) Salkowskl reactlon - When a few drops of ¢
oncen-

trated sulphuric acid were added to the solution of th
e

compound in chloroform, a red colour developed

Ruzicka's reaction -~ When a few drops of th
La’s reaclaoi e

(111)
chloroform solution of tetranitromethane were added t
0 a

chloroform solution of the compound, a yellow colour w
was

observed.
IR specir of the compo CD 1a KBr

Assignments

Peaks cm"l
0-H stretching

3400

9955 C-H stretching
0925 C-H stretching
2850 C-H stretching
1650 ¢=C

1455 C-H bending
1380 1 gem-dimethyl
1.365 /

1150 - 1015 various C.0~C

800 - 826
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Acetylation_of the compound CD
The compound (0,12 g) was taken in acetic anhyd
ride

(8 ml) and pyridine (2 ml)., The solution was stirred

mechanically with slight warming for 8 hours Th
. e reac¢t-

ion mixture was then left over night and was poured
ed over

crushed 1ce. The white solld, which separated out
s Was

filtered and washed thoroughly with water, The acetyl
. ely

derivative thus obtalned was recrystallised with absol
olute

aleohol and dried at 100°C 1n wcu O~ |
um,m,p. 164 C’[wﬂn-35°

(03013)

Thin layer cnromatggraggx of the acetate

activated sillca gel G plate was spotted with
solution of the compound and was developed

chlorofori
in a tenk gatur’

was alr dried gpraye
a at 120°C for 15 miautes. Single black coloured

ated with chloroform, The developed plat
ate

4 with concenirated sulphuric acid
’

and heate

ol appeared (Rg 0.,65).

Elggentgl anglysis of the acetate:
calculated for ¢ _H_.0O

Found
43 6810
¢ = 69,554 ¢ = 69.352
9.10% H= 9.27%



Determinztion of acetyl percentage

The acetyle perceniage in the acetyl derivative of

the compound was determined as follows

Procedure:

A 10 mg of the sample was weighed into a smal:

porcelain boat and introduced into 25 mi round bottom

pyrex flask,

10 m1 of N/25 aquous NaOH were added to the flask
and a micro reflux coandenser attached. The golution wag
bolled gently for about 12 hours, After hydrolysig was
complete, any alkall adhering to the condensep am rubbepr
stopper was washed into the flask and the excess of alkslil
titrated with N/100 HCl using phenolphthalein as the indi1.

caetor., A blank correction was run simultaneously and heateg
under identical coaditlons,

Caleculated for C.-H 0
Found 35455 G(COCH3)4

Acetyl percentage = 23.98 Acetyl percentage = 23,10

IR spectrum of the acetyl derivative of cp in e
“‘—_4

The observed peaks and thelr assignmentg are as

follows ¢
Peaks m.l Agsignments
5930 C-H stretching
0854 C-H stretching

1762 Acetate - O



Peaks cm'l
1464

1365 )
1375 )

1248
1215
1025

Assignments
C-H bending

gem-dimethyl

O—COCHS

C-0-C stretching

NMR spectrum of Lhe compound CD

Signals Z

9,26

9.18

9.10

2.00

8.92 to 7.64
7 .98

5,82

4,95 to 4.70

4,68

M-gs spectrum of the compound CD

Main Pesks (Mass numbers)

Assignment

Methyl protons
Methyl protong
Methyl protons
Methyl protonsg
Methylene protogs
Protons of cﬂh_&_
protons of CHgOAC
Protons of CHoAc
Ethylenic protong

414
398
397

15
40
80

Relative Intensit
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Main Peaks (Masgs numbers) Rel: tive Intensity
396 100
381 60
351 18
303 10
288 10
276 15
255 55
229 15
213 20
145 32
127 48

75 2%

Hydrolysis of the compound CD aud ideatificstlon of sugars
The compound (0.l g) and 6% aquous sulphuric acid

(25 ml) were taken in a round boltom flask and refluxed

for 4 hours. The reactlon mixture was zllowed to cool
at Yoo temperature and then extracted With solvant ether

(56 x 25 ml), The ether extract was washed witn water

and drled over N32304..
The residue thus obtalned was crystallised with absolnte

O ()
m.p, 136°- 237°C, []y - 35°(cHeLy)

The solvent was distilled off,

alcohol s



The compound was readily soluble in chloroform,
benzene and solvent ether but sparingly soluble in hexane
and ethanol, The aguecus solution left after extraction
with solvent ether was neutralised with barium carbonate
and filltered. The fllterate was concentrated under
reduced pressure, The concentrate gave positive Molisch's
test and reduced Fehling's solutlon, It also gave colour
with anlline-hydrogen - phthalate reagent, indicating the
presence of a reducing sugar, On descending paper chroma-
tography in ethyl acetate: acetic acid: water (10:3:3) a
single spot appeared when the chrom: tostrip was sprayed
with p -~ anisidine hydrochloride and heated at 110°¢ for
10 minutes (g 0,17). This indicated the presence of only
one sugar which from 1ts He value appeared to be glucose,

o e
This was coafirmed by Co-chromatography with an authentic

sample of D(+)-glucose,

Thin layer chromatography of aglycone

Activated silica gel G plate was spotted with chloro.
form solution of the compound and developed in g tank
saturated with chloroform, The developed plate was alr
dried and sprayed with concentrated sulphuric acid and
heated at 120°C for 15 minutes, single black spot developed

(Rp 0.44).
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Elemental analysis of aglycone

Pt

Found Calculated for CgQHSOO
= 84,50% C = 84,05,
H=11,7% H=12,07%

Reactions of the aglycone

(1) BRugicka's reaction - When a few drops of

tetra nitromethane in chloroform were added to the

chloroform solution of the compound a yellow colour

was observed,

(11) Liebermann.Burchard reaction . The compound

was taken 1in acetic anhydride and a few drops of acetic

acid, addition of a few drops of concenirated sulphuric

acid produced a green colour,

(111) sSalkowski reaction - When a drop of concentrated

sulphuric acid was added to the solution of the compound in

chlorOfOfm a yellow colour developed which changed to red

after sometime.

Compouand was acetylated with a mixture of acetic
anhydride and pyridine. Acetyl derivative was crystallised

o
with chlorofora methanol mixture, m,p, 127 Cs[*]g ~37°(CHC13),
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Elemental analysis of the acetyl derivative

Found Calculated
a for 031H5202
C = 81,11% C = 81,57%

IR sgectrnm.of the aglycone

The observed peaks and thelr assignments are as

follows 3
-1

Peaks cm Asgignment
3623 0-H stretching
2950 C-H stretching
2868 C-H stretching
1660 C=C
1464 C-H bending
1330 ) gem-dimethyl
1365 )
1050 C-0 stretching

f p-butanol extract

Treoatment O
The Ne

anhydrous Nan80, .
nasic and neutral fractions as follows,

butanol extract was washed with water and driled

vor The solution was then separated into

acidic,

The n-butanol solutlon was treated with 10% sodium

picarbonate solution (5 x 26 ml), The n-butanol solution
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was then extracted with 2V sulphyrie acid (4 x 30 m1) The
. A

neutral n-butanol extract so left, was washed with watep
: ’

Jazso4 and evaporated undep reduced pressype to
give a "reddish solid" (50 mg),

dried over

The sodium bicarbonate extraet was neutralyzeq by
hydrochlorie acid and extracted with ¢hloroform,

chloroform solution after evaporation underp reduced pres.

sure did aot yleld any residue,

The sulphuric acld extract was neutralyzed by sodium

hydroxide, extracted with chloroform ang dried over Nhaso
4.
0n evaporating chloroform under reduced Pressure no residue

was lefto

Chromatography of the"reddish soliqd®

The above solld was chromatographeq on neutral aluming,
(20 g) column, The column was eluted with chloroform sng
with a mixture of chloroform and methanol (9:1) successively

Finally the column was washed with methanol (250 m1) and 25

ml fractions were collected,

Chloroform fractions showed no spot on t3c and henag
were discarded., Elutes from chloroform and methano] (911) were
combined according to tlc pattern, The golyent mixture wag

evaporated under reduced pressure to yielgq g white solig

QE.
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Thin layer chromatography of the compound CE

Activated plate of silica gel G was spotted with

ethanol solution of the compound and developed in a tank
saturated with chloroform: methanol (10:1.,5), The ailr
dried plate was sprayed with concentrated sulphuaric acig,
A single reddish spot developed, It was heated at 120°C

for 15 minutes, the spot turned black and no other spot

appeared .,

Resctions of the compound CE

(1) Lisbermann-Burchard reaction - The compound
was taken in a few drops of acetic acid and 2 ml of acetic
anhydride, On adding a few drops of concentrated sulphuric
acld a pink colour developed which immediately changed to

bluish green,

(11} Rugicka's reaction - When a few drops of the
chloroform solution of tetranitromethane were added to a

chloroform solution of the compound, a yellow cclour was

observed,

IR spectrum of the compouni CE in KBr
Peaks cnr]' Asslgnment
0-H stretching

3400

2968
0025 C=-H stretching

C-H stretching
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Peaks cm™2 Assignment
2850 C-H stretching
1650 Cc=C

1380 ) gem-dimethyl
1365 )

1150-1015 Various C-0.C

Hydrolysis of the compound CE and identification of guegar

The compound (10 mg, and 7% aguous sulphuric aciq
(5,0 ml) were taken in a round bottom flask, and refluxed
for 5 hours. The reaction mixture was allowed to cool
at room temperature and then extracted with chloroform
(4 x 10 ml), The chloroform extract was washed with water
and dried over anhydrous N32804. The solveat was distilleqd

off, A very small amount of residue was obtained,

The compound was readily soluble in chloroforn,
benzene and solvent ether, but 8paringly soluble in hexane
and ethanol, The aqueous solutlon left after extraction
with chloroform was neutralised with bariuym ¢carbonate and
filtered. The filterate was concentrated under reduced
pressure, 7The concentrate gave positive Molischt's test
and reduced Fehling's solution, It algo gave colour with
aniline hydrogea-phthalate reagent, ladicating the presence

of a reduclng sugar, On descending paper chromatography



in ethylacetate: acetic acid: watep (10:3:3) a single spot
appeared when the chromatostrip was sprayed with p.anisiqine
hydrochloride andheated at 110°¢ for 10 minntes (R 0.17),

This indicated the presence of only one sugar which from 1its

R, value appeared to be glucose, This was confirmed py

b o
Co- paper chromatography with an authentic Sample of D(+ ).

glucose,

Thin layer chromatography of the gglxcone

ctivated sllica gel G plate was Spotted with chloroform

solution of the compound and developed in g tank saturated

with chloroform, The developed plate was aip dried, sprayed

wilth concentrated sulphuric acid and heated at 120°% for
O minutes, a single black spot developed (Rt 0.38).

Reactions of the aglycone

(1) Salkowski reaction -
sulphuric acld was added to the solution or the compoung in

When a drop of concentrated

chloroform a yellow colour developed which changed to red

after sometime,

Ruzicks's reaction - When g fey drops of tetra.

(11)
nitromethane in chloroform were added to tpg chloroform

solution of the compound, a yellow colour was observed,
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The rools of A, bracteata were extracted with petro.
leum~ether and the neatral fraction wag chromatographes
on neutral alumina column, Elution of column with petro-
leum ether, petroleum ether and benzene (10.1), pure
benzene, benzene and chlorofonm (1:1) gave compounds AA,
m.p. 66° ¢, AB, m.p, 81 C, AC, m.p. 85°C ang AD, m,p. 137%
successively, Examinatlon orf AAyAB, AC and AD on thig

layer chromatography showed tnem to be homogeneous,

Study of the compound AA

The elemental analysis of the compoung corresponds to

the molecular formula 031564. This formuyla ig supported

by the molecular lon peak m/e 436,

The IR spectrum of the compound 1n KBr shows band s

at 725 cm”% and 714 cm-l, indicating a long n.alkane chain,
Strong absorption bands at 2920 cm’1 and 2850 cm'l Indicate
large number of -Chg groupg} NMR spectrum of the compound
gives only two signals, one at 9,12 ( assigned to -CHa
protons and another sirong signal at 8,74 K¢ assigned to

_CH_ protons, This also 1nd1c§fes 1t to be g straight chain
2

aliphatic saturated hydrocarbon,
-
Mass spectrum of the compound AA shows no (M-15) pesk,
but an intense molecular ion peak and fragmants of 14 mass

units were observed, This further showg that the compound



under study is a streight chein aliphatic hydPOCarbog?

The hydrocarbon has been identified as Hentrilacontan
e

(AA).
CH = Cli - (Vli)_~Clly= CHy
AA

Identification of Hentriacontane was further con-

firmed by mixed melting point and superimposable IR

spectrum with an authentic sample.

study_ of the compound AB
and AB is a white solid, melting polnt

The compo
1 analysls of the compound corres-

0.

g2, The elementa
ponds to the molecular formula, ChqB.,

Chemiczl gtudies

It forms fin
The meltling

e needle shaped crystals with hydroxy-

lamine. point of the oxime derivative was

0
determined to be 59 C.

It gave negative tests for sterolds and triterpenes
.
It also does 1ot react with sodium bisulphite to farm

a crystalline derivative.

gpectral studied
he compound in carbon tetrachloride

1R gpectrun of t

at 1720 cm™* indicating that the

ghowed a gtrong peak



compound has a carbonyl function, The oihep important
pecks are at 722 em™?% ang 715 cm~? indicating o N-alkane

chain, Thus the compound CB appears to be o saturated

aliphatic ketone.

The molecular formula 1s supporteq by the moleculap

ion peak m/e 450 in mass spectrum, The other important
peaks are at m/e 239 and m/e 255 (100 z).

Cn the basls of these studies the ketone was ident1.

fied as Hentrlacontan-lé-one (AB)
c

I
CHg~ (CHy)) 4= CBy-C- Chym (CH ), 3O
AB

The above structure for the ketone hag been furtherp
confirmed by 1ts nuclear magnetic resonance Spectrum, The
NMR spectrum shows the signal at 9,12 7 assigned to six
methyl protons, and a strong signal at 8,79 T due to
methylene protons, A multiplet centred at 7.g0 1 18

assigned to four methylenlc protons next to carbonyl fune.

tion,
IJdentification of Hentriacontan-IG-one was further

confirmed by mixed melting podint, Superimposable IR

spectrum and by Co-tlc with an authentic sample,
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e

study of the compound AC

The compound 1s a white solid, m.p, 85°C, The elemen-
tal analysis of the compound corresponds to molecular formula,
081H64O' The compound gave a negativeszetranitromethane test,
showing thie to be a saturated compound,

IR spectrum of the compound in carbon tetrachloride

-1

showed a peak at 3630 cm indicating the presence of a hydroxyl
group in the compound, Presence of the hydroxyl group was
further supported by a triplet at 6,32 ( 1n the NMR spectrum,

which also had a singlet at 9,10 T and a stroag signal at

8,68 (.a8

The IR spectrum
-1
715 cmI.l and 725 em , indicating the presence of normal

The compound with acetic anhydride and

signed to methyl and methylene protons respectively,

of the compound in KBr showed peaks at

alkane chaln,

pyridine formed an scetyl derivative, m,p, 76°C. The IR

spctrum of the acetate 1n 0014 showed peaks at 1740 cm™*

-1
(acetate CO) and 1235 em = ( -0-CO). Elemental analysis
of the acetate corresponds to the molecular formula

c H.0, This compound was identifled as Hentriacontol,
3366 ¢

The identity of the compound was finally established
by mixed m.p.,Co-tlc and a superimposable IR spectrum of

the compound with an authentic sample of Hentriacontol

(AC).
CHy~ (CHy)  ~CHoOH

AC



Study of the compound AD
The elemental analysis of the conmpound corresponds

to the molecular formula C29H500.

The compound gave a green colour ln Liebermann-
Burchard test?zred colouratlon in Salkowski tes% and
a yellow colouration with :etranitromethang? When
alcoholic solution of digltonin was added to the zlco-

holic solution of the compound, a precipitate was formed
0
(digitonide m.p. 226 c).

on the basis of the colour reactlons and molecylar

formula, the compound umder study appears to be a steroid,

IR spectrum of the compound in KBr showed peak at 3625 cmf}

indicating the presence of hydroxyl group.

The compound on acetylation with acetlc anhydride

and pyridine formed an acetate, m,.p, 1280qi;ﬁb_ 38°

(chloroform), IR spectrum of the acetate showed peaks at
-1 . -1
te-C0) and 1236 cm ~ (0-CO-CH ),
1748 cm  {aceta 3)

The elemental analysls of the acetate corresponds
to the formnla CgziH5n02y indicating ihe presence of one

in the compound AD. On the basis of

hyd roxyl func tion
ve observatlons the compound under study appears to

abo
be ﬁ- SitOBtemlo



3 57 ¢

e :

The identity of the compound was further establisheq
by mixed m,p,, Co-tlec and Superimposable IR Spectra of th
=

sterol and 1ts acetate with authentic Samples of B-sit
08-

terol and 1ts acetate,

iregtment of the alcoholic oxtrast of Aristoloeni oragtes 2
w had Q t
Alcoholic extract of the defatteqd roots of 4 bract ata
e Y ) e
was further extracted with solvent ether, chloroform ang

ethyl acetate successively in g liguid-11quig extractop

The solvent ether extract was then Separated into acidy
Cy

basic and neutral fractions, The acidie fraction ypoy u
8~

ual processing gave a yellow crystalline compound AR meltin
g
point, 278°~ 280°C (decomposition),

Study of the compound AE
The homogeneity of the compound wag established by

thin layer-chromatography over cellnlose Plates using

butanol, acetle acld anl vater in the ratio (25:0,3,p)
as an irrigating solvent. Concenirateg sul phurig acid
»

and chlorosulphonic acld (Stahl) were, for Tevealing the

spots,



The R, value in the above system was determined to be

0,92

The elemental analysis of the compound AE corres-

ponds to the molecular formula, C17H1107n.

The compound AE gave a positive Lassaigne test for

nitrogen and evolved carbon dioxide on treatment with

sodium bicarbonate solution,

The infra-red and ultravlolet spectra of this product

4,65
resembled with those reporteg for Aristolochic acid,

The acld AE on methylation with an etherial solution

of diazomethane gave & methyl ester C;aH, 0,0, which was

crystallized a8 yellow needles from hot methanol., Melting

(o]
point, 282°C (reported MePe 281°C,.

The acid after reduction with zinc dust and 2N

loric acld was refluxed in glaclal acetic acid

nydroch
This procedure vielded a lactam as a

for 20 minutes.

yellow precipitate.

he yellow impure product was purified by subli-

K
under vacuus (0.1 mmé43t 70 C).melting point

mation
318%¢).

317°c (reported; MePe
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Ardstolchie aAcig
A8

The identify of the compound AR as aristolochic aclg

was further coafirmed by mixed melting point, Co.tig and
superimposable IR speetrum with an authentic sanple,

Study of the basic fraction

A crude base was obtained from solvent ether

extract and 1t was named as AP

Stpndv of the compound AF

The homogenelty of the bage AF wgg eatablisheg by
thin layer chromatography on neutral alumipa plates using

chloroform and methanol (96:5) as a developing Solvent
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8
and Dragendorff's reageng and concenirated sul hurie 1
' acid

for visualizing the spots, Dragendorfrrg reagent g
ave g

single orange colour spot,

All attempts to crystallize the alkaloid AF fai} d.
e

The alkaloid developed a brown ¢olour, when exposed t
e 0

air,

Compound AF gave a positive Lassaigne test for
nitrogen. UV absorption spectrum of the compoyng in
methanol showed absorption maxima at 215 ppm and 273 nm,
IR absorption spectrum showed the Sharacteristic band at

-1
asslgned to -OH group, Peaks at 3525 em~ -1 and

3640 cm
-1
3450 cm  were assigned to -NH 8tlretching vibrations ung
a
at 1640 cm due to the bending Vibrationglof -N¥H, On

the basis of above observations the ctompornd undep stug
y
appears to be an alkaloiqd,

As the alkalold AF wes obtalned in 4 very small

amount, i1t was not possible to co.tinge further work on it

Study of the agueous extract of A, bracteats

In the agueous extract, glucose fructpge have been
identified by Co-paper chromatography, Quantitative
egstimation of sugars was carried out hy using phenogl.

66
sulphuric acid method, The following results wepe

obtalned;
2.26%

Glucose
Fructose = 1,84%



EXPERIMENT 4 1

The plant A, bracteata was Collected locally .ng also

from nearby villages, It was alr dried fop about twe .. o
S \’ B.

The roots were separated from rest of the plant and were mag
e

into the powdered fom,

were extracted ip soxlet apparatyg

o
- 807°C) rfor 70 hours, Solvent
and the dark reddish

About 3.0 Kg roots

with petroleum ether (b,p, 60°
was distilled under reduced Pressure,
resldue so obtalned was dissolved in hot methanol-acetone
(1:1) mixture and kept in a refrigerator, reddish waxy

solild which separated out, was filtered, The Iilterate was

concentrated and again kept in g refrigerator, when 80me
more s0lid separated. This so0lild was mixeq with Previougly

obtained solid. The process was repeated thrice, The solig

material so obtalned was collected and the Tilterate which

contains mainly colouring matter was discardeqd,

The soldid waxy mass (14,2 g) was dissolved ip solvent

ether and separated into acidic, basic gng neutral frgg.

tions, The neutral, ether soluble fraction was washed
thoronghly with water and dried over anhyqrons soqyugy g,q

phate, The solvent was evaporated to dryness to g1y,
solid (12,40 g).
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Thin layer chromatography of this crude solid showed
four main spots in different solvent systems, The plates

were sprayed with concentrated sulphurlc acld and heated

for 15 minutes at 120°C,

Treatment of neutral material
the solid (11.5 g) was dissolved in minimum gquantity

of chloroform and was adsorbed on 40g of neutral alumina
It wes then placed onrhe top of a chromatographlc column

(36"x3" ), packed previously with 400g of neutral alumina

Development of th
of increasing polarity, starting with petroleum ether and

e column was carried out wilth solvents

ending with chloroform, Elutes were collected in fractions

of 50 ml each and evaporated to dryness under vacuum,

Fractions from the column were divided into four portions
on the basis of tle pattern and were designated as A,B,C
and D, Each portion was rechromatographed on neutral

alumina of Brockmann activity.

Cgromatograggx of portion A
) was Chmmatographed on alumina

portion A (2.25 £.
using petroleum ather for elution., 25 ml fractions were

First fract
ombined on the basls of tle pattern, The

collected. {on was discarded, Fractions 2

to 7 were ¢
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residue on repeated cerystalllzation with hexane gave whi
ave white

shining flakes
AA (1.2 g) melting point 67°C,

Remaining fractions were mixed together, evaporated
e

to dryness under reduced pressure and were combined with
i
portion B.

Chromatozraphy of portion B
portion B (1.6 g) was adsorbed on 4,0 g of neutral

slumina and placed on the top of a column (30"x1”) packed

y with neutral alumina (80g). The column was

previousl
um ether (60 ml) and the washings were

washed with petrole

discarded. It was then eluted wlth petroleum ether:
benzene (10:1) mixture 25 ml fractlons were collected
0 were comblned on the basis of tle pattern

Fractions 4 to 1

The combined glute was eva
amorphous solld was crystallised twice with

e a white crystalline compound AB (0,70 g)
’

porated to dryness under vacuum

The white

hexane to giv

melting point g20C.,
(10:1) and elutes from benzene were found to be

Later fractions of petroleum ether:

benzene
4t least two compounds. The fractions showing

mixtures of

these mixtures were mixed with portlon C,
') f t c

hromat
g) was adsorbed on alumina (4g) and

portion C (0.9
of alumina (60g) column (25"x3/4")

was placed ©R top



The column was washed with 75 ml of petroleum ether;benge
ne

(1:1) and the washings were discarded. The colump was th
en

eluted with benzene and finally with chlorofom 25 mil

fractions were collected, The fipst four fractions of

benzene elutes were discarded, The fractions 5 to 12 were
comblned on the basis of tlec pattern, Later elutes of
benzene and elutes from chloroform were combined and rechpo.
matographed. The compound was cerystallised twice with chlo.

roform at room temperature to give a white ¢rystalline com.

pound AC (0,35 8), melting point 85°c,

Chromatography of portion D

Portion D (4,0 g) was chromatographed on neutral

alumina (80.0 g) column (25"x1"). Elution was carrled out

successively with benzene, mixture
Finally the column was washed with

of bengzene: ¢hloroform

and oure chloroform,

ethanol, 25 ml fractions were collected,

Benzene fractions (150 ml) were discarded, Elutes
from benzene: chloroform (1:1) were combined on the basis
of tle pattern, The compound was crystallised with ace.
tone to give a white crystalline compound ap (1.5 g),

0.

melting point 137 C.
T layer ¢ LOZT Qi _the compound Aa
Hexane solution of the compound was spotted on

activated silica gel G plate. The plate was developeg
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in t
o tank saturated with petroleum ether (40° 60°
The developed plate was ailr dried and sprayed >
ed with
concentrated sulphuric acid, The chromato
gram on

black spot at solvent froat.

Elemental analysis of the compound AA

Calculated fo
r Cay1Hs4

Found
C = 84.52% ¢ = 84,32%
H = 14.82% H = 14.67%

So;upilitg of the compound AA

The compound is highly soluble in chloroform, eth
[} er,

penzene and hexane. It is sparingly soluble 1in acet
one,

methanol and ethanol.

of the compound AA in KBr

IR spectrum ¢

The observedpe

aks and thelr assignments are as

follows ¢

Paaks cmfl Assignment
2920 C~H stretching
2850 C-.H stretching
1,460 C-H bending
1375 C-.H bending
795 n-alkane chaln

714 n-alkane ¢hailn
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NMR spectrum of the compound AA in CCl
-~ 4

Signal ( Assignment
9,12 methyl protons
8.75 methylene protons

Thin layer chromatography of the compound AB

A little amount of the compound was dissolved in

chloroform. Activated silica gel G plate was spotteqd

with this solution and developed in a tank saturated

with petroleum ether: benzene (4:1). The developed

plate was air dried and sprayed with concentrated syl.

phuric acid. The chromatogram on heating at 120°C fop

30 minutes developed a single black spot (2 0,75).

Rlemental analvsis of the compound AB

Calculated for 031H62°

Found
C = 82.36% C = 82.66%
H = 14,28 H = 13.774

jubilit of the compoungd 4

7u is soluble in ether, chloroform and sparingly

water.



csompound An
The observeg peaks ang thelr assignments are ag
follows ;

-l
Peaks cm

&s;grmmnts

2915 C-H stretohing
2855 G- Streteching
1720 C=0 Stretching
1460 C~H bending of -CH‘3 and -Cgé
1408 -cuz-co-
13756 (-H bending of-Cﬂa
ligz C-0 8tretching
1170 C~0 Stretching
722 ) N~alkane chaip
715 )

Preparation of oxime of compound ar

A mixture of 40 mg of the compoung and 40 mg op
hydroxylamine hydrochloride was taken in 50 m roung

bottom flask, To this 5§ ml of glcohel and few dropg

The contents of the flagk
were refluxed on water bath for g0 mlnuteg,

of pyridine were added,

Alcohol
s distilled off and 5 ml water was addeq, ppe
wa
residue was cooled in 1ice bath and filtereq, The

de oxime was crystalllsed from ethane; melting pojnt
ery

0
was found to be 58°C.



Thin layer chromgtnggghx t com
o) A

Actlvated silica gel G plate was spotted with

chloroform solution of
the compound ang
developed in

a tank of benzene: chloroform (1:1)

The developed plate was air dried and Sp
rayed
with concentrated sulphuric acld, The chrom t
atogram on

heating at 120°
ating at 120°C for 15 minutes developed a single black

spot (Rp 0.46).

Elemental analysis of the compound AcC
Calculated for 0318,40
Q

Found
C = 82,70% C = 82,30%
H = 14.32% H = 14,15%

Solubility of the compound AC
The compound 1is soluble 1n benzene, chloroform
’

ether and is sparingly soluble in acetone, ethanol

and me thanol .

IR spectrum of the compound AC in le4
The observed peaks and thelr assignments are
as

followss 1
ke cm- Assignments
3630 0-H stretching

C-H stretching

2925
0952 C-H stretching
1462 C-H bending

1040 C-0 8traetehing



NMd svectrum of the

comoound AQ

Signals T Assignments

9.10 singlet Methyl pProtons

8.68 singlet methylene protons

6.32 triplet proton of .of group

attached to g nethylene
group

Acetvlation of the compound AC

The compound (50 mg) was taken ip » mixture of

acetlc anhydride (5 ml) and pyridine (10 m1) and wag

stirred mechanically with slignt warming for g hours,

The mixiure was Kept overnight, It was then poureg

over crushed ice. A white solid separateq out, This

The etherial soly-
tioao was thoroughly washed with “ater, dried over

was extracted with solvent ether,

Na2504 and evaporated to dryness, The residue wag
o)
crystallised with ethanol, m.,p, 756 C,

Thin layer chromatography of the acetyl derivative of AC

Activated silica gel G plate wag Spotted with
chloroform solutilon of the compound and wge developeq
in a tank of petroleum ether: benzene (1:2), The
developed plate was adr dried ang SPrayed with concen.
trated sulphuric acid. The chromatogram op heating

t 120° for 15 minutes gave a single dlack gpot
a

(Rr 0.65)’
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Elemental anslvsis of the acetyl derivati o o e
Foung Caleul
Tated for Ca3fg50,

H=13,16% H= 13,364

IR spectrum of acetyl derivaty 8 0f 4C in o1

The observed peake and theip assignments ape g

follows 3

-1
Peaks cm ﬁﬂﬂiﬁ&ﬂgggg

C-H stretching

2925
2852 C-H stretening
1740 Acetate-CO
1465 C-H bending
1362 C-E bending
1235 0-COCHg

Thin layer chromatography of the comnound Ap
_______5gL___________E__E_Z___________________

A small gquantity of the compound wag dissolvedq in
chloroform, Activated sillca gel ¢ Plates were spotteq
with this solutlon and were developed 1p a tank saturateg

with
(a) ¢hloroform: benzene (1:1)

(b) pure chloroform

The developed plates were alr dpieq 804 sprayeq

with concentrated sulphuric acid, The ehr°mat0grams



were hezted at 120°C for 20 nlautes, A slngle red spot
turning black sppeared in each Ccase,
e (a) 0.23
(b) 0.46

Elemental analysis of the compound AD
Calculated for Cagligg0

Found
C = 83.,96% C = 84,05%
H - 12.15% H = 12'07%

Regctlons of the compound AD

(1) Liebermgnn-Burchard reaction < The compound wag

taken in a few drops of acetic acid and 2 ml of acetic
When a drop of concentrated sulphuric acig

anhydride.

was added a green colour developed,

(11) Salkowski reaction =~ The compound was dissolved
in chloroform and a few drops of concentrated sulphuric

scid were =dded. A deep red colour was observed,

(1i1) Ruzicka's reaction

n of tetranitromethane were added to o

~ When a few drops of chloro.

form solutio
n of the compound, a yellow colour

chloroform solutio

ne compound iR CollsOH  was treated with

(iv) when t
on of digitonin a precipitate wag

alcoholic solutl

formed.



I spectrum of the compound Ap in LCI

The observed peaks and their assignments gpg

as
follows ;
Peaks cm™ 2 Agsignment
3625 O=H stretching
2950 C-H stretching
2870 C-H stretching
1465 C-H bending
1385 ) gem dimethyl
1362 )
1048 C-~0 stretching
1020 C-0 stretching

Acetylation of the compound AD
The compound (60 mg) was acetylateq with g nixtupre
of acetic anhydride (5 ml) and pyridine (1 m1) py usual
method. The acetylated product was Crystalliseq from
ethanol to give white flakes (50 mg), m,p, 12g°

Cled o na0
z&% ae
(chlorofornm),
Elementgl analysis of the acetyl derivative or the ¢ A
Found Calculated for C31H§2°°

- 11.52% H= 11,404
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ireatment orf the aleoholie extract of A-bracteats

The defatted roots of A.Bracteata (g Kg) were

eéxiracted with ethanol in a2 soxhlet extractor, Ethanel

75 ml dist111eq
valer was added and the mixtyre was subjected to Tatiae

was distilled under reduced Pressure,

l1quild extraction successively with solvent ether ang
ethylacetate,

Etherial solution was washed with 1ittle water,
dried over NagSOy and extracted with 10% sodium bicap.
bonate solution, JSodium bicarbonate extract op acldirfi.
cation gave a brown coloured precipitate, The brown

orecipitate was extracted from the agueous Solutlon witp
chloroform {6 x 50 ml), The chloroform eXtract wag washed
with water(d x 26 ml) dried over Na,S0, and the c¢hlorofopn
was evaporated. A yellow coloured solid (0,82 g) was

obtained.

Treatment of gcigic fracticn

he layer chromatography of the sample of the yellow
The
1lulose plate revealed two gpots of
duct on ce
coloured pro

nt
which oaly one was prominent,

y _fprep rative tle
Purification of AE b e pa

67
was purified by preparative tlg

lose plate which had been sprayed with o
iulo
using cel



$ 74

buff
er solution (pH9.2% consisting of sodium carbonate

(0,06 M) and sodium bicarbonate (0,05M) and had then

been drled at room iemperature, The compound AR was

applied in ethanol solution and plates were developed

in butanol: acetic acld and water in the ratio
The compound AE

(25:0,1:25) as an 1irrigating solvent,
The

was extracted from the cellulose with ethanol,
solvent was evaporated, ihe residue was suspended in

chloroform, and the compound was regenerated by addi-

tion of dilute hydrochlorlc acld. The product was

recrystallized from ethanol, m,p. 280(d) (reported

m,p, 281 - 286°C).

Solubility of the compound AE

The compound 1is soluble in methanol, ethanol,

sparingly soluble 1n acetone, chloroform and 1insoluble

in water.

Reactions of the compound AE

ine compound gave a positive test for nitrogen

and for carboxylic group.

Esterification of the compound AE
ompound (20 mg) was dissolved in warm dioxane

The ¢
After cooling, diazcmethane in ether was added

(2 ml),



and the mixture was allowed to stand for about four hours,
The solvent was evaporated amd the residue was dissolved

in chloroform (30 ml). The chlornform layer was washed with
water (20 ml) dried over 332304 and concentrated, The

es.er was crystallized from hot methanol as yellow needles

(15 mg), m.p. 282°C,

The ester was sparingly soluble in most of the solvents,

Preparation of the lactam of the compound AE

50 mg of the compound was mixed with 200 mg of zine
dust (activated by brief treatment with 2N hydrochloric

acid, washed with water and ether, dried at 70°C for two

hours) in glacial acetic acid (10 ml) was refluxed gently

for 25 minutes, The solution was flltered and diluted with

water to glve a yellow preclpitate which was purifled by

o
sublimation under vacuum (0,1 mm / at 707°C), melting poiat

319°C,

Tpreatment of the basic fraction

The aqueous extract, obtalned by treating alcoholic

t with 2§ sulphuric acid, was neutralized by sodium

extrac
The solution was extracted with chloroform in

hydroxide.

a separating funnel. The chloroform extract was dried over

anhydrous Na,50, for overnight, On evaporating chloroform
under reduced pressure, a brownigh substance was left (10 mg),
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Thin layer chrom.tography of AF

The plate was prepared with a slurry of
in water., The alr dried plate was activated
120°¢C for 15 minutes, The plate was spotied
solution of the basilc fraction and developed
rated with chloroform: methanol (95:5). The
was alr drled and sprayed with Dragendorff's

orange coloured spot developed (Rg 0,95),

The ¢

splubility of the compound AF

It is soluble in ethyl

ether but insoluble 1in water.

1TV spectrum of the compound AF in methanol

e compound gave the following bands

Th
Amax 215 nm

Amax 272 nm

gpectrum of T in chloroio

The IR spectr

peaks atb the followlng wave numbers 3

3640 cm

-1
2850 cm‘l, 1735 cm Ty

-1 -1 1185 i
1375 ey 1265 cm 9 ’

970 cm"l and 865 er™ 2.

alumina (wolem)
by heating gt

with chloroform
in a tank satu.
developed plate

reagent, One

ompound gave & positive test for nitrogen,

alcohol, chloroform, solvent

um of the compound showed absorption

a1 g
-1 3525 cm'l, 3450 cm , 2940 cm
1640 cm™ T, 1470 cm
1040 o 7,
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Detection of sugars in A, bracteata

The alcoholic extract of 4, bracteata was tested for

sugars. It gave positive Holisch's test, reduced Fehling's

solution and produced colour with aniline hydrogen phthalate
reagent, ladicating the presence of redueing sugars, Papep
chromatography d the sugar mixture showed the Presence of

two sugars, <lhese sugars were identified by Co-paper chroma-

tography (descending) on Whatmannpaper No.l 1in ethyl acetate:
acetic acid: water (10:3:3), p-Anisidine hydrochloride wag

used a8 a spraylng reagent. The sugars identifieq were

glucose (Rg 0.17) and fructose (Rf 0.25).

Quantitative estimation of sugars

Alr dried and powdered roots (100 g) of A, brﬁgtgatg
were extracted with 75% ethanol in a soxhlet apparatus

for 50 hours and was distllled to concentrate the solution,

Animal charcoal was added to the solution and the

solution was filtered through sintered funnel., It was

then treated with neutral lead acetate, Excess of Pp*tt

were removed by addition of sodium hydrogen phosphate agng

the precipltate was filtered off, The solvent was then

removed under reduced pressure, The residue was dissolveq

in water and transferred to 100 ml measuring flask, The

volume was made up to the mark,



Paper chromatography (Quantitative)
Chromatography (descending) was done on Whatmann
No, 1 chromatographic paper. Two sheets (8" x 1g") were
taken, One sheet was used as a blank, A base line was
drawn, The paper was spotted along the base line at
five places each with 10 sugar solutiong Chromatograms
were developed in a chamber saturated with ethylacetate;

acetic acid: water (10:3:3), The chromatogram was allowed

to overflow for 8 hours, so that sugars are clearly sepae

rated, The paper chromatogram was dried at roonm tempera~

ture, One morginal strip was cut and sprayed with
p-anisidine hydrochloride. On heating the chromatostrip
at 120°C for 15 minntes the appearance of the spots markeg
the distance the sugars had travelled in the Strip and the
unsprayed section, After reassembling the chromatostripa,

the best-line of demarcation was drawn between the two

spots, and the sectionswere cut out. Corresponding blanks

were cut from the blank paper, The strips containing

glucose, fructose and thelr corresponding blanks were trang.
ferred to wide mouth test tubes, and 20 ml water was addegq
to each test tube, The tubes were then allowed to stang
for 30 minutes with occaslonal shaking and warming, The
eluteg were flltered through glass wool and the concen-

tration of sugar was determined by phenol sulphurle aciq

method,
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2 ml of suger solution was taken with 1 ml of

8% phenol (in water) in a pyrex test tube, to this
solution § ml of sulphuric acid (A.R,) were added
rapldly, A plnk colour developed in each case, The
test tube was allowed to stand for 30 minutes and the

absorbance was measured at 420 nm in a UV spectro-

photometer, The same procedure was followed with

blank,

A standard absorption curve between micrograms

of sugar and correspondlng absorbance was plotted for

glucose and fructose, A straight line was obtalned in

each case, The amount of sugar was tien determined by

refering to the standard curve and thus the percentage

of glucose and fructose was calculated in the roots of

A. brecteata. The procedure was repeated thrice undep

identical conditions.
fructose obtained 1n each case was within + 14, The

The percentage of glucose and

average of the percentage of sugars was caleculated on
the basls of the weight of dry roots,

Glucose = 1,42%
2.20%

Fructose
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Freshly dried plants of Convolvulus pluricaulis

(3.6 Kg) were powdered and extracted with petroleum

ether, The neutral fraction of the extract was 2hroma,

tographed on neutral alumina colunn, The column was

elfuted with petroleum ether, petroleum ether: benzene
(95:5), pure benzene, benzene: chloroform (1:1), This
procedure gave four compounds CA, m,.p, 6?°C, CB, m.p

&)
74°c, cc¢, m.p. 86°C and CD, m,p. 137°¢C,

Examinatlon of these compounds on thin layer

chromatography showed them to be homogeneous,

Study of the compound CA
The elemental analysis of the compound corres-

ponds to the molecular formula C31H64. This formula

is supported by molecular lon peak m/e 436 1n mass
Mags spectrum aoes not show (MLlSj peak,

Spectrum.
but an intense molecular ion peak and fragements of

14 1, 88 units were observed. This indicates that the

an
compound 1is a stralght chain aliphatic hydrocarboﬁf

IR spectrum of the compotund in KBr shows charac-

=l -
teristlc bands at 725 cm and 714 cm 1 indicating a
2,50 -
*“Strong absorption bands at 2920 cm1
51

4
long n-alkane chaln.
presence of large number of -CH, groups,

indicate the
the compound gives only two sig-

NMR spectrum of
which is due to methyl protous. The

nals, one at 2,12 {
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second strong signal at 8,75 T 1s due to methylene protons
Therefore NMR spectrum furrther indicates that the compound
1s a straight chain saturated aliphatic hydrocarbon

On the basls of above studies the compound CA has been

idetified us Hentriacontane,
Chao Cﬂz- (032)27— CHZ- CHG

€A

Identification of Hentriacontane was further confinp

med by mixed m.p. and superimposable IR spectrum with an

authentlc sample.

Study of the compound CB

The compound CB 1s a white solid,melting point 74%:,
The elemental analysis of the compound corresponds o the

molecular formula CpgHzg0.

Chemical studies
The compound did not glve yellow colour with tetra-
4

nitromethane, indicating 1its saturated character. It gave

negative tests for steroids and triterpenes. With hydroxy.

lamine it formed an oxime derivative which erystallised from

O
ethyl alcohol into fine needle shaped crystals, m.p, 49 C,



Spectral studies
The IR spectrum of the compound in KBr shows g

strong peak at 1733 em™ > indicating the presence of

carbonyl function, Te peaks at 722 cm™ % and 715 om™?

indicate a n-alkane chain, Therefore the compoung

appears to be a saturated aliphatic long chain ketone,
The NMR spectrum of the compound shows a signal at

9,12 { assigned to six methyl protons, and a strong

signal at 8,72 ( due to methylene protons., A multi-

plet centred at 7,60 { 1s assigned to four methylenic

protons next to carbonyl function,

Mass spectral study of the ketone CB
Mass spectrometry of ketones glve a characteristic

fragmentation pattern which helps 1n the determination

of the position of the ketone group, Ketones are known

to undergo frequent rearrangements in mass spectrum
through a six membered ring intermediate, followed by

A
fragmentation withhretention of the positive charge on

the oxygen contalning fragments, Fragmentation pattern

0
of Nonacosam-7-0ne ak observed by V. Wollraz in mass

spectrum 1is given below.
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+
C”’ C:’ —_— S -~

m/e 113 n/e 129
u::a- (L‘Ez )s-c- (0}1.2)21-61!3
#onacosane7-0ne
N
OH
‘4 > A
L,;.:’-(\.nz)zl-(::-uuz Ciia- \Cﬂz)zl-c- o]
m/e 352 n/e 337

In the mass spectrum of the Ketone CB no signifieant
(M;15)qpeak was observed. This iandicates that ketone CB
has a straight chaigf Mass spectrum shows (M+lj peak
characteristic of asymmeirical ketonez?’7%he ratio of ﬁ+

+
to (M+1) 1s two,

The molecular formula of the compound CB is supporteqd
by molecular lon peak m/e 422, The other important peaks
obtained in the spectrum of CB are m/e 310, m/e 295, m/e
171 and m/e 155, These mass fragments can be explained
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on the basils or the fragmentation pattern given by Vv

Wollrab, by assligning structure (I) to the ketone CB

?H
| - { «C=CH J T
CH3 (Chg)18 C L“gf CH3-(CHé)1B“C§£0'
m/e 310 n/e 295

\

CHS-(CH2)19f6°(052)3'C33

§ ' \\\.
»
m/e 171 m/e 158

ndy of ihe compound CC
The

0
The compound is a white solid, m.p, 84 C.

elemental analysis corresponds to the mclecular formula,

C..H. .0, The compound gave negative tetranitromethane
3164 "
test showing this to be a saturated compound.,



&

IR spectrum of the compound CC in KBr shows a peak
at 3425 cm'l indlcating the presence of s hydroxyl group

in the compound, The absorption band at 1050 cm"l is
assigned to C-0 stretching, The presence of the hydroxyl
group 1s further supported by the triplet at 6.34 { in NMR

spectrum, which also has a singlet at 9,22 ( and a strong
signal at 8,68 ( assigned to methyl and methylene protonas

respectively. It 1s clear that the single oxygen present

in the compound 1s in the form of a hydroxyl function,

with acetlc anhydride and pyridine the compound formeq
0
an acetyl derivative, m.p, 76 C. IR spectrum of the acetate
in CCl, shows pesks at 1742 em™1 (acetate CO) and 1235 cm=1

The elemental analysis of the acetate corres-

( 0- COCIia) .
The compouad CC

ponds to the molecnlar formiia C33ll56020

has been identified as Hentriacontol,

- -CH_OH
CHg- (CHp) ,o=CH,0

CcC

The identity of the compound was finally establisheq
p.,Co-tlc and a superimposable IR spectrum of
*s

by mixed m.
acetate with the authentic samples,

the compound and of the

may be mentloned that Deshpande and Srlvastava

Here 1t
out the study of this plant aad have reported

have carried



the presence of ceryl alcohol, However in our studies no

ceryl alcohol was obtained,

Study of the compound CD
This compound 1s a white crystalline solid, m,p, 137°%

The elemental analysls of the compound corresponds to the
molecular formula CEQHSOO'

The compound gave a green colour in Liebermann.Burcharg

52

test, red colouration in Salkowski tesgaand a yellow coloura.
54

tion with tetranitromethane,

digitonin was added to the alcoholic solution of the compound,

When alcoholic solution of

)
a precipitate was formed (digitonide m,p, 226 ¢),

IR spectrum of the compound in KBr shows peak at

3625 cmtlindicating the presence of hydroxyl group,
Oon the basis of colour reactions and molecular formula,

the compound appears to be a sterold,

The compound on acetylation with acetic anhydride

)
and pyridine formed an acetate, m.p. 12800,[040.33

(chloroform), IR spectrum of the acetate shows peaks at

-1
1748 cm'l (acetate CO) and 1236 cm (O-CO-CHE).
on the basis of above observatlons the compound under

study was ldentifled as A-gitosterol.



The identity of the compound was further confirmed by
mixed m.p., Co-tlc and superimposable IR spectra of the

sterol and 1ts acetate with authentic samples of B-sitosterol

and its acetatle,

Treatment of the alcoholic extract of Convolvulus pluricaulis

The alcohollc extract of the defatted roots and

onvolvulus pluricaulis was concentrated under
This semi-solid

stems of C

reduced pressure to a senl-solld mass,

m~ss was then ex.racted with ethanol, The ethanol extract

ated uader reduced pressure and was kept In the

was concentr
A white crystalline compound

refrigerator for 48 hours,

was separated which was named CE.

study of the compound Ck

compound CE is a white solld,
acetone mixture melts at 232-233 ¢

The which on recrys-

tallisation from aleohol-

(decom) .

the compound was established by

The homogenelty of
think-layer chroﬁiography on silica gel G plates using
nethanol: acetone: nydrochloric acid 1n the ratio (90:10:10)
as an 1rrigating solvent and Dragendroff's reagent for

revealing the spots.



The compound C= gave a positive Lassaigne test rop
nitrogen and a positive test for chloride ilon with silver

nitrate, It also gave positive test for alkaloids with
76

Dragendorff's reagent and ammonium reineckate reagent,

The elemental analysis of the compound corresponds

to the molecular formulg 05H1202NCI.

The Rr value determined in methanol: acetone:

hydrochloric aeid (90:10:10) was found to be 0,64,

IR spectrum of the compound 1in KBr shows strong
74

absorption at 2810 cm’l indicating Nemethyl groups in

A peak at 2565 cm'lis typical for substi.

1

the compound,
is

1irted amines?4 A very strong absorption at 1735 em
assigned to C=0 stretching vibrations. Aaother strong

-1
oeak at 3400 cm =~ indicates hydroxyl group in the com.
1 1s attributed to the over.

A peak at 2500 cm”
Peak at

pound.,
tone and combination band typlcal for salts.

1400 cm"l ig assigned for N-Me deformatlon vibrations,

On the basis of above observations the compound

appears to be a hydrochloride of the basic compound, The

ase was liberated by treating the compound with

free b
The redish brown residue on

moist silver carbonate.

repeated crystallization with absolute alcohol ylelded
()

nygroscopic crystals, m.D» 292-294°C (decomposition),



On the basis of above chemical and spectral studies,

the compound under study appears to be Betalne hydrochloride.

CH -
|

'.
HSC-ﬁ-Cﬁz-COOH

| -
CH4C1

The following derivatlves were prepared

Derivatlves Melting point

nydrolodide 1882190°¢

plorate 183-184°¢C
152-154°C

reineckate



EXPERIMENTAL

Alr dried and powdered roots and stems of Coavolvulys

luricaulls (3,5 Kg), collected locally, were extracted in
a soxhlet apparatus with petroleum ether (60°-80°C) for about

S50 hours, The solvent was distilled under reduced pressure

and the yellow viscous residue (35 g) soobtalned, was taken

in solvent ether, The ether solution was washed with 10%

NafiCO, solution, On acidification of this alkaline extract
’

3
no worthwhile residue was obtained, The ether solution was
then washed with 2N-sulphuric acid, Basification of this

extract with dilute ammonia gave a negligible residue,

Ether soluble neutral material was thoroughly washed

with distilled water and dried over anhydrous sodium sul.
Evaporation of the ether gave a vistous solid

phate,
Chromatography of the viscous solid on tlec plates

(20.5 g) ’
using different solvent systems and spraylng the plates

with concentrated sulphuric acid and heating for 10 mlnutes
at 12000 showed four main spots, 5% aqueous phosphorie acig

was also used as spraylng reagent,
Treatment of neuytral ether soluble material

12.0 g of the solid was dlssolved in minimum quantity
of the solvent ether and was adgsorbed on 30 g of neutral
It was then placed on the top of chromatography

alumina,



column (40"x3") packed previously with 350 g of neutral
alumina,

Development of the column was carried out with solvents
of increasing polarity, starting with petroleunm ether ang
endlng with chloroform. Elutes were c¢ollected in fractiong

of 50 ml each and evaporated to dryness under vacuum, Frac

tions from the column were divided iato four portions on the
bagslis of tlc pattern and were designated as A,B,C and D
.

Each portlon was rechromatographed on neutral alumina of

Brockmann activity - 1.

Chromgiography ol portion A

Portion A (1.5 g) was chromatographed on sglumina using

petroleum ether for elution, 25 ml fractlons were collected

First fraction was discarded, Fractions 2 to 6 were combineg

on the basls of tle pattern, The residue on repeated crys-

tallization with hexane gave white shining flakes CA(1.0 g),

o}
m.p. 67 C.
Remaining fractions were mixed together, evaporatad

to dryness under reduced pressure and were combined with

portion B.

Chromstography_of portion B
portion B (1.0 g) was udsorbed on 3.0 g of neutral

alumina and placed on the top of a column (30"x1%)packed
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previously with neutral alumina (60 g). The column
was

washed with petroleum ether (50 ml) and washings were

discarded, It was then eluted with petiroleum ether:

benzene (10:0,5) mixture and 25 ml fractions were collec

ted. Fractions 3 to 7 were combined on the basls of tle

pattern, The combined elute was evaporated to dryness

under reduced pressure. The amorphous solld was crysta

1lised twice with acetone to give a white crystalline com
o
pound CB (0.50 g), m.P. 74 C. Later fractions of petro-

leum ether: benzene and elutes from benzene shd-sdutes

from=bBensene Were mixed with po

rtion C.

Chromatography of portion C
) was adsorbed on alumina (8 g)

alumina (120 g)

portion C (2,04 &

placed on top of prepacked

and was
The column was washed with 50 ml of

column (40"x3").

petroleum ether: be
discarded. The column wa

ally with chloroform.
o first three fractions of benz

nzene (1:1) and the washlngs were
s then eluted with benzene

and fin 25 ml fractlions were

collected. Th

ene elutes

The fractiouns 4 to 11 were comblned

were discarded.
The solvent mixture was

n the pasis of tlc pattern.

The compound was crystallised twice with

white crys-
The

o

evaporated.

chloroform at roon temperature to glve a

talline compound CC (1.25 g), melting point g4°c,
ombined with portion D,

chloroform fractions were C



Chromatography of portion D

Portion D (2.5 g) was chromatographed on neutpral

alumina (60.0 g) column (25"x1"), Elution was carried

out with benzene, mixture of benzene: chloroform (1:1)

and pure chloroform, Finally the column was washed with

25 ml fractions were collected.
Elutes from benzene:

ethanol, Benzene frac-

tiorns (100 ml) were discarded.

chloroform (1:1) were combined on the basis of tle pattern,

The solvent mixture was evaporated., The compound was crys-

tallised with acetone to glve « white crystalliae solid

e/
CD(2.0 gJ)y MepPs 137 C.

Thin layer chromatography of the compound C4

Small amount of the compound was dissolved in hexane,

This solution was spotted on &tivated silics gel G plate.
The plate was developed in a tank saturated with petroleum
ether (GdEBOOC). The developed plate was alr dried and

sprayed with concentrated sulphuric acid. The chromato-
gram on heating ot 120°C for 15 minutes developed a single

black spot at solvent front,

Elamggsal anglvsis of the compound CA
Calculated for 031564

Found
B
C = 84,32%

H = 14.67%

H = 14.84%



IR spectrum of the compound CA in KBr

The observed peaks and their assignments gre as

follows:
Peaks cm-l Assignments
2920 C~H stretching
2850 C-H stretching
1460 C-H bending
1375 C-H bending
714 n-alkane chain

NMR spectrum of the compound CA in 0014

Signal Assignments
methyl protons

9.12
8,75

Thin lgver chromatography of_ the compound CB

A small amount of the compound was dissolved in

methylene protons

chloroform, Activated silica gel G plate was spotted

with the solution and developed in a tank saturated

with petroleum ether: benzene (5:1). The developed

plate was alr dried and sprayed with concentrated sul-

phuric acld, The chromatogram on heating at 1209C for

20 minutes developed & #ligie »lack spot (R 0.72)
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slemental analysis of the compound CB

Found Cale
ulated for CBQHSBO
C = 81,92% C = 82,12%

Solubility of ithe compound CB
It i1s soluble in ether, chloroform and sparingly

soluble in ethanol, It 1s insoluble in water,

IR spectrum of the compound CB

The observed peaks and thelr assignments are as

follows :
Peaks cm™ Assignments
2015 C-H stretching
2855 C-H stretchling
1720 C=0 stretching
1182 C-0 stretching
1170 C-0 stretching
722) n-alkane chain
715)

Preparation of exime of the compound CB

A mixture of 30 mg of the compound and 30 mg of

hydroxylamine hydrochlorlde was taken in 50 ml round
bottom flask., To this 5 ml of alcohol and few drops
The contents of the flask

of pyridine were added,
Alcohol was

wore refluxed on water bath for an hour,



distilled off and 5 ml water was added, The residue was
cooled 1n 1ice bath and filtered. The crude oxlme was

erystallised from ethanol, m.p, 49°C.

Thin layer chromatography of the compound CC

Actlvated silica gel G plate was spotted with chloro-

form solution of the compound and developed in a tank of

benzene: chloroform (1:1).

The developed plote was alr drled and sprayed with

concentrated sulphuric acld, The chromatograem on heating

at 120°C for 15 minutes developed a single black spot

(Rp 0.48).

Elemental analysis of the compound ceC

Calcula.ed for 0313640

Found
C = 82,60% C = 82,30»
H = 14,02% H = 14.15%

Solubility of the compommad CC_

The compound 1s soluble in benzene, chloroform,

ether and is sparingly soluble in acetone, ethanol

and methanol,



IR spectrum of the compound CC in CCl,

The observed peaks and their assignments are as

follows
Peaks cmﬁl Aggslgnments
3640 O-H stretching
2925 C-H stretching
2850 C-H stretching
1462 C-H bending
1040 C-0 stretching

Acetylation of the compound CC

The compound (40 mg) was taken in a mixture of

acetlc anhydride (5 ml) and pyridine (1,0 ml) and was

stirred mechanically with slight warming for s hours,

The mixture was kept overnight. It was poureq over

crushed ice, A white solld separated out, This was

extracted with solvent ether,
was thoroughly washed with water, dried over Nay,S0,
The residue was crystallised

The etherial solution

and evaporated to dryness,
o
with ethanol, m,p, 76°C.

Thin layer chromatography of the acetyl derivative of cC

Activated silica gel G plate was spotted with

chloroform solution of the compound and was developed
in a tank of petroleum ether: benzene (1:1). The develop-

ed plate was alr dried and sprayed with concentrated sulw
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phuric acid. The chromatogram on heating at 120°C for

15 minutes gave a single black spot (xf 0.64),

IR spectrum of acetyl derivative of CC in CCI4

The observed peaks and thelp assignments are as

follows 1
Egggg_gg-l Asgignments
2825 C=H stretching
2850 C«H stretching
1745 acetate CO
1460 C-H bending
1235 O-COCH&
1020 C=0 stretching

Thin layer chromatography of the compound GD

A small quantity of the compound was dissolved in
Activated silica gel G plates were spotted

chloroform,
with this solution z2nd were developed in a tank saturated

with
(a) chloroform: benzene (1:1)

(b) pure chloroform
The developed plates were air dried and sprayed with

The chromatograms were heated

concentrated sulphuric acid.
A single red spot turning black

at 120°c for 15 minutes,

appeared in egch case,
Re (a) 0.22

(b) 0,45
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Hegctions of the compound CD

(1) Liebermana-Burchard reaction - The compound was

taken 1in a few drops of acetic mcid and 2 ml of acetic
anhydride, When a drop of concen.rated sulphuric acid

was added a green colour developed.

(11) When the compound in ColgOH was treated with ethanol

solutlon of digitonin a precipitate was formed,

IR spectrium of the compound CD in 0014
The observed pezKs and their assignments are as follows

Peaks cm'1 Assignments

0-H stretching

3620

2960 C-H stretching
2875 C-H stretching
1460 C-H bendlng
1385) gem dimethyl
1360)

10456 C-0 stretching
1020 C-0 stretching

Ascetylation of the compound CD
The compound (50 mg) was acetylated with a mixture

(5 m1) and pyridine (1 ml) by usual

ct was crystallised from

of acetic anhydride

method. The acetylated produ
ethyl alcohpl to give white crystalline compound, M.pP.

108%,{«] -38° (chloroform).
‘D
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Ireatment of the alcoholic extract of Cowolvulus pluricaulis

The powder left after petroleum ether extraction was

further extracted with ethanol ina soxhlet apparastus for

60 hours, EKthanol was distilled under reduced pressure to

a semi.golid mass, This was then triturated with 250 ml

absolute alcohol, The supernatent liquld was decanted., It

was then concentrated to 100 ml under reduced pressure and

kept in a refrigerator for 48 hours, A white crystalline

80lidd (CE) settled down. This was crystallised from ahso.

lute alcohol,

Thin layer chromato-raphy of the compound CE

Activated silica gel G plate was gpotted
The plate was developed in a tank

with alcchollc

solution of t:.e compound.
one end hydrochloric acid in

Saturated with meth:nol: acet
the ratio(90:1v:10), The plate was air dried and sprayed

with Drage dorff's reagent, A single pink coloured spot

was observed (Rf 0.64).

Elemental analysis of the compound CE
NC1

Calculated for 05H1202

Found

¢ = 38.78 ¢ = 39.08%

He= 7.45% H= 7.81%

N = 8.68% N = 9.12%
Cc1=23.12%

Ccl=24,04%
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Beactions of the compound CE
(1) To the aqueous solution of the compound, silver nitrate

solution was added., Awhite Precipitate was formed,

(11) A few drops of alcoholic solution of ammonium reineckate

wag added to he mueous solution of the compound, A dark
violet precipitate was formed,
IR spectrum of the compound in KBr
Peaks cm™1 Assignments
3400 0-H stretching
2068 C~H stretching
2810 N-CHé groups
2823 ) Overtone and combination band
2663 ) typical for salts
1735 C-0 stretching
1400) N-Me deformation vibrations
1420)
1125) C-N stretching
280)

Picrate of the compound CE

The compound (20 mg) was dissolved in distilled water
A

and added to an elcoholic solutilon of picric acid.
The picrate

reddish yellow coloured compound separated out,
o
was filtered and crystallised from ethyl alcohol Mm.pPe,183 Ca

o
184 C.
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Reineckate of the compound CE_

The compound (20 mg) was dissolved in distilled water,
To this solution, alcoholic solution of ammonium reineckate
was added, a dark violet precipitate was formed which was

erystallised from ethyl alcohol m.p., 152-154°C,

Hydroiodide of the compound CE

10,0 g of KI and 15,3 g of lodine were dissolved in
25 ml of distilled water, A few drops of this reagent
were added to the alcoholic solution of the compound pre~
pared by adding 20 mg in 10 ml of water, A precipitate
it was filtered, washed with water and crys-

was formed,
o
tallised from alcohol Mm.P., 186-1907C (decomposition).
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