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ABSTRACT

The thesls "Chemical examination of some Indian
medicinal plants" deals with the isolation and study of

the constituents of the roots of Boerhaavia diffusa

(Linn) and roots and stems of Trianthema pentandra (syn

7aleya Govindia) NC.Nair.

The subject matter of the thesis is divided in
three Chapters. Chapter one contains a brief review of
the literature on medicinal plants in general and on

Boerhaavia and Trianthema genus in particular followed by

a more detailled review of the literature of the chemical

work done on Boerhezavia diffusa and Trianthema pentandra.

Chapter two deals with Boerhaavia diffusa from whose roots

Hentriacontane, Hentriancontol, /-sitosterol, ursolic
acid, B-sitosterol-D(+)-glucoside, Glucose, Fructose,
Sucrose and alkaloids have been isolated and studied. Chapter

three deals with Trianthema pentandra from whose roots and

stems Hentriancontane, nonacos-1-ene-4-one, Hentriacontol,
and mixture of/B-sitosterol-D(+)-glucoside and stig-

masterol-D(+)-glucoside have been isolated and studied.
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CHAPTER I

INTRODUCTION




The use of plants for the alleviation of human
sufferings is as ancient as civilization itself. In all
ages people everywhere have attempted to utilize the
flora and fauna of their respective regions for the

relief of human ailments. The modern system of medi-

cine owes much to past knowledge for remedies developed

by different civilizations in different periods of

history.

The importance of plant derived medicinals in
modern medicine is often underestimated. Such useful
compounds as digitoxin, rutin, papain, morphine, codeine
papaverine, atropine, scopolamine, quinine, quinidine,
reserpine, cocaine, ephedrine, colchicine and caffeine,
to mention a few, present a broad and representative
range of pharmacological activities. In addition, crude
drugs as Digitalig purpurea leaves and Rauwolfia serpen-
tina roots are still preferred by many physicians in
their practice; whereas extract from.Podophyllum peltatum
(podophyllin), Rhamnus purshiana (anthraquinones), Cassia
species (anthraquinones), and Plantago species (mucilage)
are widely utilized for their medicinal activity. In
fact, a survey has pointed that 47% of some 300 million
new prescriptions written by physicians in 1961 contained

as one or more active ingredients, a drug of natural
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origin. Further, between 1950 and 1960 prescriptions
containing drugs of natural origin increased by 7-7%1-
Uptil only about a hundred years ago, all medicinal

preparations were derived from natural sources.

One could spend a life time surveying the pub-
lished books and periodicals describing the native flora
of various regions and the medicinal uses ascribed for
each plant. De Laszlo2 has compiled list of some 1500
references on books, journals, and periodicals concer-
ning phytotherapy and Dragendorff's Die Heilpflangzen

der Verschienden Volker and Zeilen3 should not be over-

looked as source of new leads.

In India, the wide range of climatic conditions,

from temperate (Kashmir) to tropical (Kerala), makes

it possible to grow many different kinds of plan'csl’“9

and about 2200 of such plants are listed in the Ayur-
vedic and Unani-tibb systems, which are still the main
source of medicinal relief of the majority of the people
of this subcontinent. Some of the other countries repre-

sented by books Or review publications on medicinal

botany are Mexico1o'11, Poland12, New Guinea13, the
1 - -

Philippines *, Nigeria'5, the U.5.5.R."6"7, China'®%°,

23 2l 25

2
Burma 1, Puerto Ricozz, Malaya™, Africa ', Greece -,

Australia®®, New zealand®’ 3%, Taiwan31"32 and Haiti33,



as well as otherth-Bg.

These texts describe the use of preparations
derived from animal, mineral and vegetable sources with
almost universal emphasis on the use of plant materials.
Some of the drugs mentioned in them are serving mankind
even today. These include opium, castor oil, squill,
acacia, calamus,coriender,saffron, hyoscyamus, colchicum,

gentian, olive oil,peppermint,herbane, aconite, cannabis,

ephedra, and garlic.

The knowledge accumulated in early ages was dis-
torted and mutilated as nations passed through political
upheavels or when great civilizations decayed. This
distortion reached its peak in the middle ages when
medicine become associated for a considerable period
with witchcraft and supernaturalism. Eff—orts at sal-
vaging the ancient materia medica started around the
sixteenth century and it was in the nineteenth century
that men of science began to rationalise the treatment
of disease. It was in the nineteenth century that pure
physiologically active substances were isolated from
the plant material with which man had treated himself
through the ages. The secrets of the pain relieving
drug, opium, were unravelled step by step. Derosne dis-

covered narcotine. Hesse extracted a dozen alkaloids
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and Berturner isolated the major alkaloid morphine.

The isolation and characterisations of active principles
from other plant material followed rapidly. Nicotine
from tobacco, caffeine from tea dust, hyoscyamine from
hyoscyamus, strychnine from nuxvomica, emitin from ipecae,
and the most important of all quinine from cinchona. A
large number of these pure active principles notably
quinine for malaria and emitin for amoebic dysentery,

soon replaced the corresponding crude drugs in clinical

practice. Such remedies were almost wholly derived from

plant materials.

A knowledge of the biological activities and/or
chemical constituents of plant is desirable not only
for the discovery of new therapeutic agents, but because
such information may be of value in disclosing new sources
of such economic materials asg tannin339, industrial
40-46 L7

oils » gulls , precursors for the synthesis of com-

plex chemical substanceshe, etc.

The knowledge of the chemical structure of the
active principles from plants has been of great value
in the field of drug research. It has helped in many
cases in establishing the relationship between the che-
mical constitutions of thege principles and their physio-
logical activity. This knowledge has been utilized by

chemists in obtaining a series of modified semisynthetic
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compounds, such as, atropine, homoatropine, reserpine,
syrosingopine, morphine and N-allylnormorphine, which
would either enhance the therapeutic action of a drug

or make it more specific with less toxic effects.

The most important glycosides used in therapy
are a closely related group, which because they increase
the tone, excitability, and contractibility of cardiac
and arterial muscles, are called cardiac glycosides.

They occur in many poisonous plants, like Digitalis and

Strophanthus.

Compounds isolated from plants are also used as
starting materials for the preparation of several com-
pounds of medicinal importance, for example, diosgenin
isolated from Dioscorea is used as starting material for
the preparation of progesterone, cortisone, testosterone,

and_rosterone and geveral other sex hormones.

A knowledge of the chemical constituents of plants
would also be valuable to those interested in the expand-
ing area of chemotaxonomy (biochemical systematics), in
bilosynthesis, and in deciphering the actual value of

folkloric remedies.

The medicinal importance of the plants Boerhaavia

diffusa and Trianthema pentandra has been recognised

all over the country from time immemorial and their use



—6-

in medicine is even today very widespread. Inspite of
the importance of these plants, their study has not

received much attention. The present work is an effort

in this direction.

Boerhaavia diffusa (Linn)

The plant belongs to the family Nytagenaceae.
Members of this family are reported to yield alkaloidshg.
One of its member, Mirabilis jalpa, yields eight yellow
pigments50. Plants of this family show antitumouracti-
vity against sarcoma 180 in mice’©. A proteinous anti-
tumour substance has been reported from Mirabilis multi-
flora. This material has shown activity against lewis

lung carcinoma, walker carcinosarcoma 256 (intramuscular)

and lymphOSarcoma51.

B. diffusa is a perennial creeping weed with
pinkish flowers. The roots are large and fusiform. The
plant is distributed throughout India and also grows in
Baluchistan, Ceylon, Tropical and subtropical Asia,

Africa and America.

The plant is known by different names in the
different parts of India. According to Kirtikar and

Basusz, some of the names are given below:



Arabic Hadakukl, Sabaka
Bengali Gadhapurna, Punarnaba
Hindi Sant, Thikri

Persian Devasapat

Sanskrit Bhauma, Punarbhava

Punarnava, etc.

Urdu Bashkhira
Marathi Kharaparya, Raktavasu
Gujarati Dholisaturdi

Medicinal uses of Boerhaavia diffusa

According to Ayurveda the plant is useful in heart
diseases, anaemia, inflammations, asthma, "vata" and
"kapha". The leaves are useful in dysvepsia, tumours53,
enlargement of the spleen and abdominal pains. The plant
in comblnation with other drugs is prescribed for snake-
bite (Charaka, Sushruta, Vagbhata) and scorpion-sting
(Sushruta). The root ground in rice water is given
internally for snake-bite (Rasaratnakara, Yogaratnakara),
alone or in combination with the root of either Gossy-
pium herbaceum or Glycyrrhiza glabra it is administered

internally and externally for scorpion-sting (Yogarat-

nakara, Nighantaratnakara, Brihannighantaratnakara).

According to Yunani-tibb the leaves act as appe-

tiser, alexiteric; used in aphthalmia and for eye wounds;
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also useful in pain of joints. The seeds are tonic,
expectorant, and carminative. They are also effective
in muscular pain, lumbago, scables, scorpion-sting.
They are supposed to purify the blood and hasten

delivery.

The root is well known for its diuretic proper-
ties. It is also a very good expectorant. Taken in
large doses it acts as an emetic. The plant is used in
jaundice, ascites, anasarca, scanty urine, and internal
inflammations. Mixed with dried ginger it is given in

54

urcicaria. It is also useful in cancer” .

In Punjab, the drug is considered useful for eyes.
In Western India, it is used for dropsical swellings.
In the West Indies and in Goa the herb is a popular reme-

dy for gonorrhoea.

Vaidyans consider the root of this plant to possess
laxative, diuretic and stomachic properties. The powdered
root either alone or combined with oxide of iron acts as
a diuretic in anaemia. This drug is considered to be a
sovereign remedy for dropsy. The intravenous injections

of the alkaloid of Boerhaavia diffusa, in cats produce

a distinct and persistent rise of blood pressure and a
marked diuresis. The diuresis is mainly due to the action

of alkaloid on the renal epithelium, although the rise
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in blood pressure may contribute towards it. Clinically
1 to 4 drachms of the liquid extract from either the

dry or fresh plant produce diuresis in case of oedema
and asdites, especially due to early liver, peritoneal
and kidney conditions. When the liquid extract is used
the presence of a large amount of potassium salts no
doubt reinforces the action of the alkaloid. The drug
appears to exert a much more powerful effect on certaih
types of cases of ascities, i.e., those due to early
cirrhosis of the liver and chronic peritonitis (Hale

White) than some of the other diuretics known.

Literature Review

Ghoshal55 analysed the drug and found an alkaloid
body, a waxy amorphous mass and sulphates, chlorides,
nitrates in the ash. Chopra, Ghosh, Ghosh and De°® found
an unusually large quantity of potassium nitrate (6.4%).
They found also an alkaloid in very small quantity (0.01%)
which they named Punarnavine. Agarwal and Dutt 7 failed
to detect any alkaloid, but isolated an acid (m.p. 108>-
109°C) which they named as boerhaavic acid, and deter-
mined its molecular formula C1OH1803‘ The same authors58,
a year later isolated an alkaloid which melted with
decomposition at 235°C with previous shrinking at 187°c,

Those authors did not carry out any elemental analysig,
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o
but prepared the hydrochloride, m.p. 135 C. Chopra,
Chatterji and Ghosh59 made a comparative study of

Trianthema monogyna and B. diffusa. The melting point

of the crude base isolated by them was 175°C. However,

it is not very clear from their paper, whether this
base is from T. monogyna or B. diffusa. The melting
points of the picrate and platinichloride, prepared by
them were 117OC and 120°C respectively. Inspite of the
difference in the melting points of the derivatives pre-
pared from the crude bases obtained from the two drugs.
Chopra et al on the basis of pharmacological actions

said that punarnavine occurs in B. diffusa and T.pentandra.

60
Basu and Sharma have made a detailed study of

the alkaloids of the plant B. diffusa. They have re-

ported the isolation of punarnavine in pure form (m.p.
° 0
236 -~ 237 C with decomposition) and determined %ts

molecular formula C17H22N20. They prepared several
derivatives platinichloride, m.p. 118°¢ (decomposition)
picrate, me.pe. 114°c-115°C (decomposition) sulphates,

m.p. 204°% - 205°C.

S. Sankara Subramanium and S. Ramakrishna61 have

studied chemical difference between two species of

Boerhaavia. They have studied the aerial part of B.

diffusa and B. punarava collected in Pondichery. They

have determined the ash contents of B. diffusa (11.8%)
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and B. punarnava (9.6%). The calcium content of the
ash (determined by micromethod) of B. diffusa and B.
punarnava were (1.2%) and (0.94%) respectively. They
have estimated the potassium in the ash of B. diffusa
(2.3%) and B. punarnava (1.1%). They bhave reported
the presence of quercetin and iso-quercetin in B.
punarnava. No anthoxanthine pigments from B. diffusa
has been reported, but a greenish blue fluorescent
spot under U.,V., Rf. O0.14, in n-butanol:acetic acid:
water (4:1:5) has been reported. They have also repor-
ted the presence of an alkaloid. They have also iden-

tified free and combined amino acids present in B.

difqua .

Recently pharmacological activity of the plant
B. diffusa has been studied at Central Drug Research
Institute, Lucknow by Bhakuni et 3162. The plant has

been found pharmacologically active.

Trianthema Pentandra (Syn Zalia Govindia) N.C. Nair

The plant belongs to family Aigzoaceae. It is a

perennial weed. The stems are much branched. The roots

are fusiform.

The plant is known by different names in diffe-

rent parts of India, in Punjab it is known as Biskhapra,



-12-

In north India and Rajasthan the plant is called as

santhi or sata. In lLas Bela the plant is known as

Lular wahu.

The plant is distributed in tropical countries

especially in India and tropical Africa.

Medicinal uses

The plant is used as an astringent in abdominal
diseases, and is stated to produce abortion. In Las
Bela the plant is used as a cure both for pain in the
bladder and for snake bite (Kirtikar & Basu). Locally
the stems and leaves are used as cattle food and also
as vegetables by inhabitants of the area. It is widely
used in Pilani and the surrounding area as domestic
medicine for diarrhoea, indigestion, liver swelling,
jaundice and also said to improve the eyesight. The

roots are powdered and used in gum swelling and gum

bleeding63.

Review of Literature

No work has been reported on chemical constituents
done
of T. pentandra. A little work has beenfon T. monogyna.

Chopra et al59 carried out some chemical and pharmacolo-

gical work on its constituents. They are of the opinion
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that the drug contains an alkaloid identical with
Punarnavine isolated by Agrawal and Dutt® from B.
diffusa. These conclusions are mainly based on the
similarity of the pharmacological action of the two
drugs. The chemical data submitted by them in support

of their conclusions is meagre. They have mentioned

the melting point of the base as 175°C, but it is not
clear whether this base is from B. diffusa or from T.

monogyna. The melting points of the two derivatives,
platinichlorides as well as picrates, prepared by them
from the crude alkaloid of the respective plants were
not the same. They have not given any analytical data
on the alkaloid. Basu and Sharma65 have reported the

isolation of a new alkaloid trianthemene (0.07%) in

pure crystalline form; m.p. 127°C, molecular formula

CBZHA606N2‘ They have also prepared several derivatives
and determined their melting points. However they did

not propose any structure for the base.

Derivatives of alkaloid traanthemene and their m.pts

Derivatives Melting points
Platinichloride  121° - 122°¢
Oxalate 138°C
Aurichloride 150° - 153°%

Sulphate 110° - 111°¢
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Recently pharmacological activity of Trianthema

monogyna has been studied at the Central Drug Research
Institute, Lucknow by Dhar and coworkerséé. The plant

has been found pharmacologically very active.

OBJECT OF THE PRESERT WORK

It is clear from the review of literature avail-
able on B. diffusa and T. pentandra that no systematic
work on chemical constituents of these plants has been
done. Basu and Sharma6o’65 have reported the isolation
of alkaloid punarnavine and trianthemine from the plant
B. diffusa and T. pentandra respectively, but they have
only determined their molecular formulae and have pre-

pared some derivatives.

The object of present work on these plants is to
study the various groups of compounds present in detail,
and assign structures to them on the basis of their

physico-chemical data ,



CHAPTER II

ISOLATION AND STUDY OF HENTRIACONTANE, HENTRIACONTOL,

/B-SITOSTEROL, URSOLIC AND, ,B-SITOSTEROL-D(+)—GLUCOSIDE,

GLUCOSE, FRUCTOSE, SUCROSE AND ALKALOIDS FROM THE ROOTS

OF BOERHAAVIA DIFFUSA LINN
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The roots of B. diffusa were extracted with petro-
leum ether and the neutral fraction was chromatographed
on neutral alumina column. Elution of column with petro-
leum ether, petroleum ether:benzene (4:1), pure benzene
and benzene:chloroform (1:1), gave compounds BA, m.p.66°C,
BB, m.p. 8600, BC, m.p. 85°C and BD, m.p. 137°C successively.
Examination of BA, BB, BC and BD on thin layer chromato-

graphy showed them to be homogeneous.

Study of the compound BA

The elemental analysis of the compuound corresponds
to the molecular formula CB1H6A° This formula is suppor-

ted by the molecular ion peak m/e 436.

Mass spectrum of the compound BA showed no (M-15)?*

peék, but an intense molecular ion peak and fragments of
14 mass units were observed. This shows that the compound

under study 1s a straight chain aliphatic hydrocarbon67.

The IR spectrum of the compound (in KBr) showed

1

bands at 725 cm ' and 714 cm’1, indicating a long n-alkane

chain68’69. Strong absorption bands at 2920 cm-1 and 2850 cm-1
indicate a large number of -CH, groups7o. NMR spectrum

of the compound gave only two signals, one at 9.12 T assigned
to -CHy protons and another strong signal at 8.74 T assigned
to -CH, protons. This also indicates it to be a straight

71
chain aliphatic saturated hydrocarbon . The hydrocarbon
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has been identified as Hentriacontane and can be repre-

sented as

CH3.CHy (CH, ) ,,CH, «CH3

BA

Identification of Hentriacontane was further con-
firmed by mixed mp. and superimposable IR spectrum with

72

an authentic sample’”.

Study of the compound BB

IR spectrum of the compound in CClh showed a peak
at 1735 cm~! indicating the presence of a carbonyl func-
ticn. When the compound in alcohol was treated with an
alcoholic solution of 2:4 dinitrophenyl hydrazine, no
hydrazone derivative was formed as indicated by tlc of the
reaction mixture. The compound was not reduced with
lithium aluminium hydride. UV spectrum showed an absorp-
tion maxima at 222 nm. As the compound BB isolated from

the plant was in small amount, further work was not possible.

Study of compound BC

The elemental analysis of the compound corresponds
to molecular formulg 031H62O' The compound gave a nega-
tive tetranitromethane test showing this to be saturated

compound73.
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IR spectrum of the compound in carbon tetrachloride
showed a peak at 3630 cm’1 indicating the presence of a
hydroxyl group in the compound. Presence of the hydroxyl
group was further supported by a triplet at 6.32 T in the
NMR spectrum, which also had a singlet at 9.10 T and a
strong signal at 8.68 T assigned to methyl and methylene
protons respectively. The IR spectrum of the compound
in KBr showed peaks at 715 cm-1 and 725 cm"1 indicating
the presence of normal alkane chain. The compound with
acetic anhydride and pyridine formed an acetyl derivative
m.p. 75°C. The IR spectrum of the acetate in CCl, showed

1 (acetate CO)and 1235 cm™ |

peaks at 1740 cm” (-C-COCH3 ) .
Elemental analysis of the acetate corresponds to the
molecular formula C33HggO2+ This compound was identified
as Hentriacontol. 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. Hentriacontol can be written as

CHB.(CH2)29.CH20H
BC

Study of the compound BD

The elemental analysis of the compound corresponds
to the molecular formula 029H58O' This molecular formula

is supported by the molecular ion peak at m/e 414. Other
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important fragments in mass spectrum are at m/e 399
+ +

(M'-CHy )5 396 (M"-HOH), 381 (M’ -CHy+HCH), 273 (M'-side
s + A

chain), 255 (M -side chain + HOH), 329, 303, 275, 288,

273, 229, 231, and m/e 21377,

The compound gave a green colour in Libermannw
Burchard test76, red colouration in Salkowski77 test, and
a yellow colouration with tetranitromethane73. When al-
coholic solution of digitonin was added to the alcoholic
solution of the compound, a precipitate was formed (digi-
tonide, m.p. 22600)78. On the basis of the colour reac-
tions, molecular formula, and its fragmentation pattern,

the compound under study appears to te a steroid. IR

spectrum of the compound showed peak at 3625 cm"1 indica-

ting the presence of hydroxyl group.
The compound on acetylation with acetic anhydride
o) 79
and pyridine formed an acetate, m.p. 128 C[chD - 38°

(chloroform). IR spectrum of the acetate showed peaks

- -1 ,
at 1742 cm i (acetate - CO) and 1236 cm (O-COCHB)SO.

The elemental analysis of the acetate corresponds

to the formula C39Hs5502,indicating the presence of one

hydroxyl function in the compound BD. This is further

supported by a multiplet at 6.33 [ in NMR spectrum. This
is also in conformity with the observations that most of

the sterolds are oxygenated at Cj, usually as alcohols.

On the basis of above observations the compound under study
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appears to be JB-sitosterol

gﬁ)
BD

The NMR spectrum of the compound disclosed signals
at 9.27 [ assigned to the methyl group attached to C43,
a triplet at 9.1 T due to methyl attached to Cpg, & doub-
let at 9.18 T due to two methyl groups attached to Cpg and
a singlet at 9.02 T due to methyl attached at C,,. However
while six methyl groups are present in JB-sitosterol but
only four signals were observed in NMR spectrum. This
may be due to the overlapping of some of the signals.
Multiplet envelop at 8.90 T to 7.62 T is due to methylenes
of the steroid ring system and methylenes of the side
chain. The deformed triplet at 4.66 T is due to olefinic
protons and multiplet at 6.33 { is due to the proton

attached to the carbon having hydroxyl group81.
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The identity of the compound was further estab-
lished by mixed m.p., Co-tlc and superimposable IR spectra
of the sterol and its acetate with authentic samples of

B-sitosterol and its acetate.

Treatment of the alcoholic extract of Boerhaavia diffusa

Alcoholic extract of the defatted roots of B.
diffusa were further extracted with solvent ether in a
liquid-liquid extractor. The acidic fraction of the ether
extract upon usual processing and chromatography on
silica gel column gave a white crystalline compound BE,

m.p. 278°-279°,

Study of the compound BE

The homogeneity of the compound was est2blished
by thin layer chromatography on silica gel G plates
using chloroform:methanol (95:5) as an irrigating solvent
and concentrated sulphuric acid and chlorosulphonic acid

(Stahl)82 for revealing the spots.

The elemental analysis of the compound BE corres-
ponds to the molecular formula'CBOHh803. The compound
has[:aJD + 68°C (pyridine).

The compound BR gave a yellow colour changing to

red in Salkowski reaction and a pink colouration in
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Liebermam-Burchard test. It produced a red colour with
a greenish yellow flourescence when chloroform solution
of the compound was boiled with an excess of acetyl chlo-
ride and a little of zinc chloride (Tschugagiw)83. A
yellow colour which changed to red was observed when a
small quantity of the compound was treated with Noller's
reagentSL. The compound developed a reddish violet
colour in Brieskorn test85 and a yellow colour with
tetranitromethane. No precipitate was formed when an
ethanolic solution of the compound was treated with an
ethanolic solution of digitonin. The appearance of a
reddish violet colour in Brieskorn test and the absence

of a precipitate with digitonin ruled out the possibility

of the compound being a steroid.

From the molecular formula and colour reactions
it is evident that the compound BE is & triterpenoid.

Yellow colouration with tetranitromethane indicates that

compound is unsaturated.

IR spectrum of the compound BE showed strong
absorption at 3535 cm | assigned to the O-H stretching
vibration of -COOH group86. Absorption at 3624 cm'1,
which is assigned to -OH alcoholic87, appears as a
shoulder probably due to the overlapping of the hydroxyl
absorption of the carboxyl function. Absorption band at

1715 em™! is due to the carboxyl carbony186. Absorption
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peaks at 835 cm-1, between 800-820 cm'1 and at 1650 cm"1

88

show the presence of C=C°“. An intense peak at 990 cm

-1 -
and medium intensity peaks at 1025 cm  and 962 cm 1 are

1

characteristic of tetracyclic triterpenes having carboxyl
89,90.

and other oxygenated groups

1 ang 1245 c:m"1 are characterictic

89,91,92

Bands at 1282 cm

of all tetracyclic triterpenic acids

On the basis of above observations, BE appears to
be a tetracyclic triterpenic acid having an alcoholic

group and a carbon-carbon double bond.

The acid BE on methylation with an etherial solu-
tion of cdiagomethane gave the methyl ester CB1H5OO3’ MeDos
1680-16900[:Q]D + 61° (pyridine). The monomethyl ester
could not be saponified easily (8% alcoholic alkali) to
the original acid, indicating the hindered nature of the

carboxyl function93.

The acid BE on acetylation with acetic anhydride
0
and pyridine gave acetyl derivative C32Hgn0, , mepe. 287 ¢,

L
[q]n + 64° (chloroform).

Methyl ester of the acid BE on acetylation with

acetic anhydride and pyridine in the usual mamer gave
) ' o
acetyl methyl ester C33H520h’ mepe 241 C,[AGJD + 79

(pyridine). The methyl ester failed to undergo selenium-
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dioxide oxidation indicating that the acid does not pos-
oL

a
sess an olenane skeleton’”.

The acid BE on oxidation with Cr?OB/HZSoh in zce-
tone95 gave a product which responded to positive Zimmerman
colour test for 3-keto group96. This indicates that the
OH group is secondary in nature and is at position 3. The

compound under study therefore appears to be ursolic acid.

BE

Ursolic acid Oleanolicacid

97

Snatzke, Lampert and Tschesche have studied the

IR spectrum of the triterpenes in two spectral ranges

(A, between 1392 cm"1 - 1355 cm~! and B, between 1330 em™!
=1 .

- 1245 cm™ ") characteristic of oleanolic acid and ursolic

acid and thelr esters. Tetracyclic triterpenic acids or
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their esters show only one strong absorption in these
ranges. Aclds which do not belong to the type mentioned

above possess their intensive bands outside the described

limits.

The IR spectrum of the acid (in KBr) under study

shows three absorption bands in region A at 1386 cmf1,

1360 cm"1 and 1372 cm-1 characteristic of ursolic acid.

These bands can be attributed to the methyl groups at

019 and C2098. In region A oleanolic acid show only two

bandse This is due to the overlapping of the gem-dimethyl

with absorption of the angular methyl group99.

-1
In region B spectrum showed three peaks at 1315 cm ,

1280 cm'1 and 1245 cm'1 characteristic of urgolic acid97.

With the study of IR spectrum of the compound, the

identity of the compound BE as ursolic acid was established.

IR spectrum also showed bands at 1200 cm“1, 1178 cm 1

1162 cm-1 and 1118 cm-1, which are éssigned to the oscil-

lations of -COOH. This is in agreement with the observa-

tions of Snatzke and Tschesche in tetracyclic triterpenic

acids’ou’1o1.

Identity of the compound BE as ursolic acid was
further confirmed by mixed msp., Co-tlc on silica gel G
plate and superimposable IR spectrum with an authentic

sample of ursolic acid102.
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ftudy of the rasic fraction

Crude bases obtained from solvent ether extract
upon chromatography on neutral alumina gave two compounds

BF and BG.

Study of compound BF

All attempts to crystallise the alkaloid BF failed.
The alkaloid developed a dark brown colour when exposed
to air even for a short time or when heated during attempts
for crystallisation. It developed colour even when kept
in an atmosphere of nitrogen in a refrigerator, though
the rate of development of colour was slow. The alkaloid

o
BF was purified by sublimation under vacuum (O.1 mm/at 70 ),

Mep. 2790-28006(decomposition).

The homogeneity of the base BF, MeDs 27d22800C
(decomposition) was established by thin layer chromatogra-
phy on neutral alumina plates using chloroform as a
developing solvent and Dragendorff's reagentm3 and con-
centrated sulphuric acid for visualizing the spots.

Dragendorff's reagent gave a single orange colour spot.

Compound BF gave a positive Lassaigne test for
nitrogen. UV absorption spectrum of the compound in
methanol showed absorption maxima at 215 nm and 273 nm.

IR absorption spectrum showed the characteristic bangd
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at 3640 cm—1 assigned to -CH group. Peaks at 3525 cm™ !

and 3450 ™ were assigned to -NH-stretching vibrations
and at 1640 cm™! due to the bending vibrations’' of -NH.

On the basis of above observations the compound under study

anpears to be an alkaloid.

The alkaloid formed a methiodide, m.p. 211°-212°C,

and a picrate m.p. 119°¢C.

As the alkaloid BF was unstable and the percentage
yield was very low, it was not possible to continue further

work on it.

Study of compound BG

Chloroform:methanol (98:2) elute of the column
gave alkaloid BF, m.p. 2920-29300(decomposition). As
in the case of alkaloid BF, attempts to crystallise this
alkaloid BG also failed. This alkaloid also developed
brown colour on standing for short time. Purity of the
compound was established by thin layer chromatography on

activated neutral alumina plate.

The compound gave positive lLassaigne test for
nitrogen. UV absorption spectrum of the compound in
methanol showed absorption maxima at 225 nm, 290 nm
and 375 nm. IR spectrum of the compound in chloroform

-1
showed peak at 3645 cm indicating the presence of
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-OH group71. The presence of -NH-group is established
by the absorption peaks at 3525 cm™', 3400 cm™' charac-

teristic stretching bands of -NH- and a baad at 1625 em™ !

due to the bending vibration of -NH-. Peak at 1722 cm™ |

indicates the presence of a carbonyl group in the compound.
On the basis of colour with Dragendorff's reagent and IR

spectrum, the compound BG appears to be an alkaloid.

o}
The compound formed methiodide, m.p. 2160-217 C

o o
(decomposition) ané a picrate, m.p. 213 -214 C.

0
Basu and Sharma1 b have reported the isolation of

an alkaloid Punarnavine, m.p. 2360-23700 (decomposition)

from B. diffusa in 0.041% yield. Inspite of very careful

extrection and processing it was not possible to get more

than 0.005% yield of the alkaloids. To avoid the possi-

bility, that the climatic variations may be the reason for
the poor yield of the alkaloids, a fresh attempt was made

to isolate the alkaloids from B. diffusa collected from

gangetic planes near Allahabad. The procedure described

by Basu and Sharma1oh for isolation of Punarnavine was

carefully repeated with a slight modification to avoid

prolonged heating and exposure to atmosphere. There was

practically no difference in the total yield of bases
(0.006%) .

It thus appears that the alkaloid punarnavine re-

ported by Basu and Sharma1oh,is a mixture of two alkaloids.
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Treatment of ethylacetate extract of B. diffusa

The residue from the alcoholic extract of defatted
roots of B. diffusa after extraction with ether was fur-
ther extracted with ethyl acetate. Ethyl acetate extract
on concentration and subsequent cooling in a refrigerator
for four days gave a white crystalline compound BH, m.p.
2890-29000 (decomposition),[m]D -4,0° (pyridine). Homo-
geneity of the compound was established by thin layer

chromatography on silica gel G plate.

Elemental analysis of the compound BH corresponds
to the molecular formula C35H6006‘ The compound gave
yellow colouration with tetranitromethane. In Liebermann-
Burchard test the compound first gave a pink colour which
changed to bluish green. A red colour was obtained in
falkowski test. The alcoholic solution of the compound
did not give precipitate with digitonin. The cempound
gave positive Molischstest but did not give 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 ofthe

sugar is involved in the glycosidic linkage.

IR spectrum of the compound showed strong absorp-
tion at 3400 cm-1, indicating the presence of hydroxyl
function in the compound. Absorption bands between

1150 cm™" and 1010 cm™! indicate various C-0-C groups105-
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The phytosterolin on acetylation with mixture of
acetic anhydride and pyridine gave an acetate, m.p. 16h°C
o
{a]D -35 (chloroform). IR spectrum of the acetate showed

-1 -
peak at 1762 cm (acetate-CO) and 1224 cm 1 (0O-CCCH, ).

3

Determination of acetyl percentage by Wiesenberger's

106 .
method as described by Belcher showed the presence of

four hydroxyl groups.

NMR spectrum of the acetate disclosed a triplet at
7.98 | assigned to the protons of CH3C- (one signal
superimposed with the other signal). Signal at 5.82 T,
assigned to the protons of CHZOAC, and deformed envelop
between 4.95 [ to 4.70 T assigned to the protons of CHOAC,
signal at 9.26 ( assigned to methyl group attached to
C-13. A triplet at 9.10 [ is due to the methyl group
attached to C-28, a doublet at 9.19 [ is due to methyl
group attached to C-25 and a singlet at 9.0 T is due to
methyl group attached C-10. Multiplet envelop between
8.92 [ to 7.64 [ is due to methylenes of the steroid ring
and -CH, of the sice chain. A deformed triplet at 4.68 T

is due to the ethylenic protons.

The phytosterolin BH on acid hydrolysis yielded
B-sitosterol and D(+)-glucose, which was identified by

Co-paper chromatography and from osazone, M.pe 203°C

o)
(reported 204 C).
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B-sitosterol was identified by mixed m.p., Co tlc
and by superimposable IR spectrum with an authentic sample

of ﬁ—sitosterol.

On the basis of the above obeervations the compound

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

can be represented as

CH,0H \\\]

H OH
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ll'ass spectral studies of glycoside

From ite mass spectrum the compound aprears to be
unstable even using direct inlet probe. Towards the end
o7 the spectrun. intence peaks at m/e 396, m/e 397 and
peaks at m/e 398 and m/e 41k were oltained. Peak at
m/e 397 can arise by the cleavage of the carbon oxygen
bond at 'A' (BH). Peak at m/e 3938 is being formed by
cleavage of carbon oxygen bond at 'A' and a hydrogen
rearrangement. Peak at m/e 396 corresponds to the frag-
ment obtained after elimination of the sugar. Peak at
m/e L1L which corre-ponds to the masec of fB-sitosterol
may arise by cleavage of carbon-oxygen bond at 'B' and

a hnydrogen rearrangement.

m/e 397 m/e 398
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m/e396

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 region of the mass spectrun indi-
cates that the glycone part of the glycoside may be
07

glucose1 .
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llarg epectrum of ths acetate of BH showed peaks at
m/e 596, 397, 398, L1k, 381, 255, 326G, 303, 275, 288, 273
229, 231 and 213. Pesides thierce peaks spectrum also showed
a etrong peak at m/e 331 which may arise Ly the fragment

oLtained from cleavage of ths carbon-oxygen bond at B.

CH,Cle

H Ofte

m/e 331

Cther signals are at m/e 289, 271, 229, 211, 157,

115, 109 and 57. These fragments are cnaracteristic of

glucorse tetrébetate.

Thus by the study of mass spectrum of glucoside
and 1ts tetracetate its identity as A- sitosterol-D(+)-

glucoride was corplet~ly established.

ctudy of the aqueous extract of B.diffuca

In the agueous oxtract, glucose, fructcse and sucrose
have beer. identified by co-paper chrcrmatography.Quantitative

estimation of sugars was carriec out by using puenol
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10
sulphuric acid method « The following results were

obtained
Glucose = 1.66%
Fructose = 2.87%
Sucrose = 1.29%
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EXPERIMENTAL

Melting points were taken on THOMAS-HOOVER Uni-

melt melting point apparatus and are uncorrected. Opti-

cal rotations were measured on HILGER STANDARD POLARI-
METER model MK-IIT. Ultré-violet absorption spectra
were recorded on man”ual HITACHI PERKIN-ELMER 139 UV-VIS
spectrophotometer and Infra-red spectra were taken on
HITAC HI-PFRKIN-EIMFR 237B. Nuclear magnetic resonance
spectra were taken on VARIAN A-60D instrument at Central

Drug Research Institute, Lucknow where Mass spectra and
The NMR spectra

Flemental analysis were also carried out.
refer to deuterochloroform (CDClB), unless otherwise
stated.

WOLEM neutral alumina, STAHL silica gel G were

used for thin layer chromatography. REIDAL neutral

alumina and BDH silica gel were used for column clroma-

tography.

Extraction and isolation

Air-dried and powdered roots of Boerhaavia diffusa
(8 Kg), collected locally, were extracted in a Soxhlet
apparatus with petroleum ether (b.p.60°-80°C) for 48 hours.



37

The solvent was distilled under reduced pressure using
water suction pump and the yellow viscous residue
(51.98 g), so obtained, was taken in solvent ether. The
ether solution was washed with 10% sodium bicarbonate

solution. Cn acidification of this alkaline extract, no

wort hwhile residue was obtained. The ether solution was

then washed with 2N-sulphuric acid. Basification of

the acid extract with dilute ammonia gave a negligible

Ether soluble neutral material was thoroughly
washed with distilled water and dried over anhydrous
sodium sulphate. Evaporation of the ether gave a vis-
cous solid (40.4 g). Chromatography of the viscous ¢
solid on tlc plates using different solvent systems and
spraying the plate with concentrated sulphuric acid and
heating for 15 minutes at 120°C showed four main spots.
5% aqueous phosphoric acid was also used as spraying
reagent. One spot gave colour on heating at 100°C for
Crude

10 minutes indicating the presence of a steroid.

solid gave positive Libermann-Burchard test for steroids.

Treatment of neutral ether soluble material

15 g of the solid was dissolved in minimum quan-

tity of solvent ether and was adsorbed on 50 g of neutral

alumina. It was then placed on the top of chromatography
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column (36" x 3"), packed previously with 450 g of neutral

alumina.

Development of the column was carried out utili-
sing a discontinuous gradient elution technique, begin-
ning with petroleum ether (400-6000) and finally with

methanol. 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 tlc pattern. Fach portion was rechromatographed

on neutral alumina column of Brockmann activity 1.

Chromatography of portion I

Portion I (1.5 g) was chromatographed on alumina
o
using petroleum ether (400-60 C) for elution. 25 ml
First fraction was discarded.

The

fractions were collected.
Fractions 2 to 6 were combined on tlc pattern.

residue on repeated crystallisation with hexane gave

white shining flakes BA (0.45 g), mepe 66°¢C .

Remaining fractions were mixed together,evaporated

to dryness under reduced pressure and were combined with

portion II.

Chromatography of portion II

Portion IT (0.25 g) was dissolved in minimum
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quantity of hexane and placed on top of an alumina

column (24"™ x 1/2"). The column was washed with pet-
roleum ether (75 ml) and the washings were discarded.

It was then eluted with petroleum ether:benzene (4:1).

25 ml fractions were collected. Fractions 4 to 10 were
combined on tlc pattern, evaporated to dryness and crys-
tallised several times with hexane, to give white shining
crystals BB (0.09 g) m.p. 86°C. Elutes from benzene

were combined with portion III.

Chromatography of portion III

Portion ITI (0.82 g) was adsorbed on alumina
(4 g) and was placed on top of alumina (60 g) column
(24" x 3/4"). The column was washed with 100 ml of
petroleum ether:benzene (1:1) and the washings were
discarded. The column was then eluted with benzene
and finally with chloroform. 25 ml fractions were col-
lected. The first seven fractions of benzene elutes
were discarded. Fractions 8 to 18 were combined on
tlc pattern. Later elutes of benzene and elutes from
chloroform were combined and rechromatographed. The
compound was crystallised twice with chloroform at room

temperature to give a white crystalline compound BC

(0025 g), MePe 850C‘
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Chromatography of portion IV

Portion IV (8.45 g) was chromatographed on neutral
alumina (140 g) column (30" x 1%"). 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 (200 ml) were discarded. Elutes
from bengene:chloroform (1:1) were combined on tlc pat-
tern. The compound was crystallised with acetone to

give a white crystalline compound BD (4.25 g), m.p. 137°€.

Thin layer chromatography of the compound BA

Activated silica gel G plate spotted with Hexane
solution of the compound was developed in a tank satu-
rated with petroleum ether (400-6000). The developed
plate was air-dried and sprayed with concentrated sul-
phuric acid. The chromatogram on heating at 120°C for
15 minutes developed a single black spot at solvent

front.

Elemental analysis of the compound BA

Found Calculated for C34Hg,

H = 14.629 H= 14.67%
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Solubility of the compound BA

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

acetone, methanol, and ethanol.

IR spectrum of the compound BA (in KBr)

The observed peake and their assignments are as

follows:

Peaks cm™! Assignment
2920 C-H stretching
2850 C-H stretching
1460 C-H bending
1375 C-H bending

725 n-Alkane chain
714 n-Alkane chain

Nuclear magnetic resonance spectrum of the
compound BA (in CC1y)

Signals T Assignment
Q.12 methyl protons
8.75 methylene protons

Thin layer chromatography of the compound BB

Activated silica gel G plate was spotted with
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chloroform solution of the compound and developed in
a tank saturated with petroleum ether:benzene (3:1).
The developed plate was air-dried and sprayed with con-

centrated sulphuric acid. The chromatogram on heating
at 120°C for 15 minutes developed a single black spot

(Rf 0.68).

Solubility of the compound BB - The compound is soluble

in chloroform, carbontetrachloride, ether and hexane.
It is sparingly soluble in ethanol, methanol and insolu-

ble in water.

IR spectrum of the compound BB (in CClh)

Following peaks were observed in IR spectrum:

2930 cm“1, 2850 cm'1, 1735 cm’1, 1462 cm_1,

1375 cm™', 1252 cm_1, 1170 em™ ', 1000 cm™ ',

Thin layer chromatography of the compound BC

Activated silica gel G plate was spotted with
chloroform solution of the compound and developed in a
tank of benzene:chloroform (1:1). The developed plate
was air-dried and sprayed with concentrated sulphuric
acid. The chromatogram on heating at 120°C for 15 min-

utes developed a single black spot (Rf 0.46).
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Elemental analysis of the compound BC

_Found Calculated for 031H6h0
C = 82.60 % C = 82.30%
H=14.02 9 H = 1h.15z

Solubility of the compound BC - The compound is soluble

in benzene, chloroform, ether and is sparingly soluble

in acetone, ethanol, and methanol.

IR spectrum of the compound BC (in CClh)

The observed peaks and their assignments are as

follows:

Peaks cm™! Assignment
3630 0-H stretching
2925 C-H stretching
2852 C-H stretching
1462 C-H bending
1040 C-0 stretching

Nuclear magnetic resonance spectrum of the compound BC

Signals T Assignment

9.10 singlet methyl protons

8.68 singlet methylene protons
6.32 triplet proton of - OH group

attached to a methy-

lene group
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Acetylation of the compound BC:

The compound (50 mg) was taken in a mixture of
acetic anhydride (5 ml) and pyridine (1 ml) and was
stirred mechanically with slight warming for 8 hours.
The mixture was kept over-night. It was then poured
over crushed ice. A white solid separated out. This
was extracted with solvent ether. The etherial solution
was thoroughly washed with water, dried (NaZSOh) and
evaporated to dryness. The residue was crystallised

with ethanol, m.p. 75°-76°C.

Thin layer chromatography of the acetyl derivativeorBC

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 deve-
loped plate was air-dried and sprayed with concentrated
sulphuric acid. The chromatogram on heating at 12000

for 15 minutes gave a single black spot (Rf 0.65).

Elemental analysis of the acetyl derivative of BC

‘Found Calculated for 033H6602

C = 80.25 4 C = 80.16 %
H=13.21 % H=13.36 %
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IR spectrum of acetyl derivative of gg (in cCl

L)

The observed peaks and their assignments are as

follows:

Peaks cm'1. Assignment
2925 C-H stretching
2852 C-H stretching
1740 Acetate - CO
1465 C-H bending
1362 C-H bending
1235 0-COCH3
1020 C-0 stretching

Thin layer chromatography of the compound BD

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 : bengene (1:1);

and (b) Pure chloroform.

The developed plates were air-dried and sprayed with
concentrated sulphuric acid. The chromatograms were
heated at 120°C for 15 minutes. A single black spot
appeared in each case.
Rf (a) 0.24
(b) 0.42
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Elemental analysis of the compound BD

Found Calculated for CgHsn0
C = 83.984 C = 84.05¢
H=12.15% H = 12.07%

Reactions of the compound BD

(i) Liebermann-Burchard reaction - The compound was

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

was added a green colour developed.

(ii) Salkowski reaction - The compound was dissolved

in chloroform and a few drops of concentrated sulphuric

acid were added. A deep red colour was observed.

(iii) Ruzicka's reaction - When a few drops of chloro-

form solution of tetranitromethane were added to a
chloroform solution of the compound, a yellow colour

was oObserved.

(iv) When the compound (in ethanol) was treated with

ethanolic solution of digitonin a precipitate was formed.

IR spectrum of the compound BD (in CClh)

The observed peaks and their assignments are as

follows:
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Peaks cm~ Assignment
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

950

Acetylation of the compound BD

The compound (60 mg) was acetylated with a mix-
ture of acetic anhydride (5 ml) and pyridine (1 ml)
by usual method. The acetylated product was crystal-
lised from ethanol to give white flakes (58 mg), m.p,
12800, DRJD - 38° (chloroform).

Elemental analysis of the acetyl derivatives of

—

the compound BD

_Found Calculated for C

318520,
C=281.42% C =81.57 ¢
H=11.5 % H=11.40 %
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IR spectrum of the acetyl derivative of the

compound BD (in CCly)

The observed peaks and their assignments are as

follows:

Peaks cm™ Assignment
2950 C-H stretching
2870 C-H stretching
1742 Acetate~CO
14,65 C-H bending
1380} gem-dimethyl
1360
1236 0-CO-CHy

Digitonoid derivative of the compound BD

A saturated solution of sterol in absolute alco-
hol was treated with an equal volume of a saturated
solution of digitonin in absolute alcohol. The mixture
was refluxed on water bath for 2 hours and cooled when
the digitonide separates out. It was filtered and cry-

stallised with absolute alcohol, m.p. 2270-228°C.

Benzoylation of the compound BD - The compound (50 mg)

was treated with benzoylchloride (10 ml) and two drops
of pyridine. The mixture was heated on water bath and
allowed to stand over-night at room temverature. The

mixture was then poured in ice cold water. The =so0lid
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was filtered off, washed with 2% aqueous KOH and then
thoroughly with water. It was crystallised from a mix-

ture of methanol:acetone (1:1), MeDo 14#00.

Nuclear magnetic resonance spectrum of the compound BD

Signals ( Assignment

9.27 ' Methyl protons
9.02 Methyl protons
9.10 Methyl protons
9.18 Methyl protons
8.90 to 7.62 Methylene protons
L .66 Clefinic protons
6.33 Hydroxyl proton

Treatment of the alcoholic extract of B. diffusa

The defatted roots of Boerhaavia diffusa (8 Kg)

were extracted with ethanol in a soxhlet extractor.
Ethanol was distilled under reduced pressure. 100 ml
distilled water was added and the mixture was subjected
to liquid-liquid extraction successively with solvent

ether and ethylacetate.

Etherial solution was washed with little water,
dried (NaZSOh), and extracted with 10% sodium bicarbonate
solution. Sodium bicarbonate extract on acidification

gave a brown coloured precipitate. The precipitate was
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extracted from the aqueous solution with chloroform
(5 x 50 ml). The chloroform extract was washed with
water (3 x 25 ml), dried (Nazsoh), and the chloroform
was evaporated. A light brown coloured solid (0.52 g)

was obtained.

Etherial solution was then washed with 2N sul-

phuric acid (4 x 30 ml). Combined acidic extracts were

extracted with chloroform (4 x 30 ml).

The acidic extract was then made alkaline with
sodium bicarbonate and extracted with chloroform
(6 x 50 ml). Chloroform extracts gave a positive spot
test with Dragendorff's reagent for alkaloids. The
chloroform solution was then washed thoroughly with
water, dehydrated (NaZSOb), and evaporated under

reduced pressure to give a light brown solid.

Treatment of acidic fraction

tlc of the crude acidic compound on activated
silica gel G plate showed four spots of which only

one was prominent.

The acidic compound (0.52 g) was dissolved in
alcohol-chloroform mixture, adsorbed on 10 g of silica
gel and placed on top of a dry packed silica gel column

(30" x 1")., The column was eluted with solvents of
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increasing polarity, with benzene, chloroform, chloro-
form:methanol (9:1), and finally with methanol. Elutes
from benzene and chloroform gave no worthwhile residue.
Elutes from chloroform:methanol (9:1) were collected on
tlc pattern, and the solvent was evaporated under re-
duced pressure. A light yellow solid (0.35 g) was ob-
tained. The solid on repeated crystallisations with

ethanol gave a white crystalline compound BE (0.24 g),

m.p. 297°-298°%.

Thin layer chromatography of the compound BE

Activated silica gel G plate was spotted with
methanol solution of the compound and developed in a
tank saturated with chloroform:methanol (95:5). The
air-dried plate was sprayed with concentrated sulphuric
acid and then heated at 120°C for 15 minutes. A single

black spot developed (Rf O.54).

Another plate developed in the identical condi-
tions was sprayed with chlorosulphonic acid reagent
(10 ml of chlorosulphonic acid in 20 ml of glacial
acetic acid). The plate on heating at 130°C for 15 min-
utes developed a single reddish violet spot (Rf 0.54).
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Slemental analysis of the compound BE

Found Calculated for CBOHLSOB
C = 78.50 % ' C = 78.94 %
H=10.58 % H=10.52 %

Solubility of the compound BE - The compound 1is highly

soluble in carbondisulphide and is sparingly soluble
in chloroform, solvent ether, alcohol and acetone. The

compound is insoluble in water.

Reactions of the compound BE

(1) Liehermann-Burchard reaction: - A small amount of

the compound was t2ken in a few drops of acetic acid
and 2 ml of acetic anhydride. On adding a few drops of

concentrated sulphuric acid a violet colour developed.

(11) Salkowski reaction - When a drop of concentrated

sulphuric acid was added to the solution of the compound

in chloroform, a red colour developed.

(iii) Noller reaction

(a) When a little of the compound was treated with
pure thionyl chloride a yellow colour was obtained

which changed to red.

(b) When a dilute solution of anhydrous ferric

chloride in thionyl chloride was added to a
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small quantity of the compound, the following
colour sequence was observed -
violet— purple — red

(c) When a solution of antimony trichloride in
thﬁhyl chloride was added to the compound, a

violet colour developed which changed to red.

(iv) Rugzicka's reaction - When a few drops of chloroform

solution of tetranitromethane were added to a chloroform
solution of the compound, a light yellow colour was

obtained.

(v) Brieskorn reaction - When a little of the compound

was treated with a 30% solution of chlorosulphonic acid
in glacial acetic acid, a réddish violet colour was

observed.

(vi) Tschugajew reaction - A solution of the compound

in chloroform was mixed with an excess of acetyl chlo-
ride and a little of zinc chloride. On boiling a red

colour with a greenish-yellow fluorescence was observed.

(vii) When the compound in ethanol was treated with

ethanolic solution of digitonin,no precipitate was formed.

Acetylation of the compound BE: - The compound (50 mg)

was acetylated with a mixture of acetic anhydride (5 ml)
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in the usual manner and the acetylated product was
crystallised with ethanol to give a crystalline compound

(52 mg), mepe 28700, Ex]D + 64° (CHClB).

Esterification of the compound BE - Diazomethane was pre-

pared by the action of aqueous KOH on p-toluenesulphonyl-

methynitrosamide (Diazald).

The compound (50 mg) was taken in ether (10 ml)
and an etherial solution of diazomethane was added till
the solution acquired a definite yellow colour. It was
kept for 24 hours. Excess of diazomethane was destroyed
by adding a few drops of acetic acid and the solvent was
distilled under reduced pressure. DMethyl ester was
crystallised with ethanol:chloroform (1:1) mixture, me.p.
1680-169°C, [cx]D + 61° (CHC14)

Methyl ester on acetylation with acetic anhydride
0
and pyridine gave acetyl methyl ester, m.p. 241 C ,
- 0
[CXJD + 79 (CHCLB).

Oxidation of the compound BE with chromic acid (Bowers)

The compound was dissolved in pure acetone (dis-
tilled over pot. permanganate). To this was added chromic
acid solution, dropwise, from a microburette until a
persistent orange-brown colouration appeared, which indi-

cated that the oxidation was complete. After keeping
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at room temperature for some time, the crystalline pro-
duct was filtered. The compound gave a positive Zimmermann
colour test for 3-keto group. The IR spectrum showed

1

that the peak at 3640 cm™  in the original compound had

disappeared and a new peak at 1735 cm'1 had appeared.

Zimmermann colour test (Barton)

The compound (3 mg) obtained from chromic acid
oxidation of the compound BE was dissolved in 1 ml of 2N-
KOH in absolute alcohols A violet colour developed which

faded on dilution.

IR spectrum of the compound BE (in KBr)

The observed peaks and their assignments are as

follows:

Peaks cm™ ! Assignment

3624 0-H stretching (alcoholic)
3535 0-H stretching (carboxylic)
2980 C-H stretching

2940 C-H stretching

2862 C-H stretching

1715 C=0 (COOH)

1650 ethylenic double bond
1386 CH3-bending oscillations
1372 of Cq9 and Cpg

1360
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Peaks cm™ !

e Assignment
1315 Oscillations of the
1280 tertiary - COOH
1245

1200

8

117 Triterpenic acid
1162

1118

1025 Tertiary - COOH and

990 0-H

962

835 Ethyleni ble b

thylenic double bond

800-820 y

Treatment of the tasic fraction

Thin layer chromatography

The plate was prepared with a slurry of alumina
(Wolem) in water. The air-dried plate was activated
by heating at 120°C for 15 minutes. The plate spotted
with chloroform sclution of the basic fraction was
developed in a tank saturated with chloroform:methanol
(99:1). The developed plate was air-dried and sprayed

with Dragendorff's reagent. Two orange coloured spots

developed (Rf 0.96 and 0.40).
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Column chromatography

The base mixture was dissolved in a minimum
volume of chloroform and was applied at top of a chroma-
tography columm (1%" x 36") containing a benzene slurry
of neutral alumina (140 g). Elution of the column was
carried out utilising a discontinuous gradient elution
technique, beginning with bezene and followed by chloroé
form and chloroform:methanol (98:2). 25 ml fractions
were collected. Later ten elutes from chloroform were

combined on tlc pattern and evaporated to dryness under

reduced pressure to give compound BF.

Earlier elutes of chloroform:methanol (98:2)
gave a mixture of the two compounds. Later six frac-
tions were combined on tlc pattern and evaporated to
dryness under reduced pressure to'give compound BG.
Fractions containing mixture of two compounds were com-

bined and rechromatographed.

Compound BF and BG were purified by sublimation
under vacuum (0.1 mm at 70°C), m.p. 279°¢-280°C and

29200-29300, respectively.

Thin layer chromatography of compound BF

Two activated neutral alumina plates were spotted

with a chloroform solution of the compound and were
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developed in a tank of chloroform. One of the developed
plates was air-dried and sprayed with Dragendorff'sg
reagent. A single pink coloured spot was observed

(Rf O.45). The second developed plate was sprayed with
concentrated sulphuric acid and heated at 120°C for

15 minutes. A single black colour spot developed

(Rf 0.45).

The compound gave a positive test for nitrogen.

Solubility of the compound BF - It is soluble in ethyl

alcohol, chloroform, solvent ether and benzene but inso-

luble in water.

UV spectrum of the compound BF (in methanol)

The compound gave the following absorption bands

>\max 215 nm
/\max 273 nm

IR spectrum of the compound BF (in CHCl3)

The IR spectrum of the compound showed absorvtion

peaks at the following wave numbers:

3640 cm'1, 3525 cm’1, 3450 cm'1, 2940 cm'1, 2850 cm’1
1735 cm'1, 1640 cm°1, 1525 cm-1, 1470 cm’1, 1375 em™ !

1265 cm'1, 1185 cm'1, 1040 cm’1, 970 em~! and 865 cm~ 1.
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Methiodide of the compound BF - The compound (15 mg)

was taken in ethanol (2 ml) and methyl iodide (1 ml)

was added. It was then refluxed on water bath for an
hour and was kept over-night in a refrigerator. The
crystalline derivative was filtered, recrystallised with

o
ethanol, and dried at g0°c in vacuum, me.p. 211°c-212 cC.

Picrate of the compound BF - The compound (20 mg) was

dissolved in ethanol and added to an alcoholic solution
of picric acid. The mixture was heated on water bath
and cooled. A reddish yellow coloured crystalline com-
pound separated out. The picrate was filtered and crys-

0
tallised with ethanol, m.p. 119 C (decomposition).

Thin layer chromatography of compound BG

Two activated neutral alumina plates were spotted
with a chloroform solution of the compound and the plates
were developed in a tank saturated with chloroform:

methanol (98:2).

One of the developed plates was air-dried and
sprayed with Dragendorff's reagent. A single pink col-
oured spot was observed (Rf. 0.52). The second developed
plate was sprayed with concentrated sulphuric acid and

heated at 120°C for 15 minutes. A single black colour

spot developed (Rf 0.52).
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Solubility of the compound BG - It is soluble in ethanol

and chloroform, sparingly soluble in benzene and ether,

and is insoluble in water.

lethiodide of the compound BG - DMethiodide was prepared

0
as in the case of compound BF, m.p. 216 -217°C (decom-

position).

Picrate of the compound BG - The picrate prepared by the

usual method showed, m.p. 213°-214°C.

| UV spectrum of the compound (in methanol)

The compound gave the following absorption bands:

,Amax 225 nm
‘%max 290 nm

' 2 houl
Npax 75 nm (shoulder)

IR spectrum of compound_BG

The IR spectrum of the compound in chloroform

absorption peaks at the following wave numbers:

showed
" -1 - _
3645 cm™ 1, 3525 cm 1, 3400 em™', 2925 cm™', 2960 cm™
-1 - _
1722 em !, 1625 em!, 1510 cm™', 1320 cm™', 1310 e,
1 “1 4400 em™ ', 970 cu~! and 820 cm™!
1170 Cm— 1025 cm ’ ’ cm '

Treatment of the ethyl acetate extract

The ethyl ace
e and was kept 1

tate extract was concentrated under redu-

n a refrigerator. After 24 hours
ced pressur
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a crystalline compound started separating out. It was
then left for 10 days and filtered. The residue was
recrystallised twice with ethanol, to give a white
crystalline compound BE (0.35 g), m.p. 289°C-290°C
(decomposition)(}xJD - hoo(pyridine).

Thin layer chromatography of the compound BH

Activated plate of silica gel G was spotted with
ethanol solution of the compound and developed in a tank
saturated with chloroforﬁ:methanol (95:5). The air-dried
plate was sprayed with concentrated sulphuric acid. A
single pink spot developed. It was then heated at 120°¢

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

spot appeared.

Elemental analysis of the compound BH

Found Calculated for 035H6006
C =73.12% C=72.91%
y = 10.50 % H=10.41%

Reaction of the compound BH

(i) Liebermann-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 sul-

phuric acid a pink colour developed which immediately

changed to bluish-green.
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(ii) Salkowski reaction - When a few drops of concentra-

ted sulphuric acid were added to the solution of the com-

pound in chloroform, a red colour developed.

(1ii) Rugicka's reaction - When a few drops of the chloro-

form solution of tetranitromethane were added to a chloro-

form solution of the compound, a yellow colour was observed.

IR spectrum of the compound BH (in KBr)
1

Peaks cm™ Assignment
3400 O-H stretching
2955 C-H stretching
2925 C-H stretching
2850 C-H stretching
1650 C=C
1455 C-H bending

_ 1380}
1365 gem-dimethyl
1250 '
1150-1015 various C-C-C
800-825

Acetylation of the compound BH - The compound (0.12 g)

was taken in acetic anhydride (8 ml) and pyridine (2 ml).
The solution was stirred mechanically with slight warming
for 10 hours. The reaction mixture was then left over-

night and was poured over crushed ice. The white solid,
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which separated out, was filtered and washed thoroughly
with water. The acetyl derivative thus obtained was

recrystallised with absolute alcohol and dried at 100°¢
in vacuum, m.p. 16&00,[<XJD - 35° (CHClB).

Thin layer chromatography of the acetate

Activated silica gel G plate was spotted with
chloroform solution of the compound and was developed
in a tank saturated with chloroform. The developed
plate was air-dried, sprayed with concentrated sulphuric
acid, and heated at 120°C for 15 minutes. Single black

coloured spot appeared (Rf 0.65).

Elemental analysis of the acetate

Found Calculated for Ch3H68O1O
C = 69.45 9 . C = 69.35 4

Determination of the acetyl percentage

The acetyl percentage in the acetyl derivative
of the compound was determined by the method of Weisenberger

as described by Belcher and Codbert.
Found Calculated for C35H5606(COCHB)A

Acetyl percentage = 23.98 Acetyl percentage = 23,10
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IR Spectrum of the acetyl derivative of BH (in CClh)

The observed peaks and their assignments are as

follows:

Peaks cm-1 Assignment
2930 C-H stretching
2854 C-H stretching
1762 Acetate-CO
1464 C-H bending
1365
ey gem-dimethyl
12,8 O-COCH3
1215 C-0-C stretching
1025

NMR spectrum of the compound BH

Signals ( Assignment
9.26 Methyl protons
9.19 Methyl protons
9.10 Methyl protons
9.00 Methyl protons
8.92 to 7.6L Methylene protons
I
7.98 Protons of CHy-C-
5,82 Protons of CHy0AC

L.95 to 4.70 Protons of CHOAC

L.68 Ethylenic protons
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Hydrolysis of the compound BH and identification of sugars

The compound (0.1 g) and 5% aqueous sulphuric
acid (25 ml) were taken in a round bottom flask, and

refluxed for 4 hours. The reaction mixture was allowed

to cool at room temperature and then extracted with sol-

vent ether (5 x 25 ml). The ether extract was washed

with water and dried (NaZSOh). The solvent was distilled
off. The residue thus obtained was crystallicsed with
absolute alcohol, m.p. 1360-137°C,Eoc]D -35° (CHClB).

The compound was readily soluble in chloroform,

benzene, solvent ether and hexane but sparingly soluble

in hexane and ethanol. The aqueous solution left after

extraction with solvent ether was neutralised with

barium carbonate and filtered. The filtrate was concen-

trated under reduced pressure. The concentrate gave

positive lMolisch's test and reduced Fehlinggsolution.
It also gave colour with aniline-hydrogen-phthalate
reagent, indicating the presence of a reducing sugar.
On descending paper chromatography in ethyl acetate:
acetic acid:water (10:3:3), a single spot appeared
when the chromatostrip was sprayed with p-anisidine-
hydrochloride and heated at 110°C for 10 minutes

(Rf 0.17). This indicated the presence of only one
sugar which from its Rf value appeared to be glucose.

This was confirmed by Co-chromatography with an authentic
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sample of  D(+)-glucose. The identity of the sugar
was further confirmed by preparation of osazone; m.p.

(0]
199 -200%¢.

Thin layer chromatography of aglycone

Activated silica gel G plate was spotted with
chloroform solution of the compound and developed in
a tank saturated with chloroform. The developed plate
was alir-dried and sprayed with concentrated sulphuric
acid and heated at 12000 for 15 minutes, a single black

spot developed (Rf 0.44).

Elemental analysis of aglycone

Found Calculated for 029H500
C = 8ho5h 7 C = 84.05 ¢

Reactions of the aglycon

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

nitromethane in chloroform were added to the chloroform

gsolution of the compound a yellow colour was observed.

(11) Liebermann-Burchard reaction - The compound was

taken in acetic anhydride and a few drops of acetic
acid. Addition of a few drops of concentrated sulphu-

ric acid produced a green colour.
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(iii) Salkowski reaction - When a drop of concentrated
sulphuric acid was added to the solution of the compound
in chloroform a yellow colour developed which changed

to red after =some time.

Acetylation of aglycone

Compound was acetylated with a mixture of acetic
anhydride and pyridine. 'Acetyl derivative was crystal-

lised with chloroform methanol mixture, m.p. 12700,
[ mJD - 37° (CHC1,).

Elemental analysis of the acetyl derivative

Found Calculated for C44H502
C = 81.21% C = 81.57%

IR spectrum of the aglycone

The observed peaks and their assignments are as

follows:
1

Peaks cm™ Assignment
3623 O-H stretching
2950 C-H stretching
2868 C-H stretching
1660 C=C
14,64 C-H bending
1380 gem-dimethyl
1365
1050 C-0 stretching

950
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Detection of sugars in B.diffusa

The alcoholic extract of B. diffusa was tested
for sugars. It gave positive liolisch's test, reduced
Fehlingssolution and produced colour with aniline-hydro-
gen-phthalate reagent, indicating the presence of redu-
cinr sugar. Paper chromatography of the sugar mixture
showed the presence of three sugars. These sugars were
identified by co-paper chromatography (descending) on
whatman paper No.1 in ethyl acetate:acetic acid:water
(10:3:3). p-Anisidine hydrochloride was used as a spray-

ing reagent. The sugars identified were glucose (Rf 0.18)

fructose (Rf 0.24) and sucrose (Rf 0.12).

Quantitative estimation of sugars

Air-dried and powdered roots (100 g) of B.diffusa
were extracted with 75% ethanol in a soxhlet apparatus
for 48 hours. Alcohol was distilled to concentrate the

solution.

Animal charcoal was addéd to the solution and
the solution was filtered through sintered funnel. It
was then treated with neutral lead acetate. Excess of
Po’” wag removed by addition of sodium-hydrogen phosphate
and the precipitate was filtered off. The solvent was

then removed under reduced pressure. The residue was
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dissolved 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 Whatman
No.1 chromatographic paper. Two sheets (8" x 18") were
taken, one sheet was used as blank. A base line was
drawn. The paper was spotted along the base line at
five places each with 10 A sugar solution. Chromato-
grams were developed in a chamber saturated with ethyl-
acetate! acetic acid : water (10:3:3). The chromato-
gram was allowed to overflow for 8 hours, so that sugars
are clearly separated. The paper chromatogram was dried
at room temperature. One marginal strip was cut and
sprayed with p-anisidine hydrochloride. On heating the
chromatostrip at 110°C for 15 minutes,the appearance of
the spots marked the distance the sugars had travelled
in the strip and the unsprayed section. After reassem-
bling the chromatostrips, the best line of demarcation
was drawn between the three spots,and the sections were
cut out. Corresponding blanks were cut from the blank
paper. The strips containing glucose, fructose, sucrose
and their corresponding blanks, were transferred to wide-
mouth test tubes, and 20 ml water was added to each test

tube. The tubes were then allowed to stand for 30 minutes
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with occasional shaking and warming. The elutes were
filtered through glass-wool and the concentration of

sugar was determined by phenol-sulphuric acid method.

2 ml of sugar solution was taken with 1 ml of 5%
phenol (in water) in a pyrex test tube, to this solution
5 ml of the sulphuric acid (A.R.) were added rapidly. A
pink colour developed in each case. The test tube was
allowed to stand for 30 minutes and the absorbance was
measured at 490 nm in a spectrophotometer. The same

procedure was followed with blank.

A standard absorption curve between micrograms of
sugar and corresponding absorbance was plotted for glucose,
fructose, and sucrose. A straight line was obtained in
each case. The amount of sugar was then determined by
referring to the standard curve and thus the percentage
of glucose, fructose and sucrose was calculated in the
roots of B. diffusa. The procedure was repeated thrice
under identical conditions. The percentage of glucose,
fructose and sucrose obtained in each case was within
¥1%. The average of the percentage of sugars was calcu-

lated on the basis of the weight of dry roots.

1.66%
Fructose = 2.87%

i

Glucose

Sucrose = 1.29%



CHAPTER III

ISOLATION AND STUDY OF HENTRIACONTANE, HENTRIA-

CONTOL, NONACOS=-1-ene-4-one AND NMIXTURE OF SB-

SITOSTEROL-D(+)-GLUCOSIDE AND STIGMASTEROL-D(+)-

GLUCCSIDE FROM THE STEMS AND ROOTS OF TRIANTHEMA

PETANDRA (SYN-ZALEYA GOVINDIA) N.C. NAIR
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Trianthema Pentandra roots and stems were extrac-

ted with petroleum ether and the neutral fraction of the
extract was chromatographed on a neutral alumina column.
Elution of the column with petroleum ether, petroleum
ether:benzene (9:1), and with pure benzene gave éompounds

)
TA, mep. 67°C, TB, m.p. 75 C, and TC m.p. 86°C successively.

Examination of TA, TB, and TC on tlc plates showed

them to be homogeneous.

Study of compound TA

The elemental analysis of the compound TA corres-
ponds to the molecular formula C31H6h' This molecular
formula is supported by the molecular ion peak m/e 436
in the mass spectrum. Spectrum showed no (M-15)* peak
but an intense molecular ion peak and fragmentAof 14 mass
units were observed. This shows that compound is a

straight chain aliphatic hydro~carbon67.

The IR spectrum of the compound showed characteri-
stic bands at 725 cm-1 and 714 cm™ indicating a long
n-alkane chain68’69. NMR spectrum of the compound gave
only two signals, one at 9.12 { assigned to methyl
protons and another strong signal at 8.75 T assigned to
methylene protons. This further indicates that the

compound is a straight chain saturated aliphatic
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hydrocarbon71. The hydrocarbon on the basis of the
above observations has been identified as hentriacon-

tane and can be represented as

CH3.0H2(CH2)270H2.CH3

TA

Identification of hentriacontane was further

confirmed by mixed me.p., and superimposable IR spectrum

with an authentic sample.

Study of compound TB

The elemental analysis of the compound corresponds

to the molecular formula 029H560' This molecular formu-
la is supported by the molecular ion peak m/e 420 in

mass spectrum. The compound gave yellow colouration

with tetranitromethane indicating its unsaturated

character73. It gave negative test for steroidsand

triterpens.

The IR spectrum of the compound (in KBr) showed

a strong peak at 1733 cm'1 indicating that compound has

a carbonyl function. The peak at 1685 em~! indicates

- -1
C=C and that at 722 cm 1 and 715 cm indicates a

n-alkane chain. The compound TB appears to be a un-

saturated aliphatic long chain ketone.
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lith 2:4 dinitrophenylhdrazine the compound formed

an orenge yellow crystalline hydrazone, m.p. 890-9000.

Lithium aluminium hydride reduction of TB in dry
ether gave a compound of m.p. 850-87°C. In IR spectrum
of the reduction product, the peak at 1735 cm-1 had
disappeared and a new peak at 3625 cm"1 had appeared,
indicating that the carbonyl group has been reduced to
an alcoholic group.

1

1 - -
, 1060 cm 1,1015 ecm ,

, 1095 em”

Peaks at 3625 cm
crnaracteristic of secondary alcoholic group109, indicate
that the carbonyl function in TB is a ketonic group. The
peak at 1665 cm™ characteristic of C=C is also present

in the IR spectrum of the reduction product.

The alcohol on acetylation gave an acetyl deri-
vative, m.p. 6500. The IR spectrum of the acetyl-
derivative showed a peak at 1735 cm'1 (acetate CO) and
a peak at 1252 em™! (O-COCHB)- The peak at 3625 cm-1
had disappeared. The peak at 1685 cm‘1 is assigned to
C=C. The acetyl derivative also gave a yellow coloura-

tion with tetranitromethane73.

On the basis of the above observations it appears
that compound TB is an unsaturated aliphatic long chain

ketone. The UV spectrum of TB in hexane showed absorp-
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tion maxima at 227 nm which rules out the possibility
of the double bond being in conjugation  with the

keto group.

Mass spectral study of ketone TB

Ketones are known to undergo frequent rearrange-
ments in mass spectrum through a six membered ring
intermediate, followed by fragmentation with retention

of the positive charge on the oxygen containing fragments.

V. Wollrab studied the mass spectrum of a mixture
of nonacosan-7-one and nonacosan-10-one, derived from
the secondary alcohols occurring in wax of flower Rosa
damascenam9 Fragmentation pattern of nonacosan-7-one

as observed by V. Wollrab in mass spectrum is as follows:

H\\%/;i
l

CHy (CHy ) (=0 CH3 (CHy) g-C=CHy

m/e 113 /////////” m/e 129
K\\\\\\\\ 0 .

CHB(CHZ)5-C-(CH2)21-CH3

‘Nonascosan-7-one

| + +
[ CHy (CHa )5, C =CH2J CH3 (CHy )5C=0)
m/e 352 m/e 337
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In the mass spectrum of the ketone TB, no signi-
ficant (N-15)* peak was observed and the ratio (M-15)*/M"
may be considered as close to zero. This indicates that
ketone TB has a straight chain110. Mass spectrum showed
(M+1fbeak characteristic of asymmetrical ketones L e The

ratio of Mm* to (M+1)+ is two.

The most intense peak obtained in the spectrum
of TB is at m/e 394. The next most intense peak is
at m/e 379. Other significant peaks are at m/e 85 and
m/e 69. These mass fragments can be explained on the

basis of the fragmentation pattern given by V. Wollrab

for Nonacosan-7-one, by assigning the following structure

(I) to the ketone TB.

H\g/H

+
il |
CH2=CH-CH2-C CH2=CH—CH -C=CH2
n/e 6 &\\\\\\\\ ,//////Z Ve
CHB-(CH2)23-CH2‘C’CH2'CH CH2
(1) \\\\\\\\\\y
o
?H i CH.=-(CH,)»2CH_=C
('CHB-(CH2)3-0H2-0=CH2 ] 2723772
m/e 379

m/e 394
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NMR study of ketone TB

The proposed structure for the ketone TB is fur-

ther supported by the Nuclear Magnetic Resonance spectrum

of the compound. This spectrum shows signal at 9.12 T,

assighed to three methyl protons and & strong signal

at 8.72 T due to methylene protons. A multiplet centred

at 7.60 T is assigned to methylenic protons next to the
carbonyl function. Signal at 5.80 [ is assigned to the

olefinic protons in the molecule. On the basis of

spectral datas and chemical studies the following struc-

ture is therefore proposed for the ketone TB

0
l |

CH, - (CH, )23-CH2-CLCH2-CH=CH2
TB

It should be noted that the mass spectra of Cyg

ketones have been studied. for the first time in 1968,

Laseter et al112 used mass spectral data for establishing
the structure of 15-nonacosane. Later V. wOllrabw9
studied mixture of ketones derived from secondary alco-
hols occurring in wax of flower of Rosa damacena. B.

Stoianova-Ivanova and K. Mladenova 13 have identified

mixture of ketones (Cpg tO 030) in Rose bud and Rose

flower waxes.

Saturated Cpg ketonés are known to occur in
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110,112,1
plants ' 7’ 13 put as far as our knowledge goes,
it is for the first time that the occurrence of an

unsaturated 029 ketone with a terminal double bond

and a carbonyl group at Ch is being reported.

Study of compound TC

The elemental analysis of the compound TC corres-

ponds to molecular formula C31H620' The compound gave

negative tetranitromethane test showing this to be a

saturated compound. The compound TC gave negative test

for steroids and terpens.

IR spectrum of the compound TC in KBr showed a
peak at 3425 cm'1 indicating the presence of a hydroxyl
group in the compound. The absorption band at 1050 em™!
is assigned to C-0 stretching. The presence of the
hydroxyl group was further supported by the triplet at
6.34 { in NMR spectrum, which also had a singlet at

9.22 [ and a strong signal at 8.68 | assigned to methyl

and methylene protons respectively. It is clear that:

single oxygen present in the compound is in the form of
a hydroxyl function. With acetic anhydride and pyridine

the compound formed an acetyl derivative, m.p. 76°C.

showed peaks at 1742 cm'1

IR spectrum of the acetate in CClu
(acetate CO) and 1235 cm™ (O—COCHB). The elemental
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analysis of the acetate corresponds to the molecular

formula 033H6602' The compound TC has been identified

as Hentriancontel. The identity of the compound was
finally established by mixed m.p., Co-tlc and a super-

imposable IR spectrum of the compound and of the acetate
with the authentic samples. Hentriacontol can be writ-
ten as
CHB.(CH2)29.CH20H
TC
The occurrence of a 031 hydrocarbon (Hentriacon-
tane), a C3q alcohol (Hentriacontol), and a C29 ketone

(noncos-1-ene-4-one) in the wax of the plant T.pentendra

is of much significant biogenetically.

Treatment of the alcoholic extract of T. pentandra

The residue from the alcoholic extract of the
defatted roots and stems of T. pentandra was extracted
with solvent ether. The ether was completely evaporated
under reduced pressure. The residue upon repeated
crystallisations with chloroform:ethanol (1:1) and with
absolute alcohol gave a white crystalline compound TD
(150 mg), m.p. 302°-303% (decomposition),(chD - 38°
(pyridine). Homogeneity of the compound was established

by thin layer chromatography on silica gel G plate.
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The elemental analysis of the compound TD

corresponds to the formula CB5H6006' The compound

gave yellow colouration with tetranitromethane indi-

cating unsaturation in the compound. In Liebermann-
Burchard test the compound first gave a pink colour
which changed to green immediately. Compound gave

red colour in falkowaski test. The alcoholic solution

of the compound did not glve precipitate with digitonin.
The compound gave positive Molishs test for sugar but

did not give the characteristic colour with aniline

phnthalate reagent.

On the basis of the elemental analysis and colour
reactions, the compound TD under study appears to be

a phytosterolin in which the reducing group of the sugar

is involved in the glycosidic linkage.

IR spectrum of the compound showed strong broad

absorption at 3400-3425 cm-1 indicating the hydroxyl

functions in the compound. Absorption bands between

1150 cm™ ! and 1010 cm™! indicated various C-0-C groups.
Peak at 1650 cm”1 indicates the presence of C=C in the

compound. Peaks at 1362 em™! and 1375 cm~! indicated

the presence of gem-dimethyl group.

The phytosterolin on acetylation with a mixture

of acetic anhydride and pyridine gave an acetate, m.p.
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o
15700 ’{“]D - 30 (chloroform).

The determination of acetyl group percentage by
the method of YWiesenberger as described by Belcher106,
indicates the presence of four hydroxyl groups in the
compound. IR spectrum of the acetate showed peaks at

1765 cm” ' (acetate CO) and 1222 cm™! (0-COCH;).

Nuclear Magnetic Resonance spectrum of the tetra-
acetate showed strong triplet at 7.98 T assigned to the

protons CHB—ﬁ—(one signal superimposed with the other).

Signals at 9.28 T, 9.12 T, 9.19 T and 9.14 T are assigned
to the methyl protons of the steroid part of phytoste-
rolin. Signal at 5.81 [ is assigned to the protons of
CH,CAC. A deformed multiplet envelop between 4.98 T to
4.78 T and between 8.94 [ to 7.66 { is assigned to the
protons of CHOAC and methylene protons of steroid ring
and side chain respectively. A deformed envelop between

L+50 T to 4.75 T is assigned to the ethylenic protons.



-—— U\ w
ozy oov oee ove oze oot osZ (o1- T4 otz ozz 0oz
iz, P.¥3 ,
st 8t no_mo._n/mmn ez 1©
Is€ Lee ese ne
oos \ 122 6z2
o082 12
13-4
19¢ I£€
v6¢ 30ISOON19 -(+)0 - 1OHILSYWOILS ANV 3QISOONTD -"+,C -
96¢ ’
—-— w\ w
ozt o0o¢v oee 09¢ ove oze 00¢ o’z o9z ove ozz ooz
82¢ /
, e %
tip! 21p osg 69 e €05 mmm‘ L €2
16e _On/ 982 g2 6ze
00¢ €12
sse
18€
(-3~
o8t

301SOON19-(+4)0 - 10YILSYWOILS ANV

S3LVLI3OV vyL3ILl YI3HL ONV VHONVLINID YWIHLINVIEL NI ONRNNDD0 S3CISOONTIO 40 VHLD3IJS SSYW
oet

o8

091 ovl o2 [oYe)] oe 09
LS
Su
501 &0! LS
0B ILSOLIS-F 3¢ S 3iv. A0V 8L 3. S IHOLXN
o8t 09l op! o2 O o8 Q9
d.__ Jﬁ
I _ !
| bl
ﬂ ; 2 r
St

3QISOINTO-(+)0 - J1OHILSOLIS-F JO IYNLXIN

oy

(o))
I+ O2
ot

ov

(4

o9
QL
o8

(o]

3A|$V138

oo

- ALISN3LN




_83-

Mass spectral studies of phytosterolin

Phytosterolins and their tetracetates are unstable
when run in a mass spectrophotometer even using direct
inlet probe. Towards the end of the spectrum of the
phytosterolins an intense peak at m/e 396 was observed.
As discussed in Chapter II the peak at m/e 396 may arise
from the fragment obtained after elimination of the
sugar from ,B—éitosterol-D(+)-glycoside. Peaks at m/e
397, 398, 414, 381, 329, 303, 288, 275, 273, 255, 231,
229, 213 and in lower region of mass spectrum peaks at
m/e 145, 127, 109, 73, 61, and 60,were also present in
the mass spectrum. These mass peaks are identical with
the mass peaks in the spectrum of B-sitosterol-D(+)-

glucoside obtained from B. diffusa (Chapter II, plate 1).

Besides those peaks the mass spectrum also has
the following set of peaks at m/e 394, 395, 412, 379,
36Q, 351) 327’ 301) 300) 286) 273, 227'

These peaks can be explained if we assume that
phytosterolin under study is a mixture of /3-sitosterol
-D(+)-glucoside and stigmasterol-D(+)-glucoside. Mass
peak at m/e 300 is the characteristic.peak of steroids

having double bond between C,, and 02311h,115.



8-

CioH

FigJI. Stigmasterol-D(+)—glucoside

poak at m/e 395 may arise by the cleavage of

carbon oxygen pond at ‘@ (Fig. I)
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Peak at m/e 394 corresponds to the fragment

obtained after elimination of sugar moiety (Fig.Il).

~

A

m/e 394

A peak at m/e 396 is also possible which may
arise by the cleavage of carbon oxygen bond at‘a’ (Fig.II )

and a hydrogen rearrangement.

m/e 396
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Pzak at m/e 412 which corresponds to the mass
of stipmasterol may arise Ly the cleavage of carbon-

oxygen bond at a and 2 hydrogen rearrangement.

WO
m/e 412

The other significant peaks in the mass spectrum
are at m/e 369 and m/e 351. Peak at 369 may arise by
the elimination of isoprcpyl terminal group from stie-

masterol116

d

WO m/e 369
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Peak at m/e 351 may arise by the loss Oof the ter-
minal isopropyl group followed by @ molecule of water

from stigmasterol.

o

m/e 351

Peaks at m/e 327, 301, 286, 273 are expected
fragments from stigmasterol indicating a double bond

1
between Cg-'06 7-

Peak at 273 may arise by the elimination of the
side chain and a loss of molecule of water followed by

loss of two hydrogen also from the tetracyclic fragment.

Mass spectrum of tetra-acetate of phytostercl TD

Mass spectrum of tetraacetate shows expected peaks
from mixture of JB-sitosterol -D(+)-glucoside and stig-

masterol-D(+)-glucoside
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m/e Z;Tlp, 399) 398) 397’ 396’ 381’ 329’ 303’ 288, 275
and 273.

w/e k12, 397, 395, 394, 379, 327, 301, 300, 286 and 273.

Jesidee these peaks the spectrum shows a strong peak at

m/e 331 which may arise by the cleavage of carbon-oxygen

bond at b (Fig.II),
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The spectrum also shows the following veaks at

m/e 289, 271, 229, 187, 160, 157, 115, 109 and at m/e

57

These fragments are identical for glucose tetra-
acetate.
From the mass spectrum of phytosterolin it is

established that phytosterolin under study is a mixture

of B-sitosterol-D(+)-glucoside and stigmasterol-D(+)-

glucoside.
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EXPERIMENTAL

Air-dried and powdered stems and roots of

Trianthema pentandra (4.5 Kg), collected locally,were

extracted in a soxhlet apparatus with petroleum ether
(bep. 60-80°C) for 76 hours. Solvent was distilled
under reduced pressure, and the dark green residue so
obtained was dissolved in hot methanol-acetone (1:1)
mixture and kept in a refrigerator, the greenish waxy
solid which separated out was filtered. The filterate
was concentrated and again kept in a refrigerator, when
some more solid separated. This solid was mixed with
the previously obtained solid. The process was reveated
thrice. The solid material so obtained was collected

and the filterate which contains mainly chlorophyll was

discarded.

The greenish solid (19.15 g) was dissolved in
solvent ether and separated into acidic, basic and
neutral fractions. Acidic and basic fraction gave neg-
ligible residues which were discarded. The neutral,
ether soluble fraction was washed thoroughly with water,
dried (NaZSOA) and evaporated to dryness to give a
solid (16.50 g). Thin layer chromatography of this

crude solid showed four main spots in different solvent
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systems. Plates were sprayed with concentrated sul-

phuri&?gnd heated for 15 minutes at 120°C.

Treatment of neutral material

The solid (14 g) was dissolved in minimum quantity
of chloroform and was adsorbed on 50 g of neutral alumina.
It was then placed on the top of a chromatographic column
(36" x 3"), packed previously with 40O g of neutral
alumina. Development of the column was carried out with
solvents of increasing polarity, starting with petroleum
ether and ending with chloroform. Elutes were collected
in fractions of 50 ml each and evaporated to dryness
under reduced pressure. These were divided into three
portions designated alphabetically A, B, and C on the
basis of tlc pattern. Each portion was rechromatographed

on neutral alumina column of Brockmann activity 1.

Chromatography of portionfl

Portion A (5.8 g) was chromatographed on neutral
alumina column using petroleum ether for elution and
finally the column was washed with benzene. 25 ml
fractions were collected. First two fractions were
discarded, fraction 3 to 8 were combined on tlc pattern.
The residue on repeated crystallisations with h=xane

0
gave white shining flakes TA (4.2 g), m.p. 67 C.
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Chromatography of portion B

Portion B (2.5 g) was adsorbed on 4 g of neutral
alumina and placed on the top of a column (30" x 1")
packed previously with neutral alumina (80 g). The
column was washed with petroleum ether (100 ml) and the
washings were discarded. It was then eluted with pet-
roleum ether:benzene (9:1) mixture. 25 ml fractions
were collected. Fraction 5 to 12 were combined on tlc
pattern. The combined elute was evaporated to dryness
under vacuum and crystallised twice with hexane to give
a white crystalline compound TB (1.02 g), m.p. 75 C.
Later fractions of petroleum ether:benzene (9:1) and
elutes from benzene were found to be mixtures of at
least two compounds. The fractions showing these mix-

tures were mixed with portion C.

Chromatography of portion C

Portion C (4.62 g) was adsorbed on 10 g of neutral
alumina and placed on top of a column (30" x 1"), packed
previously with neutral alumina (90 g). The column
was washed with a mixture of 100 ml of petroleum ether:
benzene (1:1), and the washings were discarded. Elutes
from benzene were combined on tlc pattern. Finally the
column was eluted with chloroform. The elutes from

chloroform gave no worthwhile compound. Combined elutes
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of benzene were evaporated under reduced pressure and
crystallised with chloroform several times to give a

white crystalline compound TC (2.25 g), m.p. 86°C.

Thin layer chromatography of compound TA

Activated silica gel G plate spotﬁed with hexane
solution of the compound was developed in a tank satura-
ted with petroleum ether. The developed plate was air-
dried and sprayed with concentrated sulphuric acid. The
chromatogram on heating at 120o for 15 minutes developed

a single black spot at the solvent front.

Elemental analysis of the compound TA

Found Calculated for C34Hg,
C = 84.62% ‘ C = 84..32%
H = 1&-.1}2% H = 11&067%

Solubility of the compound TA

The compound is highly soluble in chloroform,

ether, benzene, and sparingly soluble in acetone, methanol

and ethanol.

IRspectrum of compound TA (in KBr)

The observed peaks and their assignments are as

follows:
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Peaks cm.1 Assignment
2920 C-H stretching
2852 C-H stretching
1460 C-H bending
1375 C-~H bending

725 n-alkane chain
714

Nuclear magnetic resonance spectrum of the compound TA

Signals t Assignment
9.12 Vethyl protons
8.75 Methylene protons

Thin layer chromatography of compound TB

The activated silica gel G plate was spotted with
chloroform solution of the compound and developed in a
tank saturated with petroleum ether:benzene (3:1). The
developed plate was air-dried and sprayed.with concen-
trated sulphuric acid. The chromatogram on heating at
120° for 15 minutes developed a single black spot
(Rf 0.77).

Elemental analysis of the compound TB

Found Calculated for C29H560
C = 82,45% C = 82.85%

H = 13.34% H=13.57%
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Solubility of the compound TB

The compound is soluble in chloroform, ether,
carbontetrachloride and sparingly soluble in ethanol

and methanol., It is insoluble in water.

IR spectrum of the compound TB

The observed peaks and their assignments are as

follows:
Poaks cm | Assignment
2915 C-H stretching
2855 C-H stretching
1733 CO stretching
1685 C=C
14,60 C-H bending of CH3 and CH2
1470 in plane bending of =CH»
14,08 -CH,-CO-
1375 C-H bending of CH3
1200 In plane bending of =CHR
1182 C-0 stretching
1170 C-0 stretching
722
715 n-alkane chain

Ruszaé reaction - When a few drops of tetranitromethane

in chloroform were added to the chloroform solution of the

compound a yellow colour was observed.
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Preparation of 2:4 dinitrophenylhydrazone of compound TB

A solution of 2:4 dinitrophenylhydrazine was pre-
nared in ethanol with a few dropvs of concentrated sul-
phuric acide. The compound TB (30 mg) was dissolved in
ethanol (10 ml). The two solutions were heated separately
on water bath. A hot solution of 2:4 dinitrophenylhyd-
razine reagent was added to the hot solution of the com-
pound. The mixture was refluxed for 30 minutes. On
cooling orange-yellow amorphous hydrazone separated out.
The hydrazone (35 mg) was crystallised with absolute
alcohol gave a yellow-orange coloured crystalline compound,

m.p. 89°-90°C.

Reduction of the ketone TB with lithium aluminium hydride

The solution of the compound (60 mg) in dry ether
was added dropwise to the suspension of Lithium alumi-
nium hydride. When the addition was complete the mixture
was stirred for another 4 hours. The excess of Lithium
aluminium hydride was destroyed by adding water drop by
drop. The clear etherial solution was decanted from the
slurry. The slurry was washed twice with ether. The
combined ether solution was washed with water, dried
(Nazsoh) and the ether evaporated. The solid obtained
was crystallised twice with chloroform:methanol (1:1)t0

give a white crystalline compound (43 mg) ,m.p.86°-87°C.,
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Thin layer chromatography of reduction product
of ketone TB

Activated silica gel plate was spotted with a
chloroform solution of the compound and was developed
in a tank saturated with benzene. Air-dried plate
was spraved with concentrated sulphuric acid and heated
S5t 120°C for 15 minutes a single black colour spot

developed (Rf = 0.40).

IR spectrum of the reduction product of ketone TB (inCHClB)

The observed peaks and their assipgnments are as

follows:

Assignment (Szymanski)118

-1
Peaks cm

OH stretching

3625

204, 5 C-H stretching

2550 C-H stretching

1685 o

(465 Asymmetric bending gof CH3 and
symmetric bending of CH,

- In plane bending of =CH2

- C-H bending of CH3

- In plane bending O~y

1200 In plane bending of - CHR
C-0 stretching

12:5 C-0 stretching

1

C-0 stretching
1015
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Alcohol gave yellow colouration with tetranitro-

methane.

Acetylation of reduction product of TB

The compound (25 mg) was acetylated with a mixture
of acetic anhydride (2 ml) and pyridine (0.5 ml). The
reaction mixture was poured on crushed ice. The compound
that separated out was extracted with ether (4 x 10 ml).
The combined ether extracts were washed with water,
dried (Nazsoh), and ether evaporated off. The solid on

crystallisation with ethanol gave a white crystalline

compound (20 mg), m.p. 65°C.

IR spectrum of above acetyl derivative (in CClh)

The observed peaks and their assignments are as

follows:
Petks cm'1 Assignment
2925 C-H stretching
2852 C-H siretching
1735 Acetate (CO)
1680 c=C
14,65 Asymmetric bending of CH3
and symmetric bending of -CHy
1362 C-H stretching of -CH2
1252 0-COCHs
1200 In plane bending of =CHR
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Nuclear magnetic resonance sgpectrum of the ketone TB

Signals ( Assignment
9.12 Methyl protons
8.72 Methylene protons
7.60 (multiplet) -CH2-5-CH-
5.80 Olefinic protons

Thin layer chromatography of compound TC

Activated silica gel G plate was spotted with a
chloroform sclution of the compound and develoved in a
tank of hexane:chloroform (1:1) mixture. The developed
plate was air-dried and sprayed with concentrated sul-
phuric acid. The chromatogram on heating at 120°C for

15 minutes developed a single black spot (Rf 0.42).

Elemental analysis of the compound TC

Found Calculated for CB1H6AQ
C = 82.12% C = 82.30%
H = 14.34% H= 14.15%

Solubility of the compound TC

The compound is soluble in benzene, chloroform,
ether and sparingly soluble in methanol, ethanol. It

is soluble in water.
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IR spectrum of the compound TC (in XBr)

The observed peaks and their assignments are as

follows:

Peaks cm” Assignment
3425 OH stretching
2925 C-H stretching
2852 C-H stretching
1472 C-H bending
1460 C-H bending
1370 C-H bending
1050 C-0 stretching

725 n-alkane chain
715

Nuclear magnetic resonance spectrum of compound TC

Signals T Assignment
9.22 Methyl protons
8.68 Methylene protons

6.34 (triplet) Proton of -OH group attached

to a methylene group

Acetylation of the compound TC

The compound (100 mg) was acetylated with a mix-
ture of acetic anhydride (10 ml) and pyridine (2 ml)
and on usual treatment gave the acetyl derivative which
on crystallisation with ethanol gave a white crystalline

compound (80 mg), m.p. 76°C.
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Thin layer chromatography of acetyl derivative of TC

Activated silica gel G plate was spotted with a
cnloroform solution of the compound and was developed
in a tank saturated with petroleum ether:benzene (3:1).
The developed plate was air-dried and sprayed with
concentrated sulphuric acid. The chromatogram on heat-
ing at 120° for 15 minutes gave a single black spot

(Rf = O.41).

Elemental analysis of the acetyl derivative of TC

Found Calculated for C33Hgg02
C = 79.89% C = 80,16%
H = 13.53% H=13.36%

IR spectrum of acetyl derivative of TC (in CClh)

The observed peaks and their assignments are as

follows:

Peaks cm™! Assignment
2025 C~H stretching
2853 C-H stretching
1742 Acetate CO
1465 C-H bending
1362 C-H bending
1235 O—COCHB

1020 C-0 stretching
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Treatment of the alcoholic extract of T. pentandra

The roots and the stems of T. pentandra (4.5 Kg)
after extraction with petroelum ether (40-60°C) were
further extracted with ethanol in a soxhlet extractor
for 48 hours. The ethanolic extract was concentrated
under reduced pressure and 80 ml of distilled water was
added to the residue. It was then subjected to liquid-
liquid extraction with solvent ether. The ethanol solu-
tion was washed with 1little water, dried (Nazsoh),
and evaporated to give a brown coloured solid. Upon
repeated crystallisations (10 times) with absolute
alcohol and with mixture of chloroform and‘absolute
alcohol, the solid gave a white crystalline compound TD
(150 mg), m.p. 302°-303°C (decomposition),[.x}D - 380

(pyridine).

Thin layer chromatography of compound 1D

Activated silica gel G plate was spotted with
ethanolic solution of the compound and the plate was
developed in a tank saturated with ethylacetate:methanol
(98:2). The air-dried plate was sprayed with concen-
trated sulphuric a€id when a single pink colour spot
developed. When the plate was heated at 120° for 15

minutes, the pink coloured spot turned black. No other

spot was present.
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Solubility of the compound TD

The compound is soluble.in hot alcohol and ethyl
acetate, sparingly soluble in chloroform and bengzene.

It is insoluble in water.

Reaction of the compound TD

1. Liebermann-Burchard reaction - The compound was

taken in a few drops of acetic acid and 2 ml of acetic
anhydride. To this were added a few drops of concen-
trated sulphuric acid. A pink colour developed which

immediately changed to bluish green.

2. Salkowski reaction - When a drop of concentrated

sulphuric acid was added to the compound in chloroform,
a yellow colour developed which changed to red after

some time.

3. Ruzikka'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.

L4

L. Ethanolic solution of the compound did not give

precipitate with an ethanolic solution of digitonin.

IR spectrum of the compound TD (in KBr)

The observed peaks and their assignments are as

follows:



~ 10l

Peaks cm~! Assignment

3400-3425 O-H stretching

2930 C-H stretching

28L8 C-H stretching

1454 - C-H bending

1650 C=C stretching

:;ZZ gem-dimethyl

1152-1115 various C-0-C stretching
825-830

-

Acetylation of the compound TD

The compound (50 mg) was acetylated with a mix-
ture of acetic anhydride (5 ml) and pyridine (1 ml).
Upon usual treatment the mixture gave acetyl derivative,

Mepe 15700’[j«JD - 30° (chloroform).

of
Thin layer chromatography of acetyl derivative TD

Activated silica gel G plate was spotted with a
chloroform solution of the compound. The plate was
developed in a tank saturated with ethyl acetate: hexane
(4:1). The air-dried plate was sprayed with concentrated
sulphuric acid and the plate was heated at 120°C for

15 minutes, when 2 single black spot developed (Rf 0.58).



IR spectrum of the acetyl derivative of compound TD

(in CClh)

The observed peaks and their assignments are as

follows:

Peaks cm™:

2925

28 52

1765

1465
1370, 1365

1248

1222
1155
1030

Assignment

C-H stretching
C-H stretching
Acetate CO

C-H bending
gem-dimethyl
O—CO-CH3
O-COCH3

various C-0-C

NMR_spectrum of the compound TD

signals T
- 9.28

9.12
9.19
9.14
8.94 to 7.66
7.98
5.81
5,.98 to L.78
l, .50 to L.75

LY. $ud

Assignment

Methyl protons
Methyl protons
Methyl protons
Methyl protons
lMethylene protons
Protons of CH3-(-
Protons of CHZOEC
Protons of CHOAC

Ethylenic protons



10.

11,

12,

13.
1&.
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