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Mass Spectrum: m/e = 594 (¥, 100%), 593 (53%),
382 (46%). 381 (85%). 368 (8%), 367 (40%), 364 (8%),

297 (3%), 192 (17%), 181 (75%), 174 (17%), 168 (14%).
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3.1 INTRODUCTTION

9 . .
13 (Fagonia cretiecal,

-Fagonia indica Linn
family Zygophyllaceae 1s a small spiny undershrub with
stiff branches often more or less prostrate. It has tiny
rose-coloured solitary flowers found almost all the year
round, It is a very common plant, widely distributed
throughout Pakistan. The aqueous decoction of leaves
and young twigs 1s a popular remedy for the treatment of
skin lesions (boils and abscesses) particularly amongst
children. It 1s described as astringent and a cure for
any disorders arising from poisoning.140 It is reputed
in the indigenous system of medicine as a tonic, febri-
fuge and prophylactic against smallpox.lqo It has also
been used in the treatment of dropsy. Its agueous 2x-
tract has been claimed by some physicians of "Unani Tibb"
as being useful in the treatment of certain types of
cancer. DPreliminary pharmacological tests of aqueous
extracts on mice have shown some anticancer activity.l41
An Ames mutagenicity test has also indicated marginal ac-
tivity.142 The plant contains water-soluble and water-

insoluble saponins,143 which are recognized by their

characteristic properties such as foaming, haemolysis,
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and behaviour as fish poison etec. Plant drugs contain-
ing saponins are often used as expectorant and anti-
tussive agents,

Saponins are oligoglycosides of triterpenoids
or steroids and are chemically classified into monodesmo-
sides and bisdesmosides, The former bear a single sugar
chain which is attached to the aglycone unit with a glyco-
sidic linkage while the latter contain two sugar chains
which are linked at two different positions of the agly-
cone with glycosidic or ester linkages. Sterocidal saponins
are known to be more important since they are used as the
. starting materials for the synthesis of steroid hovmones
and related chemotherapentic agents, Some triterpenoid
saponins have been shown to possess interesting bioclogical
activities. Recently the pharmacological activities of
saponins have been extensively studied vith the object of
developing new therapeutic agents.l44 Brief mention may
be made here of a number of other important saponin con-

taining plants.

In Western folk medicine, the seeds of Adesculus
hippocastanum L,(Hippocastanceae) have becn used for the

treatment of haemoloid and venous congestion., The saponins
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e
of the seeds, named "aescin', was found by Wulff and
Tschesche145 to be r mixture of oligoglycosides of pro-
aescigenin (92) and bari ‘ngtogenol (93) and employed cli-
nically by oral administration. Sapounins are also found
to occur in several traditional drugs used in Chinese
medicine, Thus the root of Bupheurm “uleatum L.
{umbelliferae) has been used under the name of "chai-fu"
as a major component of seéveral prescriptions to resolve
the tightness and resistance syndrome at the costal
margin that might be related to inflammation and disorder
of liver. The main constituents of this root were re-
cognised as oligoglycosides of saikosapogenin a,c and d
{94) isolated by Kubota and his co—workers.l46 The root
of Platycodon grandiflorum DC (companulaceae) has also
been used under the name of "chick~keng” in Chinese
medicine as expectorant and an antitussive agent. It
contains saponins which produce platycodigenin (95) as
the major sapogenin on acid hydrolysis.147 Another im-
portant saponin containing plant drug is "licorice™. This
root extract of Glyeyrrhiza spp. is a wcll known plant
drug in both Western and oriental medicines. The extracts
of the root are used as sweetening, expectorant and anti-

tussive agents since the ancient Greek times. 1In Chinese

medicine licorice is contained as a component in many
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saikosapogenin (94} R = CH3
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prescriptions, acting as a spasmolytic agent, a calmina-
tive and an antidote. The main principle of licorice is
a sweet tasting saponin glycyrrhizin (96) which on acid hydro-

lysis give an oleonane-type triterpene, glycyrrhetic

acigﬂsJﬂg It has been reported by several wor-
ker5150 that glycyrrhizin and glycyrrhetinic acid revealed
anti—ulcer150 and anti-allzrgic actions.151’152

Investigation of the chemical constituents of
Fagonia ecretica (F.indical) carried out by K.P.Tiwari
and co—workers143 led to the isolation ni B-sitosterol.
n-triacentanol and ceryl alcochol. In 19066 Wasif Hussain
and co—workersl53 reported tliat the acetone soluble fraction
of the alcoholic extracts contain chinovic acid. In 1966
Amjad All and co-workers hydrelysed the wuter-soluble
saponins and obtained four sugars namely glucose, rhamnose,
xylose and arabinose and two sapogenins which they named
"Fagogenin" (CSOH4904) and "genin A" (CBOHSOOZ)‘154 In
1867 the same authors reported the isolation and identi-
fication of "fagogenin', Genin A and Genin B (CSOHSOOZ)
from the neutral sapogenin fraction of Fagontia creticq.lss
Ahmad Rizk and co—worker5156 have reported the presence

of lipids in six Egyptian Fagonia species. The lipid con-

tent was found to vary between 0.3-1.14%. They also
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reported.the presence of B-sitosterol and campesteral.
In 1969 this group communicated the isolation of aglyconc
"B", fagonin, and oleanolic acid from the sapogenin frac-
tion of Fagonia cretica.lsTThe same group veported the

isolation of oleanolic acid, betulic acid and fagonin.158

Z.F.Ahmed and co—workers159 have studied six
different species of Fagonia indica and identified two
free sugars by paper chromatography, namcly pglucose and
maltose. They also isolated aglycone "A'", fagonin

(C m.p. 152-154°C and aglycone "B m.p. 280-283°C

2591602)
from the hydrolysed saponin fraction. The supgars isolated
from this fraction, werc¢ identified by paper chromatography
as glucose, arabinose and rhamnose. 'They have also re-
i & i ! J :

ported the isolation of harman (Clollzhz) from the

160 161 .
plant. D.V.Zaitschek and co-workers obtained olea-

. . . 162
nolic acid as a sapogenin. Ilyer and co-workers have

described the isolation of two unidentified compounds

(Clstg_aoo) three triterpenoids C30H4004. CSOH4805’

. L . N
CBOH4605 and harmine from Fagonta indica. M.Saeed Arayne
and co—worker5163 have reported the presence of fatty acid

in Fagonia indica. In 10379 A.M.Khan and co—worker5164

have reported the isolation and identification of severa’
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amino acids from Fagonia indica namely alanine, arginine,
glycine, isoleucine, leucine, lysine, phenyalanine,

proline, tyrosine and valine.
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3.2 RESULTS AND DISCUSSION

Many plants belonging to the family Zygophylla-
ceae have been used in the indigenous system of medicine
for the treatment of variocus diseases. The plant Fageonia
indiea (Zygophyllaceae) is reputed as a medicinal plant in
scientific and folklorie literature but only a limited che-

mical investigation has been carried out on it.

In this section of the thesis the isclation and
structure elucidation of a new sapogenin, new saponins and
pinatol from Fagonia indica Lin%%%s presented. As a re-
sult of the present work three sapogenins, four saponins

and pinatol have been isolated.

A, ISOLATION AND STRUCTURAL STUDIES ON SAPOGEMINS OF FAGONIA INDICA

Keeping in view the importance ol using fresh
plant materials in Indigenous system of medicine, the fresh
aerial parts of Fagonia indica were collected and crude
saponins were isolated by extraction with ethanol. The
crude saponins were hydrolysed with 20% ethanoliec HCl to
afford the corresponding sapogenins which was chromato-

graphedon asilica gel column. The column was packed in
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petroleum-ether. Elution was carried out with petroleum-
ether, petroleum ether-chloroform, chloroform, chloroform-
methanol and finally with methanol. The chloroform-
methanol eluates (FG) afforded two crystalline compounds.
These were further parified by c¢rystallisation. The first
of these was a new sapogenin named '"nahagenin''(81). The

second was ildentified as hederagenin (83).

i} lsolation and Structure of Mahagenin (81) .

Nahagenin (81 m.p. 298°¢ gave a positive
Leibermann Burchard test 1or triterpenoids and a red
colouration with trichloroacetic acid which indicated it
to be a pentacyclic triterpenel.65 Nahagenin (81) analyzed
for 030H4804 and this formula was confirmed by high
resolution mass spectrometry,the molecular ion peak being
recorded at m/e = 472.3540 in agreement with the for-
mula C30H4804 (requires 472.3552). The I.R. spectrun
(CHC13) showed absorptions at 1740 cm—l indicating the
presence of a B6-membered lactone. A prominent absorp-
tion at 3460 cm_l indicated the presence of an OH group.
The proton magnetic resonance spectrum (CDC13, 100 MHz)
showed the presence of six quaternary methyl groups at §0.87

§ 0.88, § 0.91, 6§ 0.94, 6§ 1.14 and § 1.36,and indicated
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the absence of olefiniec protons. The 13C—magnetic reso-

nance spectrum {(CDCl 100 Mliz) confirmed the presence

3
of 30 carbon atoms. The chemical shift of each carbon

aton and the substitution as determined by the off-
resonance spectrum is assigned in Table-II. The carbon
atoms in rings A and B were readily recognised by comparison
with signals of other pentacyclic triterpenoids.166 The

six quatefnary carbon atoms resonated as singlets at

§ 41,86, § 40,51, & 37.05, § 41.08, 6 12.06 and § 84,27

C14’ C17 and C20 res-

pectively. The si: methyl groups rescnated as six quar-

which were assigaed to C4’C8’ ClO'

tets at & 11.30, 6§ 15.69, § 16.63, & 23.98, § 14.26 and

’

§23.98, which were assigned to C C C and

24 Cp5- Cagr Co7s Cog

C30 respectively. The 13C—nuclear magnctic resonance
spectrum alsc indicated the absence of olefinic carbon
atoms. One downfield triplet at & 41.98 was assipgned to C21
which was attached to ih” oxygen bearing carbon. The pre-
sence of a lactone ring was indicated from the 13C—nuclear
magnetic resonance spectrum which showod an absorption at

§ 177.29 for the lactone carbonyl group. Three downfidld
absorptions at & 84.72, § 76.54 and § 71.92 were assigned

to C20' C3 and C23 carbon atoms respectively. The pre-

sence of a singlet at & 84.72 indicated that the lactone

oxygen was attached to a juaternary center (C20) while
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the absorption at 8 71.92 rppeared as a lriplet (doublet of
doublets?XCzB). The peak at § 76.54 appeared as a doub-
let which was consistent with its assignment to the hy-
droxyl bearing carbon atom at CB' Other 13C—nuclear

magnetic resonance signals were assigned by means of

off-resonance techniques and by application of known

chemical shift rules.166 The mass spectrum of nahagenin
the
showed /molecular ion peak at m/e = 472 (M+) and

other peaks appeared at m/e = 454, 436, 424, 409, 396

395 and 261. The mass fragments are given 1in Scheme 32.
The substance readily afforded a diacetate in the presence
of acetic anhydride and pyridine at room temperature
having the molecular ion peak at m/e = 556 (M+). This

was consistent with the presence of two acylable -OH groups
in nabagenin. The proton nuclear magnetic rescnance
spectrum of the diacetate again indicnted the precence of
six quaternary methyl groups at § 0.85, & 0.89, § 0.95,

§ 1.14, & 1.16 and § 1.36 and the absence of olefinic
protons. A singlet appeared at &§ 2.54 corresponding to the
methyl protons of the acetyl group. The mass spectrum of
the diacetate afforded the mclecular ion at m/e = 556

and other major peaks at 496, 436, 368, 323, 284, 233,190, 161

and 119. The substance was found to be remarkably inert
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m/e = 424 (base peak)

Scheme=-32
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to attempted hydrolysis of the lactone system. No acid

was obtained when nahagenin (81) was refluxed with

10% ethanolic NaOH for 3 hours or with 20% NaOH in diethyl-
eneglycol, On the basis of these spectroscopic data struc-
ture (81) is assigned to nahagenin. This was confirmed

by X-ray diffraction analysisl67 carried out by Prof. Jon
Clardy, Department of Chemistry, Baker Laboratory, Cornell

University, Ithaca, N.Y 14853, U.S.A.

ii) Isolation and Structure of Hederagenin

The chloroform-methanol fraction (TG) affor-
ded hederagenin which was further purified by crystalli-
sation in methanol. The substance gave positive Leibermann-
Burchard test for triterpenes and red colouration with tri-
chloroacetic acid.®® 1t melted at 302°C. High resolution
mass spectrometery afforded the exact mass of molecular
ion m/e = 472.3523 in agreement with the formula C30H4804
(requires 472.3552). The I.R. spectrum (KBr disc) showed
an absorption at 3440 cm_1 indicating the presence of -CH
gfoup. Another absorption at 1700 em™ ! indicating the
presence of a COCH group. The proton magnetic resonance

spectrum (CD3OD, 100 MHz) indicated the presence of six

quaternary methyl proups at 6 0.68, § 0.70, ¢ 0.90
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50.93, 6 0.97 and 6 1.16 and 2 multiplet at & 5.24 (H,

m, H—9=C<) for the presence of an olefinic¢ proton,

The mass spectrum of sapogenin II showed the
molecular ion peak at m/e = 472 (M+) and other peaks
appeared at m/e = 248, 203, 175, 133 and 119, On the
basis of the above spectroscopic data the sapogenin II
was suspected to be hederagenin (83). This was confirmed
by direct spectroscopic and ctromatographic comparison with
an authentic sémple. The comnnound was auotylafed at rocm
temperature with acetic anhyd-ide and pyridine when it
was converted to the corresponding diacetate exhibiting
the molecular ion peak at m/e = 556 (M+). This showed
the presence of two acylable -OH groups. The I.R. spec-
trum (CHCl,) showed absorption at 1734 o - indicating the
presence of ester. The proton magnetic resonance spectrum
(CDClS, 60 MHz) showed the presence of six quaternary me-
thyl groups at 6§ 0.75, 6 0.95, & 1.25,6 1.90,6 1.28 and
6§ 1.45. A singlet appeared at & 2.57 corresponding to the
methyl protons of the acetyl group and a multiplet at
§ 5.24 (H, m, H—?=C<) due to the olefinic proton. The
mass spectrum of the diacetate afforded the molecular
ion peak at m/e = 556 and other peaks appeared at m/e =496,

436, 248, 203, 149 &95.

?
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Esterification of the sapogenin II with diazo-
methane afforded the methylester. The I.R. spectrum
(CHCl,) showed absorption at 1740 cm™! indicating the
presence of ester. The proton magnetic resonance spec-
troscopy (CDClB, 60 MHz) indicated the presence of six
quaternary methyl groups at § 0.72, & 0.92,(2 x G%),

§ 1,12, &6 1.38 and § 1.50. A singlet at 6 3.62 was
assigned to the ester ~OCH3 protons and a multiplet
at 6§ 5.26 (H, m, H—?=C:) indicated the_presence of an

the
olefinie proton. The mass spectrum of/methylester
.showed the molecular ion p2ak at m/e = 186 (M+) and other

peaks were found to be present at 456, 396, 351, 315

’ ¥

262, 203, 133 and 81. The spectroscopic data of the
diacetate and the methyl=ester were found to correspond
to those reported in the literature for hederagenin dia-
cetate (84) and hederagenin methylester (85). This
further confirmed the identity of the sipogenin II as

hederagenin (83).

iit)lsolation and Structure of Ursolic Acid

The fresh plants were extracted with distilled
water. The aqueous solution was found to contain a mixture
of saponins. The agueous solution of suponins was subjec-

ted to acidic hydrolysis in order to obtuin the crude
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sapagenins. These verechromatographed on a silica gel
column and }he colunn eluted with petroleum-ether, petro-
leum ether-chloroform and chloroform-methuanol. A sapo-
genin IIT was isolated from the petroleum ether-chloroform
fraction (FGZ) and the chloroform fraction (FGS)‘

an
The Iractions(FGz) and (FGB)/uvaporation affor-

ded a crystalline material which was further purified by
repeated crystallisation in methanol. ™ > substance gave
a positive Leibermann-Burchard test for Lriterpenes anda
red colouration with trichloroacetiec acid which indicated
: ' : 165 o,
it to be a pentacyclic triterpene, It melted at 2927°C,
+
An accurate mass measurement on the molecular ion affordedb

at m/e = 456,3624 in agreement with formula C The

30489
I.R. (KBr disc) showed an absorption at 400 em™t indi-
cating the presence of -OH proup while auother absorption
at 1700 Cm_1 was attributed to the presence of an acid
carbonyl group. The proton magnetic resnnance spectrum
(CDBOD, 100 MHz) indicated the presence of seven gquater-
nary methyl groups at & 0,72, § 0.80, § ©.97 (2 x CH, }.

§ 1.00, (2 x CHB) and 5 1.16, A multipict at § 5.28
indicated the presence of an olefinic proton. The mass
spectrum showed the molecular ion peak 4t mje = 456 (H+)
and other major peaks were at 438, 428, 130, 297, 248 and

203. On the basis of the above spectroscopic data the
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sdpogenin ITI was identified as ursolic acid (86). This
was confirmed by direct spectroscopic and chromatographic

comparisons with an authentic sample.

This was further confirmed by preparing the
correspending acetate with acetic anhydride and pyridine
at room temperature. The sudstance melted at 289°C and
afforded the molecular ion neak at m/e = 498 (M+) indi-
cating the presence of one acylable OH pgroup. The I.R,
spectrum (CHCIB) showeuw an absorption at 1735 cm—l indica-
ting the presence of an ester grouping. The p?oton mag -
netic resonance spectrum (CDC13, 60MlIz) showed the pre-
sence of seven quaternary methyl groups in the region
§ 0.75 - § 1.92, A singlet appeared at § 2.33 corres-
ponding to the methyl protons of the acctlyl group and a
multiplet at & 5.24 (H, m, H—?=C<) due to the olefinic
proton. The mass spectrum of ursolic acid acetate affor-
ded the molecular ion peak at m/e = 498 and other peaks

appeared at m/e = 248, 203, 189, 135 and 133,

Esterification of ursolic acid with diazo-
methane afforded the methylester. The I.R. spectrum (CHC13)

showed absorption at 1737 an_l indicating the presence of an ester group.
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The proton magnelic resonance spectrum (CDCl 60OMHzZ)

31
indicated the pres<nce of seven quaternary methyl groups

in the region 6 0.75 - 81.90. A singlet at 6§ 3.80 was
agssigned to the estex -OCHB protons and a multiplet appeared
at 6 5.26 (H, m, H—?=C<) due to the olefinic proton. The
ester showed the molecular ion peak at m/e = 470 (M+)

while other peaks were present at m/e = 455, 411, 410,

267, 244, 207, 203, 169 .nd 133. The =pectroscopic data

of the acetate and the methylester werc found to corres-
pond to those reported in the literature for ursolic
acid acetate (87) and ursolic acid methviester (838),

This further confirmed the identity of the sapogenin II1 as

ursolic acid (8G).
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B. ISOLATION AND STRUCTURES STUDIES ON SAPONINS
OF FAGONIA INDICA

The plant Fagonia indica was studierd for its
saponin content. The crude saponins fraction (F) was

further fractionated into two fractions(¥ and FSZ) by

Sl
flash column chromatography, using silica el (G 60).
Elution was carried out first with CHClS: seQl: EtOAc
(2:2.5:3.5) to afford the first fraction (Irsl).' This
contained four different saponins as shown by t.1l.c. one
of which was present in major quantitics and was desig-

nated as saponin "L". The secocnd fraction (FSZ) af for-

ded two saponins, "R" and "X'" along with pinatol.

i)} Isolation and Structure of Saponin "L" (83)

The fraction (FSl, 2.0g) was chromatographed
on a column packed with silica gel (G 60) and elution was
carried out with CHClS: MeQH:EtOAc (2:2 : 3.5). The
fraction c¢ontaining the partially purified saponin "L" (89)
was subjected to preparative t.l.c. on silica gel plates

using “he soivent systen CHCIB: HeOH:EtOAc¢ (2:2.5:3.5)

whereby 65mg of the pure saponin "L" (89) was obtained,.
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The saponin "L" (89) was refluxed with 5% HCIl
for 4 hours on a boiling water bath. The reaction mix-
ture was extracted with CHCl3 to obtain the corresponding
aglycone. The chloroform was evaporated to a brownish
gum which was found by t.l.c. to consist mainly of the
aglycone "A" which was further purified by thin layer
chromatography on sheets of silica gel (G GO) in CHClB:
MeQll (24:G). The aglycone "A" was identified as hedera-
zenin (83 ) with the help of spectiroscopic comparisons and
particularly by its characteristic 13C—nuclea.r magnetic
resonance spectrum. The olefinic carbons C-12 and C-.3
resonated at § 122.2 and § 143 .6 respcctively which indi-
cated that aglycone "A" belonged to the olean-12-en

) . . 1G6 . .
series of triterpencids. The other chaunical shifis were

identical tc those reported for hederngcniu.lsb The iden-
tity of aglycone "A" was further confirmced by direct chroma-

tographic comparison with an authentic sumple of hederagoe-

nin (83).

The sugar unit was identified as follows. The
saponin "L” was taken in 1 ml of dioxane and lnl of tri-
floroacetic acid (2. 0 molar solution) was added. The solution
was heated at 100°C for 12 hours. The rcaction mixture

was evaporated to dryness, reduced with NnBH4 in water
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and then treated with acetic anhydride and pyridine to
afford the corresponding acetate which 'vas subjected to
gas chromatography. The retention time of the alditol
acetate was found to be equal to the retention time of
hexitol hexacetate on a OV-225 column at 170°C. The pre-
sence of glucose was confirmed by GC/MS whereby the (Mi
OAc) peak was recorded at m/e 289 whilc other peaks

were present at 259, 217, 187, 170, 145, 115. It has been
demonstrated that molecular ion peaks of alditol acetates
are not generally observeld but peaks corruvsponding to T

9 17 7
OAc or M+—CHqOAc7J’1 1,175

have usually been recognized.
The saponin "L" (892) was refluxed with 0.1%

NaQH (10ml) in dioxane (10ml) for 2 hours. The reac-

tion mixture was exciracted with n-BuOH. The n-RuOH

layer on evaporation afforded prosapogenin "PL' which

was purified by thin layer chromatography on sheets of si-

lica gel (G GO) in CHClB:MeOH;EtOAc (2:2:3.5).

It has been demonstrated that when C-1 of a
glucose molecule is linked with the C-2Z8 carbonyl group of
a triterpenoid aglycone then C-1 of glucoszc resonates

in the region § 94— 93 ppm. On the other hand if C-1



-99-

of the slucose molecule is linked with the C-3 hydroxyl
group of a triterpenoid aglycone then C-1 resonates in the
region §1N3- 6 105168—172 Trom a comparison of the 13C—
nuclear magnetic resonance spectrum of hederagenin (83)
with the 13C-nuclear magnetic resconance spectrum of prosa-
pogenin "PL", it was clear that C-1 of glucose molecule
(6104.94) was linked to the C-3 hydroxyl group of hederu-
genin.l70 Other chenical shifts of glucose moiety were
observed at 6 74.86, 6 78.65, & 71.61, & 73.57 and & 61.73
which were assigned to carbons C2, C3, C4, 05 and C6 res-~
pectively.168 The 13C—nuclear magnetic resonance spectrum
prosapogenin "PL" is given in Table VI. The position of
the glycosidic linkage was further confirmed by analysing
the C-1 anomeric proton signals in the proton magnetic re-
sonance spectrum which showed a doublet :t 6 4.6 (LH, d, J
7.5Hz) which indicated that the.glucose unit is linked to
the C-3 hydroxyl group of hederagenin (83). The coupling
constant (J= 7.5Hz) was consistent with a B-glycosidic
linkage 168 (in wa-glucosidic linkages,J= 2-4 Hz). Complex
multiplets appeared in the region & 2.8- § 4.00 due to the
glucose anomeric protons. The 13C—nuclear magnetic reso-
nance spectrum of saponin "L" supported the above results

and also showed the presence of one more glucose molecule

which was linked to the C-28 carhonyl group of hederagenin
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through C-1 of glucose (694.85).170 The 130—nuclear

magnetic resonance spectrum is given in Table IV. These
linkages were further confirmed by analysing the anomeric
proton signals in the proton magnetic resonance spectrum
of saponin JL” which showed a doublet at & 6.2 (1H, d, J =
7Hz ) indicating that the pglucose unit was linked to the
C-28 carbonyl group of hederagenin171 while the coupling
constant indicated that it was linked by a g-glycosidic
linkage. Another doublet at § 4.6 (1H, d, J = 7.5Hz) fur-
ther confirmed the prescnce of glucose unit attached o

the
the C-3 hydroxyl group of hederagenin and/coupling cons-

tant (J = 7.5Hz)188,172

indicated that it was linked by a
B-glycosidic linkage. The pglucose anomeric protons reso-

nate in the region é 2.8 - § 1.2, The multiplet at § 5.28
(H, m, H—?=C<) indicated the presence of olefinic proton.

On the basis of these spectral data structure (89) was

assigned to saponin "L" (28-0-g-D-glucopyranosyl 3-0-g-D-

glucopyronosyl hederagenin) which 1s a new saponin.

ii) Isolation and Identification of Saponin '"R" (90)
Two different procedures have bcen adopted for
the isolation of saponin "R" (90). The sccond fraction

(FSz, 5.00g ) which contained two saponins was chromatographed



=lp1-

on a silica gel (G 60) column. Elution was carried out
with CHCls:MeOH:EtOAc (2:3:3.5). Concentration of the
appropriate fractions afforded the partially purified
saponin "R'" (90). Saponin "R" was further purified by
repeated preparative t.l.c¢. on silica gel plates using
CHClS: MeOH: EtOAc: water (2:3:3.5:1). By this pro-
cedure 19mg of pure saponin "R" was obtained. An
alternative procedire applied, which was found to be more
convenient, was to 1s>late the saponins on Sephadex LH-20
and Bicgel P-2. The crude saponin fraction (F) was

first chromatographed nn a Sephadex LH-20; elution was
carried out with a mixture of EtOH and water (1:1). The
first eluates from the column afforded a mixture of

three saponins namely saponin "R'", saponin “Xl“ and saponin
”Xz” as a yellow gumy muass. To remove the yellow coloura-
tion the material was passed through a silica gel (G 60)
column and elution was carried out with CH013: MeOH: EtOAc
(2:2.5:3.5). On concentrution a white mixture of sapo-
ning was obtained. Saponin "R" (90) was further purified
by chromatography on a column of Biogel P-2 the column being
eluted with water., The saponin "R" containing fraction
was finally purified by chromatography on a Sephadex LH-Z20

column clution being carried out with watcer. The other
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two saponins, Xl and X2 were purified by repeated column
chromatography on a Sephadex LH-20 column using water

as a solvent.

Saponin ' R" was.hydrolysed with 5% HCl under
the same conditions as described earlier for saponin "L',
The aglycone "B'" thus obtained was identified as hederage-
nin (83) with the help of spectral comparisons as well as
by direct chromatographic camparison on t.l.c. with an

authentic sample of hederagenin in CHC1l, :MeOH (94:6).

3
The sugar unit was identified in the form of its alditol
acetate.which was subjected to gas chromatography. The
retention time of the alditol acetate was found to be equal
to the retention time of hexitol hexacetate on a 0OV-225
column at 170°C. The presence of glucose was confirmed

by GC/MS whereby the (M-OAc) peak was recorded at m/e 289
and other peaks were present at 259, 217, 187, 170, 145

and 115.

Saponin "R" was subjected to alkaline hydrolysis
under the same conditions as described for saponin "L'" (89).
The prosapogenin "PR' thus obtained was found to bhe iden-
tical to prosapogenin "PL" obtained earlier by comparison

of their 13C—nuclear magnetic resonance spectra. This was
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further confirmed by their direct comparison on t.l.c.
in several different solvent systems. This showed that
only one glucose unit is linked to the (-3 hydroxyl group
of hederagenin in saponin "R'". Moreover, the 13C—nuclear
magnetic resonance spectrum of saponin "R indicated that
C~1 of glucose molecule ( §105.3) was linked to the C-3
hydroxyl group of hederagenin.168 The 13(,'—nuclear magnetic
resonance spectrum of saponin "R'", also zhowed that the
glucose molecule is linked to the C-28 carbonyl group of
hederagenin through C-1 (§ 95.5) of glucose and that
C-1 of another molecule of glvcose (§ 103.5) was also
linked to it%GBOther chemicul shifts of saponin "R" are
given in Table-V, These linkages were confirmed by ana-
lysing the anomeric proton signals in thoe proton magnetic
resonance spectrum. A doublet at & 6.4 (ill, d, J = 7THz)
indicated that the glucose molecule is linked t; the C-28
carbonyl group ¢f hederagenin and the magnitude of the
coupling constant (J = 7Hz) was indicative of the tact that
a B-glucosidic linkage was present.168 A doublet at
§ 4.8 (1H, d, J = 7.5Hz) indicated that the glucose mole-
cule is linked to C-3 hydroxyl group of hederagenin (83)
while the coupling constant (J = 7.5 Hz) again indicated

that it is linked by a f-glucosidic linkage.168 The linkage
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of the two glucose units at C-28 is under investigation.
On the basis of these data saponin '"R" was identified
as 28-0-g8-D-glucopyranosyl~glucopyransoyl-3-0-8-D-gluco-

pyranosyl hederagenin (90) which is a new saponin,
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C. ISOLATION AND IDENTIFICATION OF PINATOL FROM
FAGONIA INDICA

The fraction (FS2) which was obtained by
flash column chromatography was found to contain pinatol.
The fraction was purified by preparativc t.l.e. on silica

gel plates (G 60) in CHClG:MeOH:EtOAc: water (2:3:3.5:1).

The pure material obtained was identificed as pinatol by

. . 13 .
conparison of its C-nuclear maznetic resonance spectrun

with that reported for pinatol in the literature.173 The

chemical shifts of the carbon atoms of pinatol were found
to occur at § 83.0, § 73.3, &6 72.8, § 72.6, & T1.7,

§ 71.0 and 6§ 60.8 which were assigned to carbons Cl’ CQ,

C3, C4, CS’ C6 and OCII3 respectively.
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. *
3 3 1 EXPERIMENTAL

A, lIsolation and Structural Studies on Sapogenins of Fagonia indica

The aerial parts of the fresh plants(Fagonia
indieca}(8.0 Kg) which were collected in Karachi were
finely chopped and soaked in ethyl alcohol (3 x 20 litres).
The extracts were drawn regularly and after three extractions
the extracts were concenftrated in a cyclune evaporator under
reduced pressure, the ¢varoration temperuture being maintained
between 50-55°C. A dark green coloured :cmi-solid residue
(53.0g) was obtained which was dissclved in methanol. Addi-
tion of acetone resulted in precipitation. The precipi~
tates were filtered, washed with petroleum ether (500ml),
chloroform (3500 ml), and finally with ethyl acetate (250ml).
The precipitates (18.0g) were found to contain six sanonins

found

one of which was/to occur in major quantity while the

others were present in minor amounts.

i) Mydrolysis of Saponins

The crude saponins (15.0g) were refluxed with
20% ethanolic HC1 (300 ml) for 5 hours oun a water bath.
Ethanol was evaporated from the reaction mixture which

was then extracted with chloroform (1.5 litre) to afford

L]
For general notes on experimental, please see page No.64.
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the crude mixture of sapogenins. The chloroform layer

was separated and dried (anhydrous Na 804,30.0g) and

2
evaporated to afford a brownish mixture of crude sapo-

genins (8.0g).

ii) Isolation of Nahagenin and Hederagenin

The crude mixture of sapogenins (8.0g) was
chromatographed on silica gel (320.0g). The column was
packed 1in petroleum-ether and was eluted with petroleum-
ether followed by increasingly polar mixtures of petroleum
ether-chloroform, chloroform and chlorotform-methanol. The
chloroform-methanol fraction (FG), afforded two crys-
talline compounds, sapogenin (I) and sapogenin (IXI). Sapo-
genin (I) was found to be a new sapogenin named as a
"nahagenin® (81) while sapogenin (II) was identified
as hederagenin (83;. "Nahagenin'" (81) was further puri-
fied by crystallisation from chloroform m.p. 2980C. It
O,: found C = 75.35%, 1=10.57% calculated

a0tlag%

for C30H4804 . C=76.22% 4 = 10,245,

analysed for C

An accurate mass measurement on the molecular

ion afforded M+=472.3540 (C30H4804 requires 472 .3552) and

other peaks were preseni a . 454.3456 (C30H4603 requires

454 .3446), 436.3318 (C requires 436.3341),

30744°

2
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424 .3388 (C,,H,,0, regquire 424.3341), 109,3183( C,H,.0

29442 2874172
requires 409.3106), 396.3112 (C,,H, 0, requires 396.3028),
395.2931 (C, H,a00, requires 395.3028).

I.R.Spectrum (CHCl,): vmax1740 et (G membered lactone
(=0 stretching)

3760 (OH,stretching)

1H—N.M.R.(CDC13, 100 MIz):

5 0.87 (3H, s,CH,)
5§ 0.88 (3%, s, CH,),

§ 0.91 (3H, s, CH,),

¥

§ 0.94 (3L, s, CH),

6§ 1.36 (31, s, Cli,)
§ 1.14 (3H, s, CHy)

13C—N.M.R. (CDC1 100 MHz) is given in Table-IT.

3 H
Mass Spectrum: m/e = 472 (M  5%), 451 (15%), 436 (58%),

424 (100%), 409 (38%), 395 (45%), 261 (87).

Nahagenin Diacetate (82): Nahagenin (40 mg),

acetic anhydride (0.5m1) and pyridine (J.5ml) were allowed
to stand overnight at room temperature. The white solid

that separated on treatment wilth water was extracted with
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chloroform (40 ml). The chloroform layer was dried (an-
hydrous Na2804, 2.0g; and evaporated to a white solid

(30 mg). The mass spectrum of this white solid afforded

M+ at 556 (Mf) which irdicated the presence of two acylable

-0H groups.

I.R.Spectrum (CHClS): %nax1743 cm_1 (lactone, C=0, stretching)

1

H-N.M.R. (CDCl 100 MHz)

3 ’
§ 0.85 (3H, s, Cl,),
§ 0.89 (31, s, CH,),
§ 0.95 (3H, s, Cl,y),
§ 1.14 (3H, s, CH,),

§ 1.16 (3H CH

Ha),
6§ 1.36 (3H, s, Ci,)

2O~

6 2.54 (34, s, 0-C-cuy)

Mass Spectrum: m/e = 556 (M', 20%), 496 (25%), 436 (75%),

r

368 (20%), 323 (9%), 284 (14%), 233 (32%), 190 (100%)

161 (51%), 119 (90%).

Hederagenin(83): Hederagenin was purified by

crystallisation in methanol, m.p. 302°¢ (8Cmg). An accu-

rate mass measurement on the molecular ion afforded
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M= 472.3525 (C

0, requires 472,3552),

3014804

I.R.Spectrum (CHClj): A 3440 em™t (OH, stretching)

1700 em™ ! {(acid, C=0 stretching)

YI-¥.M.R. (CD,OD, 100 MHz)

§ 0.68 (3H, s, CH,),

§ 0.70 (3H, s, CI),

§ 0.90 (3H, s, CH,),
§ 0.93 (3H, s, CH,),
§ 0.97 (3H, s, Cl,),

§ 1,16 (3%, s, Cly),
§5.24 (H, m, H=C=C<).

Mass Spectrum: m/e = 472 (M', 37), 248 (100%), 203 (53%),

1

175 (15%), 133 (14%), 119 (15%).

Hederagenin Methylester (85): flederagenin (50mg)

was dissolved in methanol (3ml) treated with CH2N2 at ¢°c
for overnight and then evaporated carefully. The evapora-
ted mass was then taken in 2ther and was crystallised. The
product was found to be converted to the corresponding

methylester (35mg).
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PR

I.R.Spectrum (CHCl,): v . 3440 em™L (OH stretching)

1740 em ™ (ester, C=0 stretching).

ly-N.M.R. (CDCl,, 60 Miz)
5 0.72 (3H, s, Ci,)
5 0.92 (GH, s, 2 x CHy),

§ 1.12 (31, s, CH,),
§ 1.38 (3H, s, CHy),
§ 1.50 (3H, s, CHy),
§ 3.62 (3H, s, OClU,),

6 5.26 (H, m, H-G=C<)
Mass Spectrum: m/e = 486 (M, 107%), 456 (3%), 396 (3%),

351 (2%), 315 (2%), 262 (78%), 203 (100%), 133 (860%),

81 (57%

Hederacenin Diacetate (84): ‘lederagenin (30mg),
acetic anhydride (0.5ml) and pyridine (0.3ml) were allowed
to stand overnight at room temperature. The white s0lid
that separated on treatment with water was extracted with
chloroform (80 ml). The chloroform layer was dried (anhy-
drous Na2804, 2.0g) and evaporated to a white igéid (20mg ).
The mass spectrum of this white solid afforded/molecular ion

peak at 536 (M+) which indicated the presence of two acylable

-0OH groups.
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I.R.Spectrum (CHCl,): vmax1734 em™ T (ester, C=0 stretching).

1H—N.M.R. (CDC13, 60 Miz)

5§ 0.75 (3H, s, Ch,),
8§ 0.95 (3H, s, CH,),
6 1.25 (3H, s, CHy),
§ 1.90 (30, s, CH,),
§1.28 (3H, s, Clly),
$§ 1.45 (3H, s, Cgsé,
§ 2.57 (3H, s, O0-C-Cig)
§5.24 (H, m, H-C=C<)
Mass Spectrum: mje = 556 (M7, 1%), 496 (27), 436 (4%), 248 (1000

203, (90%), 149 (34%) and 95 (52%).

iv) Isolation and Identification of Ursolic Acid

The aerial parts nf the fresh plants (1.0Kg)
were soaked in distilled water (2 litres). The extract
was withdrawn after eight hours. This aqueous solution
was found to contain a mixture of saponins and it formed
strong foams on shuking. The aqueous sclution of saponins
was acidified by adding concenirated hydrochloric acid
to pH-2 and the mixture boiled for 4 hours. The reac-
tion mixture was then extracted with chloroform (4 litres)

to obtain the crude nixture of sapogenins. The chloroform
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layer was separated, dried (anhydrous Na,S0 40g) and

4
evaporated to a brown residue. The cruie mixture of sa-
pogenins (5.0g) was chromatographed on a silica gel

column (200.0g). The column was packed in petroleum-
ether and the column eluted with petroleum-ether, petro-
leum ether-chloroform, chloroform and chloroform-methanol.
Sapogenin IIT was isolated from the petroleum ether-
chloroform and chloroform fractions. It was further
purified by repeated crystallisation in mecthanol, m.p.
202°C Sapogenin ITI was identified as ursolic acid (86).
An accurate mass measurement on the molecular ion affor-

ded ¥¥=456.3624 (C 0., requires 456.3603) .

3048%

I.R.Spectrum (KBr disc): v 3440 em™ ! (Oll, stretching)

1700 em™t (ncid, C=0 stretching)

1N w.R. (CDLOD, 60 Miz)

§ 0.72 (3H, s, CH,),
s 0.80 (3H, s, CHy),
5§ 0.97 (6H, s, 2 x CH,),

s 1.00 (BH, s, 2 x CHy),
s 1.16 (3H, s, Cl,),

§ 5.28 (M, m, M—C=C<)
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Mass Spectrum: m/e = 456 (M, 20%), 441 (5%), 438 (10%)

? 1]

410 (6%), 297 (10%), 248 (920%), 203 (1007%), 189 (79%),

¥

133 (80%).

Urseolic Acid Methvlester (88): Ursolic acid
(40 mg) was dissolved in methancl (3ml). treated with
CH2N2 at 0°C overnight and then evaporated carefully.
The evaporated mass was then taken up in ether and crys-
tallised. The product was found to be converted to the

corresponding methylester (30 mg), m.p. 1000C.

I.R.Spectrum (CHCl;): vmax3440 em™L (OH,stretching),
1737 em ™ * (ester, C=0 stretching)
IH—N.M.R. (CDCIB, 60 MHz)
6§ 0.75 (3H, s, CH),
5 0.82 (3H, s, CH),

5§ 0.98 (6, s, 2 x CHy),
§ 1.14 (6H, s
§ 1.90 (3H, s, CH

5 3.60 (3H, s, OCH,).
$5.26 (H, m, H=C=CQ)
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Mass Spectrum: m/e = 470 (M', 5%), 455 (10%), 411 (8%),

410 (12%), 267 (50%), 214 (20%), 207 (60%), 203 (100%),

189 (18%), 133 (30%).

Ursolic Acid Acetate (87): Ursclic acid (35mg),

acetic anhydride {0.5ml) and pyridine (0.5ml) were allowed
to stand for 12 hours at room temperature. The white solid
that separated on treatment with water wus extracted with
chloroform (80ml). The chloroform layer was dried (anhy-
drous Na2804 2.0g) and cvaporated to a white solid (20mg)}.
The mass spectrum of this white solid affnrded the mole-
cular ion at m/e = 498 (M+),addition of 42 mass units

indicating the presence of one acylable Ol group.

I.R.Spectrun (KBr disc): v __ 1735 cm ' (C-0 stretching).

l4_N.M.R. (CDCl,, 60 Miz)

3 ¥
6 0.75 (3H, s, CH,y),
5 0.87 (6H, s, 2 x CH,),

§ 0.94 (3H, =, Cﬂg),
§ 1.14 (6H, s. 2 x CH,),
§ 1.92 (3H, s, Cl,),
§ 2.33 (3H, s, 0-

§5.24 (H, m, H-C=C<).
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Mass Spectrum: m/e = 498 (M7, 1%), 438 (3%), 248 (100%) .

203 (62%), 189 (48%), 135 (15%) & 133 (649),
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B, ISOLATION AMD STRUCTURE STUDIES ON SAPONINS OF
FAGONIA INDICA

The crude saponin {fraction (10.0g) was frac-
tioned by flash column chromatography on a silica gel
column (360.0g). Elution was carried out with CHC13:

MeQH:EtQAc (2:2.5:3.5) (4 litres) and CICl MeOH:EtOAc:

g
water (2:2,5:3.5) (3 litre). The first fraction (FSl)
was obtained on elution with CHC13:MeOH: EtOAc
(2:2.5:3.5)(4 litre). Lvaporation of the solvent frac-
tion afforded a mixture of four saponins (2.15g), one
of which was present in major quantities and was desig-
nated as saponin ''L". The second fractinn (FSz) was
obtained on elution with CHClB:MeOH: EtOAc¢; water
(2:3:3.5:1) (3 litre). On evaporation of the solvent

the fraction afforded a mixture of two suponins namely

saponin "R" and saponin "X'" along with pinatol (5.72g).

i) lsolation of Saponin "L''(89)

The first fraction (FSl, 2.0g) was chromatogra-
phed on a silica gel column (140.0g). The column was

packed in CHCl, :MeOH: EtOAc (2:2:3.5). Elution was

3
carried out with CHC13: MeQH:EtQAc (2:2:3.5) (2 litres).

The first eluates afforded the partially pure saponin "L"
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(50 Omg). Tne saponin "L" was further purified by prepara-
tive t.1.c. in CHClS:MeOH: EtQAc (2:2.5:3.5) on silica gel
(2 m.m.) plates. Each plate was loaded with 60mg of the
vartially pure sapeonin "L. The pure saponin "L" (65mg)

was thus obtained from six preparative t.]l.c. plates.

1H—N.M.R.(C5D6N, 100MHz TFT?

§ 0.90 (3H, s, CH,),
§ 0.93 (3H, s, CH),

.97 (3H, s CHB)’

<o O

.65 (3H, s, CHS),
§ 0.69 (3H, s, Cﬂa),
§ 1.16 (34, s, CHB)'
§ 4.6 (1H, d, J=7.5Hz, anomeric 1),
§ 5.28(14, m, H—(’J:C‘:)
§ 6.2 (1H, d, J=7.0Hz, anomeric II)

13C-N.M.R.(CstN, 100MHz TT) is given in Table-IV.

ii) Acid Hydrolysis of Sazonin ''L"

Saponin "L" (20mg) was refluxed with 5% HC1

{10ml) for 4 hours on a boiling water bath. The reac-
tion mixture was extracted with CHCl3 (15 m1 x 2) to
obtain the corresponding aglycone "A". The chloroform

layer was separated, dried (anhydrous Na2804, 10.0g) and
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evaporated m abrownish gum. The corresponding aglycone
"A'" was purified on thin layer chromatography sheets
(silica gel, G 60) in CHC13: MeOH (94: 6) and was iden-
tified as hederagenin with the help ol spectral compa-
rison and direct chromatographic comparison with an au-
thentic sample of hederagenhih (83) on t.l.c¢c. in CHC1,:

3
MeQH (94:6).

13¢_N.M.R. (CgDN, ?5MHz,FT) is given in Table-III.

iii) Alkaline Hydrolyses of Saponin "L

Saponin "L" (20mg) was refluxcd witﬁ 0.4% NaOH
(10ml) in dioxane (10ml) “or 2 hours on u boiling water bath.
The reaction mixture was extracted with n-BuOH (20ml1) which
was already saturated with water. On cvuporation of the
solvent prosapogenin "PL'" was obtained which was purified
on thin layer chromatography shecets (silica gel, G 60) in
CHClB:MeOH: EtQAc (2:2:3.5) to afford the pure material

(12mg).

13C—N.M.R. (CgDeN, 25 Hz FT) is given in Table-VI.
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lv) ldentiflcation of Sugar Units in Saponin 'L"

The saponin "L" (4mg) was taken up in dioxane
{Iml) and triflorvacetic acid (1ml of a 2 molar solu-
tion) was added. The solution was heated at 100°C for
12 hours, the reaction mixture was evaporated to dryness,
dissolved in water (2ml) and NaBII4 (10mg) added with stir-
ring. The solution was allowed to stund for 2 hours. Then
Dowex 50 (ﬁs was added to the reaction mixture till pH-3
was attained. The solution was filtered, evaporated to dry-
ness by repeated addition of methanol (3x2ml) and treated
with acetic anhydride (0.5ml) and pyridine (0.5ml). The
solution was heated for 20 minutes on a boiling water bath,
It was then evaporated to dryness by repeated addition of
ethanol (3x2ml) and evaporation to afford the correspon-
ding acetate (2mg). The acetate was subjected to gas chro-
matography. The retention time of the anlditol acetate was
found to be equal to the retention time of hexitol hexa-

acetate on OV-225 column at 170°C.

+
Mass Spectrum: m/e = 298 (M-OAc, 15%), 259 (15%), 217
(30%), 187 (40%), 170 (35%), 145 (56%), 115 (100%) and

103 (50%).
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v) Isolation_of Saponin "R (90)

The second fraction (Fsz, 5.0z) was chromato-
graphed on a silica gel column (175.0g). The column was
packed in CHC13: MeOH: EtCAc (2:3:3.5). Elution was car-
ried out with CHC13: MeOH: EtQAc (2:3:3.53) (3 litre). The
partially pure saponin "R" (380 mg) was further purified
by repeated preparative t.l.c. on silica gel (G GQ) plates
(2 m.m.) in CHC13: MeON: EtDAc: water (%:3:3.5:1).Each
plate was loaded with 60mg of the crude saponin "R". The

pure saponin "R'" was thus obtained from this procedure

{19mg) .

vi) Second Procedure for Isolation of Saponin 'R"

The crude saponin fraction (5.0g) was column
chromatographed on Sephadex LH-20, The column was packed
in EtOH: water (l1:1) and elution was carried ocut with the
same solvent (5 litre). Evapcoration of the first eluates

obtained from the column afforded a 1lignt yellow coloured
mixture of three saponins, namely saponin R, saponin Xl
and saponin Xz. This mixture was passoed through a column
of silica gel (G 60, 70.0g) to remove the yellow coclour.

The column was packed in CHC1 MeOH: LtOAc (2:2.5:3.5).

3t
Elution was cafried out with CHC13: MeOH: EtOAc (2:2.5:3.9)
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61.5 litre). On concentration of the solvent eluates
a white mixture of saponins (1.8g) was obtained. Sa-
ponin "R" was further purified on a column of Bicgel—Pz.
The columh was packed in water and elution was also car-
ried out with water (1.5 litre). The final purification

of saponin "R" was carrled out by a sccond column chromato-
graphy on Sephadex LH-20, The column was again packed in
water and elution was carried out wiith water (1.5 litres).
A new saponin “R"” (2bmg) having the structure (90) was
purified by this procedure. Two other saponins namely
saponin Kl and saponin {2 were purifed by repeated column
chromatography on Sephadex LH-20 using water as a solvent.
Structures of saponin Xl and saponin Xz are under investi-
gation. All these saponins are being reisolated in larger

quantities to record the other spectril data for further

confirmation of their structures.

1g-N.M.R. (C_D.K, 100MH FT)
§ 0.65 (3H, s, CHy),
5§ 0.70 (3H, s, CH,),
5 0.85 (3H, s, Cliy),
5 0.93 (3H, s, CH,),
5 0.98 (3H, s, CHy),
§ 1.16 (3H, s, CH.);



§ 4,8 (1H, d, J=7.5Hz, anomeric I[),

§ 5,20(1H, m, H —q=C<),

§ 6.4 (1, d, J=7.00 Hz, anomeric H).
130—N.M.R (C5D5N, 23MHz, FT) is given in Table-V.

vii) Acid Hydrolysis of Saponin 'R

Saponin "R" (10mg) was refluxed with 5% HC1
(5ml) for 4 hours on a boiling water bath, The reaction
mixture was extracted with CHCl3 (10 ml x 2) to ob-
tain the corresponding aglycone "B". The chloroform
layer was separated, dried (anhydrous Na2804, 10.0g)
and evaporated to a brownish gum. The aglycone "B" (10mg)
was purified on thin layer chromatography sheets (silica-
gel, G 60) in CHClS: MeOH (94:6). The aglycone "B" was
identified as hederagenin by chromatographic and spectral

comparisons.

viii) Alkaline Hydrolysis of Saponin 'R

The saponin "R" (20mg) was refluxed with 0.4%
NaQOH (10ml) in dioxane (10ml) for 2 hours on a boil ng
water bath. The reaction mixture was extracted with n-BuOH
saturated with water. On concentraticn of the solvent
the crude prosapogenin "2R'" was obtained which was purified

by thin layer chromatosraply on silica gel (G 60) sheels in
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P

CHCIB: MeOH: EtQAe (2:2:3.5) to obtain the pure prosapoge-

nin "PR" (12mg}.

13c_N.M.R. (CoDLN, 25 MHz FT) is given in Table-VII.

ix) ldentification of Sugar Units in Saponin 'R"

The saponin "R" {(4mg) was taken up in dioxane
(Iml) and trifloroacetic acid (1ml of a 2 malar solution)
was added. The solution was heated at 100°C for 12 hours,
the reaction mixture was evaporated to dryness, dissolved

in water (2ml) and NaBH, (10Omg) added with stirring. The

4
solution was allowed to stand for 2 hours. Then Dowex
50(ﬁ3 was added to the reaction mixture till pH-3 was
obtained. The solution was filtered, evaporated to dryness
by repeated addition of methanol (3x2ml) and treated with
acetic anhydride (0.5ml) and pyridine (0.5ml1). The solu-
tion was heated for 20 minutes on a boiling water bath,

It was then evaporated to dryness by repcated addition of
ethanol (3x2ml) and evaporation to afford Lhe corresponding
acetate (2mg). The acetate was subjected to gas chroma-
tography. The retention time of the aldilol acetate was

found to be equal to the retention time of hexitol hexacetate

on OV-225 column at 170°C.



-

+
Mass Spectrum: m/e = 298 (M-0OAc, 15%), 259 (15%),

217 (30%), 187 (40%), 170 (35%), 145 (36%),

115 (100%),
103 (50%).
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ISOLATION OF PINATOL FRCOM FAGONIA INDICA

The fraction (IS

preparative t.1.c.

.CHCIB

o 2.0g) was subjected to

on silica gel plates (2.mm)} in

. MeOH: EtOQOAc: water (2:3:3.5 1). Each plate

was loaded with fraction FS2 (100mg) and pinatol

(25mg ) was obtained from 20 preparative plates.

13

C1 = & 83.0
C2 = § 73.3
C3 = 4 72.8
C4 = § 72.6
C5 = § 71.7
C6 = § 71.0
OCH,=¢§ 50.8

C-N.M.R. (C5D5N, 25 Milz, FT)
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TABLE - II

lJC-N.M.R. CHEMICAL SHIFT VALUES OF NAHAGEN(N

o = = == ==== ————— e = —_——

Carbon Chemical Multiplicity Carbon  Chemical Multiplicity
Shift(s) {ppm) Shift(s) {(ppr)
c(l) 38.51 d.d L(16) 25.15 t
c{2}) 27.28 t Cc{17) 42.06 s
Cc(3) 76.54 d (18} 50.51 d
C{4) 41.86 s C(19) 48,37 d
Cc(5) 49.99 d C(20) 84.27 s
c{6) 18.35 t c{21} 41.98 t
Cc{7}) 32,22 t c(22) 33.68 t
c{8) 40,51 5 C{23) 71.92 d.4d
C(9} 42.83 4 c(24} 11.30 q
c{10) 37.05 s c(25) 15.69 q
C(11} 20.96 t C{26) 16.63 q
c{l2} 27.05 t ci{2?) 23.98 q
c({13) 27.59 d c{28) 177.29 8

c(l4) 41.08
Cc({15) 26.87
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TABILE -~ III

1
3C—N.M.R. CHEMICAL SHIPFT VALUES OF HEDERAGENIN

Carbon Chemical Carbon Chemical
Shift{:) (prm) Shift(s) (ppm)
c(L) 38.1 C(16) 23.4
£{2) 26.4 C(17) 46,7
C(3) 76.4 c(18) 41.3
c{4) 41.7 C(19) 45.9
C(5) 49 .7 C{20) 30.7
C(6) 18.5 C(21) 33.9
C(7) 32.4 Cc(22) 32.4
C(8) 38.3 C(23) 71.3
C(9) 47.5 C(24) 11.6
C(10) 36.9 C(25) 15.7
C(11) 23.1 C(26) 16.9
C(12) 122.2 C(27) 26.0
C(13) 143.6 c(28) 177 .9
C(14) 41,7 C(29) 33.1
C(15) 27.7 C(30) 23.6
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TABLE - IV

13
C-N.M.R., CHEMICAL SHIFT VALUES OF SAPONIN “"L"

Carbon Chemical Carbon Chemical
Shift(s) Shift(s)
USRS § ¢ ) NSO SRS § ) -, .} M.
C(1) 38.5 C(16) 23,2
C(2) 26,2 C(17) 47 .2
C(3) 82.3 C(18) 41.5
C(4) 42 .4 C(19) 46,1
C(5) 48.5 C(20) 30.5
C(6) 18,6 C(21) 33.7
C(7) 32 .4 C(22) 32,5
C(8) 59.9 C(23) 69.1
C(9) 47 .8 C(24) 13.5
C(10) 37.1 C(25) 15.9
C(11) 23 .4 C(26) 17 .2
C(12) 122 .4 C(27) 26.0
C(13) 143.8 C(28) 174 .45
C(14) 41.9 C(29) 32.0
C(15) 28.1 C(30) 23.8
Gle C(1) 105. 2
Gle C{1) 94, 85

B T EE F o R e e P e S e P P TP



13
C-N.M.R. CHEMICAL SIUIFT VALUES CF SAPCNIN
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TABLE-YV

HRII

- =t = e o g

Carbon

Chemical
Shifc(s)ippm)

Carbon

Chemical
Shift(s)ppn)

Gle cC(l)
Gle “cC(1)
Gle “C(1)

43.0
47.8
18.5
33.0
39.5
47.6
37.0

23.5

C(18)
C(19)
C(20)
c(21)
c(22)
C(23)
C(24)
C(25)
Cc(26)
C(27)
C(28)
C(29)

C(30)

41.6
46 .4
30.6
34.0
32.8
€68.9
13.7
16.1
17.4
26.1
174 .35
33.0

23.6
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TABLE - VI

13
C-N.M.R. CHEMICAL SHIFT VALUES OF PROSAPOGENIN

Carbon Chemical Carbon
Shift(s) (ppm)

C(1) 38.7 C 16
C(2) 26 .4 C 17
C(3) 82.0 C 18
C(4) 43.1 C 19
C(5) 47 .8 c 20
C(8) 18 .4 C 21
C(7) 33.1 Cc 22
C(8) 39.3 C 23
Cc(9) 47 .5 C 24
C(10) 37.0 C 25
C(11l) 23.5 C 26
C(12) 122.4 C 27
C(13) 143 .5 C 28
C(id) 42.1 Cc 29
C(15) 28 .4 C 30
C({l} 104.94

cl{2) 74.86

c(3) 7E€.65

c{4) 71.61

c{5}) 73.57

c({6) 61.73

n P, "

Chemical
Shlft(S) (ppm}

176.
33.
23.

[o)]
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