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Abstract

A new steryl ester isolated from the aerial parts of Lepidium sativum\ has been identi_ed as stigmast!4!en!2b\16!diol 16!benzoate
on the basis of spectral data analyses and chemical reactions[ Þ 0888 Published by Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

Lepidium sativum L[ commonly called {Garden cress|
is a polymorphic species[ Despite its great medicinal
value\ L[ sativum has not received the attention it
deserves[ So far there are few reports on systematic inves!
tigation on its biochemistry[ Pharmacological studies
reveal its cardiovascular and diuretic properties "Vohra
+ Khan\ 0866^ Chandra + Babbar\ 0876#[ Despite its
potential therapeutic value no serious attempt has been
made to work out its phytochemistry[ This paper deals
with the isolation and characterization of a new steryl
ester from the aboveground parts of the plant

1[ Results and discussion

Compound 0\ a steryl ester\ was obtained as colorless
~akes[ It responded positively to the LiebermannÐBur!
chard test indicating the sterol nature of the molecule[
The IR spectrum of 0 showed the presence of a hydroxyl
group "2302 cm−0# and ester linkage "0623 cm−0#[ Its
mass spectrum exhibited the diagnostically important ion
peaks at m:z 318 ðMÐC5H4COŁ¦\ 302 ðMÐC5H4COOŁ¦\
288 ð302!MeŁ¦\ 285 ð302!H1OŁ¦\ 270 ð285!MeŁ¦\ 162 ðM!
side chain\ SC\ C06H14O1Ł¦\ 144 ð162!H1OŁ¦\ 120 ð162!
ring D _ssionŁ¦\ 102 ð144!ring D _ssionŁ¦\ 011 ðC5H4Ð
COOHŁ¦ and 094 ðC5H4COŁ¦ suggesting that the mol!
ecule contained a saturated side chain esteri_ed with ben!
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zoic acid\ an ole_nic linkage and a hydroxyl group in the
stigmastane carbon framework "Clark!Lewis + Dainis\
0856^ Reichstein\ Kaufman\ Stocklin\ + Reichstein\ 0856^
Gupta\ Lal\ + Shukla\ 0870#[ The ion peaks appearing at
m:z 72 ðC1\2ÐC4\09ÐC6\7 _ssion\ ion aŁ¦\ 58 ðion aÐCH1Ł¦\
61 ðC0\09ÐC3\4 _ssion\ ion bŁ¦\ 43 ðion bÐH1OŁ¦\ 027 ðC6\7Ð
C8\09 _ssion\ ion cŁ¦\ 019 ðion cÐH1OŁ¦\ 013 ðion bÐH1OŁ¦\
disclosed the presence of the hydroxyl group in ring A\
which was placed at C!2 on the basis of biogenetic
grounds and the existence of a vinylic linkage in ring B
at C!4 "Budzikiewicz\ Djerassi\ + William\ 0870#[ The
saturated nature of rings C and D was inferred from ion
peaks generated at m:z 066 ðC8\00ÐC02\03 _ssion\ ion dŁ\ 081
ðC01\02ÐC7\03 _ssion\ ion eŁ¦\ 067 ðion eÐCH1Ł¦\ 053 ð067!
CH1Ł¦\ 063 ðion eÐH1OŁ¦\ 059 ð063!CH1Ł¦\ 035 ð059!
CH1Ł¦\ 048 ð066!H1OŁ¦ and 033 ð048!MeŁ¦

"Budzikiewicz et al[\ 0853^ Dawidar + Fayez\ 0858^ Das\
Venkateswarlu\ Srinivas\ + Rama Rao\ 0881#[

The 0H NMR spectrum of 0 displayed three down_eld
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multiplets at d 6[83 "1H# assignable to H!1?\ H!5?\ 6[42
"1H# ascribable to H!2?\ H!4? and 6[37 "0H#\ accountable
to H!3? of the benzene nucleus[ A one!proton doublet at d

4[23 with coupling constant of J�2[80 Hz was associated
with the H!5 vinylic proton[ Two doublets at d 3[11
"J�6[97 Hz# and 3[97 "J�6[97 Hz#\ integrated for one
proton each were attributed to H!16a and H!16b of the
C!16 oxygen substituted methylene group[ A one!proton
multiplet at d 2[55 with W0

1
�05[9 Hz was due to the C!2

carbinol proton[ The C!08 and C!07 tertiary methyls
resonated as broad singlets at d 0[99 and 9[56\ respec!
tively[ The C!10 and C!15 secondary methyl func!
tionalities and C!18 primary methyl group\ indicating an
ethyl group in the side chain located at C!13 on biogenetic
grounds\ appeared as doublets correspondingly at d 9[83
"J�5[9 Hz#\ 9[76 "J�5[9 Hz# and 9[72 "J�5[9 Hz#[ The
presence of all the methyls in the range of d 0[99Ð9[56
indicated that these groups were located on saturated
carbons "Alam\ Chopra\ Ali\ Niwa\ + Sakae\ 0883^
Sharma\ Ali\ + Singh\ 0885#[ The H2!18 resonance of
13R!con_guration "d 9[72# was more upshielded as com!
pared to the 13S!resonance "d 9[75# "Rubinstein\ Goad\
Clague\ + Mulheirm\ 0865#[ The assignments of the
chemical shifts were made by comparison with d values
of the corresponding proton in the structurally similar
sterols such as sitosterol "Greaca\ Manaco\ and Prevet!
era\ 0889^ Gupta\ Ali\ Alam\ Niwa\ + Sakae\ 0881#[ The
02C NMR spectrum suggested a sitosterol!type side chain
and revealed the presence of one carbinol carbon "d
60[72#\ one esteri_ed carbon attached to a secondary
oxygen!substituted carbon\ an ole_nic linkage and a ben!
zene nucleus[ The 02C NMR values were compared with
sitosterol "Greaca et al[\ 0889#\ lawsaritol "Gupta et al[\
0881# and pleuchinol "Alam et al[\ 0883#[ The assignments
of !CH\ !CH1\ !CH2 and ole_nic carbon resonance were
made in the 02C!DEPT experiments and the assignments
of proton signals were carried out using 0HÐ0H and 0HÐ
02C COSY spectra[ The signals of C!2\ C!5\ C!07\ C!08\
C!10\ C!15\ C!16 and C!18 in the 02C NMR spectrum
could be easily correlated with the corresponding protons
in the 0H NMR spectrum[ The coupling interaction was
illustrated by the 0HÐ0H correlated spectroscopy "COSY
34>C# which showed the connectivity of 2:2 to the protons
at C!1 and C!3 and the connectivity of 5!H with 6!H1[
Acetylation of 0 yielded a monoacetyl product "0a# thus
demonstrating the presence of one acetylable alcoholic
group in the molecule[ Jones oxidation of 0 produced a
keto derivative "0b# which responded positively to the
Zimmermann test "Barton + De Mayo\ 0843#\ for 2!keto
steroids[ Alkaline hydrolysis of 0 released benzoic acid
"0d# and a dihydroxy steroid "0c#[

On the basis of the spectral data and chemical reac!
tions\ the structure of 0 was characterized as stigmast!4!
en!2b\16!diol 16!benzoate[ This is a new member of
the sterol class and the _rst sterol isolated from L[
sativum[

2[ Experimental

2[0[ Plant material

The aerial parts of L[ sativum were collected from the
Herbal Garden of Jamia Hamdard and identi_ed by Dr[
M[ P[ Sharma "Taxanomist#\ Department of Botany[ A
voucher specimen is preserved in the Herbarium of the
Department of Botany\ Faculty of Science\ Jamia Ham!
dard New Delhi!009 951[

2[1[ General

Mps were determined on a per_t melting point appar!
atus and are uncorr[ The UV spectrum was recorded on
Beckmann DU!53\ IR spectrum on Shimadzu 7190 PC
FTIR spectrophotometer\ 0H NMR on Bruker WM!399
"399 MHz FT# instrument\ 02C NMR spectrum on 099
MHz and mass spectrum on Jeol D!29 spectrometer[

2[2[ Extraction and isolation

The dried and coarsely!powdered plant material "0
kg# was defatted with petrol and Soxhlet!extracted with
MeOH[ The concentrated brown colored mass "59 g#
was fractionated into 9[2 M HCl soluble and insoluble
portions[ The HCl soluble portion was extracted with
CHCl2 "2×099 ml#\ basi_ed with ammonia solution "pH
8# and reextracted with CHCl2 "4×099 ml#[ The neutral
portion was dried "Na1SO3# and concentrated under red[
pres[ to produce a dark brown viscous semisolid mass[ It
was adsorbed on alumina "59Ð019 mesh#\ dried in air
and subjected to alumina CC[ The column was eluted
successively with petrol\ CHCl2 and MeOH in order of
increasing polarity[ Elution of the column with CHCl2
"fraction 09Ð04# yielded colorless ~akes of 0\ recrys!
tallized from CHCl2ÐMeOH "0]0#\ 094 mg "9[9982)
yield#\ Rf 9[01\ mp 039Ð030>C[ UVmax nm] 194\139 "log o

0[6\ 0[9#[ IRKBr
max cm−0 2302\ 1818\ 1747\ 0623\ 0507\ 0349\

0266\ 0296\ 0046\ 0094\ 0955\ 0917\ 888\ 650\ 618\ 699[
0H NMR "CDCl2#] d 6[83 "1H\ m\ H!1?\ H!5?# 6[42 "1H\
m\ H!2?\ H!4?#\ 6[37 "0H\ m\ H!3#\ 4[23 "0H\ d\ J�2[80
Hz\ H!5#\ 3[11 "0H\ d\ J�6[97 Hz\ H1!16a#\ 3[97 "0H\ d\
J�6[97 Hz\ H1!16b#\ 2[55 "0H\ br\ m\ W0

1
05[9 Hz\ H!2a#

0[99 "2H\ brs\ H2!08#\ 9[83 "2H\ d\ J�5[9 Hz\ H2!10#\
9[76 "2H\ d\ J�5[9 Hz\ H2�15#\ 9[72 "2H\ d\ J�5[9 Hz\
H2!18#\ 9[56 "2H\ brs\ H2!07#[ EIMS m:z "ret int[#] 423
ðMŁ¦ "C25H43O2# "0[1#\ 318 "2[1#\ 302 "099#\ 399 "32[1#\
288 "13[86#\ 285 "21[9#\ 270 "07[1#\ 206 "2[7#\ 242 "3[7#\
218 "14[9#\ 204 "068#\ 292 "16[7#\ 290 "4[7#\ 162 "14[5#\
150 "3[5#\ 144 "17[1#\ 120 "08[7#\ 118 "01[0#\ 102 "16[6#\
194 "5[4#\ 088 "09[9#\ 08[ 1"7[9#\ 066 "6[7#\ 063 "01[8#\ 053
"2[7#\ 052 "08[1#\ 059 "14[3#\ 048 "12[6#\ 035 "05[1#\ 033
"23[2#\ 027 "5[9#\ 020 "05[1#\ 013 "05[2#\ 011 "19[0#\ 019
"11[5#\ 094 "33[6#\ 84 "37[0#\ 72 "13[8#\ 61"12[0#\58 "37[1#\
43 "69[9#[ 02C NMR "CDCl2#] d 26[29 "C!0#\ 20[89 "C!1#\
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60[72 "C!2#\ 39[90 "C!3#\ 032[42 "C!4#\ 012[80 "C!5#\ 20[30
"C!6#\ 21[06 "C!7#\ 40[09 "C!8#\ 25[28 "C!09#\ 11[50 "C!
00#\ 28[75 "C!01#\ 33[22 "C!02#\ 45[54 "C!03#\ 14[41 "C!
04#\ 17[96 "C!05#\ 44[84 "C!06#\ 00[79 "C!07#\ 08[09 "C!
08#\ 25[02 "C!19#\ 07[80 "C!10#\ 29[10 "C!11#\ 15[60 "C!
12#\ 35[84 "C!13#\ 18[98 "C!14#\ 16[12 "C!15#\ 52[74 "C!
16#\ 14[78 "C!17#\03[90 "C!18#\ 018[60 "C!0?#\ 029 "C!1?#\
017[10 "C!2?#\ 020[89 "C!3?#\ 018[9 "C!4?#\ 018[97 "C!5?#\
067[91 "C!6?#[

2[3[ Acetylation of 0

Compound 0 "09 mg# was heated with a mixture of
Ac1O "2 ml# and pyridine "0 ml# for 29 min and then left
for 13 h[ H1O "09 ml# was added and the reaction mixture
extracted with CHCl2 "2×09 ml#[ The CHCl2 layer was
washed with water "2×4 ml#\ dried over Na1SO3 and
evaporated to yield monoacetylated product "0a#\ mp
020Ð021>[

2[4[ Jones oxidation of 0

Compound 0 "4 mg# was dissolved in Me1CO "09 ml#
and cooled to 3>C[ Freshly prepared Jones Reagent was
added drop!wise till the persistence of a brown color[
H1O "19 ml# was added and the mixture was worked up
as usual to produce the oxo!derivative "0b#\ mp!011Ð
012>[

2[5[ Hydrolysis of 0

Compound 0 "04 mg# was heated with 9[0 ethanolic
KOH "4 ml# for 2 h[ H1O "09 ml# was added and the
reaction mixture extracted with CHCl2 "2×09 ml#[ The
organic phase after usual work up yielded sterol "0c#\

mp 024Ð025>[ EIMS m:z "ret[ int[# 329 ðMŁ¦ "C18H49O1#
"00[2#[ The mother liquor after extraction with CHCl2
was acidi_ed "Congo red# and reextracted with CHCl2 to
isolate benzoic acid\ mp 010Ð011>\ Co!TLC comparable[
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