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Abstract*Thirty eight compounds of di}erent types have been isolated from twelve Piper species[ The ether
extract of the leaves of P[ aduncum yielded eleven compounds\ out of which 1\5!dimethoxy!3!"1!pro!
penyl#phenol was isolated for the _rst time from the genus Piper and 1!acetoxy!0\2!dimethoxy!4!"1!pro!
penyl#benzene is a new compound[ The petrol extract of the stems and leaves of P[ attenuatum furnished a
novel long chain alcohol\ 03!benzoð0\2Łdioxol!4!yl!tetradecan!1!ol[ From P[ betle\ b!sitosteryl palmitate was
isolated for the _rst time from the genus Piper[ A novel amide\ 2!"2\3!dimethoxyphenyl#propanoyl pyrrole has
been obtained from P[ brachystachyum[ Nerolidol was isolated for the _rst time from P[ falconeri[ From the
methanol extract of the stems and leaves of P[ khasiana\ piperlonguminine\ piperine\ apigenin dimethyl ether
and b!sitosterol were obtained[ Retrofractamide A was obtained for the _rst time from P[ lon`um^ the structure
of "¦#!asarinin\ isolated from P[ lon`um\ was con_rmed by X!ray crystallographic studies[ Retrofractamide
A\ apigenin dimethyl ether\ tetratriacontanol and tectochrysin were isolated from P[ manii[ P[ pedicellosum
furnished b!sitosterol\ pellitorine\ piperlonguminine\ cepharadione A and furacridone\ the last compound
being isolated for the _rst time from the genus Piper[ Þ 0887 Elsevier Science Ltd[ All rights reserved

INTRODUCTION

Piper species\ widely distributed in the tropical and
subtropical regions of the world are used medicinally
in various manners ð0\ 1Ł[ In continuation of our pre!
vious investigations on various Indian Piper species\
we undertook the phytochemical examination of P[
khasiana\ P[ manii\ P[ pedicellosum and P[ thomsoni
which have not earlier been investigated phy!
tochemically along with P[ acutisle`inum\ P[ aduncum\
P[ attenuatum\ P[ betle\ P[ brachystachyum\ P[
falconeri\ P[ lon`um and P[ peepuloides[ This is the
second report on the phytochemical investigation of
P[ acutisle`inum ð2Ł[ Thirty eight compounds were iso!
lated\ out of which 1\5!dimethoxy!3!"1!pro!
penyl#benzene "09#\ b!sitosteryl palmitate "07# and fur!
acridone "18# are being reported for the _rst time from
the genus Piper and 1!acetoxy!0\2!dimethoxy!4!"1!

� Author to whom correspondence should be addressed[
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propenyl#benzene "02#\ 03!benzoð0\2Łdioxol!4!yl!
tetradecan!1!ol "03# and 2!"2\3!dimethoxyphenyl#!
propanoylpyrrole "10# are new compounds[

RESULTS AND DISCUSSION

Thirty eight compounds were isolated in all from
twelve Piper species\ these are listed in a com!
prehensive manner in Table 0[ Compound 02 was
isolated as an oil from P[ aduncum[ Its 0H NMR
spectrum revealed the presence of an allyl group "d
2[24\ 4[9Ð4[09 and 4[89Ð5[90# and an acetoxy group "d
1[21#[ A singlet at d 2[79 indicated two identical
methoxy groups and a singlet at d 5[33 indicated two
identical aromatic protons stemming from a sym!
metrically tetrasubstituted benzenoid compound[ On
biogenetic grounds\ i[e[ the presence of other com!
pounds with similar structures in the Piper genus ð3Ł\
the structure 02 for this compound was considered the
best candidate[ This was con_rmed by comparing the
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Table 0[ Phytochemicals from twelve Piper species

Plant part "dried wt[# Compounds isolated
Species Extract "wt[# "amount# Comments

P[ acutisle`inum Stems¦leaves "0[4 kg# b!Sitosterol "19 mg# New from this species
Petrol extract "29 g#
Dichloromethane extract Piperlonguminine "0# "04 mg# \\
"24[5 g#

Piperine"1# "19 mg# \\
Methanol extract " 34 g# Cepharadione A"2# "19 mg# \\

P[ aduncum Leaves "699 g# Dillapiole"3# "61 mg#
Steam distillate "399 mg# Myristicin"4# "01 mg#

4!Methoxy!5!"1!propenyl#!
0\2!benzodioxol"5#"42 mg#
Safrole "6# "01 mg# New from this species
Piperitone"7# Con_rmed by GCMS

Leaves "699 g# 0\1\2!Trimethoxy!4!"1! New from this species
Petrol extract "23[10 g# propenyl#!benzene"8# "49 mg#

1\5!Dimethoxy!3!"1! New from the genus Piper
propenyl#!phenol"09#
"04 mg#
2\4!Bis"2!methyl!1!butenyl#!
3!methoxybenzoic acid"00#
"03 mg#
1?\5?!Dihydroxy!3?!
methoxydihydrochalcone "01#
"39 mg#
b!Sitosterol "7 mg#
Dillapiole"3# "099 mg#
Myristicin"4# "19 mg#
4!Methoxy!5!"1!propenyl#!
0\2!benzodioxol"5# "59 mg#
Safrole"6# "36 mg#
1!Acetoxy!0\2!dimethoxy!4!
"1!propenyl#benzene"02# New compound
"29 mg#

P[ attenuatum Stems¦Leaves "1 kg# b!Sitosterol "49 mg# New Compound
Petrol extract "54 g# 03!Benzoð0\2Łdioxol!4!yl!

tetradecan!1!ol"03# "49 mg#
Kadsurin A "04# "59 mg# New from this species
Kadsurin B "05# "69 mg# \\
"¦#!Crotepoxide "06# "39 mg#

P[ betle Leaves "719 g# b!Sitosterol "01 mg#
Petrol extract "05[3 g#

Dotriacontanoic acid "04 mg# New from this species
Tritriacontane "09 mg# \\
Stearic acid "04 mg# \\
Cepharadione A"2# "19 mg#

Stems "0[21 kg# Piperine"1# "19 mg# New from this species
Petrol¦Dichloromethane Piperlonguminine"0# "04 mg# \\
extract "23 g# b!Sitosterol "19 mg#
Roots "499 g# b!Sitosterol "09 mg#
Petrol¦Dichloromethane b!Sitosteryl palmitate "07# New from family
extract "05[1 g# "7 mg# Piperaceae

P[ brachystachyum Stems¦leaves "1 kg# Sesamin"08# "19 mg#
Petrol extract "27 g# "¦#!Asarinin"19# "09 mg#

b!Sitosterol "09 mg#
Elemicin"8# "01 mg# New from this species

Dichloromethane!methanol b!Sitosterol "09 mg#
extract "19 g#

2!"2\3!Dimethoxyphenyl#! New Compound
propanoylpyrrole"10#
"199 mg#

Fruits "569 g# b!Sitosterol "04 mg#
Petrol extract "09 g# Parsley apiole"11# "03 mg#
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Table 0*continued[

Plant part "dried wt[# Compounds isolated
Species Extract "wt[# "amount# Comments

P[ falconeri Leaves "0 kg# Nerolidol"12# "43 mg# New from this species
Petrol extract "23 g#

P[ khasiana Stems and leaves "029 g# b!Sitosterol "14 mg#
Methanol extract "00[3 g# Apigenin dimethyl ether"13# Phytochemically investigated

"5 mg# for the _rst time
Piperlonguminine"0# "19 mg#
Piperine"1# "59 mg#

P[ lon`um Stems¦leaves "0[63 g# "¦#!Asarinin"19# "3[4 mg# X!Ray studies
Petrol extract "14 g# Guineensine"14# "6 mg#

Retrofractamide A "15# "7 mg# New from this species
P[ manii Stems "869 g# Retrofractamide A"15# First phytochemical

Petrol extract "01 g# "04 mg# investigation
Apigenin dimethyl ether"13#
"39 mg#
Tectochrysin"16# "69 mg#

Fruits "699 g# Tetratriacontanol"09 mg#
Petrol extract "19 g#

P[ pedicellosum Stems and leaves "0[16 kg# First
Petrol extract "6[71 g# Pellitorine"17# "29 mg# phytochemical

b!Sitosterol "14 mg# investigation
Piperlonguminine"0# "7 mg#

Dichloromethane Cepharadione A"2# "12 mg#
extract "4[32 g#
Methanol extract "01[5 g# Furacridone"18# "6 mg# New from genus Piper

P[ peepuloides Fruits "0[79 kg# b!Sitosterol "19 mg#
Ethanol extract "069 g# Apigenin dimethyl ether"13#

"19 mg#
Luteolin 2?\3?\6!trimethyl
ether"29# "39 mg#
"¦#!Diaeudesmin"20# "32 mg#

P[ thomsoni Stems¦leaves "0[87 kg# Dotriacontanol "19 mg# First phytochemical
Petrol extract "40[5 g# Dotriacontanoic acid "29 mg# investigation

"−#!Galbelgin"21# "04 mg#
b!Sitosterol "09 mg#

Dichloromethane!methanol Piperine"1# "19 mg#
extract"cold# "21[5 g#

Cepharadione A"2# "09 mg#

0H NMR and 02C NMR spectra of compound 02 with
those of 09 ð4Ł\ the deacetylated derivative of 02[ Thus
we propose the structure of 02 to be 1!acetoxy!0\2!
dimethoxy!4!"1!propenyl#benzene\ a compound
which has neither been isolated from any natural
source nor synthesised[

Compound 03 was obtained as a white crystalline
solid from P[ attenuatum[ In its 0H NMR spectrum\ a
double!doublet at d 5[59"0H\ J�6[8 and 0[5 Hz#\ two
doublets at d 5[55 "0H\ J�0[5 Hz# and d 5[60 "0H\
J�6[8 Hz# and a singlet at d 4[89"1H# indicated the
presence of a piperonyl moiety[ A multiplet at d 2[68
"0H# along with a peak at 2349 cm−0 in its IR spectrum
revealed the presence of !CH! OH unit[ A doublet at
d 0[07"2H# indicated the presence of CH2CH! group[
In its EIMS\ peaks at m:z 189 "ðMŁ¦−34# and m:z 34
indicated the alcohol to be a secondary alcohol\ i[e[

having the CH2CHOH moiety[ A symmetrical mul!
tiplet for one proton at d 2[68 further extended this to
CH2CHOHCH1![ A long saturated carbon chain was
evident from a broad multiplet in the region d 0[1Ð
0[3[ A peak at m:z 024 in its EIMS indicated the
piperonyl moiety attached to a methylene group[ Thus
the presence of a 2\3!methylenedioxy benzyl group
"�024 units#\ a CH2CHOHCH1 moiety "�48 units#
and a long saturated carbon chain were con_rmed[
Subtraction of molecular mass of these moieties "083
units# from M¦ "223 units# gives us the remaining
unaccounted 039 units\ which suitably _ts for ten
methylene units[ The DEPT spectrum in the region d

14[66 to 28[3 indicated the presence of 01!CH1 groups[
On the basis of above spectral data\ 03 was identi_ed
as 03!benzoð0\2Ł dioxol!4!yl!tetradecan!1!ol[ The
structure is fully compatible with 02C NMR spectrum
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Fig[ 0[ X!ray crystal structure of "¦#!asarinin "19#[

of 03\ this compound is a hitherto unknown
compound[

Compound 07\ suspected to be b!sitosteryl palmi!
tate\ was obtained as a white solid "from P[ betle#\ mp
74Ð75>[ The ion at m:z 541 in the mass spectrum was
compatible with a molecular formula of C34H79O1[
The base peak at m:z 285 could stem from elimination
of palmitic acid\ leading to a conjugated diene system
in the sterol moiety[ The IR absorption maximum
at 0639 cm−0 together with 0H NMR and 02C NMR
spectral data of 07 indicated it to be a steroidal ester[
The 0H NMR spectrum showed a multiplet between
d 9[53 and 1[0 from which a number of methyl groups
emerged[ A triplet at d 1[15 corresponding to the
CH1COO moiety was overlayed with another
multiplet\ but still discernible[ Multiplets at d 3[50 and
4[26 originated from H!2 and H!5\ respectively[ The
02C NMR spectrum had the following characteristic
ranges and signals\ assignment having been aided by
a DEPT spectrum] a# 00[7 to 08[7 "6 methyl groups#\
b# 10[9 to 45[6 "6 CH and 19 plus discernible CH1

groups from the alcohol and acid moieties\ c# 62[55
"!COO!CH³#\ d# 011[45 and 028[62 "×C�C³# and
e# 062[21 "C�O#[ To con_rm the structure\ a synthetic
sample was prepared ð5Ł[ All 02C NMR spectral chemi!
cal shifts for the natural and synthetic samples agreed
within 9[91 ppm[ Also the 0H NMR spectra and the
mass spectral fragmentation pattern as well as TLC
Rf!values agreed well for the two samples[ On these
grounds\ 07 is considered to be b!sitosteryl palmitate[
Although b!sitosteryl palmitate has been isolated ð6Ł
and synthesised ð5\ 6Ł earlier\ this is the _rst report of
its isolation from the Piperaceae and also of its NMR
and mass spectral data[

The structure of "¦#!asarinin was con_rmed as 19

on the basis of its 0H NMR\ EIMS and 02C NMR
spectra ð7Ł[ Owing to its pharmacological potential\
i[e[ insecticidal ð8Ł\ antituberculostatic and antifungal
ð09Ł activities\ it was decided to examine the relative
stereochemistry by X!ray analysis ðFig[ 0Ł which con!
_rmed its structure[

Compound 10 was obtained as a white crystalline
solid from P[ brachystachyum[ The molecular formula
was determined by HR!EIMS to be C04H06NO2\ com!

patible with hydrogen and carbon counts based on
the 0H and 02C NMR spectra[ Two singlets at d 2[72
and 2[73\ each for 2H\ revealed the presence of two
methoxy groups on a phenyl ring[ A multiplet between
d 2[92 and 2[09 integrating for 3H indicated the pres!
ence of two !CH1 groups which was con_rmed by the
DEPT spectrum[ The aromatic region of the 02C NMR
spectrum above 099 ppm showed evidence of ten aro!
matic carbons out of which only three are unpro!
tonated[ A multiplet between d 5[65 and 5[67 "2H#
was assigned to the C!1?\ C!4? and C!5? protons[ A
doublet at d 5[16 "1H# and a singlet at d 6[18 "1H#
indicated the presence of a pyrrole ring[ The peak at
0699 cm−0 in the IR spectrum and a signal at d 058[48
in the 02C NMR spectrum were compatible with a
tertiary amide group[ On basis of the above spectral
data\ the compound was assigned the structure 2!"2\3!
dimethoxyphenyl#propanoylpyrrole and X!ray
di}raction studies con_rmed this ð00Ł[ This amide is a
hitherto unknown compound[

EXPERIMENTAL

General

Mps were determined in a bath and are uncorrected[
The 0H NMR and 02C NMR spectra were recorded
on a Bruker AC!149 spectrometer\ chemical shifts are
relative to TMS[ Mass spectra were determined at
69 eV on a Jeol AX494 W or a Varian MAT 200A
mass spectrometer[ Silica gel "59Ð79 mesh# was used
for column chromatography and silica gel G for TLC[

Isolation procedure

All the plant materials\ except for P[ aduncum\ P[
attenuatum and P[ lon`um\ were collected from the
forests around Botanical Survey of India"BSI\ Eastern
Circle\ Shillong# and identi_ed by Dr[ B[ M[ Wadhwa
"Deputy Director\ BSI\ Shillong#^ specimens were sub!
mitted to the Herbarium of this Institute[

The stems and leaves of P[ lon`um and P[ atten!
uatum "submitted at the National Research Centre for
Spices\ NRCS\ Calicut\ Kerala# were collected from
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the forests of Ooty\ Kotagiri and Avalanchi and ident!
i_ed by Dr[ P[ N[ Ravindran\ NRCS\ Calicut[ The
leaves of P[ aduncum\ collected in Ecuador were
obtained from Professor Dr Kurt Torssell "Depart!
ment of Chemistry\ Aarhus University\ Denmark#[

P[ acutisle`inum*The dried stems and leaves were
extracted in succession with petrol\ CH1Cl1 and
MeOH[ The dried petrol extract on column chro!

matography yielded b!sitosterol\ while the CH1Cl1 and
MeOH extracts on a similar work up yielded 0\ 1 and
2\ respectively[ P[ aduncum*The dried leaves were
steam extracted\ and the oily residue obtained was
subjected to prep[ TLC in petrol]EtOAc "38]0#[ Four
compounds\ 3Ð6\ were isolated in the pure state^ the
presence of piperitone "7# was con_rmed by GCMS[
The dried leaves were also extracted with petrol and
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the dried extract column chromatographed on silica
gel\ elution with petrol and petrol!EtOAc in increasing
polarities yielded ten compounds\ i[e[ b!sitosterol\
compounds 3Ð6 and 8Ð02[ P[ attenuatum*The dried
petrol extract of the stems and leaves on column chro!
matography gave b!sitosterol and compounds 03Ð06[

P[ betle*The leaves\ stems and roots were dried and
extracted with petrol\ CH1Cl1 and MeOH in
succession[ The dried petrol extract of leaves on col!
umn chromatography gave b!sitosterol\ dotri!
acontanoic acid\ tritriacontane\ stearic acid and 2[
The petrol and CH1Cl1 extracts of the stems were
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combined and solvent evaporated[ The residue on col!
umn chromatography a}orded 0\ 1 and b!sitosterol\
while the combined petrol and CH1Cl1 extracts of the
roots yielded b!sitosterol and 07[ P[ brachystachyum*
Its stems and leaves were dried and extracted with
CH1Cl1 � MeOH "0]0\ cold#[ The dried extract on

column chromatography gave b!sitosterol and 10[
Stems and leaves were also extracted with hot petrol
and from that extract\ b!sitosterol\ 8\ 08 and 19 were
isolated[ Dried fruits were extracted with petrol and
the dried petrol extract on column chromatography
yielded b!sitosterol and 11[ P[ falconeri*The dried
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petrol extract of leaves on column chromatography
using petrol!CHCl2 as eluent yielded 12[ P[ khasiana*
The dried stems and leaves were extracted with petrol
"59Ð79>#\ CH1Cl1 and MeOH\ successively[ Column
chromatography of the dried MeOH extract on silica
gel and elution with petrol!CHCl2 a}orded b!sito!
sterol and compounds 0\ 1 and 13[ P[ lon`um*The
air!dried stems and leaves were extracted with petrol\
CHCl1 and MeOH in succession[ The dried petrol
extract after being subjected to fractionation on silica
gel using petrol\ petrol!CHCl2 and CHCl2 as eluents
with increasing polarities led to the isolation of 19\ 14

and 15[ P[ manii* Its stems and fruits were dried and
each extracted with petrol separately[ The dried petrol
extract of stems on column chromatography using
petrol\ petrol!CHCl2\ CHCl2 and CHCl2!MeOH in
increasing polarities as eluents yielded 13\ 15 and 16\
while the petrol extract of the fruits on similar treat!
ment yielded tetratriacontanol[ P[ pedicellosum*The
dried stems and leaves were extracted with petrol "59Ð
79>#\ CH1Cl1 and MeOH\ successively[ The dried pet!
rol extract on column chromatography with petrol!
CHCl2 as eluent yielded b!sitosterol\ 0 and 17[ By
similar treatment of the dichloromethane extract\ 2

was isolated[ The dried MeOH extract on column
chromatography yielded the alkaloid 18 on elution
with CHCl2!MeOH[ P[ peepuloides*The dried fruits
were extracted with EtOH^ column chromatography
of the dried extract using CHCl2!MeOH as eluent
yielded b!sitosterol\ 13\ 29 and 20[ P[ thomsoni*The
stems and leaves were dried and extracted with petrol
"59Ð79>#^ dotriacontanol\ dotriacontanoic acid and 21

were obtained by column chromatography of the
dried extract using petrol\ petrol!CHCl2\ CHCl2 and
CHCl2!MeOH\ in increasing polarities as eluents[
The CH1Cl1]MeOH "0]0# extract on similar work up
yielded b!sitosterol\ 1 and 2[

Piperlon`uminine "0#[ Yellow solid\ mp053> "lit ð01\
02Ł mp 055Ð057>#[ Its UV\ IR\ 0H NMR and EI mass
spectra were comparable with those in the literature
ð01\ 02Ł[ Piperine "1#[ Pale yellow crystalline solid\ mp
029> "lit ð03Ł mp 018>#[ Its spectral data "0H NMR\ 02C
NMR and EIMS# were as reported in literature ð04Ł[
Cepharadione A "2#[ Mp×239> "lit[ ð05\ 06Ł
mp×249>#[ Its IR\ UV\ 0H NMR spectra and EIMS
data were as previously reported ð05Ł[ 3\4!Dimethoxy!
5!"1!propenyl#!0\2!benzodioxol "dillapiole\ 3#[ Ident!
i_ed by comparing its spectral data with those
reported in literature ð07Ł[ 3!Methoxy!5!"1!propenyl#!
0\2!benzodioxol "myristicin\ 4#[ Its 0H NMR\ 02C NMR
and EIMS tallied with the spectral data reported in
literature ð08Ł[ 4!Methoxy!5!"1!propenyl#!0\2!benzo!
dioxol"5#[ Its 0H NMR and EIMS data tallied well
with those reported in literature ð08Ł[ 4!"1!Propenyl#!
0\2!benzodioxol "safrole\ 6#[ Identi_ed by comparison
with the commercially available sample of safrole[
0\1\2!Trimethoxy!4!"1!propenyl#benzene "elemicin\ 8#[
Its 0H NMR and EIMS data were similar to the pub!
lished data ð19Ł[ b!Sitosterol[ White solid\ mp 025Ð
026> "lit ð10Ł mp 025>#[ Identi_ed by comparison with

an authentic sample[ 1\5!Dimethoxy!3!"1!pro!
penyl#phenol"09#[ Its 0H and 02C NMR spectra were
identical with those in literature ð4Ł[ 2\4!Bis"2!methyl!
1!butenyl#!3!methoxybenzoic acid"00#[ It had identical
spectral data "0H NMR\ 02C NMR and EIMS# to
those in the literature ð11Ł[ 1?\5?!Dihydroxy!3?!methox!
ydihydrochalcone"01#[ Colourless solid "39 mg#\ mp
053> "lit[ ð11Ł mp 053Ð54>#[ Spectroscopic data "0H
NMR\ 02C NMR and EIMS# were identical with the
previously reported data ð11Ł[ 1!Acetoxy!0\2!dime!
thoxy!4!"1!propenyl#benzene"02#[ Obtained as a
colourless oil[ 0H NMR "CDCl2#] d 1[21"2H\ s\
!OCOCH2#\ 2[24"1H\ d\ J�6 Hz\ !CH1CH�CH1#\
2[79"5H\ s\ 1×OCH2#\ 4[9Ð4[0"1H\ m\ CH1!
CH�CH1#\ 4[89Ð5[90"0H\ m\ !CH1!CH�CH1#\
5[33"1H\ s\ H!3 and H!5#[ 02C NMR"CDCl2#] d 19[30
"!OCOCH2#\ 39[52"C!6#\ 45[98"1×OCH2#\ 094[10"C!
3 and C!5#\ 005[12"C!8#\ 015[4"C!4#\ 025[78"C!7#\
027[41"C!0 and C!2#\ 041[99"C!1#\ 057[73"×C � O#[
03!Benzoð0\2Łdioxol!4!yl!tetradecan!1!ol"03#[ White
crystalline solid\ mp 096>[ UV "MeOH# nm] 176[ IR
"KBr# cm−0] 2349\ 1879\ 1809\ 0409\ 0349\ 0114\ 0024\
824 and 796[ 0H NMR "CDCl2#] d 0[07"2H\ d\
J�5[1 Hz\ H!0#\ 0[14"07H\ m\ 8×CH1#\ 0[39"3H\ m\
H!2 and H!3#\ 1[49"1H\ dd\ J�6[6 and 6[6 Hz\ H!03#\
2[68"0H\ m\ H!1#\ 4[89"1H\ s\ OCH1O#\ 5[59"0H\ dd\
J�6[8 and 0[5 Hz\ H!5?#\ 5[55"0H\ d\ J�0[5 Hz\ H!1?#
and 5[60"0H\ d\ J�6[8 Hz\ H!4?#[ 02C NMR"CDCl2#]
d 12[49 "C!0#\ 14[66"C!3#\ 18[08"C!4#\ 18[38"C!01#\
18[47"C!5\ C!00#\ 18[52"C!6 to C!09#\ 20[64"C!02#\
24[6"C!03#\ 28[3"C!2#\ 57[19"C!1#\ 099[55"C!1?#\
097[99"C!3?#\ 097[75"C!5?#\ 010[90"C!6?#\ 025[69"C!4?#\
034[19"C!7?#\ and 036[29"C!8?#[ EIMS m:z "rel[ int[#]
223 ðMŁ¦ "48#\ 205"6#\ 189"3#\ 163"³0#\ 135"³0#\
121"³0#\ 193"³0#\ 064"³0#\ 050"4#\ 038"3#\ 037"09#\
025"08#\ 024"099#\ 094"4#\ 80"3#\ 66"7# and 34"19#[
Kadsurin A "04#[ Obtained as an oil[ Its spectroscopic
data "0H NMR\ 02C NMR\ UV\ IR and EIMS# tallied
well with those reported in literature ð12Ł[ Kadsurin
B"05#[ Colourless crystalline solid\ mp 099Ð090> "lit[
ð13Ł mp 090Ð091>#[ All the spectral data were com!
pletely in agreement with the published data ð13Ł[ "¦#!
Crotepoxide "06#[ Mp 049Ð040> "lit[ ð14Ł mp 049Ð040>#[
Its spectral data were as reported previously ð14\ 15Ł[
b!Sitosteryl palmitate "07#[ Mp 74Ð75> "lit[ ð5Ł mp 74[4>
and ð6Ł 72[4>#^ IR vmax"nujol# cm−0] 0639[ 0H NMR
"CDCl2#] d 9[53Ð1[0 "m\ 6×CH2\ !CH1! and !CH³
protons of alcohol and acid moieties#\ 1[15"1H\ t\
!CH1COO!#\ 3[50"0H\ m\ H!2#\ 4[26"0H\ d\ H!5#[ 02C
NMR "CDCl2#] d 00[75\ 00[88\ 03[00\ 07[67\ 08[93\
08[21 and 08[70 "CH2#^ 10[92\ 11[58\ 12[96\ 13[18\
14[96\ 15[09\ 16[72\ 17[13 and 18[00 "CH1#^ 18[06"CH#^
18[14\ 18[26\ 18[34\ 18[47\ 18[54 and 18[69 "CH1#^
20[77 "CH#^ 20[81\ 22[84 and 23[62 "CH1#^ 25[05"quat[
C#^ 25[59"CH#\ 26[91\ 27[06\ and 28[62 "CH1# and
31[20 "quat[ C#^ 34[74\ 49[92\ 45[93 and 45[58"CH#^
62[55"COO!CH³#\ 011[45 and 028[62"×C�C³#\
062[21"×C�O#[ EIMS m:z "rel[ int[#] 541ðMŁ¦ "³0#\
527"³0#\ 423"³0#\ 497"³0#\ 379"³0#\ 341"³0#\
285ðM!palmitic acidŁ¦ "099#\ 227"21#\ 144 "5#\ 036"09#\
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096"7#\ 84"00#\ 70"04#\ 60"04#\ 46"14#\ 32"13#[ Ses!
amin"08#[ White solid\ mp[ 019Ð11> "lit[ ð7Ł mp 011Ð
13>#[ Its spectroscopic data were completely in agree!
ment with the reported data ð7\ 16Ł[ "¦#!Asarinin"19#[
Mp 008> "lit[ ð7Ł mp 019>#\ ðaŁ11

D ¦013[4> "CHCl2\ c
9[27# "lit[ ð7Ł ðaŁ11

D ¦013[3>\ CHCl2#[ Its structure was
con_rmed by its X!Ray crystallographic analysis Fig[
0[ Crystal data[ C19H07O5\ Mr�243[23\ Monoclinic\
Space group P1"0#\ a�8[441"4#\ b�4[424"4#\
c�04[461"09# A� \ a�g�89>\ b�092[76"4#>\ V�688[2
"09# A� 2\ Z�1\ Dcalc 0[361 Mg:m2\ F"999#�261\
l"MoKa#�9[60962 A� \ m "MoKa#�9[098 mm−0[

Data were collected using a crystal size\ ca
9[69×9[05×9[96 mm on a Siemens P2R2 four!circle
di}ractometer in a w!Ze mode[ A total of 0566 re~ec!
tions were measured for 1[19³U³14[94> and
9³h³00\ 9³k³5\−07³l³07[ No absorption cor!
rection was applied[ The compound is essentially non!
planar[ The methylenedioxyphenyl ring and the
hydrogen atom attached to the same carbon atom are
trans with respect to each other[ The methy!
lenedioxyphenyl ring at C!1 is in cis position with
respect to C!0H\ whereas the methylenedioxyphenyl
group at C!5 is in trans position with respect to C!4H[
Both methylenedioxyphenyl rings are in trans position
with respect to each other while the tetrahydrofuran
rings are cis fused via C0!C4[ The _nal R indices were
R0×�9[9357\ wR1×�9[9871 and R indices "all data#
were R0×�9[9717\ wR1×�9[0047[ The tables of
crystallographic data have been deposited with the
Cambridge Crystallographic Data Centre[ 2!"2\3!
Dimethoxyphenyl# propanoylpyrrole "10#[ White crys!
talline solid\ mp 097>[ UV "MeOH# nm] 174[ IR
"Nujol# cm−0] 2049\ 2099\ 0699\ 0509\ 0599\ 0419\
0214\ 0299\ 0159\ 0119\ 0044\ 0919\ 819\ 749\ 709\ 684\
649[ 0H NMR "CDCl2#] d 2[92Ð2[09 "3 H\ m\ H!1 and
H!2#\ 2[72 "2H\ s\ !OCH2#\ 2[73 "2H\ s\
!OCH2#\ 5[16 "1H\ d\ J�1[3 Hz\ H!1ý and H!2ý#\ 5[65Ð
5[67 "2H\ m\ H!1?\ H!4? and H!5?#\ 6[18"1H\ broad s\
H!0ý and H!3ý#[ 02C NMR "CDCl2#]d 058[48
"×C�O#\ 037[89 "C!2?#\ 036[45 "C!3?#\ 021[69 "C!0?#\
019[98 "C!5?#\ 007[68 "C!0ý and C!3ý#\ 001[86 "C!1ý
and C!2ý#\ 000[63 "C!4?#\ 000[26 "C!1?#\ 44[67 "OCH2#\
44[60 "OCH2# 25[36 "C!1#\ 18[80"C!2#[ EIMS m:z
"rel[int[#] 148ðMŁ¦ "69#\ 081"21#\ 066"6#\ 053"29#\
040"099#\ 024"3#\ 010"4#\ 096"09#\ 80"7#\ 66"8# and
56"02#[ Parsley apiole "11#[ Colourless oil "01 mg#[ It
was identi_ed by comparison of its spectral data "0H
NMR\ 02C NMR and EIMS# with the reported data
ð12\ 17Ł[ Nerolidol"12#[ Yellow oil[ 0H NMR "CDCl2#]
d 0[2"2H\ s\ H!03#\ 0[5 "7H\ m\ H!8\ H!01 and H!04#\
0[54"2H\ s\ H!02#\ 1[9Ð1[0"5H\ m\ H!3\ H!4 and H!7#\
4[9Ð4[94"1H\ m\ H!5 and H!09#\ 4[0"1H\ m\ H!0#\
4[84Ð5[9"0H\ m\ H!1#[ 02C NMR "CDCl2#] d 04[84"C!
04#\ 06[50"C!01#\ 11[55"C!8#\ 14[51"C!03#\ 15[48"C!7#\
16[68"C!02#\ 28[53"C!4#\ 31[90"C!3#\ 62[39"C!2#\
000[48"C!0#\ 013[07"C!5\ C!09#\ 020[20 "C!00#\
024[34"C!6# and 034[91"C!1#[ EIMS tallied well with
that reported in the literature ð18Ł[ Api`enin dimethyl
ether "13#[ Yellow solid\ mp 052Ð053> "lit[ ð29Ł mp

054>#[ It was identi_ed by comparison with an auth!
entic sample[ Guineensine "14#[ Mp 005> "lit[ ð20Ł mp
005>#[ All the spectral data were in agreement with the
reported data ð20Ł[

Retrofractamide A "15#[ Mp 021> "lit[ ð21Ł mp 019>#[
Its spectral data "0H NMR\ 02C NMR and EIMS#
were as reported in literature ð21Ł[ Tectochrysin "16#[
Mp 053> "lit[ ð22Ł mp 054>#[ Identi_ed by comparison
with an authentic sample[ Pellitorine "17#[ Mp 77Ð89>
"lit[ ð23Ł mp 59Ð57>#[ All the spectral data "0H NMR\
02C NMR and EIMS# were as reported earlier ð23Ł[
Furacridone "18#[ Mp 129> "lit[ ð24Ł mp 112Ð114>#[ Its
0H NMR and EIMS tallied well with the data reported
in the literature ð24Ł[ Luteolin 2?\3?\6!trimethyl
ether"29#[ Mp 051Ð052> "lit[ ð25Ł mp 052>#[ All the
spectral data "0H NMR\ 02C NMR and EIMS# cor!
responded well with those reported in literature ð25Ł[
"¦#!Diaeudesmin"20#[ Mp 059Ð051>\ ðaŁ11

D ¦227[25>
"CHCl2\ c 9[534# "lit[ ð26Ł mp 046Ð047>\ ðaŁ16

D ¦205>\
CHCl2#[ Its spectroscopic data were completely in
agreement with the published data ð26Ł[ "−#!Gal!
bel`in"21#[ Mp 031> "lit[ ð27Ł mp 030Ð031>#\
ðaŁ11

D −74[0> "CHCl2\ c 9[936# "lit[ ð27Ł ðaŁ11
D −039[4>

"CHCl2\ c 9[20##[ Its 0H NMR\ 02C NMR and EIMS
data were in agreement with the reported data ð27Ł[
Dotriacontanoic acid[ White solid\ mp 84> "lit[ ð28Ł
mp 85>#[ 0H NMR "CDCl2#] d 9[8"2H\ t\ CH2#\ 0[1Ð
0[3"45H\ m\ 17×CH1#\ 0[5Ð0[6"1H\ m\ CH1CH1

COOH#\ 1[24"1H\ t\ !CH1COOH#[ 02C NMR
"CDCl2#] d 02[88"C!21#\ 11[48 to 18[59 "C!3 to C!20#\
20[72"C!2#\ 22[68"C!1#\ 068[95"×C�O#[ EIMS m:z
"rel[ int[#] 379 "ðM¦Ł\ 19#\ 341"M!C1H3Ł¦\ 29#\ 285"9[4#\
242"9[4#\ 183"9[4#\ 130"9[4#\ 074"9[4#\ 46"099#[ It could
be a mixture of lower and higher homologues of dotri!
acontanoic acid[ Tritriacontane[ Mp 62> "lit[ ð39Ł mp
60[7>#[ Stearic acid[ Mp 53Ð54> "lit[ ð30Ł mp 58>#[
Tetratriacontanol[ Mp 79> "lit[ ð31Ł mp 70>#[ All the
spectral data "0H NMR\ 02C NMR and EIMS# were in
agreement with the reported data ð31Ł[ Dotriacontanol[
White solid\ mp 76> "lit[ ð32Ł mp 78>#[ 0H NMR
"CDCl2#] d 9[74"2H\ t\ CH2#\ 0[1Ð0[3"59H\ m\
29×CH1#\ 2[44"1H\t\ !CH1OH#[ 02C NMR "CDCl2#]
d 03[91"C!21#\ 11[50"C!20#\ 14[55"C!29#\ 18[17 to
18[51"C!18 to C!3#\ 20[73"C!2#\ 21[68"C!1#\ 52[91"C!
0#[ EIMS m:z "rel[ int[#] 337"ðM¦!H1OŁ\ 3#\ 319"ðM¦!
H1O!C1H3Ł\ 09#\ 281"09#\ 253"19#\ 225"09#\ 000"7#\
86"13#\ 72"39#\ 58"37#\ 46"67#\ 32"099#[ It could be a
mixture of lower and higher homologues of dotri!
acontanol[
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