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Abstract

Two new 5!acylcoumarins\ racemosol 0 and mammea A:AC cyclo F 1 were isolated by fractionation of a leave extract of Mesua
racemosa "Planch[ ex Triana and Planch[# Kostermans[ Their structures were solved by extensive spectroscopic analysis as 4\6!
dihydroxy!7!"11!hydroxy!21!methylbut!21!ene#!5!"0ý!oxobutyl#!3!phenyl!1H!benzoðbŁpyran!1!one 0 and 4!hydroxy!7!"01!hydroxy!
01!methylethyl#!5!"0ý!oxobutyl#!3!phenyl!7\8!dihydro!1H!furo ð1?\2?]4\5Łbenzoð0\1!bŁpyran!1!one 1[ Five known compounds namely
mammea A:AC 2\ mammea A:AC cyclo D 3\ mammea A:AD cyclo D 4\ mammea A:BB 5 and mammea A:AA 6 were also isolated
from the same source[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

Mesua racemosa "Clusiaceae# is a large tree widely
distributed in tropical Asia[ Previous phytochemical
studies have already reported on the presence of xan!
thones "Sumitra\ 0882#\ coumarins "Bhattacharyya\
Chakrabartty\ + Chowdhuty\ 0877#\ ~avonoids and tri!
terpenes "Gunasekera + Sultanbawa\ 0866# in this genus[
In a continuation to a general survey of Malaysian ~ora
as a source of new biologically active compounds "Benos!
man et al[\ 0884\ 0886#\ an extract of M[ racemosa\ col!
lected in Gua Musang\ was selected for further
phytochemical investigations due to its signi_cant cyto!
toxic activity against P277 "099) for a concentration of
09 mg=ml−0# and KB cells "72 and 08) for concentrations
of 09 and 0 mg=ml−0\ respectively#[ This study led to the
isolation of new 5!acylcoumarins 0 and 1 which were
identi_ed by means of extensive spectroscopic analysis[

� Corresponding author[

1[ Results and discussion

Dried leaves of M[ racemosa were extracted with
EtOAc in a Soxhlet apparatus for 61 h[ This extract was
then repeatedly chromatographied on silica gel by MPLC
to give seven coumarins] mammea A:AC 2\ mammea
A:AC cyclo D 3\ mammea A:AD cyclo D 4\ mammea
A:BB 5 and mammea A:AA 6 together with new com!
pounds 0 and 1[

The molecular formula C13H13O5 of 0 was established
by high!resolution EI mass measurement of its molecular
ion at m:z 397[0480 "calculated 397[0462#[ The UV spec!
trum of 0 "EtOH# supported a 5!acyl!4\6!dihydro!
xycoumarin type with absorptions at lmax 126\ 173 and
228 nm "Crombie\ Games\ + McCormick\ 0856#[ The IR
"KBr# spectrum showed absorptions at ymax 2189 "OH#\
0623 "d!lactone#\ 0511 "C1O# and 0471 cm−0 "aromatic#[
As indicated in Table 0\ two phenolic hydroxyls were in
evidence on the 0H NMR spectrum of 0 as two low _eld
singlets at dH 03[27 and 09[19 ppm[ This spectrum also
exhibited signals at dH 4[85 "0H\ s\ H!2#\ 6[21 "1H\ m\
H!1? and H!5?# and 6[30 ppm "2H\ m\ H!2? to H!4?#[



C[ Morel et al[:Phytochemistry 49 "0888# 0132Ð01360133

Fig[ 0[ Long!range correlations observed in the HMBC spectrum "J � 5
Hz# of 0 and 1[

Considering these informations\ 0 was thus identi_ed as
a 3!phenyl!4\6!dihydroxycoumarin derivative[ The nat!
ure of the substituents at C!5 and C!7 was then deduced
from a detailed interpretation of the NMR data of 0[
Indeed\ the cross correlations deduced from a DQFÐ
COSY spectrum revealed the presence of a n!propyl spin
system with signals at dH 9[87 "2H\ t\ J�6[4 Hz\ H!3ý#\
0[69 "1H\ m\ H!2ý# and 2[02 ppm "1H\ t\ J�6[4 Hz\ H!
1ý#[ In the HMBC spectrum of 0 "Fig[ 0#\ the latter
methylene protons caused cross!peaks with a keto func!
tion at dC 197[9 ppm[ This way\ an oxobutyryl chain
was identi_ed as one of the substituents of the coumarin
heterocycle and location of this substituent at the C!
5 position on the aromatic ring was inferred from the
aforementioned UV data "Crombie et al[\ 0856#[ From
an HMQC experiment\ two ole_nic protons belonging to
a single CH1 unit "dC 000[0 ppm# were characterized at
dH 3[81 "0H\ s\ H!3b1# and 4[92 ppm "0H\ s\ H!3a1#[
In the HMBC spectrum\ these vinylidene protons were
correlated with a sp1 quaternary carbon "dC 034[8 ppm#\
a secondary alcohol function "dC 66[1 ppm# and a methyl
carbon "dC 07[6 ppm#[ These elements thus allowed us to
identify a "1!hydroxy!2!methylbut!2!ene# chain as the C!
7 substituent of the coumarin nucleus "Fig[ 0#[ These data
were con_rmed by the base peak at m:z 226 "ðMŁ¦ !
C3H6O# on the mass spectrum of 0\ corresponding to
the fragmentation of the 1!hydroxy!2!methylbut!2!ene
moiety\ as in the case of omphamurin "Wu\ 0870#[ There!
fore\ 0 was identi_ed as a new coumarin\ namely the 4\6!

dihydroxy!7!"11!hydroxy!21!methylbut!21!ene#!5!"0ý!
oxobutyl#!3!phenyl!1H!benzoðbŁpyran!1!one which we
have named racemosol[

Compound 1 cristallized in hexaneÐEtOAc "8]0# as
yellow prisms "mp�008>C# and had the molecular for!
mula C13H13O5 supported by its molecular ion at m:z
397[0480 "calculated 397[0462#[ Analysis of its 0H NMR
spectrum suggested again that 1 had a 3!pheny!
lacylcoumarin skeleton with characteristic signals at
03[28 "0H\ s\ OH!4#\ 4[84 "0H\ s\ H!2#\ 6[29 "1H\ m\ H!
1? and H!5?# and 6[39 ppm "2H\ m\ H!2? to H!4?#[ This
hypothesis was con_rmed by the UV absorbances of 1

"lmax 129\ 168 and 238 nm# whereas the IR spectrum
exhibited main absorptions at 2455 "OH#\ 0623 "d!
lactone#\ 0693 "C1O# and 0503 cm−0 "aromatic#[ Close
comparison of the0H NMR data of 0 and 1 then revealed
the presence of the same oxobutyryl substituent in both
compounds "dH 9[88 "2H\ t\ J�6[4 Hz\ H!3ý#\ 0[57 "1H\
m\ H!2ý# and 2[99 ppm "1H\ m\ H!1ý##[ As expected\ the
methylene protons H!1ý of this acyl chain correlated with
a keto function "dC 194[3 ppm# on the HMBC spectrum
"Fig[ 0#[ Furthermore\ the chelated OH at dH 03[28 ppm
caused a cross!peak with the carbon C!3a\ thus indicating
that the coumarin nucleus was substitued by this acyl
chain at C!5[ The absence of any other phenolic OH
function and the presence of a quaternary carbon at
dC 053[2 ppm "C!5a# then suggested the presence of an
oxygenated ring system in the 6\7!position[ Indeed in the
HMBC spectrum "Fig[ 0#\ the methyl protons at dH 0[33
and 0[21 ppm correlated with a tertiary alcohol function
"dC 60[5 ppm# and with the tertiary carbon C!7 at dC 81[7
ppm[ The H!7 "dH 3[81 ppm# also caused cross!peaks
with two aromatic carbons at dC 094[0 and 053[2 ppm
which were then respectively identi_ed as C!8a and C!5a\
and with the methylenic carbon C!8 at dC 15[7 ppm[
These signals were thus associated with the presence of
an hydroxyisopropyldihydrofuran ring system[ This
identi_cation was con_rmed by an examination of the EI
mass spectrum of 1 where fragments at ðMŁ¦ !32 "ðMŁ¦ !
CH1CH1CH2# and ðMŁ¦ !004 "ðMŁ¦ !32Ð61# could be
associated to the elimination of an isobutene oxide moiety
from the ðMŁ¦ !32 fragments "Carpenter\ McGarry\ +
Scheinmann\ 0869^ Crombie\ Games\ Haskins\ + Reed\
0861#[ Total assignments of the protons and carbons
resonances of this compound were _nally completed
through exhaustive HMQC and HMBC
data analysis "Table 0#[ Therefore\ 1 was identi_ed
as the 4!hydroxy!7!"01!hydroxy!01!methylethyl#!5!"0ý!
oxobutyl#!3!phenyl!7\8!dihydro!1H!furoð1?\2?]4\5Ł
benzoð0\1!bŁpyran!1!one or\ according to the nomencla!
ture of Crombie and Games "0855#\ to mammea A:AC
cyclo F[

As already reported in the literature in the case of 3!
phenylcoumarins belonging to the mammea series\ cou!
marin 0 did not present any optical activity "ðaŁD and CD#
"Crombie et al[\ 0856^ Crombie\ Games\ + McCormick\
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Table 0
0H "CDCl2\ 169 MHz# and 02C "CDCl2\ 56[4 MHz# NMR spectra data of compounds 0 and 1[

0 1

No[ dH dC dH dC

1 059[9 048[6
2 4[85 "s# 001[0 4[84 "s# 001[0
3 045[6 045[4
3a 090[8 091[1
4 052[3 052[7
OH!4 03[27 "s# 03[28 "s#
5 096[5 092[9
5a 053[2
6 051[5
OH!6 09[19 "s#
7 093[5 3[81 "t\ J�8[9# 81[7
7a 046[6
8 2[21 "dd\ J�5[9\ 2[9# 15[7
8a 094[0
8b 044[2
09
0? 028[2 028[0
1? and 5? 6[21 "m# 016[1 6[29 "m# 016[1
2? and 4? 6[30 "m# 016[6 6[39 "m# 016[5
3? 6[30 "m# 017[2 6[39 "m# 017[2
0ý 197[9 194[3
1ý 2[02 "t\ J�6[4# 35[6 2[99 "m# 34[1
2ý 0[69 "m# 07[9 0[57 "m# 06[8
3ý 9[87 "t\ J�6[4# 02[8 9[88 "t\ J�6[4# 02[7
0a1 2[29 "d\ J�02[4# 17[6 60[5
0b1 2[93 "dd\ J�6[4^04[9#
11 3[49 "d\ J�6[4# 66[1 0[21 "s# 13[7
21 034[8 0[33 "s# 15[1
3a1 4[92 "s# 000[0
3b1 3[81 "s#
41 0[82 "s# 07[6

Coupling constants "J in Hz# are given in parentheses[

0856#[ However\ a highly concentrated solution of 1 in
chloroform exhibited a weak ðaŁD of −1[5> "c�3[41#[
This result is therefore in agreement with the previously
reported optical activities of closely related natural or
synthetic 3!alkylcoumarins in similar measurement con!
ditions "Finnegan\ Merkel\ + Back\ 0861^ Begley\ Crom!
bie\ Jones\ + Palmer\ 0876#[

Preliminary biological evaluation of 0 and 1 have
revealed a weak cytotoxicity of both compounds against
KB cells] 38 and 12) for 0 and 21 and 06) for 1 at 09
and 0 mg=ml−0\ respectively[

In the same study and on the basis of their spec!
troscopic data\ compounds 2Ð6 were respectively ident!
i_ed as known coumarins mammea A:AC "2#



C[ Morel et al[:Phytochemistry 49 "0888# 0132Ð01360135

"Thebtaranonth\ Imraporn\ + Padungkul\ 0870#\ mam!
mea A:AC cyclo D "3# "Thebtaranonth et al[\ 0870#\
mammea A:AD cyclo D "4# "Bala + Seshadri\ 0860#\
mammea A:BB "5# "Crombie\ Games\ + McCormick\
0855# and mammea A:AA "6# "Bala + Seshadri\ 0860#[
An interpretation of their02C NMR spectrum is however
given in the experimental part since these data have not
been previously reported in the literature[

2[ Experimental

2[0[ General

HREIMS "69 eV# were determined on a Varian Mat
200 spectrometer[0H and02C NMR spectra were recorded
on a JEOL GSX 169 MHz instrument[ 1!D NMR experi!
ments "DQFÐCOSY\ HMQC\ HMBC# were recorded on
a Bruker Avance DRX 499 MHz spectrometer[ IR spec!
tra were obtained on a Perkin!Elmer 479 spectrometer
and UV spectra were recorded on a Schimadzu UV!0590
spectrophotometer[

2[1[ Plant material

The leaves of M[ racemosa "Clusiaceae# were collected
in August 0884 at Gua Musang\ Malaysia[ An herbarium
specimen "No[ KL 3413# is deposited at the laboratoire
de Phane�rogamie\ MNHN\ Paris and at the University
of Malaya\ Kuala!Lumpur[

2[2[ Extraction and isolation

Powdered leaves of M[ racemosa "9[4 kg# were
extracted with EtOAc for 61 h in a Soxhlet apparatus[
The extract was evaporated to dryness to yield a residue
"00 g# which was chromatographied over silica gel[ Elu!
tion was with hexane gradually enriched with EtOAc[
Compounds obtained from M[ racemosa were] racemosol
0 "89 mg#\ mammea A:AC cyclo F 1 "129 mg#\ mammea
A:AC 2 "19 mg#\ mammea A:AC cyclo D 3 "39 mg#\
mammea A:AD cyclo D 4 "09 mg#\ mammea A:BB 5 "04
mg# and mammea A:AA 6 "19 mg#[

2[3[ Compound 0 "racemosol#

Yellow prisms "C5H03ÐEtOAc\ 8]0#[ mp 039[7>C\
ðaŁD�9> "c�9[7\ CHCl2#\ IR ymax cm−0] 2189\ 0623\ 0511\
0471[ UV "EtOH# lmax nm "log o#] 126 "3[06#\ 173 "3[27#\
228 "2[85#[ 0H NMR "CDCl2# and 02C NMR "CDCl2#
data\ see Table 0[ HREIMS m:z 397[0480 "calculated
397[0462 for C13H13O5#[ EI!MS m:z] 397 "ðMŁ¦\ 03#\ 289
"02#\ 264 "04#\ 253 "10#\ 238 "05#\ 236 "06#\ 228 "00#\ 227
"30#\ 226 "099#\ 210 "13#\ 208 "13#\ 298 "03#\ 184 "11#\ 094
"02#\ 32 "14#[

2[4[ Compound 1 "mammea A:AC cyclo F#

Yellow prisms "C5H03ÐEtOAc\ 8]0#[ mp 008[9>C\
ðaŁD�−1[5> "c�3[4\ CHCl2#\ IR ymax cm−0] 2455\ 0623\
0693\ 0503[ UV lmax nm "log o#] 129 "2[65#\ 168 "3[92#\
238 "2[53#[ 0H NMR "CDCl2# and 02C NMR "CDCl2#
data\ see Table 0[ HREIMS m:z 397[0480 "calculated
397[0462 for C13H13O5#[ EI!MS m:z] 398 "12#\ 397 "ðMŁ¦\
099#\ 264 "03#\ 254 "39#\ 240 "01#\ 249 "43#\ 238 "37#\ 226
"08#\ 211 "14#\ 210 "14#\ 296 "49#\ 294 "01#\ 183 "03#\ 182
"49#\ 168 "01#\ 094 "00#\ 48 "11#\ 32 "10#[

2[5[ Compound 2 "mammea A:AC#

02C NMR "CDCl2#] d 02[6 "C!3ý#\ 06[5 "C!2ý#\ 07[9 "C!
31#\ 10[6 "C!01#\ 14[7 "C!41#\ 35[7 "C!1ý#\ 090[2 "C!3a#\
096[4 "C!7#\ 096[8 "C!5#\ 001[6 "C!2#\ 019[5 "C!11#\ 016[3
"C!1? and C!5?#\ 018[0 "C!2? and C!4?#\ 018[6 "C!3?#\ 024[3
"C!21#\ 026[1 "C!0?#\ 043[2 "C!4#\ 045[5 "C!6#\ 048[1 "C!
1#\ 048[4 "C!3#\ 052[2 "C!7a#\ 196[3 "C!0ý#[

2[6[ Compound 3 "mammea A:AC cyclo D#

02C NMR "CDCl2#] d 03[2 "C!3ý#\ 07[6 "C!2ý#\ 17[6 "C!
01!11#\ 36[2 "C!1ý#\ 79[2 "C!7#\ 090[8 "C!09a#\ 091[5 "C!
3a#\ 096[3 "C!5#\ 002[0 "C!2#\ 005[9 "C!8#\ 015[7 "C!09#\
016[5 "C!1? and C!5?#\ 017[0 "C!2? and C!4?#\ 017[6 "C!
3?#\ 028[6 "C!0?#\ 044[1 "C!5a#\ 045[7 "C!3#\ 047[6 "C!09b#\
059[0 "C!1#\ 053[7 "C!4#\ 196[4 "C!0ý#[

2[7[ Compound 4 "mammea A:AD cyclo D#

02C NMR "CDCl2#] d 08[2 "C!2aýÐC!2bý#\ 17[1 "C!01!
11#\ 28[8 "C!1ý#\ 68[8 "C!7#\ 090[4 "C!09a#\ 091[5 "C!3a#\
095[3 "C!5#\ 001[6 "C!2#\ 004[4 "C!8#\ 015[2 "C!09#\ 016[1
"C!1? and C!5?#\ 016[6 "C!2? and C!4?#\ 017[2 "C!3?#\ 028[2
"C!0?#\ 043[7 "C!5a#\ 045[4 "C!3#\ 046[7 "C!09b#\ 048[6
"C!1#\ 053[5 "C!4#\ 100[4 "C!0ý#[

2[8[ Compound 5 "mammea A:BB#

ðaŁD�9> "c�9[0\ CHCl2#\ 02C NMR "CDCl2#] d 00[7
"C!31#\ 05[5 "C!11a#\ 06[8 "C!3ý#\ 10[5 "C!0ý#\ 14[5 "C!
4ý#\ 16[1 "C!21#\ 36[9 "C!11#\ 099[4 "C!3a#\ 093[0 "C!7#\
001[0 "C!2#\ 001[5 "C!5#\ 016[4 "C!1? and C!5?#\ 018[4 "C!
2? and C!4?#\ 029[1 "C!3?#\ 019[7 "C!1ý#\ 023[0 "C!2ý#\
025[7 "C!0?#\ 043[0 "C!3#\ 044[6 "C!7a#\ 046[9 "C!4#\ 055[8
"C!6#\ 109[0 "C!01#[

2[09[ Compound 6 "mammea A:AA#

02C NMR "CDCl2#] d 07[9 "C!3a1#\ 10[6 "C!01#\ 11[5
"C!3ý#\ 13[6 "C!2ý#\ 14[7 "C!3b1#\ 42[5 "C!1ý#\ 099[7 "C!
3a#\ 096[2 "C!5#\ 097[9 "C!7#\ 001[6 "C!2#\ 019[5 "C!11#\
016[3 "C!1? and C!5?#\ 018[0 "C!2? and C!4?#\ 018[6 "C!
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3?#\ 024[4 "C!21#\ 026[1 "C!0?#\ 043[3 "C!3#\ 045[5 "C!7a#\
048[1 "C!1#\ 048[4 "C!4#\ 052[2 "C!6#\ 196[0 "C!0ý#[
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