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Abstract*Three new eudesman!7\01!olides named 2b!angeloyloxy!3b!acetoxy!eudesm!6"00#!en!7a\01!olide^
2b!angeloyloxy!3b!acetoxy!7b!hydroxy!eudesm!6"00#!en!7a\01!olide and 2b!angeloyloxy!3a\7b!dihydroxy!
eudesm!6"00#!en!7a\01!olide and three new epoxycuauthemones\ 2b!angeloyloxy!6b\00!epoxy!3a!hyd!
roxyeudesman!7!one^ 3b!acetoxy!2b!angeloyloxy!6a\00!epoxyeudesman!7!one and 2b!angeloyloxy!6a\00!
epoxy!3a!hydroxy!4\5!dehydroeudesman!7!one\ together with the furofuran lignan pinoresinol were obtained
from the hexane extract and from the chloroform!soluble portion of the ethanolic extract of the aerial parts of
Pluchea quitoc[ Their structures were deduced by spectroscopic studies\ including 1D!shift correlation experi!
ments[ Þ 0887 Elsevier Science Ltd[ All rights reserved

INTRODUCTION

In the course of our research on the aerial parts of
Pluchea quitoc\ we have previously reported on the
isolation and structure of sesquiterpenes derived from
cuauthemone and other known compounds ð0\ 1Ł[ In
the present communication\ we describe the isolation
and structural elucidation of three new eudesman!
7\01!olides "0Ð2#\ three new epoxycuauthemones "3Ð
5#\ together with the known furofuran lignan pino!
resinol "6# ð2Ł\ from the hexane extract and CHCl2!
soluble portion of the ethanolic extract of the aerial
parts of P[ quitoc[

RESULTS AND DISCUSSION

Fractions of the hexane extract of the aerial parts
of P[ quitoc\ after chromatographic separation\ yiel!
ded the sesquiterpenes 0\ 1\ 3Ð5[ The eudesmanolide
2 and pinoresinol "6# were isolated from the CHCl2!
soluble fraction of the ethanolic extract using similar
techniques[ The structures of the sesquiterpenes were
deduced from their 0H and 02C NMR spectral data
"Tables 0 and 1# with the aid of spin!decoupling
experiments and 0H!0H and 02C!0H COSY spectra[
The nature of the ester group at C!2 for compounds
0Ð5 was determined to be an angelate moiety from the
characteristic 0H and 02C NMR signals[ The location
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of the angelate group at C!2 and the con_guration at
this chiral centre\ b with respect to the angelate\ was
deduced from the coupling constants of the H!2 sig!
nals on the 0H NMR spectra "Table 0#[ In compounds
0\ 1 and 4 the presence of a second ester group\ an
acetate\ was evident from the NMR signals and its
location was proposed on the basis of the deshielding
e}ect on H!2 caused by this group when it is linked
to C!3 ð3Ł[ The stereochemistry at C!3 compounds 0\
1 and 4 was proposed from the chemical shifts of C!3
and C!04 when compared with those of the known
compounds 7 "dC 76[3 and 05[6# ð0Ł and 8 "dC 72[3
and 08[2# ð4Ł\ indicating the same con_guration as in
compound 7\ that is b "equatorial# with respect to the
acetoxy group[ The stereochemistry at C!3 in com!
pounds 2 and 3 was proposed to be a with respect to
the hydroxy group from the chemical shift of Me!04
in the0H NMR spectrum\ since it is known that when
the hydroxy group is b the methyl hydrogens of Me!
04 resonate at a higher _eld ð5Ł^ and also\ in the case
of compound 2\ from the down_eld shift of the signal
of H!5a caused by the 3a!hydroxy group ð3Ł[

Compound 0 showed the presence in the 0H NMR
spectrum of a double!double doublet at dH 3[68 "01[4\
5[1 and 9[6 Hz# attributed to H!7[ The coupling con!
stants of H!7 permitted us to propose the stereo!
chemistry at C!7 with the lactone!ring a "equatorial#[
Double irradiation of H!7 collapsed the signal attri!
buted to H!8b to a doublet "J � 01[4 Hz# an also
modi_ed the signal of H!8a\ in accordance to the
proposed stereochemistry at C!7[ To con_rm the
chemical shift of H!8a\ whose signal was partially
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Table 0[ 0H NMR spectral data of compounds 0Ð5 "299 MHz#

H 0 1 2 3 3 "in C5D5# 4 5

2a 4[70 dd 4[68 dd 3[60 dd 3[73 dd 3[79 dd 4[76 dd 3[82 dd
"00[6^ 4[1# "00[8^ 4[3# "00[7^ 4[9# "00[5^ 3[5# "01[0^ 3[5# "09[6^ 4[9# "00[4^ 3[8#

4a 1[67 dd 1[70 dd 0[39 dd 1[04è 0[46 dd 2[18 dd *
"02[4^ 2[2# "01[5^ 1[3# "02[0^ 1[7# "02[5^ 1[8# "01[4^ 4[2#

5 * * * * * * 5[99 s
5a 1[58 dd 1[48 dd 2[94 dd 1[13 dd 1[07 dd 0[73 dd *

"02[4^ 2[2# "01[5^ 1[3# "02[0^ 1[7# "01[0^ 0[4# "02[5^ 1[8# "03[7^ 4[2#
5b 1[29 t 1[23 t 1[21 tq 1[90è 0[74 t 1[07è *

"02[4# "01[5# "02[0^ 0[2# "02[5#
7b 3[68 ddd * * * * * *

"01[4^ 5[1^ 9[6#
8a 0[02 t 0[44 d 0[38 d 1[00è 0[50 bd 1[46 d 1[61 d

"01[4# "01[7# "02[5# "02[0# "04[2# "01[9#
8b 1[11 dd 1[19 d 1[10 d 1[25 d 1[95 d 1[07è 1[31 d

"01[4^ 5[1# "01[7# "02[5# "02[4# "02[0# "01[9#
01 * * * 0[19 s 0[09 s 0[21 s 0[20 s
02 0[67 bs 0[65 bs 0[73 d 0[36 s 0[16 s 0[30 s 0[33 s

"0[2#
03 0[01 s 0[10 s 0[10 s 0[93 s 9[45 s 0[94 s 0[15 s
04 0[28 s 0[26 s 0[13 s 0[10 s 9[75 s 0[39 s 0[38 s
2? 5[97 qq 5[95 qq 5[03 qq 5[03 qq 4[61 qq 5[95 qq 5[04 qq

"6[1^ 0[3# "6[2^ 0[3# "6[1^ 0[4# "6[1^ 0[3# "6[1^ 0[3# "6[1^ 0[3# "6[0^ 0[0#
3? 0[87 dq 0[86 dq 1[99 dq 1[90 dq 0[86 dq 0[86 dq 1[91 dq

"6[1^ 0[3# "6[2^ 0[3# "6[1^ 0[4# "6[1^ 0[3# "6[1^ 0[3# "6[1^ 0[3# "6[0^ 0[0#
4? 0[89 dq 0[78 dq 0[81 dq 0[81 dq 0[73 dq 0[78 dq 0[83 dq

"0[3^ 0[3# "0[3^ 0[3# "0[4^ 0[4# "0[3^ 0[3# "0[3^ 0[3# "0[3^ 0[3# "0[0^ 0[0#
3!AcO 0[86 s 0[85 s * * * 0[80 s *
3!OH * * 3[01 bs� 1[34 bs� * 1[19 bs� *
6!OH * 2[54 bs� 2[77 bs� * * * *

Solution in CDCl2 referenced to CHCl2 at d 6[15 ppm[ Coupling constant J\ Hz in parentheses[
� Signal changes with D1O[
è Overlapping signals\ determined by 0H!0H and 02C!0H COSY spectral data[

overlapped by the Me!03 signal\ irradiation at d 0[02
"H!8a and Me!03# collapsed the signals at dH 1[11 "H!
8b# and at 3[68 "H!7# to a doublet "J � 5[1 Hz# and
to a double doublet "J � 5[1 and 9[6 Hz#\ respectively[
The 0H!0H COSY spectrum of compound 0 showed
cross!correlation of H!7 with both H!8 and with Me!
02 "long!range coupling#[

Compounds 1 and 2\ unlike compound 0\ did not
show in their 0H NMR spectra signals associated with
H!7[ The 02C NMR and DEPT spectra of 1 and 2

showed non!protonated carbon signals attributed to
C!7 at a lower _eld when compared with compound
0\ suggestive of the presence of a hydroxyl group on
C!7[ The stereochemistry at C!7 for 1 and 2\ was
proposed on the basis of the diaxial deshielding e}ect
of the hydroxy group at C!7 on Me!03 observed in
the 0H NMR spectra "dH 0[10 for 1 and 2\ and 0[01
for 0#[ In the 0H NMR and 0H!0H COSY spectra of
compound 2 coupling of H!5b was observed with H!
5a\ H!4a and with Me!02^ cross!correlation of H!8a

with Me!03 was also noted "W!coupling#[ Double
irradiation experiments with compound 2 were used
to con_rm the assignments of the signals in the 0H
NMR spectrum] irradiation of H!5a collapsed the H!

4a signal to a doublet "J � 02[0 Hz# and the signal of
H!5b changed from a triple quartet to a double quartet
"J � 02[0 and 0[2 Hz#^ irradiation of the H!8b signal
"dH 1[10# modi_ed the H!8a signal to a broad singlet[

The 02C NMR spectrum of compound 3 showed a
signal of a ketonic carbonyl group "dH 194[4#\ together
with four signals of carbons linked to oxygen attri!
buted to C!2\ C!3 and two other ones\ that were most
likely to form an epoxy group at C!6 and C!00[ The
stereochemistry of the epoxy group was assigned by
comparing the chemical shifts of Me!01 and Me!02
with those of compound 00 "dH 0[13 and 0[37# and 01

"dH 0[24 and 0[33# ð6Ł\ and also by comparing the
chemical shifts of C!6 and C!00 with those of com!
pound 00 "dC 69[1 and 52[0# ð6Ł[ This indicated that
the epoxy group should be b\ as in 00[ The 0H!0H
NMR spectrum of 3 in CDCl2 showed cross cor!
relation of H!8a with Me!03[ Since some of the signals
in the 0H NMR spectrum in CDCl2 overlapped\ the
spectrum was also taken in deuteriobenzene making
it possible to con_rm the assignments of H!4a\ H!5
and H!8 by double irradiation[

The 02C NMR spectrum of compound 4 also
showed signals of a ketonic carbonyl group and a
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Table 1[ 02C NMR spectral data of compounds 0Ð5 "64[3 MHz#

C 0 1 2 3 4 5

0 26[2 t 26[8 t 27[3 t 27[1 t 27[0 t 26[8 t
1 14[0 t 14[1 t 14[9 t 14[4 t 14[5 t 14[2 t
2 62[5 d 62[3 d 70[1 d 70[9 d 63[9 d 68[0 d
3 75[8 s 76[2 s 63[0 s 62[7 s 74[4 s 64[1 s
4 36[4 d 38[9 d 44[7 d 41[9 d 33[3 d 045[1 s
5 11[5 t 11[6 t 10[9 t 15[1 t 15[3 t 010[2 d
6 059[2 s 048[3 s 059[5 s 69[0 s 56[1 s� 55[8 s
7 66[3 d 091[8 s 091[5 s 194[4 s 195[9 s 192[1 s
8 49[1 t 43[9 t 42[7 t 48[3 t 46[7 t 46[7 t

09 24[7 s 24[7 s 23[8 s 27[3 s 26[8 s 30[2 s
00 019[7 s 011[5 s 011[9 s 52[6 s 54[6 s� 55[5 s
01 063[1 s 061[8 s 060[1 s 08[6 q 19[7 q 08[2 q
02 7[9 q 7[9 q 7[1 q 08[3 q 10[9 q 19[5 q
03 08[1 q 08[7 q 08[2 q 07[8 q 19[9 q 15[6 q
04 05[7 q 06[1 q 07[0 q 07[9 q 05[8 q 13[6 q
0? 055[7 s 056[8 s 057[2 s 057[3 s 055[7 s 057[0 s
1? 016[8 s 016[7 s 016[5 s 016[6 s 016[8 s 016[6 s
2? 026[8 d 027[9 d 028[9 d 028[9 d 026[7 d 028[9 d
3? 04[6 q 04[7 q 04[8 q 04[8 q 04[6 q 04[8 q
4? 19[5 q 19[5 q 19[5 q 19[5 q 19[5 q 19[5 q
3!CH2CO 069[1 s 069[1 s * * 069[9 s *
3!CH2CO 11[4 q 11[6 q * * 11[4 q *

Solution in CDCl2 referenced to CHCl2 at d 66[12 ppm[ Multiplicities of the carbons were determined by DEPT experiments[
Assignments were con_rmed by 02C!0H COSY spectral data[

� Interchangeable signals[

6\00!epoxy group[ The stereochemistry of the epoxy
group was assigned as in the case of 3^ the chemical
shifts of C!6 and C!00 showed signi_cant di}erences
when compared to those of 00\ which suggested this
group was a\ as in 01[ A deshielding e}ect on H!8a

attributed to the a!epoxy group was observed[ Double
irradiation experiments were used to con_rm the
assignments of H!4a\ H!5 and H!8[ Cross correlation
of H!8a with Me!03 was observed in the 0H!0H NMR
spectrum[ In the 0H NMR spectra of compounds 3

and 4\ the signals of H!5a were at a higher _eld "d 9[67
and 9[70\ respectively# when compared with com!
pounds 09 "dH 2[91# and 7 "dH 1[54# ð0Ł\ the related
ole_ns[ On the other hand\ the signals of H!5b of
compounds 3 and 4 showed little di}erence "d 9[07
and 9[98\ respectively# when compared with those of
compounds 09 "dH 1[08# and 7 "dH 1[16#\ respectively[
Since the 0H NMR spectral data of compound 09 were
not fully assigned in the original reference ð7Ł\ the
chemical shifts di}erences were calculated using the
data of compound 09 isolated from Pluchea quitoc ð0Ł
and unpublished work[ The absence of a H!4a signal
in the 0H NMR spectrum of compound 5 indicated
the presence of a trisubstituted double bond between
C!4 and C!5[ This double bond caused similar
deshielding e}ects in the signals of Me!03 and Me!04
in both the 0H and 02C NMR spectra "Tables 0 and 1#
when compared with those observed for compound 3[
These experimental data suggested the same orien!
tation for these methyl groups with respect to the

double bond\ leading us to propose a b!orientation
for the Me!04 attached to C!3 in 5[ The presence
of an epoxy group and its stereochemistry "a# was
suggested using the same arguments as for compounds
3 and 4[ Me!03 showed cross correlation with H!8a in
the 0H!0H NMR spectrum\ con_rming its assignment[

EXPERIMENTAL

General

Mps] uncorr^ IR] CHCl2^ 0H and 02C NMR] 299
and 64[3 MHz\ respectively^ EIMS] VG[AUTO
SPEC!299^ TLC] Silica gel 59 H "Merck 6625#^ CC]
Silica gel "Merck 6623#[

For plant material and extraction with hexane see
Ref[ ð0Ł and for partition with CHCl2 of the EtOH
extract see Ref[ ð1Ł[

Isolation

The fractions of the hexane extract eluted with mixts
of hexane!EtOAc "8]0# from a chromatographic col!
umn a}orded compounds 3 "5 mg#\ which was puri_ed
by CC with mixts of hexaneÐCH1Cl1ÐMeOH
"099]099]4[1#\ and 4 "4 mg#\ which was puri_ed by CC
with mixts of hexaneÐCH1Cl1ÐMeOH "099]099]2[7#[
Compound 5 "4 mg# was obtained from the former
column eluted with hexaneÐEtOAc "06]2# and puri_ed
by CC with mixts of hexaneÐCH1Cl1ÐMeOH
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"099]099]4[1#[ The fr[ of the hexane extract eluted
with mixts of hexaneÐEtOAc "3]0# a}orded com!
pounds 0 "19 mg# and 1 "5 mg# which were puri_ed
by CC with mixts of hexaneÐMe1CO "08]0 and 8]0\
respectively#[ Compound 0 was recrystallized from
hexaneÐEtOAc "06]2#[ The frs of the CHCl2!soluble
portion of the ethanolic extract eluted with mixts of
CHCl2ÐEtOAc "2]0# from a chromatographic column
yielded compounds 2 "5 mg# and 6 "2 mg# puri_ed by
CC with mixts of hexaneÐCH1Cl1ÐMeOH "099]099]2#
and hexaneÐEtOAc "02]5#\ respectively[

2b!An`eloyloxy!3b!acetoxy!eudesm!6"00#!en!7a\
01!olide "0#[ Colourless solid\ mp 037Ð049>[ ðaŁ14

D

−80[0> "CHCl2\ c 9[98#[ IR nCHCl2
max cm−0] 0645\ 0624

"CO\ CO1R#^ 0H NMR] Table 0^ 02C NMR] Table 1^
EIMS m:z "rel[ int[#] 289 ðMŁ¦ "9#\ 229 ðM−AcOHŁ¦

"8#\ 120 ðM−AcOH−AngOŁ¦ "19#\ 129 ðM−AcO!
H−AngOHŁ¦ "57#\ 104 ð129−MeŁ¦ "12#\ 80 ðC6H6Ł¦

"20#\ 72 ðC3H6COŁ¦ "099#[
2b!An`eloyloxy!3b!acetoxy!7b!hydroxy!eudesm!

6"00#!en!7a\01!olide "1#[ Oil[ ðaŁ14
D −00[8> "CHCl2\ c

9[97#[ IR nCHCl2
max cm−0] 2235 "OH#\ 0623 "CO\ CO1R#^

0H NMR] Table 0^ 02C NMR] Table 1^ EIMS m:z "rel[

int[#] 395 ðMŁ¦ "4#\ 135 ðM−AcOH−AngOHŁ¦ "08#\
117 ð135−H1OŁ¦ "72#\ 102 ð135−H1O−MeŁ¦ "099#\
80 ðC6H6Ł¦ "87#\ 72 ðC3H6COŁ¦ "87#[

2b!An`eloyloxy!3a\7b!dihydroxy!eudesm!6"00#!en!
7a\01!olide "2#[ Oil[ ðaŁ14

D −23[4> "CHCl2\ c 9[00#[ IR
nCHCl2

max cm−0] 2275 "OH#\ 0626\ 0693 "CO\ CO1R#^ 0H
NMR] Table 0^ 02C NMR] Table 1^ EIMS m:z "rel[
int[#] 253 ðMŁ¦ "9#\ 235 ðM−H1OŁ¦ "2#\ 170
ðM−C3H6COŁ¦ "4#\ 135 ðM−H1O−AngOHŁ¦ "3#\
120 ð135−MeŁ¦ "6#\ 117 ð135−H1OŁ¦ "6#\ 102
ð135−H1O−MeŁ¦ "6#\ 80 ðC6H6Ł¦ "01#\ 72 ðC3H6COŁ¦

"099#[
2b!An`eloyloxy!6b!00!epoxy!3a!hydroxyeudesman!

7!one "3#[ Colourless oil[ ðaŁ14
D ¦48[9> "CDCl2\ c 9[0#[

IR nCHCl2
max cm−0] 2342 "OH#\ 0604 "CO\ CO1R#\ 0125

and 0041 "C0O#^ 0H NMR] Table 0^ 02C NMR] Table
1^ EIMS m:z "rel[ int[#] 249 ðMŁ¦ "82#\ 224 ðM−MeŁ¦

"35#\ 221 ðM−H1OŁ¦ "41#\ 203 ð221−H1OŁ¦ "33#\ 149
ðM−AngOHŁ¦ "18#\ 103 ð149−1H1OŁ¦ "08#\ 094
ðC7H8Ł¦ "18#\ 80 ðC6H6Ł¦ "15#\ 72 ðC3H6COŁ¦ "099#[

3b!Acetoxy!2b!an`eloyloxy!6a\00!epoxyeudesman!
7!one "4#[ Colourless oil[ ðaŁ14

D ¦68[9> "CDCl2\ c 9[0#[
IR nCHCl2

max cm−0] 0616 "CO\ CO1R#\ 0130 and 0043
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"C0O#^ 0H NMR] Table 0^ 02C NMR] Table 1^ EIMS
m:z "rel[ int[#] 281 ðMŁ¦ "9#\ 221 ðM−AcOHŁ¦ "5#\ 121
ðM−AcOH−AngOHŁ¦ "01#\ 103 ð121−H1OŁ¦ "19#\
094 ðC7H8Ł¦ "28#\ 80 ðC6H6Ł¦ "18#\ 72 ðC3H6COŁ¦

"099#[
2b!An`eloyloxy!6a\00!epoxy!3a!hydroxy!4\5!de!

hydroeudesman!7!one "5#[ Colourless oil\ ðaŁ14
D

¦77[5> "CDCl2\ c 9[96#[ IR nCHCl2
max cm−0] 2319 "OH#\

0610 "CO\ CO1R#\ 0121 and 0044 "C0O#^ 0H NMR]
Table 0^ 02C NMR] Table 1^ EIMS m:z "rel[ int[#] 237
ðMŁ¦ "09#\ 229 ðM−H1OŁ¦ "16#\ 201 ð229−H1OŁ¦ "8#\
129 ð229−AngOHŁ¦ "08#\ 72 ðC3H6COŁ¦ "099#[
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