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Abstract

Two novel compounds\ the lignan\ "¦#!1!"2\3!dimethoxyphenyl#!5!"2\3!dihydroxyphenyl#!2\6!dioxabicycloð2\2\9Łoctane\ and the
coumarin\ "¦#!6!"2!methyl!3!carboxybutanoxy#umbelliferone methyl ester\ have been isolated from the aerial parts of Melicope
hayesii[ The known compounds\ eudesmin\ kobusin\ N!p!coumaroyltyramine\ N!methyl!1!pyrrolidinone\ umbelliferone and 6!"2!
methylbut!1!enoxy#umbelliferone were also obtained[ Their structures were determined by extensive NMR studies[ Þ 0888 Elsevier
Science Ltd[ All rights reserved[

Keywords] Melicope hayesii^ Rutaceae\ lignan^ "¦#!1!"2\3!Dimethoxyphenyl#!5!"2\3!dihydroxyphenyl#!2\6!dioxabicycloð2\2\9Łoctane\ coumarin^ "¦#!
6!"2!Methyl!3!carboxybutanoxy#umbelliferone methyl ester

0[ Introduction

Melicope hayesii is a newly identi_ed species that
occurs in the coastal rainforests of southeast Queensland
and northeast New South Wales in the altitudinal range
039Ð899 m "Hartley\ 0889#[ Our phytochemical inves!
tigation on the aerial parts of this species has led to the
isolation of three structurally related lignans\ "¦#!1!"2\3!
dimethoxyphenyl#!5!"2\3!dihydroxyphenyl#!2\6!dioxa!
bicyclo!ð2\2\9Łoctane "0#\ "¦#!eudesmin "2# and "¦#!
kobusin "3#\ three simple coumarins\ "¦#!6!"2!methyl!3!
carboxybutanoxy#umbelliferone methyl ester "1#\ umbel!
liferone "6# and 6!"2!methylbut!1!enoxy#umbelliferone
"7#\ and two amides\ N!p!coumaroyltyramine "4# and N!
methyl!1!pyrolidinone "5#[ Compounds 0 and 1 are novel
and 5 is reported for the _rst time from a natural source\
while compound 6 may be an artefact[

1[ Results and discussion

Extraction of the leaves and stems led to the isolation
of 0 and 4\ while 1\ 3 and 5Ð7 were obtained from the
wood[ Compound 2 was isolated from both extracts[
Compounds 2 "Pelter\ 0856^ Pelter\ Ward\ Venkata Rao\
+ Sastry\ 0865#\ 3 "Iida\ Nakano\ + Ito\ 0871#\ 4 "Atta!ur!
Rahman\ Bhatti\ Akhtar\ + Choudhary\ 0881#\ 5 "Fieser
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+ Fieser\ 0856#\ 6 "Chang + Floss\ 0866# and 7 "Lassak
+ Southwell\ 0861# were identi_ed by comparison with
literature data[

Compound 0 was observed on TLC under UV "143
and 255 nm# as a dark quenching spot[ The HREI mass
spectrum gave an ðMŁ¦ that solved for C19H11O5\ in agree!
ment with that required for a 1\5!diaryl!2\6!dioxa!
bicycloð2\2\9Łoctane lignan\ with two hydroxyl and two
methoxyl substituents[ The 0H NMR spectrum showed
resonances con_rming a 1\5!diaryl!2\6!dioxabicyclo
ð2\2\9Łoctane lignan "Pelter et al[\ 0865#\ with two meth!
oxyl groups and six aromatic protons\ suggesting the
presence of two 2\3!substituted aryl substituents[ The
resonances for the protons of the fused difuran system
showed equivalence for H!0:H!4\ H!1:H!5 and H1!3:H1!
7\ so requiring a symmetrical substitution stereo!
chemistry for the aryl substituents "Pelter et al[\ 0865#[
Furthermore\ the chemical shift observed for the benzylic
protons "H!1:H!5^ d 3[60\ d\ J�3[2 Hz# was in accord!
ance with that reported where the two aryl substituents
are equatorial "Pelter et al[\ 0865#[

However\ the 02C NMR spectrum exhibited 19!carbon
resonances\ instead of the 09 anticipated for a completely
symmetrical lignan\ such as pinoresinol "see Table 0#
"Pelter et al[\ 0865^ Vermes\ Seligman\ + Wagner\ 0880#
and the 0H NMR spectrum also showed non!equivalent
chemical shifts for two series of aromatic protons[ This
suggested di}erent substituents on the two aryl rings at
C!1 and C!5\ resulting in magnetic non!equivalence of
signals[
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Structure 0

Table 0
02C NMR shift data for lignans 0\ 2 and 3

C 0 2b 3b

0:4 43[06:43[10 43[39 43[82
1:5 74[85:75[97 75[90 75[46
3:7 60[72:80[84 60[84 60[81
0?:0ý 022[41:022[58 022[68 024[69
1?:1ý 098[37:002[59 098[4 095[39
2?:2ýa 032[61:037[78 037[77 036[79
3?:3ýa 033[97:038[89 038[34 037[79
4?:4ý 000[18:004[48 000[20 098[29
5?:5ý 007[44:007[76 007[36 008[29
OMe 45[05:45[07 45[05:45[07 45[09
ÐOÐMeÐO 090[19

a Signals assigned to C!2 and C!3 of the aryl groups are not de_nitely
assigned in all cases[

b All signals\ except the methylenedioxy carbon in 3\ represent two
equivalent carbons[

A bathochromic shift "l�02 nm# was observed in the
UV spectrum of 0 in the presence of AlCl2 and H2BO2\
indicating that 2\3!dihydroxy substitution in a benzene
ring was part of the structure "Mabry\ Markham\ +
Thomas\ 0869# and so implying the presence of a 2\3!
dimethoxyphenyl group as the other substituent[ The
latter was con_rmed by means of nuclear Overhauser
enhancement di}erence experiments\ in which irradiation
of the two methoxyl resonances caused enhancement of

H!1 "meta!coupled doublet# and H!4 "ortho!coupled
doublet# of the same ABD!spin system[ The asymmetric
nature of the substituents was further supported by the
fragmentation pathway observed in the HR!EI mass
spectrum\ which showed ions corresponding to dime!
thoxyphenyl "m:z 026# and dihydroxyphenyl "m:z 098#
fragments[ Compound 0 is therefore the novel lignan
1!"2\3!dimethoxyphenyl#!5!"2\3!dihydroxyphenyl#!2\6!
dioxabicycloð2\2\9Łoctane[ On the basis of its dextro!
rotatory nature\ the absolute con_guration must be as
depicted "Pelter et al[\ 0865#[ Two other lignans were also
isolated\ eudesmin "2# and kobusin "3# and they exhibited
the same absolute stereochemistry[

Compound 1 was observed on TLC as a bright blue
~uorescent spot under UV light "155 nm#[ The HR!EI
mass spectrum suggested an ðMŁ¦ solving for C04H05O4\
with a base peak at m:z 004 "C5H00O1#¦ and a major
fragment at m:z 051 "051�umbelliferone#[ This sug!
gested a substituted 6!oxycoumarin structure\ which was
supported by the UV spectrum "lmax 202Ð229 nm#\ which
is attributable to a 6!oxycoumarin "Murray\ Mendez\ +
Brown\ 0871#[

The 0H NMR spectrum con_rmed the presence of a 6!
oxygenated coumarin[ The remaining signals for the 6!
O!substituent were observed as two multiplets centred at
d 0[80 and d 1[19 for the two non!equivalent protons of
a methylene coupled to a down_eld multiplet at d 3[94
"1H# for another methylene group attached to the oxygen
at C!6[ An up_eld doublet "2H# at d 0[14 could be
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assigned to a secondary methyl coupled to a methine
at d 1[61 which\ in turn\ coupled to the non!equivalent
methylene protons[ A singlet at d 2[69 "2H# had to be
attributed to a methoxyl[

The 02C NMR spectrum showed 04 carbon resonances
of which nine could be assigned to umbelliferone "Murray
et al[\ 0871#[ The remaining resonances were in close
agreement with those reported for a 2!methyl!3!carboxy!
butanoxy substituent "McCormick\ McKee\ Cardellina\
+ Boyd\ 0885#\ so that 1 could be identi_ed as 6!"2!
methyl!3!carboxybutanoxy#umbelliferone methyl ester[
The fragmentation pathway obtained from HR!EI mass
spectrum supported the assignment of structure "1#[
Coumarin "1# was accompanied by two other known
coumarins\ 6!"2!methylbut!1!enoxy#coumarin "7# and
umbelliferone "6#[ The stereochemistry at C!2 in 1 is
assumed to be "S#\ because the optical rotation is positive
and comparable to the same prenyloxy substituent in the
furoquinoline alkaloid\ roxiamine!A "McCormick et al[\
0885#[ The corresponding free acid\ which has been iso!
lated from another species of Rutaceae "Lassak +
Southwell\ 0861# is also reported to be "S# but has a small
negative rotation[

In addition to the lignans and coumarins\ two nitrogen!
ous compounds were isolated\ N!methyl!1!pyrrolidone
"5# and N!p!coumaroyltyramine "4#[ No trace of the acri!
done and furoquinoline alkaloids\ highly oxygenated
~avonoids or acetophenones that have been found in a
number of other species of Melicope "Ng et al[\ 0876#
were detected in our study[ Similar lignans have been
isolated from M[ micrococca\ as Euodia micrococca\ by
Cameron and Sutherland "0850#[ This species is regarded
by Hartley "0889# as probably being the most closely
related to M[ hayesii[ However\ the most striking chemi!
cal similarity for M[ hayesii is with another sympatric
taxon\ M[ viti~ora\ which under its previous name\ Euo!
dia viti~ora\ was reported to contain the free acid form
of 1 "Lassak + Southwell\ 0861#[

2[ Experimental

2[0[ General

M[p[|s] uncorr[ UV] MeOH[ 0H "399 MHz# and 02C
NMR "099[45 MHz# run in CDCl2\ unless otherwise
stated[ EIMS at 69 eV[ Vacuum liquid chromatography
"VLC# and CC were performed on Merck "6625# silica
gel 59 H "9[93Ð9[994 mm# and Merck "6623# silica gel
"9[952Ð9[1 mm#\ respectively[ Analytical TLC and prep[
TLC were performed on precoated Merck F143 silica gel
plates and visualised by spraying with anisaldehydeÐ
H1SO3[ Gel _ltration chromatography "GFC# was per!
formed on Sephadex LH!19 "9[14Ð0 mm#[

2[1[ Plant material

Melicope hayesii T[G[ Hartley was collected at Lam!
ington National Park\ Whian Whian State Forest and

Bellangry State Forest\ Australia[ Leaves and stems were
separated from the wood[ A voucher specimen\ TGH
04046 has been deposited at the Australia National
Herbarium[

2[2[ Extraction and isolation

Dried ground material from plant parts was subjected
to sequential Soxhlet extraction with petrol "b[p[ 39Ð
59>C#\ EtOAc and MeOH[ Concentrated extracts were
initially subjected to VLC with solvents of increasing
polarity[

Fr[ 7 "1[86 g# obtained by VLC of the EtOAc extract
of leaves and stems with 09)Ð29) EtOAc in hexane
yielded "2# "48[6 mg#[ The fr[ "0[98 g# eluted with 59)
EtOAc in hexane showed on TLC "hexaneÐEtOAc\ 6]2#\
two dark spots under UV light[ Further puri_cation by
GFC "CHCl2ÐMeOH# yielded frs containing the novel
impure lignan 0 and 4 "2[0 mg#[ The lignan fr[ was further
puri_ed by prep[ TLC "EtOAc# to give 0 "3[1 mg#[

From the VLC of the EtOAc extract of wood\ a fr[
eluted with 09Ð14) EtOAc in hexane showed several
bright blue ~uorescent compounds under UV "255 nm#[
This fr[ was subjected to GFC "CHCl2ÐMeOH# and yiel!
ded 6 "3[8 mg# and a fr[ containing several bright blue
~uorescing compounds[ These were separated by CC
eluting with hexane containing increasing amounts of
CHCl2 to give 1 "5[8 mg#\ 7 "3[1 mg#\ further 2 "4[2 mg#\
3 "4[0 mg# and 5 "0[6 mg#[

2[3[ "¦#!1!"2\3!Dimethoxyphenyl#!5!"2\3!dihydroxy!
phenyl#!2\6!dioxabicyclo ð2\2\9Ł octane "0#

Amorphous solid[ ðaŁD ¦18> "CHCl2\ 9[94#[ Yield]
0[6×09−2) rel[ to plant material[ Found] ðMŁ¦ m:z
247[0332^ C19H11O5 requires 247[0305[ UV lmax nm] 195\
106\ 168[ IR nmax cm−0 "CHCl2#] 1836\ 1720\ 1407\ 1114\
0349\ 0127\ 0003\ 0928\ 0919\ 328[ 0H NMR] d 2[09 "1H\
m\ H!0:H!4#\ 2[76 "1H\ m\ H!3ax:H!7ax#\ 2[78\ "5H\ s\
1×OMe#\ 3[12 "1H\ dd\ J�5[8[ 8[0 Hz\ H!3eq:H!7eq#\
3[60 "1H\ d\ J�3[2 Hz\ H!1:H!5#\ 5[64!5[89 "5H\ m\ ArÐ
H#[ 02C NMR] Table 0[ EIMS m:z "rel[ int[#] 247 ðMŁ¦

"099#\ 232 "2#\ 216 "03#\ 108 "7#\ 080 "17#\ 081 "11#\ 066
"35#\ 055 "62#\ 054 "1#\ 040 "24#\ 026 "22#\ 098 "04#[

2[4[ "¦#!6!"2!Methyl!3!carboxybutanoxy#umbelliferone
methyl ester "1#

Oil[ ðaŁD ¦03> "CHCl2\ 9[96#[ Yield] 0[0×09−2) rel[
to plant material[ Found] ðMŁ¦ m:z 165[9885^ C04H05O4

requires 165[9887[ UV lmax nm] 137\ 145\ 214[ IR nmax

cm−0 "CHCl2#] 2919\ 0629\ 0503\ 0408\ 0314[ 0H NMR]
d 5[13 "0H\ d\ J�8[4 Hz\ H!2#\ 6[51 "0H\ d\ J�8[4 Hz\
H!3#\ 6[24 "0H\ d\ J�7[4 Hz\ H!4#\ 5[79 "0H\ dd\ J�7[4\
1[2 Hz\ H!5#\ 5[72 "0H\ d\ J�1[2 Hz\ H!7#\ 0[80:1[19
"1H\ m\ H!1?#\ 1[61 "0H\ m\ H!2?#\ 3[94 "1H\ m\ H!0?#\
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0[14 "2H\ d\ Me#\ 2[69 "2H\ s\ OMe#[ 02C NMR] d

06[36"Me!2?#\ 21[78 "C!1?#\ 25[36 "C!2?#\ 40[86 "OMe!3?#\
55[36 "C!0?#\ 090[56 "C!7#\ 001[79 "C!3a#\ 002[90 "C!2#\
002[24 "C!5#\ 017[85 "C!4#\ 032[45 "C!3#\ 045[98 "C!7a#\
050[26 "C1O!1#\ 051[11 "C!6#\ 065[50 "C1O!3?#[ EIMS
m:z "rel[ int[#] 165 ðMŁ¦ "00#\ 134 "03#\ 106 "09#\ 064 "10#\
051 "12#\ 023 "36#\ 004 "099#[

2[5[ "¦#!Eudesmin "2#

Amorphous solid[ ðaŁD ¦59> "CHCl2\ 0#\ lit[ "Iida et
al[\ 0871# ¦50>[ Yield] 6[1×09−2) rel[ to plant material[
"UV\ IR\ 0H NMR and EIMS\ in agreement with lit[
"Iida et al[\ 0871#[ 02C NMR] Table 0[

2[6[ "¦#!Kobusin "3#

Colourless oil[ ðaŁD ¦47> "CHCl2\ 9[92#[ lit[ "Iida et al[\
0871# ¦48>[ Yield] 6[7×09−3) rel[ to plant material[
Found] ðMŁ¦ m:z 269[0285^ C10H11O5 requires 269[0305[
"UV\ IR\ 0H NMR and EIMS\ in agreement with lit[
"Iida et al[\ 0871##[ 02C NMR] Table 0

2[7[ N!p!Coumaroyltyramine "4#

Amorphous solid[ Yield] 0[2×09−2) rel[ to plant
material[ Found] ðMŁ¦ m:z 172[0069^ C06H06NO2 requires
172[0197[ UV\ IR\ NMR and EIMS\ in agreement with
lit[ "Atta!ur!Rahman et al[\ 0881#[

2[8[ N!Methyl!1!pyrolidinone "5#

Brown oil[ Yield] 1[5×09−3) rel[ to plant material[
Found] ðMŁ¦ m:z 88[9578^ C4H8NO requires 88[9573[ UV
lmax nm] 192\ 112\ 172[ IR nmax cm−0 "CHCl2#] 2296\ 1832\
0548[ 0H NMR] d 0[86 "1H\ qn\ J�6[5 Hz\ H!3#\ 1[22
"1H\ t\ J�7[0 Hz\ H!2#\ 1[79 "2H\ s\ NMe#\ 2[23 "1H\ t\
J�6[93 Hz\ H!4#[ 02C NMR "CDCl2#] d 06[62 "C!3#\ 18[69
"Me#\ 29[64 "C!2#\ 38[46 "C!4#\ 064[23 "C1O#[ EIMS "69
eV# m:z "rel[ int[#] 88 ðMŁ¦ "099#\ 75 "099#\ 73 "099#[

2[09[ Umbelliferone "6#

Colourless needles\ m[p[ 112Ð114>C\ lit[ "Murray et
al[\ 0871# 112Ð113>C[ Yield] 6[4×09−3) rel[ to plant
material[ Found] ðMŁ¦ m:z 051[0335^ C8H5O2 requires

051[9206[ UV\ IR\ 0H NMR\ 02C NMR and EIMS\ in
agreement with those of authentic sample[

2[00[ 6!"2!Methylbut!1!enoxy#umbelliferone "7#

Needles from n!hexane\ m[p[ 66Ð67>C\ lit[ "Lassak +
Southwell\ 0861# 66Ð67>C[ Yield] 5[3×09−3) rel[ to
plant material[ Found] ðMŁ¦ m:z 129[9837^ C03H03O2

requires 129[9832[ UV\ IR\ 0H NMR and EIMS in agree!
ment with lit[ "Lassak + Southwell\ 0861^ Gray\ 0870#[
02C NMR "CDCl2#] d 06[36\ 15[92 "1×Me!2?#\ 54[56 "C!
0?#\ 007[76 "C!1?#\ 028[49 "C!2?#\ 090[79 "C!7#\ 002[10 "C!
3a#\ 002[35 "C!2#\ 003[50 "C!5#\ 017[89 "C!4#\ 032[53 "C!
3#\ 045[01 "C!7a#\ 050[26 "C1O!1#\ 051[26 "C!6#[ EIMS
"69 eV# m:z "rel[ int[# 129 ðMŁ¦ "4#\ 071 "01#\051 "099#\
023 "36#\ 094 "00#[
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