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Abstract

Aspergillus niger is able to hydroxylate the pentenyl side chain of "−#!jasmonic acid "JA# leading to "00S#!"−#!hydroxy!JA:"00R#!
"−#!hydroxy!JA "1]0# and "−#!00\01!didehydro!JA[ Methyl "−#!jasmonate "JA!Me# is converted upon hydrolysis[ During prolonged
cultivation or at non!optimized isolation procedures\ the 00!hydroxy!"8Z#!pentenyl side chain may isomerize to "09E#!8!hydroxy!
and "8E#!00!hydroxy!compounds by allylic rearrangement[ The fungus hydroxylates "2#!8\09!dihydro!JA at position C!00 into 00j!
hydroxy!8\09!dihydro!JA[ As JA!Me\ the methyl dihydro!JA is hydroxylated only upon hydrolysis into the free acid[ Þ 0888 Elsevier
Science Ltd[ All rights reserved[

Keywords] Aspergillus niger^ Euascomycetidae^ fungal hydroxylation^ "−#!jasmonic acid^ methyl "−#!jasmonate^ "00S#!"−#!hydroxyjasmonic acid^
"00R#!"−#!hydroxyjasmonic acid^ "−#!00\01!didehydrojasmonic acid^ "09E#!8!hydroxyjasmonic acid^ "8E#!00!hydroxyjasmonic acid^ "2#!8\09!dihy!
drojasmonic acid^ "2#!00j!hydroxy!8\09!dihydrojasmonic acid

0[ Introduction

Jasmonates represent a group of plant growth regu!
lators which are involved in various developmentally and
environmentally regulated processes such as wounding\
osmotic stress\ salt stress\ touch\ elicitation or pathogen
attack "Wasternack + Parthier\ 0886^ Creelman +
Mullet\ 0886#[ The free jasmonic acid "JA\ 0# and its
methyl ester "JA!Me\ 0!Me# were found in numerous
higher plants "Sembdner + Parthier\ 0882^ Creelman +
Mullet\ 0886#[ Beside these main components accumu!
lating upon stress "Gundlach\ Mu�ller\ Kutchan\ + Zenk\
0881^ Kramell et al[\ 0884#\ numerous metabolites formed
by hydroxylation\ O!glycosylation or conjugation were
identi_ed as minor components in higher plants and
lower eukaryotes "Sembdner\ Atzorn\ + Schneider\
0883#[ Mainly fungi are known to form numerous metab!
olites within the same species[ Recently\ we could identify
11 jasmonates and related compounds in the culture _l!
trate of Fusarium oxysporum f sp matthiolae\ a pathogenic
fungus "Miersch\ Bohlmann\ + Wasternack\ 0888#[

Jasmonates which are hydroxylated in the pentenyl
side chain were frequently detected in fungi "Miersch\
Schneider\ + Sembdner\ 0880^ Miersch\ Gu�nther\
Fritsche\ + Sembdner\ 0882#\ and higher plants
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"Yoshihara et al[\ 0878^ Helder\ Miersch\ Vreugdenhil\ +
Sembdner\ 0882#[ They are major metabolites of JA "0#
or 8\09!dihydro!JA "8# in Hordeum vulgare "Sembdner\
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Meyer\ Miersch\ + Bru�ckner\ 0877#\ in cell cultures of
Lycopersicon peruvianum\ or Solanum tuberosum
"Kehlen\ 0880# and Eschscholtzia "Xia + Zenk\ 0882#[ So
far\ a biological activity is only reported for 01!hydroxy!
0 and its O!b!D!glucoside\ both of them showing high
tuber!inducing activity "Koda et al[\ 0880#[

In a large!scale analysis of structure!activity!relation!
ships of jasmonates in barley "Miersch\ Kramell\
Parthier\ + Wasternack\ 0888#\ we were interested to
test the endogenously occurring "00S#!hydroxy!JA "1a#[
Isolation\ however\ from plant species containing
hydroxylated jasmonates was ine.cient due to the low
content of these compounds[ Partial chemical synthesis
was an unsuitable approach since chemical hydroxylation
of the JA molecule always led only to the hydroxylated
jasmonates 3 and 4[

Interestingly\ the fungus Aspergillus niger carries high

Table 0
Selected 0H NMR data of compounds 1a\ 1b\ 6 and 7 "CDCl2\

0H\0H coupling constants "Hz# in parentheses#

Position 1a:1b 6 7

H!8 4[114 ddd "09[3:09[3:4[3#: 4[274 ddd "09[3:09[3:4[3# 4[421 dt "04[2:6[3#: 4[406 dt "04[1:6[0# ca[ 2[62 m:ca[ 2[62 m
H!09 ca[ 4[38 dd "09[3:09[3#: ca[ 4[38 dd "09[3:09[3# 4[301 ddt "04[2:6[5:0[1#: 4[276 ddt "04[1:[5:0[1# 4[146 ddq "04[2:7[1:0[5#:

4[084 ddq "04[2:7[3:0[6#
H!00 ca[ 2[61 m:ca[ 2[61 m ca[ 2[56 m:ca[ 2[56 m 4[553 dqd "04[2:5[4:9[5#:

4[545 dqd "04[2:5[4:9[5#
H!01 0[145 d"5[3#:0[135 d "5[3# 0[197 d "5[2#:0[190 d "5[2# 0[60 d "5[4#:0[60 d "5[4#
COOMe Ð 2[139 s:2[117 s 2[088 s:2[074 s
OMe Ð 2[699 s:2[699 s 2[695 s:2[690 s

hydroxylating activities[ A[ niger was used to hydroxylate
cinerone "02# or allethrone "03#\ compounds which con!
tain jasmonate!like structures "Tabenkin\ LeMahieu\
Berger\ + Kierstead\ 0858^ LeMahieu\ Tabenkin\ Berger\
+ Kierstead\ 0869#[ To be in our knowledge\ there is no
information on the synthesis of compounds 1a and 1b[
The fungus contains hydrolytic activities which hydrolyze
methyl jasmonate "0!Me# into the free acid 0 "Dart\
Kerry\ + Marples\ 0881#[ In an initial experiment we
noted that A[ niger incubated with 0 forms two metab!
olites[

Here we show metabolic transformations of "−#!JA
"0#\ 0!Me\ "2#!8\09!dihydro!JA "8# and 8!Me by a strain
of A[ niger\ which is not able to form jasmonates itself[

1[ Results and discussion

Aspergillus niger was precultured on malt agar and
transferred to a liquid medium[ After three days jas!
monates 0\ 0!Me\ 8 or 8!Me were added and kept for 25
h[ Metabolites extracted from the culture _ltrate and
puri_ed were identi_ed by GCÐMS\ 0H NMR and 02C
NMR using authentic compounds for comparison[ Initial
studies on fermentation of 0!Me revealed the formation
of JA "0#\ 00!"−#!hydroxy!JA "1a\ 1b# and "−#!00\01!
didehydro!JA "2#[ Methylated products of 1a\ 1b and 2

could not be found after 2 days of fermentation[ Com!
pounds 1a\ 1b and 2 were always found together[ This
suggests hydrolysis of 0!Me into the free acid "0# and a
subsequent 00!hydroxylation and an 00\01!dehydration[

The MS spectra of the methyl esters "1a!Me:1b!Me#
indicated a pentanone ring moiety\ an intact acetate side
chain\ and a modi_ed pentenyl side chain as described
for Botryodiplodia theobromae "Miersch\ Schneider\ +
Sembdner\ 0880#[ The structure of the hydroxylated pen!
tenyl side chain is clearly indicated by 0H\0H COSY cor!
relation and by the 0HNMR spectra including the
coupling patterns and constants for selected hydrogens
H!8\ H!09\ ð"8Z#!double bond\ 2JH!8:H!09 09[3 HzŁ and H!
00 and H!01 for the position of the hydroxyl groups in
1a and 1b "cf[ Table 0#[
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The mixture of compounds 1a and 1b can be converted
into 2 by heat treatment "Miersch et al[\ 0880#[ Using
the method of HoreauÐBrooks "Brooks + Gilbert\ 0862^
Horeau\ 0850# we determined the con_guration at C!00
of 1a and 1b to be predominantly in "00S#[ The same
result could be obtained by GC analysis of the 1!phe!
nylbutyryloxy!derivatives 00 and 01 "coproducts of the
method#[ From the 0H NMR spectra and together with
the determination of the predominant con_guration at
C!00 we estimated the ratio between "00S#!hydroxy!JA
"1a# and "00R#!hydroxy!JA "1b# to be 1]0[

Compound 2 carries the more stable diene system[ It
is probable that the fungus can form such a structure
directly by action of a desaturase or via loss of H1O from
the hydroxylated jasmonates 1a and 1b[

"−#!00\01!didehydro!JA "2# was identi_ed after
methylation by GCÐMS[ Retention time and frag!
mentation pattern where identical to those of authentic
2 previously isolated from Botryodiplodia theobromae
"Miersch et al[\ 0876# and synthetic "2#!2[ A mass peak
of m:z 111\ a loss of the methyl acetate side chain "038
ðMÐCH1ÐCOOCH2Ł¦#\ an additional loss of water "029
ð038!H1OŁ¦# and a base peak at m:z 68 were the charac!
teristic mass fragments[

In the extract traces of two compounds\ 3 and 4

occurred which were identi_ed to be artefacts[ This is
indicated by the facts that the double bound is "E#!con!
_gurated and is shifted to position C!09[ Both events can
be explained only by allylic rearrangement[ Compound 3

seems to be racemic with respect to the OH!group in C!
00\ due to properties of compound 7 which is derived
from 3 "see below#[ The amounts of both compounds
increased during a longer fermentation time\ and both of
them can be formed non!enzymatically by a rearrange!
ment of the mixture 1a:1b during treatment with hydro!
chloric acid[ Methylation with diazomethane for more
than 0 h leads to the stable O!methylated compounds 6

and 7[ The mass spectrum of 6 is identical to 5[
Methylation of 1 by diazomethane for 0 h gave the

more stable methoxylated products 5a:5b and methyl
esters of 1a and 1b[ A mass fragment of m:z 87 indicates
the presence of the O!methylated side chain ðCH1CH!
CHC"OMe#CH2Ł¦\ whereas m:z 038 is indicative for the
loss of CH2OH and methyl acetate from 5a and 5b[

Beside the mass spectrum that showed a methoxylated
side chain in compound 6\ the structure of the pentenyl!
side chain was further speci_ed by 0H NMR\ 02C NMR
and 1D COSY spectra verifying a "8E#!double bond
"2HH!8:H!09 04 Hz# and an 00!hydroxyl group "cf[ Tables
0Ð1#[

Compound 7 was identi_ed by its mass spectrum and
0H NMR[ Typical mass fragments are m:z 143 M¦\ m:z
070 "loss of the methyl acetate group#\ m:z 88 ðCH1CH!
"OMe#CHCHCH2Ł¦ "loss of the methoxylated pentenyl
side chain# and the base peak m:z 74[ 0H NMR\ 02C NMR
and 1D COSY spectra\ gave clear evidence for a "09E#!

Table 1
02C chemical shifts of compounds 6 and 7 "CDCl2#

Pos[ 6 7

0 061[3 061[7:061[5
1 27[4 27[5:27[4
2 26[5 28[9:27[3
3 16[0 16[3:16[1
4 26[6 26[4:26[3
5 107[3 108[2
6 42[7:42[6 49[8:49[7
7 29[4:29[3 23[3:22[8
8 017[6:017[4 68[7:68[5

09 024[9:023[8 020[3:020[1
00 66[6:66[5 018[8:018[1
01 10[3:10[2 06[5
COOMe 40[5 40[4
OMe 44[7 44[6:44[4

double bond "2JH!09:H!00 04 Hz# and a 8!methoxyl group
"cf[ Tables 0Ð1#[ For 6 as well as for 7 two sets of 0H and
02C NMR signals were found in a ratio of 0]0 indicating
that both compounds 6 and 7 are racemic[

Preliminary experiments without kinetic analysis
revealed\ that A[ niger can hydroxylate 8\09!dihydro!
jasmonic acid "8# to 00!hydroxy!8\09!dihydro!jasmonic
acid "09#[ Compound 09 is identical with a metabolite
found after feeding of barley with 8 "Meyer et al[\ 0878#\
however\ the con_guration at C!00 remains unclear[

The mass spectrum of 09!Me indicated the molecular
mass at m:z 131\ loss of water "m:z 113 ðMÐH1OŁ¦# as
well as of the methyl acetate moiety "m:z 040 ðMÐ
CH1CO1MeŁ¦# and the m:z 058 "ðMÐCH1CO1MeŁ¦#[
These fragments are characteristic for a hydroxylated
pentyl side chain\ whereas the loss of the hydroxypentyl
side chain led to m:z 045\ which is a typical fragment in
the spectrum of 0[ As expected\ elimination of both side
chains led to the fragment m:z 72 ðC4H6OŁ¦ indicating
an intact cyclopentanone ring in the jasmonate molecule[

During the fermentation of 8\09!dihydro!JA "8#\ no
compound could be found by GCÐMS which was indica!
tive for the introduction of a double bond or dehy!
dratization of the hydroxyjasmonate 09[ Similar to the
fermentation of methyl jasmonate "0!Me#\ growth of the
fungus on methyl 8\09!dihydro!JA "8!Me# led _rst to the
free acid 8 and the subsequent formation of 09[

The data presented here suggest A[ niger as a useful tool
for the synthesis of 00!hydroxy!JA\ even in a preparative
scale "1#[ The fungus hydroxylates jasmonic acid "0#\
preferring the "S#!con_guration[ However\ at present we
can not exclude an altered R:S ratio during time course
of fermentation[ The "S#!con_guration is formed by the
fungus\ since the "Z#!double bond is present and the "E#!
double bond is undetectable Table 0[ However\ it can not
be excluded that A[ niger is able to epimerize enzy!
matically a hydroxy group[ The allylic hydrogens seem
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to be the energetically favored position for hydrox!
ylation\ and no hydroxylation of C!7 was found[ Beside
ring hydroxylation\ cinerone "02#\ a structural related
compound missing one carbon atom in the side chain\
and possessing a methyl group instead of an acetic acid
side chain "compared to 0#\ is microbially transformed to
a compound hydroxylated in the allylic position "Tab!
enkin et al[\ 0858#\ that corresponds to the hydroxylation
of the pentenyl side chain of 0 in position C!00\ shown
here[ Allethrone "03# lacking one carbon atom of the side
chain as compared to cinerone "02# is hydroxylated in
the allylic position "C!7 as compared to compound 0#
"LeMahieu et al[\ 0869#[ In A[ niger the allylic position
is favored through the more electrophilic C!00[ Among
higher plants barley leaves are able to metabolize 8\09!
dihydro!JA "8# into 01! and 00!hydroxy!8\09!dihydro!JA
"09# "Meyer et al[\ 0878#[ Similarly to the allylic hydrox!
ylation of prostaglandines\ the hydroxylating activity
of A[ niger seems to be speci_c for position C!00 of
jasmonates[ No other hydroxylated products could be
found[

2[ Experimental

2[0[ Chemicals

"2#!8\09!dihydro!JA "8# was obtained by alkaline
hydrolysis of "2#!methyl 8\09!dihydrojasmonate "8!Me#
"Firmenich S[A[\ Switzerland#[ "−#!JA "0# was obtained
by isomerization of "¦#!6!iso!JA isolated from culture
_ltrates of Botryodiplodia theobromae Pat[ "Miersch et
al[\ 0876#[ "2#!00\01!Didehydro!JA "2# was synthesized
by Wittig!reaction according to "Kitahara et al[\ 0873#
using methyl 2!oxo!1!formyl!ethyl!cyclopentane!0!
acetate and allylidene!triphenylphosphoran followed by
alkaline hydrolysis of the methyl ester[

2[1[ Plant material

Aspergillus niger v[T[\ strain i!399\ was obtained from
the Culture Collection of the Friedrich!Schiller!Uni!
versity Jena\ Weimar[

2[2[ Fermentation

The fungus were precultured on malt agar 1 weeks
at 11>C[ Two mycelium disks "7 mm diameter# of the
preculture were homogenized with H1O and used for
inoculation of production medium "099 ml#[

The fungi were grown in ~asks "399 ml# containing 099
ml of Czapek!medium at 17>C on a rotary shaker[ After
2 days\ 19 mg of compounds 0\ 0!Me\ 8 or 8!Me dissolved
in 0 ml EtOH were added to each ~ask[ Incubation was
continued for 0[4 days and 4 days[ Flasks with addition
of 0 ml EtOH only were incubated as control[

2[3[ Chromatographic methods

TLC "silica gel HF143\ precoated Merck# "a# CHCl2Ð
EtOAcÐHOAc "4]3]0# Rf values] 0 9[23\ 0!Me 9[55\ 1a:1b

9[00\ 1a!Me:1b!Me 9[18\ 2 9[22\ 2!Me 9[53\ 3 9[00\ 3!Me
9[17\ 4 9[09\ 4!Me 9[13\ 5a:5b 9[42\ 6 9[42\ 7 9\48\ 8 9[26\
8!Me 9[60\ 09 9[01\ "b# n!hexaneÐEtOAcÐHOAc "59]39]0#
Rf values] 0 9[16\ 0!Me 9[45\ 1a:1b 9[93\ 1b!Me:1b!Me
9[01\ 2 9[11\ 2!Me 9[4\ 3 9[94\ 3!Me 9[07\ 4 9[92\ 4!Me
9[09\ 5a:5b 9[23\ 6 9[23\ 7 9[38\ 8 9[5\ 8!Me 9[03\ 09 9[94^
detection by anisaldehyde reagent and heating for 4Ð09
min at 019>C "Stahl + Glatz\ 0871#[

HPLC] Eurospher 099 C07\ "09 mm\ 149×3 mm# elu!
tion with MeOH!9[0) H2PO3 in H1O "c# "34]44#\ "d#
"59]39#\ ~ow rate 0 ml min−0\ UV detector of 109 nm[ Rt

"min#] "c# 1a:1b 3[7\ 1a!Me:1b!Me 7[9\ 09 6[5^ "d# 0 09[1\
0!Me 13[4\ 1a:1b 1[8\ 1a!Me:1b!Me 3[3\ 2 5[8\ 2!Me 04[4\
3 2[0\ 3!Me 5[8\ 4 1[8\ 4!Me 3[3\ 5a:5b 8[1\ 6 8[1\ 7 03[1\
8 05[4\ 8!Me 31[9\ 09 3[5[

2[4[ Isolation procedure

The content of a ~ask was _ltered and the aqueous
phase extracted with EtOAc "2×19 ml#\ dried with
Na1SO3 and evapd[ The mycelium was homogenized and
ultrasoni_ed in 49 ml EtOAc\ _ltered and the organic
phase elaborated as described before[ Both extracts were
separated with TLC "solvent system b#[ Positive layers
were scrapped o}\ extracted with EtOAc and the solvent
evaporated and extracts separated with TLC "solvent
system a#[ Further puri_cation was done with HPLC
"solvent system c# for 1 and 09 and HPLC "solvent system
d# for 2\ substances were recovered with CHCl2 and pre!
pared for structural identi_cation to be]

"00S#!"−#!Hydroxy!JA ð"0R\1R#!1"3S!hydroxy!1Z!
pentenyl#cyclopentane!0!acetic acidŁ "1a#:"00R#!"−#!
hydroxy!JA ð"0R\1R#!1"3R!hydroxy!1Z!pentenyl#cyclo!
pentane!0!acetic acidŁ "1b#[ 01[1 mg^ CD "MeOH^ c 9[91#]
Do −0[71^ 0H NMR cf[ Table 0^ MS 69 eV\ m:z "rel[ int[#
of 1a!Me:1b!Me] 111 ðMÐH1OŁ¦ "08#\ 196 "2#\ 082 "12#\
056 ðMÐCH1CO1MeŁ¦ "04#\ 045 ðMÐC4H7OŁ¦ "5#\ 038
ðMÐH1OÐCH1CO1MeŁ¦ "29#\ 020 "19#\ 096 "13#\ 73
ðC4H7OŁ¦ "32#\ 72 ðC4H6OŁ¦ "099#[

"−#!00\01!Didehydro!JA ð"0R\1R#!2!oxo!1!"1Z\3!pen!
tadienyl#cyclopentane!0!acetic acidŁ "2#[ 2 mg^ 0HNMR
identical with "Miersch et al[\ 0876#[ MS 69 eV\ m:z "rel[
int[# of 2!Me] 111 M¦ "6#\ 193 ðMÐH1OŁ¦ "7#\ 082 "02#\
056 "09#\ 044 "03#\ 038 ðMÐCH1CO1MeŁ¦ "76#\ 029 ðMÐ
CH2CO1MeÐH1OŁ¦ "83#\ 008 "16#\ 096 "67#\ 094 "53#\ 80
"79#\ 68 "099#\ 56 ðC4H6Ł¦ "88#[

"09E#!8!Hydroxy!JA ð"0R\1R#!2!oxo!1!"1!hydroxy!
2E!pentenyl#cyclopentane!0!acetic acidŁ "3#[ Traces^ MS
69 eV\ m:z "rel[ int[# of 3!Me] 111 ðMÐH1OŁ¦ "77#\ 196
ðMÐH1OÐCH2Ł¦ "03#\ 082 "70#\ 056 "70#\ 056 ðMÐ
CH1CO1MeŁ¦ "28#\ 045 ðMÐC4H7OŁ¦ "08#\ 038 ðMÐ
CH1CO1MeÐH1OŁ¦ "55#\ 020 ðMÐCH1CO1MeÐ1H1OŁ¦
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"23#\ 008 "08#\ 096 "26#\ 094 "23#\ 80 "33#\ 72 "C4H6OŁ¦

"099#[
"8E#!00!Hydroxy!JA ð"0R\1R#!2!oxo!1!"00!hydroxy!

1E!pentenyl#cyclopentane!0!acetic acidŁ "4#[ Traces^ MS
69 eV\ m:z "rel[ int[# of 4!Me] identical with MS of com!
pound 1!Me[ Longer methylation of compounds 1a:1b

gave]
Methyl "00S#\ "8Z#!methoxyjasmonate ðmethyl "0R\

1R#!2!oxo!1!"3S!methoxy!1Z!pentenyl#cyclopentane!0!
acetateŁ "5a#:methyl "00R#\ "8Z#!methoxyjasmonate
ðmethyl "0R\1R#!2!oxo!1!"3R!methoxy!1Z!pentenyl#!
cyclopentane!0!acetateŁ "5b#[ 5a:5b�1]0^ MS 69 eV\ m:z
"rel[ int[# of 5a:5b] 111 ðMÐMeOHŁ¦ "06#\ 196 ðMÐ
MeOHÐMeŁ¦ "4#\ 082 "8#\ 056 "5#\ 038 ðMÐCH1CO1MeÐ
MeOHŁ¦ "05#\ 022 "08#\ 020 ðMÐCH1CO1MeÐMeOHÐ
H1OŁ¦ "02#\ 008 "6#\ 094 "05#\ 87 ðCH1CHCHC"CH2#Ð
OMeŁ¦ "099#[

Rearrangement of 1a\ 1b\ 1a!Me or 1b!Me] 4 mg of
compounds 4 or 5a:5b was heated with 0 N HCl:0 ml#
for 0 h at 29>C\ compounds extracted with 9[4 ml CHCl2\
evaporated and methylated with ethereal diazomethane
for 29 min giving a mixture of 3!Me\ 4!Me\ 6 and 7[
Separation using TLC "solvent mixture a# and HPLC
"method d# gave]

Methyl "8E#!00!methoxyjasmonate ðmethyl "0R\1R#!2!
oxo!1!"3!methoxy!1E!pentenyl#!cyclopentane!0!acetate
"6#[ 1[3 mg^ 0H NMR cf[ Table 0^ 02C NMR cf[ Table 1^
MS 69 eV\ identical with compound 5a:5b[

Methyl "09E#!8!methoxyjasmonate ðmethyl "0R\1R#!2!
oxo!1!"1!methoxy!2E!pentenyl#cyclopentane!0!acetateŁ
"7#[ 0[0 mg^ 0H NMR cf[ Table 0^ 02C NMR cf[ Table 0^
MS 69 eV\ m:z "rel[ int[#] 143 M¦ "45#\ 128 ðMÐCH2Ł¦

"24#\ 112 ðMÐOMeŁ¦ "28#\ 196 ðMÐCH2ÐOMeŁ¦ "12#\ 194
"10#\ 082 "41#\ 080 "24#\ 070 ðMÐCH1CO1MeŁ¦ "54#\ 88
ðCH1CH"OMe#CHCHCH2Ł¦ "41#\ 74 HC"OMe#Ð
CHCHCH2Ł¦ "099#[

"2#!"00j#!Hydroxy!8\09!dihydrojasmonic acid ð2!oxo!
1!"3!hydroxypentyl#cyclopentane!0!acetateŁ "09#[ 1[2 mg^
0H NMR identical with "Meyer et al[\ 0878#^ MS 69 eV\
m:z "rel[ int[#] 131 M¦ "0#\ 113 ðMÐH1OŁ¦ "1#\ 058 ðMÐ
CH1CO1MeŁ¦ "8#\ 045 ðMÐ"CH1#2CH"OH#CH2Ł¦ "25#\
040 ðMÐCH1CO1MeÐH19Ł¦ "14#\ 026 "6#\ 022 "6#\ 024
"00#\ 098 "04#\ 84 "02#\ 72 ðC4H6OŁ¦ "099#[

2[5[ HoreauÐBrooks method "Horeau\ 0850^ Brooks +
Gilbert\ 0862# for determining the con_guration of sec!
ondary hydroxyl group

Mixture of compounds 1a:1b "1[7 mg# was methylated
with ethereal CH1N1 "4 min#\ dissolved in dry pyridine
"01[4 ml# and treated with "2#!1!phenylbutyric anhydride
"5[1 mg# in dry pyridine "01[4 ml# and heated in a sealed
vial at 39>C for 1 h[ Then "¦#!"R#!a!phenylethylamine
"5 ml# was added and mixed for 04 min[ The sample was
diluted with EtOAc "399 ml# and analyzed by GCÐMS on
a silicon!fused silica column DB!0 "04 m×9[14 mm inner

diameter\ _lm thickness 9[14 mm#\ helium as carrier gas
"9[7 ml×min−0# with the temperature program from
59>C "0 min# to 009>C "14>C×min−0#^ from 009 to 169>C
"09>C×min−0#\ injector temperature 149>C[ The peak
areas of "¦#!"R#!phenylethylamides "in )# of "−#!"R#!
1!phenylbutyric acid and "¦#!"S#!1!phenylbutyric acid
"Rt] 09[7 and 00[0 min\ respectively# were estimated and
substracted from the corresponding value of cyclohex!
anol giving an increment of ¦6[9[ This implies pre!
dominately S!con_guration at C!00 in the mixture 1a:1b[

2[6[ Combined GCÐMS analysis

GCÐMS was performed with an 69 eV mass spec!
trometer and a silicon!fused silica column DB!0 as
described above[ Samples were methylated with ethereal
CH1N1 for 4 min at 19>C and 29 min for methyl ether
formation^ Rt "min#] 0!Me 6[6\ 1a!Me:1b!Me 8[44\ 2!Me
6[77\ 3!Me 8[04\ 4!Me 8[53\ 5a:5b 8[17\ 6 8[26\ 7 7[8\ 8!
Me 6[7\ 09!Me 8[6[

2[7[ GCÐMS of methyl "R#!"¦#!1!phenylbutyryloxy!
"00S#!"−#!jasmonate "00# and methyl "S#!"−#!1!phe!
nylbutyryloxy!"00S#!"−#!jasmonate "01# "coproducts of
the HoreauÐBrooks method#

Compounds were analyzed on a silicon!fused column
DB!4MS "04 m×9[21 mm inner diameter\ _lm thickness
9[14 mm#\ conditions as described above^ Rt "min#] 0!Me
5[54\ 00 04[34\ and 01 04[54[ MS 69 eV\ m:z "rel[ int[# of
00 and 01] 128 ðMÐOCC"C5H4#C1H4ÐHŁ¦ "07#\ 111 ðMÐ
"C5H4#CH"C1H4#CO1HŁ¦ "77#\ 194 "8#\ 080 ð111!MeOHÐ
HŁ¦ "31#\ 052 "00#\ 038 ð111!CH1CO1MeŁ¦ "31#\ 020 "39#\
008 ðOCCH"C5H4#¦HŁ¦ "57#\ 80 ðCH1"C5H4#Ł¦ "099#[

2[8[ NMR analysis

0H NMR and 1D COSY spectra were recorded on
a BRUKER AM499 at 499[02 MHz and on a Varian
UNITY499 spectrometer at 388[73 MHz\ respectively[
02C NMR and APT spectra were recorded on a BRUKER
AC299 operating at 64[4 MHz[ CDCl2 was used as
solvent[ Chemical shifts were referenced to internal TMS
"d�9\ 0H# and CDCl2 "d�66[9\ 02C#\ respectively "cf[
Tables 0Ð1#[
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