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Abstract

Two brominated C04 nonterpenoid compounds\ japonenyne!A and !B\ with a novel 1\6!dioxabicycloð3[2[9Łnonane skeleton have
been isolated from the red alga Laurencia japonensis Abe et Masuda[ The structures of these metabolites were deduced from spectral
evidence[ Þ 0888 Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

In continuing our chemotaxonomical studies on
Japanese species of the red algal genus Laurencia\ we
have recently reported that L[ japonensis "Abe + Masuda\
0887#\ collected from several locations in Japanese
waters\ contains aplysiadiol "0# "diterpenoid# as a major
metabolite along with 1\09!dibromo!2!chloro!a!chami!
grene "1# "sesquiterpenoid#\ a set of halogenated com!
pounds characteristic to this species "Takahashi\ Suzuki\
Abe\ + Masuda\ 0887#[

Further investigation of the methanol extracts of this
species led to the isolation of two novel halogenated C04

nonterpenoids\ designated as japonenyne!A "2# and !B
"3#\ along with japonenyne!C "4#[ Japonenyne!A "2# and
!B "3# consist of 1\6!dioxabicycloð3[2[9Łnonane skeleton
with the same molecular formula of C04H07Br1O1 as that
of laurenenyne!A "5# and !B "6#\ which have previously
been obtained from this species collected at Kamishima\
Mie Prefecture\ Japan "Suzuki\ Matsuo\ + Masuda\ 0882^
Takahashi et al[\ 0887#[ We wish to report herein the
isolation and structural elucidation of these novel hal!
ogenated metabolites[

1[ Results and discussion

Chromatographic separation of the methanol extracts
obtained from L[ japonensis collected at several locations
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in Japanese waters has led to the isolation of three hal!
ogenated C04 nonterpenoids\ 2Ð4\ together with aply!
siadiol "0#\ which has previously been isolated from a
Japanese sea hare Aplysia kurodai "Ojika\ Yoshida\ Oku!
mura\ Ikeda\ + Yamada\ 0889#\ and 1\09!dibromo!2!
chloro!a!chamigrene "1#\ which has already been found
in other Laurencia species "Howard + Fenical\ 0864^
Suzuki\ Furusaki\ + Kurosawa\ 0868^ Suzuki\ Segawa\
Kikuchi\ Suzuki\ + Kurosawa\ 0874#[ These C04 non!
terpenoids\ which exist as colorless compounds when
developed on Si gel TLC plate\ turned to characteristic
dark red!colored spots when sprayed with 4) pho!
sphomolybdic acid in ethanol and subjected to heating[
These compounds were also observed to be very unstable
and decomposed even when stored at −07>C for just a
few days[

Japonenyne!A "2#\ colorless oil\ ðaŁ10
D ¦39[1> "c 0[28^

CH1Cl1#\ was shown to have the molecular formula of
C04H07Br1O1 by a high!resolution mass spectrum "m:z
278[8562 ðMŁ\ D¦1[9 mmu#[ The IR spectrum showed
the presence of terminal acetylenic "nmax 2209 cm−0# and
vinyl ethereal "0589 and 0194 cm−0# functionalities[ The
presence of a 1!penten!3!ynyl moiety\ which is frequently
encountered in Laurencia|s C04 acetogenin\ was readily
recognized by the 0H NMR spectrum "Table 0# ðdH 1[74
"0H\ d\ J�0[4 Hz#\ 4[46 "0H\ dddd\ J�05[0\ 0[4\ 0[4 and
0[4 Hz# and 5[08 "0H\ ddd\ J�05[0\ 5[3 and 5[3 Hz#Ł[ The
magnitude of coupling constants "J2\3�05[0 Hz# for the
H!2 and H!3 as well as the chemical shift value "dH 1[74#
of the acetylenic proton indicated the geometry of the
double bond at C!2 to be E "Suzuki + Kurosawa\ 0876#[
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Table 0
02C "099 MHz\ DEPT# and 0H NMR "399 MHz# and HMBC dataa for japonenyne!A "2#

Cb 02C "d# 0H "d# J "Hz# Long!range correlations

0 c 1[74 d "0[4#
1 72[38 H!3
2 009[08 4[46 dddd "05[0\ 0[4\ 0[4\ 0[4# H!0\ H1!4
3 030[53 5[08 ddd "05[0\ 5[3\ 5[3# H1!4
4 27[89 2[02 m H!3
5 77[33 H!3\ H1!4\ Hb!7
6 041[47 H1!4\ Ha!7\ H!8
7 25[65 1[58 d "05[5 "Ha##

1[51 dd "05[5\ 2[8 "Hb##
8 64[57 3[15 dd "2[8\ 1[3# Ha!7\ Ha!00
09 78[80 3[10 ddd "2[8\ 1[3\ 1[3# Ha!7\ H!8\ Ha!00
00 26[22 1[83 ddd "03[5\ 3[3\ 1[3 "Ha## H!02

1[11 ddd "03[5\ 01[1\ 2[8 "Hb##
01 35[27 2[86 ddd "01[1\ 8[2\ 3[3# H1!00
02 79[85 2[20 ddd "8[2\ 7[2\ 1[3# H!01\ H2!04
03 15[02 1[90 ddq "03[5\ 1[3\ 6[2 "Ha## H2!04

0[43 ddq "03[5\ 7[2\ 6[2 "Hb##
04 8[11 9[83 t "6[2# Ha!03

a Measured in chloroform!d0[
b All assignments are based on the results of the HSQC spectrum[
c This carbon was not observed in the 02C NMR spectrum[
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Fig[ 0[ Partial structural units and possible structures for 2[

Moreover\ japonenyne!B "3#\ colorless oil\ ðaŁ10
D ¦13[3>

"c 9[50^ CH1Cl1#\ was an isomeric metabolite of
japonenyne!A "2#[ The 0H and 02C NMR signals "Table
1# on the carbons from C!7 to C!04 in both compounds 3

and 2 were virtually identical[ Comparison of the spectral
data of 3 and 2 suggested that japonenyne!B is a geo!
metric isomer with Z!con_guration at C!2[

Detailed analysis of the 0Hand 02CNMR\ 0H!0HCOSY
and HSQC spectra of 2 revealed the presence of partial
structural units a and c "Figure 0#[ In the 02C NMR
spectrum\ the chemical shift "dC 35[27# of the methine
carbon at C!01 in the unit a indicated that a bromine
atom is attached to this carbon[ Furthermore\ since the
IR spectrum showed no absorption ascribable to an
hydroxyl group\ the remaining substituents at C!8\ C!09

Table 1
02C "099 MHz\ DEPT# and 0H NMR "399 MHz# and HMBC dataa for japonenyne!B "3#

Cb 02C "d# 0H "d# J "Hz# Long!range correlations

0 79[19 2[01 d "1[9#
1 71[03 H!4
2 098[24 4[45 br dd "09[6\ 1[9# H1!4
3 030[79 5[96 ddd "09[6\ 6[2\ 5[7# H1!4
4 25[33 2[32 dd "05[0\ 6[2#

2[29 dd "05[0\ 5[7#
5 78[62 H1!4\ H1!7
6 041[96 H1!4\ H1!7
7 26[92 1[70 d "05[5 "Ha##

1[57 dd "05[5\ 3[3 "Hb##
8 64[73 3[14 dd "3[3\ 1[9# Ha!7
09 79[81 3[08 ddd "2[8\ 1[3\ 1[9# Ha!7\ H!8
00 26[35 1[82 ddd "03[6\ 3[3\ 1[3 "Ha##

1[10 ddd "03[6\ 00[6\ 2[8 "Hb##
01 35[42 2[86 ddd "00[6\ 09[2\ 3[3# Hb!00
02 70[93 2[29 ddd "09[2\ 7[2\ 1[3# Ha!00\ Hb!03\ H2!04
03 15[11 1[90 ddq "03[5\ 1[3\ 6[2 "Ha## H2!04

0[41 ddq "03[5\ 7[2\ 6[2 "Hb##
04 8[14 9[83 t "6[2# H1!03

a Measured in chloroform!d0[
b All assignments are based on the results of the HSQC spectrum[

and C!02 were veri_ed to be ethereal oxygen atoms based
upon the chemical shift values of the pertinent carbons
at dC 64[57\ 78[80 and 79[85\ respectively[ As described
above\ in the IR spectrum the intense absorption at nmax

0589 and 0194 cm−0 suggested the presence of a tri!
substituted vinyl ether grouping "partial unit b# which
was further supported by the signals of two quaternary
carbons at dC 041[47 and 77[33 in the02C NMR spectrum[
Since the C04 nonterpenoid cyclic ethers of Laurencia
species seem to be biosynthesized from straight!chain
precursors\ viz[ laurediols from L[ nipponica "Kikuchi\
Suzuki\ Kurosawa\ + Suzuki\ 0880#\ the unit b necessi!
tates being linked to C!7 at one end and to C!4 at the
other end[ Judging from the chemical shift value of dC

77[33\ the fourth substituent of the unit b must obviously
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not be oxygen but bromine[ Then in order to prove the
planar structure\ we measured 0H!detected heteronuclear
multiple!bond 0HÐ02C correlation spectrum "HMBC#[ In
the HMBC spectrum Table 0\ the H!3 "dH 5[08# showed
a cross peak to the quaternary carbon at dC 77[33 and
the H!8 "dH 3[15# showed a cross peak to the quaternary
carbon at dC 041[47\ thus revealing that the carbon of dC

77[33 "vinyl bromide carbon# is linked to C!4 and hence
that of dC 041[47 to C!6[ Furthermore\ since japonenyne!
A "2# has six degrees of unsaturation\ 2 has to contain two
oxide rings\ leading to three possible planar structures
2a\ 2b and 2c Fig[ 0 assignable for japonenyne!A[ The
structure 2c\ however\ could easily be ruled out because
the 0H NMR spectrum exhibited no signals due to a 0\1!
disubstituted oxirane ring "Tori\ Komeno\ + Nakagawa\
0853#[ Furthermore\ in the 0H NMR spectrum the pro!
tons on the carbons from C!8 to C!02 showed coupling
constants of J8\09�1[3 Hz\ J09\00a�1[3 Hz\ J09\00b�2[8Hz\
J00a\01�3[3 Hz\ J00b\01�01[1 Hz and J01\02�8[7 Hz\ which
are typical equatorialÐequatorial\ equatorialÐaxial and
axialÐaxial coupling constants due to the protons not on
a tetrahydrofuran ring but on a tetrahydropyran ring
with a chair!like conformation[ Thus japonenyne!A
should have the planar formula 2a[ The geometry of the
double bond between C!5 and C!6 in 2 was de_ned by
the NOESY correlation spectrum[ As shown in Fig[ 1\
the correlation between H1!4 and Ha!7 indicated that the
con_guration of C!5 and C!6 is Z[ Furthermore\ the
relative stereochemistry was also de_ned by the NOESY
correlation spectrum[ The NOEs between Hb!7:H!09\ H!
8:Hb!00\ H!8:H!02\ H!09:Hb!00\ Hb!00:H!02\ Ha!00:H!
01 and H!01:H2!04 showed that the relative con_guration
between H!8\ H!09 and H!02 are all cis[ Likewise the
gross structure of japonenyne!B was con_rmed with the
aid of the 1!D NMR spectra\ such as0H!0H COSY\ HSQC
and HMBC Table 1[ Moreover\ the relative stereo!
chemistry was also determined by the NOESY spectrum

Fig[ 1[ NOEs from NOESY spectra of japonenyne!A "2# and !B "3#[

Fig[ 1 which was very similar to that of 2[ Therefore\ the
structures of japonenyne!A and !B should be shown as
formulas 2 and 3\ respectively\ each of which includes the
relative con_guration of 8S�\ 09S�\ 01S� and 02R�[

Many halogenated C04 acetogenins isolated from vari!
ous Laurencia species are suggested to arise from "5S\6S#!
or "5R\6R#!laurediol "Kikuchi et al[\ 0880#[ Japonenyne!
A "2# may be biosynthesized from a bromohydrin 7

through an enzymatic E1!type dehydration[ A bro!
mohydrin 7 would be derived from "5S\6S#! or "5R\6R#!
"2E#!laurediol via a bromonium ion!catalyzed cyclization
and have a threo con_guration at C!5 and C!6[ The pres!
ence of a plausible precursor 7 should strongly be sup!
ported by the isolation of japonenyne!C "4#\ whose
structure was determined by spectral analyses using
extensive 1!D NMR such as 0H!0H COSY\ HSQC and
HMBC as in the case of 2 and 3[ The stereochemistry at
C!5 and C!6\ remains unsettled because compound 4

decomposed while measuring the NOESY spectrum[
However\ compound 4 was obtained\ not as a mixture of
diastereomers\ but as a single compound\ based on the
single 0H and 02C NMR signals due to the bromomethine
at C!5 and methoxyl methyl group\ it may nevertheless
be an artefact formed during extraction[ Japonenynes
represent the _rst example of halogenated C04 acetogenins
found from various species of the red algal genus Lau!
rencia possessing a 1\6!dioxabicycloð3[2[9Łnonane skel!
eton and a bromine atom substituent at C!5[

2[ Experimental

2[0[ General

The 0H NMR] 399 MHz and 02C NMR] 099 MHz\
CDCl2 or C5D5\ TMS as int[ standard^ LR!MS and HR!
MS] 69 eV^ CC] silica gel "Merck\ Kieselgel 59\ 69Ð129
mesh#^ prep[ TLC] silica gel plate "Merck\ Kieselgel 59
F143S#[

2[1[ Isolation

As recently described "Takahashi et al[\ 0887#\ the
methanol extract "580 mg# of the Chinzei sample "SAP
951529# was fractionated by column chromatography on
Si gel with a step gradient "hexane and EtOAc#[ The
fraction "177 mg# eluted with hexaneÐEtOAc "8]0# was
further subjected to prep[ TLC with toluene to give
japonenyne!A "2# "1[0 mg\ 9[2)# and japonenyne!C "4#
"05[5 mg\ 1[3)# along with anhydroaplysiadiol "Tak!
ahashi et al[\ 0887#[

Japonenyne!B "3# was obtained in 9[1) yield of the
extract from Toyooka sample "SAP 951503# by com!
bination of column and thin!layer chromatography in
the same manner as described above[ Japonenyne!A "2#
has also been isolated from Toyooka and Heki sample
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"SAP 951500# and japonenyne!B "3# from Iwami sample
"SAP 951502# as the minor metabolite[

2[2[ Japonenyne!A "2#

Colorless oil^ ðaŁ10
D ¦39[1> "c 0[28^ CH1Cl1#^ IR nmax

"CH1Cl1# cm−0] 2209\ 1839\ 0589\ 0319\ 0194\ 0079\ 0029\
0099\ 0939 and 859^ 0H and 02C NMR Table 0^ EIÐLR!
MS m:z "rel[ int[#] 281 "4[4#\ 289 "09[6#\ 277 "4[5# ðMŁ¦\
200 "04[2#\ 298 "03[7# ðMÐBrŁ¦\ 170 "09[7#\ 168 "09[1#\
156 "06[7#\ 118 "06[4# ðMÐ1BrŁ¦\ 080 "11[8#\ 078 "12[4#\
036 "46[2#\ 016 "26[6#\ 098 "62[6#\ 094 "099#\ 70 "45[3#\ 66
"54[7# and 30 "14[9#^ EIÐHR!MS m:z] 278[8562[ Calcd
for C04H07

68Br70BrO1\ 278[8541 ðMŁ[

2[3[ Japonenyne!B "3#

Colorless oil\ ðaŁ10
D ¦13[3> "c 9[50^ CH1Cl1#^ IR nmax

"CH1Cl1# cm−0] 2209\ 1879\ 0589\ 0319\ 0194\ 0079\ 0029\
0099\ 0939\ 849 and 819^ 0H NMR Table 1^ EIÐLR!MS
m:z "rel[ int[#] 281 "9[2#\ 289 "9[6#\ 277 "9[3# ðMŁ¦\ 200
"0[6#\ 298 "0[7# ðMÐBrŁ¦\ 209 "1[3#\ 297 "1[0# ðMÐHBrŁ¦\
170 "09[7#\ 168 "09[5#\ 142 "0[3#\ 140 "0[4#\ 128 "2[4#\ 162
"2[2#\ 105 "28[1#\ 190 "099#\ 048 "31[4#\ 034 "35[6#\ 004
"20[9#\ 71 "69[9# and 79 "57[9#^ EIÐHR!MS m:z] 278[8561[
Calcd for C04H07

68Br70BrO1\ 278[8541 ðMŁ[

2[4[ Japonenyne!C "4#

Colorless oil^ ðaŁ15
D −24[4> "c 9[95^ CHCl2#^ IR nmax

"CHCl2# cm−0] 2229\ 1839\ 0434\ 0359\ 0324\ 0109\ 0009\
0939\ 704 and 629^0H NMR "C5D5#] d 9[80 "2H\ t\ J�6[2
Hz^ H2!04#\ 0[45 "0H\ ddq\ J�03[1\ 5[7\ 6[2 Hz^ Hb!03#\
0[63 "0H\ ddd\ J�03[6\ 00[6\ 2[8 Hz^ Hb!00#\ 0[73 "0H\
dd\ J�03[6\ 4[3 Hz^ Hb!7#\ 0[80 "0H\ ddq\ J�03[1\ 1[8\
6[2 Hz^ Ha!03#\ 1[26 "0H\ d\ J�03[6 Hz^ Ha!7#\ 1[37 "0H\
m^ Hb!4#\ 1[41 "0H\ ddd\ J�03[6\ 3[3\ 1[3 Hz^ Ha!00#\
1[45 "0H\ d\ J�0[4 Hz^ H!0#\ 1[79 "0H\ m^ Ha!4#\ 1[70
"2H\ s^ OMe#\ 2[90 "0H\ ddd\ J�8[7\ 5[7\ 1[8 Hz^ H!02#\
2[26 "0H\ ddd\ J�2[8\ 1[3\ 1[9 Hz^ H!09#\ 2[31 "0H\ dd\

J�4[3\ 1[9 Hz^ H!8#\ 2[85 "0H\ ddd\ J�00[6\ 8[7\ 3[3 Hz^
H!01#\ 3[06 "0H\ dd\ J�09[2\ 2[3 Hz^ H!5#\ 4[34 "0H\
dddd\ J�05[0\ 0[8\ 0[4\ 0[4 Hz^ H!2# and 5[21 "0H\ ddd\
J�05[0\ 6[2\ 6[2 Hz^ H!3#^ 02C NMR "C5D5#] CH2^ d 7[79
"C!04#\ 37[49 "OMe#\ CH1^ d 15[49 "C!03#\ 25[47 "C!4#\
26[62 "C!00#\ 39[53 "C!7#\ CH^ d 36[08 "C!01#\ 45[91 "C!
5#\ 65[65 "C!8#\ 66[85 "C!0#\ 68[13 "C!09#\ 79[51 "C!02#\
000[61 "C!2#\ 032[19 "C!3# and C^ d 098[47 "C!6#^ EI!LR!
MS m:z "rel[ int[#] 313 "9[3#\ 311 "9[7#\ 319 "9[3# ðMŁ¦\
282 "0[3#\ 280 "1[4#\ 278 "0[2# ðMÐOMeŁ¦\ 232 "2[2#\ 230
"2[4# ðMÐBrŁ¦\ 200 "14[4#\ 298 "14[9#\ 154 "22[9#\ 152
"22[1#\ 118 "09[6#\ 080 "05[5#\ 078 "06[7#\ 072 "25[4#\ 038
"24[9#\ 098 "099#\ 094 "75[8#\ 70 "55[2#\ 58 "43[2#\ 46 "65[5#
and 30 "76[4#^ EIÐHR!MS m:z] 312[8789[ Calcd for
C05H11

68Br70BrO2\ 312[8783 ðMŁ[
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