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Both enantiomers of (3S)-(Ð)- and (3R)-(+)-Neodictyoprolenol [(3S,5Z,8Z)-(Ð)-1,5,8-unde-
catrien-3-ol] were successfully converted to the algal sex pheromone, (1S,2R)-(Ð)-dictyopter-
ene B and (1R,2S)-(+)-dictyopterene B in high enantiomeric purities (e. e. > 99%), respectively,
by the biomimetic reaction involving phosphorylation and elimination under a mild condition.
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Introduction

Recent years, the study of volatile compounds in
wet and fresh marine algae has developed rapidly
(Moore, 1977; Suzuki et al., 1981; Yamada et al.,
1986; Boland and Müller, 1987; Kajiwara et al.,
1993). The odoriferous compounds in thalli and ga-
metes of Japanese marine algae have been explored
for elucidation of their physiological significance in
marine ecological systems. Characteristic volatiles
such as dictyopterenes and the related C11-com-
pounds and sesquiterpenes have been identified as
constituents of ocean smell and male gamete-
attracting substance, and flavors reminiscent of
algae (Kajiwara et al., 1993). (3S)-(Ð)-Neodictyo-
prolenol [(3S,5Z,8Z)-(Ð)-1,5,8-undecatrien-3-ol;
(3S)-(Ð)-1] had been proposed as a possible biosyn-
thetic intermediate (Moore, 1977) of the sex phero-
mones of marine brown algae such as (1S,2R)-(Ð)-
dictyopterene B [(1S,2R,1�E,3�Z)-(Ð)-1-(1�, 3�-
hexadienyl)-2-vinylcyclopropane; (1S,2R)-(Ð)-2]
(Müller et al., 1985) and (6S)-(+)-dictyopterene D�
[(6S,1�Z)-(+)-(1�-butenyl)-1,4-cycloheptadiene;
(6S)-(+)-3] (Müller et al., 1971). However, the neo-
dictyoprolenol has never been converted to the
optically active dictyopterenes.

Very recently, the biomimetic pathway of (3S)-
(Ð)-1 to (1S,2R)-(Ð)-2 was supported by a (3S)-1
selective biogenetic conversion to (1S,2R)-2 during
the incubation of (ð)-1 with enzyme preparation
from marine brown alga, Dictyopteris prolifera
(Yamamoto et al., 2001)
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Materials and Methods

General experimental procedures

All air and moisture sensitive reactions were run
under N2 atmosphere. All solvents were distilled
before use. IR spectra were measured with a Hi-
tachi 260-10 spectrometer. 1H-NMR spectra were
measured in CDCl3 with TMS as the internal ref-
erence at 250 MHz with a Hitachi R-250 spectrom-
eter and at 400 MHz with a JEOL JMN-LA400.
13C-NMR spectra were measured in CDCl3 at
62.5 MHz with the Hitachi R-250 spectrometer
and at 100 MHz with a JEOL JMN-LA400. Opti-
cal rotations were recorded by JASCO DIP-370
Digital Polarimeter with chloroform as the
solvent. GC analyses were performed with Shi-
madzu GLC-6A on a capillary column of DB-
WAX“ [GC condition 1: column, 0.25 mm ¥ 60 m;
He press., 165 kpa (33.5 cm/sec); make up press.,
50 kpa; column temp, 80 to 220 ∞C at the rate of
2 ∞C/min], on a capillary column of CP-Cyclodex
236M“ [GC condition 2: column, 0.25 mm ¥ 50 m;
He press., 150 kpa (33.2 cm/sec); make up press.,
50 kpa; column temp, 110 ∞C hold], on a capillary
column of Lipodex“ [GC condition 3: column,
0.25 mm ¥ 50 m; He press., 165 kpa (33.5 cm/sec);
make up press., 50 kpa; column temp, 110 ∞C hold]
and on a capillary column of DB-1“ [GC condition
4: column, 0.25 mm ¥ 60 m; He press., 165 kpa
(33.0 cm/sec); make up press., 40 kpa; column
temp, 70 to 220 ∞C at the rate of 5 ∞C/min]. Col-
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umn chromatography was performed on Merck
Kieselgel 60, Art No. 7734. HPLC were performed
with Hitachi 655A-11 on a Chiralcel-OB“ (HPLC
condition 1: column, 4.6 mm ¥ 250 mm; eluent,
MeOH-H2O (9:1); flow rate, 0.5 ml/min; detection
at 247 nm) and on a Chiralcel-ODH“ (HPLC
condition 2: column, 4.6 mm ¥ 250 mm; eluent,
n-hexane; flow rate, 0.5 ml/min; detection at
210 nm).

Conversion of neodictyoprolenol to dictyopterene B

Preparation of (3S)-(Ð)-1

To a suspension of acetate of (ð)-1 (0.5 g,
2.4 mmol) in aq. phosphate buffer (pH 7.2, 15 ml)
and acetone (10 ml) was added Chirazyme 435“

(0.5 g). After being stirred for 5 h at room temp,
the mixture was filtered and extracted with ether.
The ethereal solution was washed with brine, and
dried over Na2SO4 (anhydrous). The extract was
concentrated in vacuo, and purified by silica gel
column chromatography. Elution with n-hexane/
AcOEt (5:1) first furnished acetate of (3R)-(+)-1
(0.3 g, 1.5 mmol) in 61% yield. Subsequently, (3S)-
(Ð)-1 [0.1 g, 0.7 mmol] in 31% yield, [α] D

25 = Ð 1.2∞
(c 5.02, CHCl3)], was eluted. Its enantiomeric
purity was estimated (as an acetate derivative) by
chiral GC as e. e. > 99% (Yamamoto et al., 1999).

Preparation of (3S)-(+)-1

To a solution of (ð)-1 (0.5 g, 2.9 mmol) in vinyl
acetate (15 ml) was added Chirazyme 435“ (0.5 g).
After being stirred for 5 h at room temp, the mix-
ture was filtered and extracted with ether. The ethe-
real solution was washed with brine, and dried over
Na2SO4 (anhydrous). The extract was concentrated
in vacuo, and purified by silica gel column chroma-
tography. Elution with n-hexane/AcOEt (5:1) first
afforded acetate (3S)-1 (0.4 g, 1.7 mmol) in 60%
yield. Subsequently, (3R)-(+)-1 [0.2 g, 0.9 mmol;
32% yield; [α] D

25 = + 1.2∞ (c 5.00, CHCl3)], was
eluted. Its enantiomeric purity was estimated as e. e.
> 99% by chiral GC (Yamamoto et al., 1999).

Preparation of (3S)-(+)-1p

To a rapidly stirring solution of (3S)-(Ð)-1
(166 mg, 1.0 mmol, e. e. > 99%) in 10 ml of
n-hexane was added lithium diisopropylamide
(1.5 mmol) at Ð 75 ∞C. After stirring the solu-
tion for 1 h, tetraethyl pyrophosphate (378 mg,

1.6 mmol) was added by a syringe at Ð 76 ∞C, the
white solution was warmed to 0 ∞C. The reaction
mixture was quenched with saturated NaHCO3

and warmed to room temp. The mixture was ex-
tracted with diethyl ether. The organic layer was
washed with saturated NaHCO3 and with brine.
The washed layer was dried over Na2SO4, and
concentrated in vacuo to afford (3S)-(+)-1p
[216 mg, 0.74 mmol, 74% yield; [α] D

25 = + 30.5∞
(c 5.00, CHCl3)]. The IR and 1H-NMR spectra of
(3S)-(+)-1p were identical with those of the race-
mates (Abraham et al., 1991). IR (neat, NaCl,
film) cmÐ1; 3500, 3260, 3020, 3000, 2950, 2900,
1650, 1450, 1440, 1400, 1370, 1270, 1190, 1100,
1040, 830, 760. 1H-NMR (250 MHz, CDCl3) ppm;
δ 5.85 (ddd, J1 = 17.1 Hz, J2 = 10.4 Hz, J3 = 6.7 Hz,
1H), 5.53Ð5.21 (m, 6H), 4.79 (m, 1H), 4.10 (m, 4H),
2.80 (t, J = 7.3 Hz, 2H), 2.50 (m, 2H), 2.06 (m, 2H),
1.31 (m, 6H), 0.96 (t, J = 7.3 Hz, 3H).

Preparation of (3R)-(Ð)-1p

(3R)-(Ð)-1p was prepared similarly as (3S)-(+)-
1p by using a mixture of (3R)-(+)-1 (166 mg,
1.0 mmol, e. e. > 99%), lithium diisopropylamide
(1.5 mmol) and tetraethyl pyrophosphate (378 mg,
1.6 mmol). The crude product was purified by col-
umn chromatography on a silica gel (elution with
50% ethyl acetate in hexane) to give (3R)-(Ð)-1p
[209 mg, 0.71 mmol, 71% yield; [α] D

25 = Ð 30.3∞
(c 5.01, CHCl3)]. The IR and 1H-NMR spectra
of (3R)-(Ð)-1p were identical with those of (3S)-
(+)-1p.

Conversion of (3S)-(+)-1p to (1S,2R)-(Ð)-2

To a rapidly stirring solution of (3S)-(+)-1p
(100 mg, 0.35 mmol) in 30 ml of hexane was added
potassium bis-(trimethylsilyl)amide (0.7 mmol,
0.5 m in THF 12.5 ml) at Ð 76 ∞C for 30 min, the
dark orange colored solution was warmed to 0 ∞C
and then the solution turned black orange color.
The reaction was quenched with water and ex-
tracted with pentane. The organic layer was
washed once with saturated NaHCO3 and once
with brine. The organic layer was dried over
Na2SO4, and concentrated in vacuo. Column chro-
matography (elution with pentane) of the concen-
trate afford (1S,2R)-(Ð)-2 [43 mg, 84% yield;
[α] D

25 = Ð 50.3∞ (c 5.11, CHCl3); e. e. > 99% as esti-
mated by GC condition 3, the retention time =
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24.6 min]. The IR, 1H-NMR and 13C-NMR spectra
of (1S,2R)-(Ð)-2 were identical with those of natu-
ral dictyopterene B[[α] D

25 = Ð 43∞ (c 10.1, CHCl3)]
(Moore et al., 1974). IR (neat, NaCl, film) cmÐ1;
3090, 3025, 2980, 2950, 2890, 1650, 1640, 1465, 985,
945, 900, 855. 1H-NMR (400 MHz, CDCl3) ppm;
δ 6.39 (dd, J1 = 14.9 Hz, J2 = 11.0 Hz, 1H), 5.90
(dd, J1 = 11.4 Hz, J2 = 11.0 Hz, 1H), 5.41 (ddd, J1 =
17.1 Hz, J2 = 8.8 Hz, J3 = 8.3 Hz, 1H), 5.29 (m, 1H),
5.23 (m, 1H), 5.03 (dd, J1 = 17.1 Hz, J2 = 2.0 Hz),
4.88 (dd, J1 = 10.2 Hz, J2 = 1.5 Hz, 1H), 2.18 (d of
quintets, J1 = 7.6 Hz, J2 = 1.4 Hz, 2H), 1.48 (m,
2H), 0.98, (t, J = 5.1 Hz, 3H), 0.92Ð0.86 (m, 2H).
13C-NMR (100 MHz, CDCl3) ppm; δ 140.26,
135.87, 131.57, 127.55, 124.04, 112.35, 25.15, 24.30,
21.04, 15.53, 14.32. GC-MS m/z (rel. intensity); 148
(M+, 5), 133 (6), 119 (31), 105 (35), 91 (94), 79
(100), 66 (49), 41 (65), 39 (49), 27 (27).

Conversion of (3R)-(Ð)-1p to (1R,2S)-(+)-2

(3R)-(Ð)-1p (100 mg, 0.35 mmol) was cyclized to
the desired cyclopropane using potassium bis-(tri-
methylsilyl) amide (0.7 mmol) in THF (30 ml) ac-
cording to the similar procedure for (3S)-(Ð)-1p.
The crude product was purified by column chroma-
tography on a silica gel (elution with pentane) to af-
ford (1R,2S)-(+)-2 [42 mg, 0.3 mmol, 82% yield;
[α] D

25 = + 50.4∞ (c 5.11, CHCl3; e. e. > 99% as esti-
mated by GC condition 3, the retention time =
26.0 min)]. The IR, 1H-NMR and 13C-NMR spectra
of (1R,2S)-(+)-2 were identical with those of
(1S,2R)-(Ð)-2.

Results and Discussion

Conversion of (3S)-(Ð)-neodictyoprolenol
[(3S)-(Ð)-1] to (1S,2R)-(Ð)-dictyopterene B
[(1S,2R)-(Ð)-2]

Recently, Abraham and Cohen (Abraham et al.,
1991) have reported a biomimetic synthesis of
(ð)-2 via phosphorylation of racemic neodictyo-
prolenol [(ð)-1] and subsequent elimination.
However the phosphorylation of (3S)-(Ð)-1 and
(3R)-(+)-1, which were prepared by a chemo-enzy-
matic method through optical resolution of (ð)-1,
with tetraethylpyrophosphate (TEPP) in THF at
Ð 76 ∞C according to the Cohen’s method (Abra-
ham et al., 1991) caused racemization to some ex-
tent (20 ~ 50%). That was proven by examination

with a chiral GC after the enantiospecific con-
version of (3S)-1p to (1S,2R)-dictyopterene B,
whereas the enantiomeric purities of the phos-
phorylation products (1p) could not be directly es-
timated on chiral phases examined. After several
trials, using nonpolar solvents such as pentane,
hexane, heptane, and toluene, the phosphorylation
of (3S)-(Ð)-1 {[α] D

25 = Ð 1.2∞ (c 5.02, CHCl3); e. e. >
99%} in hexane gave (3S)-(+)-1p {[α] D

25 = + 30.5∞
(c 5.00, CHCl3); 60% isolated yield} without ap-
preciable racemization. The IR, 1H-NMR and 13C-
NMR spectra of (3S)-(+)-1p were identical with
those of the racemate (ð)-1p (Abraham et al.,
1991). Then, the phosphate [(3S)-(+)-1p] was suc-
cessfully converted via elimination-cyclization pro-
cess by treatment with potassium bis (trimethylsi-
lyl) amide from Ð 76 ∞C to 0 ∞C into the desired
(1S,2R)-(Ð)-dictyopterene B [(1S,2R)-(Ð)-2] with
[α] D

25 = Ð 50.3∞ (c 5.11, CHCl3); e. e. > 99%
(24.6 min; estimated by chiral GC on Lipodex“

under GC-condition 3) in the 83% yield (Fig. 1).
The structure of (1S,2R)-(Ð)-2 was confirmed by
IR, 1H- and 13C-NMR spectra and coincided with
that of natural(1S,2R)-(Ð)-2 {[α] D

25 = Ð 43∞ (c 10.1,
CHCl3)} (Moore et al. , 1974) from marine brown
algae, the genus of Dictyopteris. On the other
hand, (3R)-(+)-1 [e. e. > 99%; [α] D

25 = + 1.2∞ (c 5.00,
CHCl3)] was led to (1R,2S)-(+)-dictyoppterene B
{(1R,2S)-(+)-2; 58% isolated yield; [α] D

25 = + 50.4∞
(c 5.11, CHCl3); e. e. > 99% (26.0 min; estima-
ted by the GC analysis under GC-condition 3)} by
the phosphorylation followed by the base-in-
duced elimination and cyclization of (3R)-(Ð)-1p
{[α] D

25 = Ð 30.3∞ (c 5.01, CHCl3)}. In the elimina-
tion products, the cis-disubstituted cyclopropane
corresponding to dictyopterene B (2), which easily
rearrange to dictyopterene D� at room temperature
(Schneider and Goldbach, 1980), was not detected.
These results indicated that natural (1S,2R)- and
unnatural (1R,2S)-isomers of 2 resulted via an in-
tramolecular Sn2 reaction mechanism from natural
(3S)-and unnatural (3R)-forms of 1 (Yamamoto et.
al., 1999), respectively as seen in Fig. 1.

Although some syntheses of optically active dic-
tyopterene B (2) have been reported (Schottem
et al., 1985; Kajiwara et al., 1980), they involve sep-
aration steps of formed geometrical mixture. Thus,
this biomimetic synthesis of optically pure both
enantiomers of 2 enable us to secure samples suffi-
cient for further biological study.
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Fig. 1. The biomimetic conversion of (3S)-(Ð)- and (3R)-(+)-neodictyoprolenol (1) to (1S,2R)-(Ð)- and (1R,2S)-(+)-
dictyopterene B (2).
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