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a b s t r a c t

(±)-Untenone A, one of the marine cyclopentanoids, has been conveniently synthesized via (±)-cis-1-hex-
adecylcyclopent-2-en-1,4-diol 9 which has been produced from 1-hexadecylcyclopenta-1,3-diene 6 via
photo-oxidation and the following reduction. The key step of the present synthesis is the selective alkyl-
ation of cyclopenta-1,3-diene to form 6. Optically active (�)- and (+)-untenone A have been prepared
from (�)- and (+)-9, respectively, after enzymatic kinetic resolution of (±)-9.

� 2010 Elsevier Ltd. All rights reserved.
Biologically active natural compounds which have cyclopentane
skeletons are one of the most popular and attractive synthetic tar-
gets called ‘cyclopentanoids’. This is because there are many cyclo-
pentanoids in natural products which are expected to have clinical
utilities, although enough amounts of them are not supplied for
investigation of their properties in detail. Therefore, many chem-
ists have so far made their strong efforts to prepare them conve-
niently from cheap and easily available chemicals.1

In 1993, a marine natural oxylipin ‘untenone A’ (1) was isolated
by Kobayashi et al.2a from the Okinawan marine sponge Plakortis
sp. and its structure was determined as a cyclopentanoid having
a linear n-hexadecyl side chain as shown in Figure 1, although
the compound was optically inactive (racemic) (½a�19

D +0.2 (c 2.1,
CHCl3))2a in contrast to the optically active compound prepared
separately (lit.3a ½a�27

D �63.7 (c 2.63, CHCl3), lit.4e ½a�26
D �79.7 (c

1.00, CHCl3)). It was reported that the compound inhibited the cell
proliferation of L1210 leukemia at IC50 0.4 lg/mL2b and was con-
sidered to be a precursor in the biosynthesis of manzamenone A
(2)4a–c which was reported to display inhibitory activity against
protein kinase C.4c More recently, plakevulin A (3)4d was isolated
from extracts of an Okinawan Plakortis sponge (SS-973), and the
compound was reported to exhibit the cytotoxicity against murine
leukemia L1210 and carcinoma KB cells, and also the inhibitory
activity against DNA polymerases a and b.4c,f

The synthesis of (±)-,4c,d,5 (�)-,3,4e,f and (+)-untenone A (1)3b has
already been reported, in which three groups adopted the method
using a nucleophilic alkyl group for introduction of the side chain
into electrophilic cyclopentane rings cyclopentenones: namely,
either 1-bromohexadecane (2.5 equiv) with SmI2 (5.3 equiv) and
ll rights reserved.
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HMPA (24.3 equiv) in THF3b,4c or hexadecylmagnesium bromide
(3 equiv) with CeCl3 in diethyl ether.3a

Herein, we have investigated a practical synthesis of (±)-, (�)-,
and (+)-untenone A via coupling of nucleophilic cyclopentane ring
(cyclopentadienyl anion) with an electrophilic side chain equiva-
lent (1-halohexadecane) as a key step shown in a retrosynthetic
process (Scheme 1).6

Cyclopentadienyl anion, prepared from freshly distilled cyclo-
penta-1,3-diene (10 mmol) with sodium hydride (10 mmol) in
THF at 0 �C, was treated with n-C16H33Br (4a, 5 mmol) in THF at
�25 �C for 1 h to give an inseparable mixture of 1-hexadecylcyclo-
penta-1,3-diene 6 and its regioisomers 5-hexadecylcyclopenta-1,3-
diene 5 and 2-hexadecylcyclopenta-1,3-diene 7 in a ratio of
5:6:7 = 5:5:1, although the use of longer reaction time and higher
reaction temperature resulted in the formation of a larger amount
of undesirable product 7. The major product 5 was revealed to be
selectively isomerized to 6 via 1,5-hydrogen shift by standing the
reaction mixture (after workup) for 1.0–1.5 h at 25 �C, resulting
in a mixture of 6 and 7 in a ratio of ca. 10:1 (6:7). Next, we inves-
tigated the effect of a leaving group of haloalkane on this coupling
reaction and found that n-C16H33I (4b) gave a better yield than 4a.
Thus, the synthesis of 6 was completed by selective alkylation and
1,5-hydrogen shift sequence by treatment of sodium cyclopenta-
nide (40 mmol) with 4b (20 mmol) at �40 �C for 30 min and
by leaving the resulting mixture at room temperature for 1.5 h
(Scheme 2).

Conversion of 6 to our key compound (±)-9 was performed via
photochemical oxidation of 6 (ca. 20 mmol; crude product ob-
tained by the reaction shown in Scheme 2) to peroxide 8 by an irra-
diation of halogen lamp (150 W) under bubbling of oxygen in the
presence of rose Bengal in MeOH–THF (1:1 (v/v), 200 mL) at
�40 �C for 30 h and then the reduction of 8 to cis-1-hexadecylcy-
clopent- 2-ene-1,4-diol 9 by treatment with thiourea in 87% overall
yield based on 4b (Scheme 3).7
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On the other hand, similar treatment of a mixture of 6 and 7, ob-
tained by alkylation of cyclopenta-1,3-diene, gave a mixture of 9
and 10, each of which was inseparable by column chromatography
on silica gel. Therefore, pure (±)-9 was obtained via acetylation of
the mixture with acetic anhydride (1.5 equiv) in pyridine to a mix-
ture of mono-acetate 11a and di-acetate 12, followed by a separa-
tion of the produced 11a from 12 by column chromatography on
silica gel, and then hydrolysis (Scheme 4).
For the synthesis of optically active untenone A, we tried an
enzymatic kinetic resolution8,9 of (±)-9 to obtain highly optically
active (+)- and (�)-9 using inexpensive and easy handling lipase.
By testing the commercially available Lipase PS Amano SD and
IM, we adopted Lipase PS Amano IM (immobilized on diatoma-
ceous earth), because IM was more active than SD. That is, IM gave
the same optical purity of (+)-9 and (�)-11a as in the case of SD in
shorter reaction time using a smaller amount of lipase (entries 2



Table 1
Enzymatic kinetic resolution of (±)-9 for (+)-9 and (�)-11a
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Entry cis-(±)-9 (mmol) Enzyme (enzyme/(±)-9)a Solventb (mL) Temp (�C) Time (h) (+)-9 (�)-11a Ed

Yield (%) eec (%) Yield (%) eec (%)

1 0.5 Amano SD (2) A (6) 25 30 41 80 58 65 11
2 0.5 Amano SD (1) A (6) 20 36 54 62 44 88 30
3 0.5 Amano IM (0.1) A (6) 25 8 43 86 55 66 13
4 0.5 Amano IM (0.1) A (6) 20 8 57 62 41 89 32
5 0.5 Amano IM (0.1) A (6) 20 12 49 80 49 85 30
6 0.5 Amano IM (0.1) A (6) 20 20 46 83 45 84 30
7 3.0 Amano IM (0.1) A (36) 20 24 50 73 43 88 34
8e 1.46 Amano IM (0.1) A (17) 20 8 86f 90 12
9 0.5 Amano IM (0.1) B (6) 20 12 54 67 46 83 22
10 0.5 Amano IM (0.1) B (6) 20 18 46 88 53 79 24
11 0.5 Amano IM (0.1) C (6) 20 18 53 69 46 84 24
12 0.5 Amano IM (0.1) C (6) 20 24 44 91 55 79 27
13 3.0 Amano IM (0.1) C (36) 20 24 42 69 57 58 8
14 3.0 Amano IM (0.1) C (36) 20 24 34 89 66 55 7
15 0.5 Amano IM (0.1) D (6) 20 20 35 95 63 63 15
16 0.5 Amano IM (0.1) E (8) 20 5 44 76 53 74 15

a Weight ratio (w/w).
b (A) vinyl acetate/hexane = 1/1 (v/v), (B) vinyl acetate/hexane = 1/5 (v/v), (C) vinyl acetate/hexane = 1/11 (v/v), (D) vinyl acetate/hexane = 1/11 in the presence of ButOMe

(10 mol %), (E) ButOMe (8 mL) with vinyl acetate (5 mmol).
c Determined by HPLC analysis of their benzoate 11b (CHIRALCEL OD, 5% i-PrOH in hexane as eluent).10

d Enantiomeric ratio, E value, was used to evaluate enantioselectivity. E = (VA/KA)/(VB/KB) where VA, KA and VB, KB denote maximal velocities and Michaelis constants of the
fast- and slow-reacting enantiomers, respectively. The (1R,4S)-enantiomer reacted faster than the (1S,4R)-enantiomer.11

e (+)-9 (73% ee; obtained in entry 7) was used.
f 43% yield based on (±)-9.
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and 4). To employ this kinetic resolution for a lager scale synthesis,
we examined the reaction in detail in different solvent systems as
shown in Table 1.

As a result, a solvent system A using a mixed solvent hexane
and vinyl acetate 1:1 (v/v) was revealed to be the most effective,
and we could obtain an enough amount of optically active (�)-
11a and/or (+)-9, even in a larger scale reaction.

Optically active (�)- and (+)-untenone A (1) were prepared
from (�)-11a (88% ee), and (+)-9 (90% ee) obtained in entries 7
and 8 of Table 1, respectively, according to the reported method
as shown in Scheme 5 (here the step of (�)-9 to (�)-1 is
shown).3,4c,f

Oxidation of the alcohol (�)-9 (88% ee, 406 mg, 1.25 mmol), de-
rived from the hydrolysis of (�)-11a, with o-iodoxybenzoic acid
(IBX) (3 equiv) in ethyl acetate at 80 �C for 4 h afforded (�)-13
(mp 48.2–49.0 �C, ½a�25

D �39.4 (c 1.0, CHCl3)) almost quantitatively.
Trimethylsilylation of the alcohol (�)-13 by an excess amount of
TMSCl (4 equiv) and imidazole (6 equiv) in dry dichloromethane
at 0 �C for 5 h gave (�)-14 (mp 32.0–32.5 �C, ½a�25

D �13.2 (c 1.0,
CHCl3)) in 91% yield. According to the reported reaction condi-
tions,3,4c,f methoxycarbonylation of (�)-14 was carried out by
treatment with LDA and methyl cyanocarbonate (Mander’s re-
agent)12 in the presence of HMPA in THF at �78 �C to give (�)-15
in 56% yield (64% de). Desilylation of (�)-15 by stirring with a cat-
alytic amount of concd HCl in methanol at room temperature for
30 min afforded a diastereomeric mixture of (�)-untenone A which
was recrystallized from hexane to give pure (�)-untenone A, (�)-1
(mp 64.5–66.0 �C; ½a�26

D �73.3 (c 0.60, CHCl3), in 75% yield (99% ee)
(in 37% yield from (�)-9) (Scheme 3). Similarly, (+)-9 (90% ee) was
converted to (+)-untenone A (+)-1 (99% ee) in 41% yield from (+)-9.
Total yield of (�)- and (+)-untenone A was 16–18% (99% ee).13

(±)-Untenone A was prepared in 44% overall yield (based on 1-
iodohexadecane) via seven steps similar to the method for the syn-
thesis of optically active untenone A as shown in Schemes 2, 3 and
5.
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