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Abstract—(3aS*,1aR*)-1a-Methoxy-3a-methoxycarbonyl-2,3,4,5,6,3a-hexahydrocyclopenta[1,2-b]furan was prepared in 96% over-
all yield from 2-methoxycarbonylated cyclopenta-1-one in two steps. This furan derivative is used as a divergent intermediate in the
synthesis of our originally designed chiral resolving agents having various substitutions. During the preliminary evaluation of diver-
gent synthetic products, it was discovered that 3a-(fluoren-9-ylidenemethyl)-2,3,4,5,3a-pentahydrocyclopenta[1,2-b]furan, was a
remarkably improved chiral resolving agent for secondary alcohols.
� 2005 Published by Elsevier Ltd.
Chiral resolution is one of the major methods1–4 used to
obtain optically active secondary alcohols. The avail-
ability of these compounds is important in the produc-
tion of pharmaceutical products, perfumes, displays of
electronics, and various synthetic intermediates.5 We
have reported chiral resolution of dl-2-alkanols by using
3a-benzhydryl-2,3,4,5,3a-pentahydrocyclopenta[1,2-b]-
furan 1 (CPF-Bzh)6 via a mixture of two (not four)
cis-fused diastereomeric acetals7 2, which were easily
separated by the usual method of silica gel chromato-
graphy (Scheme 1).8 However, many steps were required
for the synthesis of 1,8 and three intricate reactions9

(two of palladium-catalyzed reactions and an ozonoly-
sis) were involved. Furthermore, for the sake of high
performance of chiral resolution, there are no grounds
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Scheme 1.
for choice of Bzh group. Thus, a novel, more efficient
synthetic route should be developed to produce CPF
derivatives having various side chains, in order to
achieve a highly efficient chiral resolution.

We report here, the syntheses of new derivatives 7–9 in
short steps, and their performance with respect to chiral
resolution (Scheme 2). The intermediate 6, which occurs
at the diverging point for the synthesis of various CPF
derivatives, was obtained from commercially available
material 3 in two steps, so that this synthesis could be
easily carried out on a large scale. Alkylation of 4 to 3
with suspended potassium carbonate gave 5 in 98%
yield. Treatment of 5 with a catalytic amount of p-tolu-
ene sulfonic acid (p-TsOH) in methanol gave 6 in 98%
yield.

Next, we examined transformation reactions in which
various substitutions were made at the methoxycarbonyl
group of 6. To simplify the design of compounds that
would influence the chiral resolving property through
the side chains, we synthesized preliminary compounds
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Scheme 3. Reagents and conditions: (a) MeLi in THF, 0 �C, 1 h, methanesulfonyl chloride in pyridine, 0 �C, 1 h; (b) diisobutylaluminium hydride in
THF, 2 h, 0 �C, 9-lithiofluorene in THF, 60 �C, 6 h; (c) 6C6H5C6H5Li in THF, 2 h, 0 �C, Li/NH3, 1 h, Pd/C, H2 in AcOEt, 1 h; (d) 2-octanol
(1.1 equiv), pyridinium p-toluenesulfonate in toluene, reflux, 3 h.
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having various side chains without an asymmetric center
or a geometrical isomer at the double bond (Scheme 3).

Double alkylations of 6 with methyllithium followed by
elimination of the resulting hydroxyl group via mesylate
gave 7 in 85% yield. Reduction of 6 with DIBAL-H in
THF at �78 �C followed by addition of 9-lithiofluorene
to the resulting aldehyde gave 8 in 95% yield. Addition
of two 4-phenylphenyllithium to the ester 6 followed
by the treatment with Li/NH3 gave 9 in 56% overall
yield from 6.

Acid-catalyzed alcohol-exchange reactions were exam-
ined for their ability to substitute the methoxy group
for the 2-octyloxy group of 7–9, and evaluate the prop-
erties of the resulting molecules. The corresponding dia-
stereomeric acetals 10 and 11 were obtained from 7 and
8 in toluene in the presence of a catalytic amount of
pyridinium 4-toluenesulfonate (PPTS) after reflux for
3 h, giving yields of 63% and 76% yield, respectively
(Scheme 3). However, the alcohol exchange reaction
gave 12 from 9 in low yield along with several unidenti-
fied byproducts including probably keto alcohol 14. This
occurred even though many conditions were attempted
at varying temperatures, acid catalysts, solvents, and
so on, probably because of steric hindrance due to the
side chain. The DRf values of the obtained diastereomers
on silica gel thin-layer chromatography (TLC)10 are
appended in Scheme 3. Fortunately, in spite of the
preliminary survey, the DRf value of newly synthesized
compounds 10, 11, and 12 (0.113, 0.138, and 0.106,
respectively) were larger than the previously reported
DRf value of 13 (0.099).8 This indicates a possibility that
additional improved chiral resolving agents11 may be
discovered via the divergent intermediate 6.

Since the largest DRf value among all the compounds
examined was recorded by using 8, optically active 15
was prepared to examine the DRf value of a diastereo-
meric acetal with various secondary alcohols (Scheme
4). The diastereomeric mixture of acetal 11 prepared
from (�)-2R-octanol and (±)-8, was separated by sil-
ica gel column chromatography. The less polar com-
pound (�)-11a (½a�20D �59.1, c 1.50, CHCl3) was
transformed to (�)-8 (½a�20D �42.1, c 0.247, CHCl3) with
methanol in the presence of a catalytic amount of PPTS.
The acetal (�)-8 was converted to the alkenyl ether (�)-
15 (½a�20D �9.5, c 0.647, CHCl3) with acetyl chloride,
followed by treatment with triethylamine8 in 84% yield.
Transformation of the corresponding enantiomer from
(�)-11b (½a�20D +0.8, c 1.44, CHCl3) to (+)-15 (½a�20D +9.5,
c 0.962, CHCl3) was also carried out by the same
procedure.

A survey of the chiral resolving property of (�)-15 is
shown in Table 1 and compared with that of ordinary
alkenyl ether (�)-1.

All of the DRf values obtained from a mixture of two
diastereomers 17, which were derived from 15 and 2-alk-



O
OMe

O
O

(-)-11a

C6H13

O
O C6H13

(+)-11b (+)-8

(-)-8

O

(+)-15

O

(-)-15

O
OMe

11
Column
separation

a

a b

b

84%

85%

95%

95%

Scheme 4. Reagents and conditions: (a) p-TsOH in methanol, rt, 1 h; (b) AcCl in CHCl3, rt, 20 h, Et3N in CH2Cl2, reflux, 2 h.

Table 1. DRf values of two diastereomers on TLC8
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PPTS, CH2Cl2

(-)-1: R = benzhydryl
(-)-15: R = fluoren-9-ylidenemethyl

16: R = benzhydryl
17: R = fluoren-9-ylidenemethyl

Entry Secondary alcohol
(R1CH(OH)R2)

DRf of 16 DRf of 17

R1 R2

1 CH3 C3H7 0.045 0.053
2 CH3 C4H9 0.082 0.090
3 CH3 C5H11 0.091 0.111
4 CH3 C9H19 0.147 0.156
5 CH3 C13H27 0.153 0.168
6 b-Naphthyl C3H7 0.000 0.050
7 C6H5 (CH2)3CO2Me 0.000 0.050

Eluent: hexane–toluene = 1:1 (entries 1–6).
Eluent: hexane–ethyl acetate = 5:1 (entry 7).
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anols (entries 1–5 and appended value in Scheme 3 for 2-
octanol) were larger than the corresponding 16 obtained
from 1. We next have examined certain secondary alco-
hols bearing an aromatic ring. By using 1, only one spot
was observed on TLC (entries 6 and 7). In contrast, by
using 15, two distinct spots corresponding to the diaste-
reomers were clearly observed on TLC.

In conclusion, we have developed a more efficient route
for the synthesis of CPF derivatives via 6, and a promis-
ing newCPF derivative 15, and thismethod has a remark-
ably improved chiral resolving property.11 We are now in
a position to carry out further divergent syntheses of var-
ious CPF derivatives and evaluate their properties.
R R

CPF-R R'O-CPF-R
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