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Abstract: Convenient preparation of both enantiomers of cis-4-
cumyloxy-2-cyclopenten-1-ol from cyclopentadiene employing a
lipase-mediated resolution was first established. An efficient enan-
tioconvergent transformation of both enantiomeric products afford-
ing (–)-oxabicyclo[3.3.0]oct-6-en-3-one, an important building
block of prostaglandin synthesis, was next established.
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Chiral mono-protected cis-1,4-dihydroxy-2-cyclopent-
enes have proven to be important building blocks for the
synthesis of prostaglandins1,2 and a variety of biologically
active compounds.3 Owing to the 1,4-enediol functional-
ity confined in a five-membered ring having latent meso
symmetry, these mono-protected chiral alcohols have
wide and versatile utility serving as both enantiomers. As
a consequence, numerous procedures involving enzymat-
ic and catalytic procedures have been developed. The
most widely employed protocols are asymmetric desym-
metrization of meso cis-1,4-dihydroxy-2-cyclopentene4,5

and resolution of racemic mono-protected cis-1,4-dihy-
droxy-2-cyclopentene.6 Efficiency of the synthesis is,
therefore, dependent on the availability of the 1,4-cis-di-
hydroxycyclopentene substrates and the enantiospecifici-
ty of the chiral procedures. 

We have developed an efficient procedure for the prepa-
ration of racemic mono-O-tertbutyl-1,4-dihydroxy-2-cy-
clopentene (±)-1 starting from cyclopentadiene.7 This
compound was then resolved under kinetic transesterifi-
cation conditions in the presence of lipase PS-on-Celite
(Pseudomonas sp., Amano) in benzene solution contain-
ing vinyl acetate to give the chiral acetate (–)-2 and the
chiral alcohol (+)-1 in excellent yields.6 However, the use

of an environmentally unacceptable solvent giving the
products with less satisfactory enantiomeric purities, 97%
ee for the former and 91% ee for the latter, prompted us to
improve our present strategy (Scheme 1). We wish to re-
port here an improved protocol utilizing the racemic
substrate8 (±)-4 having a O-cumyl protecting group which
is found to exhibit much better characteristics with respect
to resolution and deprotection.

Scheme 1

Cyclopentadiene, generated from dicyclopentadiene by
thermolysis, was treated with cumyl hydroperoxide in the
presence of copper(II) acetate and iron(II) sulfate in aque-
ous acetic acid9 to give a mixture of cis- and trans-1-ace-
toxy-4-cumyloxy-2-cyclopentene 3 in acceptable yield in
2.6 mol scale. Alkaline methanolysis of the mixture 3 fol-
lowed by oxidation of the cis- and trans-alcohol 4 with
manganese(IV) oxide in dichloromethane afforded the ra-
cemic 4-cumyloxy-2-cyclopentenone (±)-5 in 89% yield.
Reduction of the enone (±)-5 with sodium borohydride in
the  presence of cerium(III) chloride10 proceeded diaste-
reoselectively to give cis-4-cumyloxy-2-cyclopentenol
(±)-4 in 92% yield as a single product (Scheme 2). How-
ever, different from the tert butyl counterpart,6 (±)-4 af-
forded a 5:1 cis/trans-mixture on reduction with
diisobutylaluminum hydride in toluene.

Scheme 2
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We first examined the resolution of the racemic alcohol
(±)-4 under lipase-mediated kinetic transesterification
conditions in an organic solvent. Among the tested immo-
bilized lipases, lipase PS-on-Celite gave the best result.
Thus, stirring (±)-4 with lipase PS in tert butyl methyl
ether containing vinyl acetate5 brought about clear-cut
resolution  to  give the enantiopure acetate11 (–)-6, [a]29

D

–62.03 (c 0.98, CHCl3), in 43% yield with 50% recovery
yield of the enantiopure alcohol (+)-4, [a]31

D +27.52 (c
1.11, CHCl3), after 2 h at room temperature. Enantiomeric
purities were determined by HPLC using a column with a
chiral stationary phase (CHIRALCEL OD, elution with
PriOH-hexane 1:200 v/v). Thus, the cumyl ether (±)-4 was
found to be a much more favorable substrate than the tert
butoxy counterpart (±)-1 for lipase-mediated resolution
(Scheme 3).

Scheme 3

In order to demonstrate the superiority of the cumyl group
over the tert butyl group as the protecting group for the
prostaglandin synthesis, we next examined the synthesis
of (–)-oxabicyclo[3.3.0]oct-6-en-3-one2,12 (–)-8 utilizing
both resolution products (+)-4 and (–)-6 in an enantiocon-
vergent manner. 

Thus, the alcohol (+)-4 was heated with 2.5 equiv. of di-
methylacetamide dimethyl acetal13 in refluxing diphenyl
ether to afford 3R,4S-N,N-dimethyl-4-cumyloxycyclo-
pentenyl-3-acetamide11 (–)-7, [a]28

D –140.57 (c 1.08,

CHCl3), in 84% yield within 30 min. This Eschenmoser
reaction13 was found to be far superior to the acid-cata-
lyzed Johnson type reaction14 using triethyl orthoacetate
as the latter brought about considerable decomposition.
The amide (–)-7 thus obtained was then stirred in a mix-
ture of 10% hydrochloric acid and dioxane (1:1) at room
temperature to give an important prostaglandin intermedi-
ate 1S,5R-oxabicyclo[3.3.0]oct-6-en-3-one (–)-8, mp 43-
44 °C, [a]29

D –103.21 (c 1.02, MeOH) [lit.12 : mp 42 °C,
[a]26

D –102.3 (c 0.7, MeOH)], in 87% yield after 12 h
(Scheme 4).

On  the  other  hand, the acetate (–)-6 was exposed to al-
kaline  methanol  to  give quantitatively the enantiopure
alcohol (–)-4, [a]31

D –27.43 (c 1.01, CHCl3), which was
transformed  into the tertbutyldimethylsilyl (TBS) ether
(–)-9, [a]D

31 –47.01 (c 1.01, CHCl3), in 97% yield under
standard conditions. On the Birch reaction using sodium
in ammonia and THF, the bis-ether (–)-9 afforded the allyl
alcohol (–)-10, [a]30

D –24.53 (1.59, CH2Cl2) having
1R,4S-configuration [lit.15 : for 1S,4R enantiomer, [a]20

D

+24.29 (c 2.47, CH2Cl2)], in 83% yield by cleavage at the
desired carbon-oxygen bonding. This is worth noting as
the cleavage did not occur at another possible allylic car-
bon-oxygen bonding but selectively at the benzylic car-
bon-oxygen bonding under these conditions. The
Eschenmoser reaction of (–)-10 under the same conditions
as above afforded 3R,4S-N,N-dimethyl-4-cumyloxycy-
clopentenyl-3-acetamide (–)-11, [a]27

D –56.55 (c 1.01,
CHCl3), in 77% yield. This compound, on stirring in a
mixture of 10% hydrochloric acid and dioxane (1:1) at
room temperature for 12 h, gave the same lactone above
(–)-8, mp 44 °C, [a]30

D –103.11 (c 1.02, MeOH), in quan-
titative yield (Scheme 5). 

Thus, a new route to an important prostaglandin building
block (–)-8 has been established in an enantioconvergent
way using both enantiomeric starting materials having a
cumyl ether functionality. 

Scheme 4

Scheme 5

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f I

lli
no

is
 a

t C
hi

ca
go

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



1756 H. Nakashima et al. LETTER

Synlett 1999, No. 11, 1754–1756 ISSN 0936-5214 © Thieme Stuttgart · New York

References and Notes

  (1) Corey, E. J.; Fuchs, P. L. J. Am. Chem. Soc. 1972, 94, 4014. 
  (2) Partridge, J. J.; Chadha, N. K.; Uskokovic, M. R. J. Am. Chem. 

Soc. 1973, 95, 7171.
  (3) Myers, A. G.; Liang, J.; Hammond, M. Tetrahedron Lett. 

1999, 40, 5129.
  (4) Takano, S.; Tanigawa, K.; Ogasawara, K. J. Chem. Soc., 

Chem. Commun. 1976, 189.
  (5) A pertinent review, see: Schoffers, E.; Golebiowski, A.; 

Johnson, C. R. Tetrahedron 1996, 52, 3769. 
  (6) Sugahara, T.; Kuroyanagi, Y.; Ogasawara, K. Synthesis 1996, 

1101.
  (7) Takano, S.; Kasahara, C.; Ogasawara, K. Heterocycles 1981, 

16, 605.
  (8) Takano, S.; Iwabuchi, Y.; Takahashi, M.; Ogasawara, K. 

Chem. Pharm. Bull. 1986, 34, 3445.
  (9) Haubenstock, H.; Mennit, P. G.; Bulter, P. E. J. Org. Chem. 

1970, 35, 3208: Stork, G.: Isobe, M. J. Am. Chem. Soc., 1975, 
97, 6260. 

(10) Gemal, A. L.; Luche, T. L. J. Am. Chem. Soc., 1981, 103, 
5454.

(11) Typical procedure: Resolution - A solution of (±)-4 (1.071 
g, 4.91 mmol) and vinyl acetate (2.5 ml) in ButOMe (30 ml) 
was stirred with Lipase PS-on-Celite (1.0 g) at room 

temperature for 2 h. After filtration through a Celite pad, the 
mixture was evaporated and chromatographed on SiO2 
column (elution with EtOAc-hexane 1:4~1:2) to give (–)-6 
(543 mg, 43%) and (+)-4 (535 mg, 50%) both as a colorless 
oil.
Eschenmoser reaction æ A mixture of (+)-4 (2.20 g, 10.08 
mmol), dimethylacetamide dimethyl acetal (3.67 ml, 2.51 
mmol) in diphenyl ether (20 ml) was refluxed (~280 °C) for 
30 min. The mixture was chromatographed on SiO2 column 
(elution with EtOAc-hexane 1:4 to remove Ph2O, then EtOAc-
hexane 1:1) to give (–)-7 (2.44 g, 84%).

(12) Sugahara, T.; Ogasawara, K. Synlett 1996, 319. 
(13) Wick, A. E.; Felix, D.; Steen, K.; Eschenmoser, A. Helv. 

Chim. Acta 1964, 47, 2425. 
(14) Johnson, W, S.; Werthemann, L.; Bartlett, W. R.; Brocksom, 

T. J.; Lee, T. -t.; Faulkner, D. J.; Petersen, M. R. J. Am. Chem. 
Soc. 1970, 92, 741. 

(15) Myers, A. G.; Hammond, M.; Wu, Y. Tetrahedron Lett. 1996, 
37, 3083.

Article Identifier:
1437-2096,E;1999,0,11,1754,1756,ftx,en;Y17099ST.pdf

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f I

lli
no

is
 a

t C
hi

ca
go

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.


