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Abstract: Treatment of racemic 2-trimethylsilylethynyl-2-cyclopentenol [(+)-1] with vinyl
acetate in the presence of lipase PS in toluene yielded a 1:1 mixture of the unreacted (S)-
alcohol [(S)-1] and the (R)-acetate [(R)-7] which without isolation afforded the chirally
homogeneous (R)-alcohol [(R)-1] in 73% overall yield on reaction with acetic acid in the same
reaction medium in the presence of diisopropyl azodicarboxylate and triphenylphosphine,
followed by reductive deacylation of the resulting (R)-acetate [(R)-7]. On the other hand,
hydrolysis of the racemic acetate [(+)-7], obtained from [(¥)-1], in a phosphate buffer solution
in the presence of lipase PS yielded a 1:1 mixture of the (R)-alcohol [(R)-1] and the unreacted
(S)-acetate [(5)-7] which without separation, furnished the enantiomerically homogeneous (S)-
alcohol [(S)-1] in 75% overall yield on treatment with acetic acid under the above Mitsunobu
conditions, followed by reductive deacylation of the resulting (S)-acetate [($)-7].

Optically active 2-trimethylsilylethynyl-2-cyclopentenol (1) is a potentially useful chiral building block
owing to the presence of an allylic double bond and an ethynyl side chain nearby the secondary hydroxy
group on the chiral center. So far its potential has already been demonstrated by the synthesis of two
medicinally important materials, 1,25-dihydroxycholecalciferol (2) and vincamine (3), in which the (R)-
enantiomer was used for the construction of the A ring moiety of the formerl and the (§)-enantiomer was used
for the construction of the non-tryptamine moiety of the latter2 (Scheme 1). Intending to exploit 1 and the
related chiral compounds more extensively as versatile chiral building blocks, we have been investigated
enantiotopical preparation of these compounds3 and, herewith, wish to report an expeditious enantiocomple-
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mentary preparation of both enantiomers of optically pure 1 by homochiralization of the racemic substrate
[@)-1] by employing lipase mediated enantiospecific acylation and deacylation reactions as the key steps.
The basic concept of the present preparation is that lipases can both acylate and hydrolyze an appropriate
substrate depending on the conditions employed.+.3

Cross-coupling® of the racemic 2-iodo-2-cyclopentenol (6), obtained from cyclopentenone (4) in 58%
overall yield via the iodide? (5), with trimethylsilylacetylene in DMF in the presence of palladium catalyst,
copper(l) iodide, and Hiinig base afforded the racemic cyclopentenol [(+)-1] in 78.9% yicld (Scheme 2).
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Scheme 2
Reagents and conditions: (a) Ia, pyridine, CCla; (b) NaBHy, CeCls, MeOH; (c) TMS-acetylene, PA(PPh3)4
(cat.), Cul (cat.), i-PraNEt, DMF.

When (1)-1 was stirred with two equivalents of vinyl acetate in the presence of lipase PS (Amano,
Pseudomonas sp.) in toluene at 30 °C, the reaction terminated after 120 h to afford the unreacted (-)-1, mp 43
°C, [a]p3? -19.8 (c 0.59, CHCl3), 299% ee8 and the acetate [(+)-7], [a]p27 +52.4 (¢ 1.00, CHCl3), 299% ee,8
in yields of 47 and 48% after separation by silica gel column chromatography. The latter compound could be
transformed into (+)-1, mp 43.5 °C, [a]p30 +19.5 (¢ 0.59, CHCl3), 299% ee,8 in 85% yield by reductive
deacylation using lithinm aluminum hydride in THF (Scheme 3).
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On the other hangl,'when the racemic acetate (£)-7, obtained in 91% yield from the racemic alcohol [(+)-
1], was stirred with tH¢ same lipase (lipase PS) in 0.1 N phosphate buffer solution at 30 °C, the reaction
terminated after 48 h thiafford the (+)-alcohol [(+)-1], mp 43.5 °C, [alp32 +19.5 (¢ 0.80, CHCl3), >99% ee,8
and the unreacted accthh*: [(-71, [o1p?® —53.6 (¢ 1.08, CHCl3), 299% ee,8 in yields of 46.2 and 43.0% after
separation by silica gel column chromatography. The latter furnished (~)-1, mp 43.5 °C, [a]p2® —19.4 (¢ 1.19,
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CHCl3), 299% ee,8 in 86% yield on reductive deacylation with lithium aluminum hydride in THF (Scheme
4).

Because both of the acylation and the deacylation brought about clear-cut enantiotopical discrimination
of the specific enantiomers giving rise enantiocomplementarily to the alcohol (1) and the acetate (7) as a 1:1
mixture, we next atiempied to make these two approaches complementary so as to produce a single product
being enantiomeric to each other. Thus, the racemic alcohol [(£)-1] was reacted with vinyl acetate as above in
the presence of lipase PS in toluene. The reaction mixture, after removal of the insoluble material by
filtration, was then subjected to the Mitsunobu reaction® using 1.6 equivalent of acetic acid in the presence of
diisopropy! azodicarboxylate and triphenylphosphine to convert the unreacted (—)-alcohol [(-)-1] into the (+)-
acetate [(+)-7] with inversion of configuration.l0 The reaction proceeded in the expected way with
consumption of the alcohol to furnish the (+)-acetate [(+)-7] which after isolation was reduced with lithium
aluminum hydride to give the (+)-alcohol [(+)-1] having an optical purity of 87.5% ee8 in an excellent yield.
Very fortunately, purification by a single recrystallization gave an optically pure (+)-1 (299% ee8) in 73%
overall yield from the racemic substrates [(+)-1]. Since the Mitsunobu reaction of the optically pure (-)-1
(299% ee) under the same conditions was found to proceed but losing some extent of the original chiral
integrity to afford the inverted acetate [(+)-7] having optical purity of 89% ee, the resulting stereochemical
outcome above may be reconcilable.

The racemic acetate [(+)-7] , on the other hand, was treated with lipase PS as above in a phosphate
buffer solution to give a mixture of the (+)-alcohol [(+)-1] and the unreacted (-)-acetate [(-)-7] . The mixture,
without separation, was reacted with acetic acid in THF solution in the presence of diisopropyl
azodicarboxylate and triphenylphosphine to convert the former [(+)-1] into the latter [(—)-7] with inversion of
chirality. The single (-)-acetate [(-)-7] thus obtained was reductively deacylated with lithium aluminum
hydride to give the (-)-alcohol [(-)-1] having optical purity of 89% ee8 which on a single recrystallization
afforded the optically pure (-)-alcohol [(-)-1] in 299% ee.8 Overall yield of optically pure (-)-1 from the
racemic acetate (1)-7 was 75% (Scheme 5).
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Stereochemistry of the products could be determined by transforming the (+)-alcohol [(+)-1] into the
key intermediate (9) of 1,25-dihydroxycholecalciferol (2) via 8 by the established routes!-3 which indicated

unambiguously the (+)-enantiomer [(+)-1] to have R-configuration and thereby (-)-1 to have S-configuration
(Scheme 6).
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In conclusion, wle have developed an enantiocomplementary preparation of optically pure 2-

trimethylsilylethynyl-2téyclopentenol (1) by homochiralization of the racemic precursors via sequential
kinetic resolution using the same lipase and the Mitsunobu inversion without separation of the reaction
intermediates. Utilization of the optically pure compounds for the construction of optically active materials as
well as application of the present technology to the preparation of other chiral building blocks are currently
under investigation.

References and Notes

1.

10.

Kabat, M.; Kiegi¢l, J.; Cohen, N.; Toth, K.; Wovkulich, P. M.,; Uskokovic, M. R. Tetrahedron Lett.
1991, 32, 2343, See also : Wilson, S. R.; Venkatesan, A. M.; Angeli-Szafran, C. E.; Yasmin. A.
Tetrahedron Lert. (1991, 32, 2339.

Takano, S.; Suzuki, M.; Ishizaki, M.; Takahashi, M.; Ogasawara, K. to be published.

Takano, S.; Yamanek, T.; Takahashi, M.; Ogasawara, K. Synlerr 1992, 410.

cf. Klibanov, A. M. Acc. Chem. Res. 1990, 23, 114; Boland, W. Frossl, C.; Lorenz, M. Synthesis 1991,
1049; Faber, K.; Riva, S. ibid. 1992, 895.

Some preceding examples: Laumen, K_; Breitgoff, D.; Schneider, M. P. J. Chem. Soc., Chem. Commun.
1988, 1459; Takamo, S.; Yamane, T.; Takahashi, M.; Ogasawara, K. Tetrahedron: Asymmetry 1992, 3,
837; Takano, S.; Setoh, M.; Ogasawara, K. Tetrahedron: Asymmetry, in press.

Sonogashira, K.; Tohda, Y.; Hagihara, N. Tetrahedron Lett. 1975, 4467.

Johnson, C. R.; Adams, P. A.; Braun, M. P.; Senanayake, C. B. W.; Wovkulich, P. M.; Uskokovic, M.
R. Tetrahedron Lett. 1992, 33, 1917.

Optical purity was determined by hplc using a Chiralcel OJ column (i-PrOH-hexane 2:98 v/v).
Mitsunobu, O. Synthesis 1981, 1.

The preceding e hmple of the homochiralization of a racemic substrate by cembination of lipase
mediated enantiospecific acylation and the Mitsunobu reaction: Danda, H.; Furukawa, Y.; Umemura,
T. Synletr 1991, 441.




