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Abstract

The baker’s yeast reduction of J-ethyl 1-allyl-2-oxocyclopentanecarboxylate under agueous conditions in the
presence of CuO yields §125)-(+)-ethyl 1-allyl-2-hydroxycyclopentanecarboxylate and the unreacted enantiomer
(1R)-(-)-ethyl 1-allyl-2-oxocyclopentanecarboxylate. The absolute configuration of the secondary alcohol was
determined from the X-ray crystal structure of th&f10-camphorsulfonyl derivative of §25)-(+)-ethyl 1-allyl-
2-hydroxycyclopentanecarboxylate. This refutes configurational claims based on CD/ORD and chemical affiliation
techniques currently reported in the literature for this reaction. © 1999 Elsevier Science Ltd. All rights reserved.

In a project related to the synthesis of enantiopeisxcis-spiro[4.4]nonane-1,6-didl,we repeated
the procedure reported by Fraga and Barfeinm which they report that)-ethyl 1-allyl-2-oxocyclo-
pentanecarboxylatet()-1 can be selectively reduced [§accharomyces cerivisiggaker’s yeast) in
the presence of CuO to giveRRR)-(+)-ethyl 1-allyl-2-hydroxycyclopentanecarboxylate @and the
unreacted enantiomer of tiffeketoester ($)-(-)-1 (top arrow of Scheme 1). We provide evidence herein
that the kinetic reduction of#()-1 with baker’s yeast provides §29)-(+)-2 ([&]p?°-® +27.9 (c=1.2,
CHClz)) and (R)-(-)-1 ([«]p?'1 -33.4 (c=1.2, CHQ)) (bottom arrow of Scheme 1).

The previously claimed configuration of secondary alcoholA+yas assigned by default after the
absolute stereochemistry of (3)was determined by: (1) measuring the CD/ORD spectrum ofL{-)-
and (2) by comparing the sign of the optical rotation of 8+)which was prepared from (-)4n three
steps, with the known diester$jk(+)-4* (Scheme 2). Based on this correlation, Fraga et al. claimed this
reduction with baker’s yeast was an exception to Prelog’s Rules.

Because (+2 is a key starting material for our synthesis of spirodiols, we decided to unambiguously
assign the absolute configuration in @&)To ensure the correct absolute configuration ofZ-a)d (-)4,
we treated £)-1 under the same agueous enzymatic reducing conditions described by Fraga et al. (bottom
arrow of Scheme 1) and treated the secondary alcohd @ith (19)-(+)-10-camphorsulfonyl chloride
in the presence of Ngin CH,Cl, (Scheme 3¥. This provideds as a solid. The X-ray crystal structtire
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of ester5 clearly showed that the absolute configuration of Z+#)as in fact the product predicted by
Prelog’s rules, notably §29)-(+)-ethyl 1-allyl-2-hydroxycyclopentanecarboxylate. To be sure that the
camphorsulfonyl chloride shippgdo us was indeed the §)-(+)-enantiomer of 10-camphorsulfonyl
chloride, the optical rotation was measured and found toojg’f-¢ +30.9 (c=0.990, CHG), which
compared favorably to the literature value of]2>° +32.1 (c=1, CHGQ).° To further confirm the
absolute configuration d, a Bijvoet? analysis was conducted on the cyrstalSpiwhich confirmed

the absolute configuration as that shown in Scheme 3.
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As secondary proof of the absolute configuration of Ziywe decided to convert §29)-(+)-2 into
(1S,29)-(+)-6, whose absolute configuration has been repditddansesterification of @29)-(+)-2 with
HCI in refluxing MeOH in the presence of acetyl chloride for 12 days yielded methyl eS@5(+)-
6 (Scheme 4). Compound $RS)-(+)-6 had an optical rotation ofof]p +25.6 (c=1.875, CHG) that
closely matched the optical rotation reported by Seebagb §26.3 (c=1.87, CHG)) thereby further
confirming the absolute configuration of§2S)-(+)-2.
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It should also be noted that significant improvements on the reported yield of the baker's yeast
reduction of ¢)-1 were achieved. The reaction was carried out under the same conditions outlined by
Fraga et al. with the exception that we only let the reaction run for 24 h instead of 48 h. In addition to
the ethyl acetate extraction of the reaction filtrate, the yeast residues were subjected to Soxhlet extraction
in chloroform. Yields of 39% and 40% were obtained for (=&nd (+)2, respectively, which compare
favorably with yields reported for the organic phase baker’s yeast reductiarn)-df. (

Therefore we have shown that the baker’s yeast reduction)ef @ctually produces 829)-(+)-2 and
(1R)-(-)-1. In addition, the kinetic reduction with baker’s yeast follows Prelog’s rules for the prediction
of the absolute configuration for the formation @fhydroxyesters fronf3-ketoesters as reported by
others!?
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