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Enantiomerically pure cyclopropyl hemiacetals can be obtained by lipase-catalyzed kinetic resolution of their acylated congeners. It is
demonstrated that lipases from Candida antarctica and Pseudomonas cepacia show enantiodivergent behavior toward these substrates.
Subsequent ring opening of these building blocks can be achieved with ZnCl, leading to chiral, nonracemic a-substituted homoenolate anions.

The exploration of aldol reactions has been the cornerstoneavailability of appropriate precursors. In studies by Kuwajima
of asymmetric synthesis. In particular, the use of chiral and Nakamura, it has been demonstrated that cyclopropanols
enolates has been surveyed thorougdhly.contrast, chiral or cyclopropanone hemiacetals can be ring-opened regiose-
nonracemic homoenolate anions, which are versatile d lectively to afford keto and ester homoenolates, respectively.
building blocks, have found less abundant applications in No racemization was observed when the reaction was carried
asymmetric synthesfsAmong the approaches used to obtain out from enantiomerically pure starting compouridsas
these umpoled reagents, two main strategies have evolvedexemplified in Scheme 4In our recent studies to synthesize

in recent years: (i) metalation of a heterovinyl group non-natural amino acids of type we became interested in
(offensive strategy) and (ii) metalation of protected and these building blocks in enantiomerically pure forab{
suitably substituted carbonyl compounds (defensive strategy),e).” For this purpose, we envisaged a lipase-catalyzed kinetic
respectively?* resolution of acylated cyclopropanone hemiacetals3b—

A third approach called the direct strategy, however, has e. Lipases are well-known for their high degree of stereo-
been utilized only to a minor extent, mainly due to the limited differentiation of secondary alcohols (Kazlauskas rule), but
only a few cases have been reported where tertiary alcohols
have been successfully resolvEd? In these cases, one of
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the substituents was a minor steric hindrance, namely nitrile
or alkine residues. Therefore, we thought it might be possible
to subject cyclopropanone hemiacetdts)-5 to lipase-
catalyzed kinetic resolution with the methylen group exhibit-
ing insignificant steric hindrance, tdé.Another striking
feature in these substrates is that the hydroxy group to be
attacted by the enzyme is part of a hemiacetal. In pioneering
reports, Feringa and Kellogg demonstrated that pyranes
which form stable hemiacetals (from aldehydes) can be
transformed by lipas€d. However, the use of ketone

hemiacetals has been precedentless as we encountered the

stereoselective transformation @f)-5 by lipases. Here we

want to present our results concerning the lipase-catalyzed

resolutions o{+)-5b—e and their transformation into chiral-
nonracemic homoenolat@sas outlined in Scheme 1.

The cyclopropanone hemiacetai—e and their cis-
configured congener$Ob—e are readily prepared via cy-
clopropanation of silyl ketene aceta@b—e and di-
iodomethane as outlined in Schemé*2* Methanolysis of

a diastereomeric mixture afis/transisomers (5:10= 1:1)

in high yields. They can be separated easily by chromatog-
raphy; in general the difference 8f values is greater than
0.4. We have chosen this approach despite itsdisftrans-
selectivity, but at this stage of our studies we wanted to have
easy access to both diastereomers.

At the same time we developed a suitable method to
monitor the kinetic resolution by GLC employing cyclodex-
trin-modified capillary column$® All substrates could be
baseline separated.

Upon screening of various lipases and esteraSasdida
antarcticalipase B (CALB) and’seudomonas cepadipase
(PCL) proved to be suitable for enzymic resolutiortrains
derivatives (+)-5b—&®&17 Unfortunately, the saponified
cyclopropanone hemiacetdlb—e turned out to be of limited
stability during the lipase-catalyzed reaction; as a conse-
guence, the ring-opened esteBb—e could be isolated.
However, the desired isolation of both enantiomerSiofe
could still be accomplished, because the lipases CALB and
PCL showed enantiodivergent behavior towatit)-bb—e
(Figure 1). In the case of the CALB-catalyzed resolutions,

Kazlauskas’'model for
secondary alcohols

Figure 1. Productive vs nonproductive binding of acylated
cyclopropanone hemiacetalsth) enantiopreference &f. cepacia
lipase, (1c) enantiopreference 6f antarcticalipase B toward
substrates (+)-5b—e.
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the silyl acetal and acetylation with acetic anhydride in
pyridine gave the cyclopropanone hemiacetabnd 10 as
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the reaction proceeded faster, leading to products in high
yields and high enantiomeric excesses (Table 1). The optical
purity was determined by GLC as stated above and was
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(15) We used a 6-TBDMS-3-butyrate-2-mettfireyclodextrin-modified
GLC column.

(16) CALB has been provided by Novo Nordisk; PCL has been purchased
from Sigma. The bacterial species PC has been renamed red&untnéld-
eria cepacia), but we contiunue to use the traditional name.

(17) We screened 11 different lipases and 3 different estereases (from
Altus, Amano, Novo, and Fluka).
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Table 1. Results of the Enantiodivergent Kinetic Resolution of Cyclopropanone Hemia&étals

C. antarctica (+)-52 P. cepacia (—)-52
R? [a]p® % eeP yield [%]/time [d] [a]p® eeb yield [%]/time [d]
butyl +29.5 >99 84/11 —28.6 98 70/18
pentyl +25.9 >99 64/7 —23.2 95 34/16
hexyl +22.7 >99 86/4 -21.9 97 75/36
phenyl +55.2 >99 98/3 -52.0 96 5217

a Absolute configuration determined after reactiorbt® Determined via GLC (6-TBDMS-3-butyrate-2-methdeyclodextrin).¢ In CHCls.

proven to be>99% ee. In the case of PCL-catalyzed approach due to the instability of the cyclopropanone
resolutions, the reaction time was prolonged; however almosthemiacetals (Scheme 1). By reduction with LAH af©
no decrease in isolated yields and optical purities, respec-and a quick workup,lb—e could be obtained in almost

tively, was observed. guantitative yields. Treatment with TMS-triflate gave the
The configuration of the products has been determined silylated cyclopropanone hemiacetal derivatives without any

via comparison of known compoun@s therefore, for {)- racemization. Therefore, we proved that the configuration

5b—ea (1S,2S)-configuration and for (—)-5b-&(1R,2R)- of 1b—eis stable.

configuration was establishéél. By stirring silylated hemiacetals in the presence of znCl
Cis-configured cyclopropanone hemiaceteld—e, how- and subsequent hydrolysis of intermediary formed homoeno-

ever, could not saponified using lipase CALB and PCL, lates2b—e, the ring-opened esteB®—e could be isolated
respectively. Other screened lipases failed, *fodhese enantiomerically pure. These experiments demonstrate that
substrates behave in a manner similar to tertiary alcohols,the homoenolate is formed regioselectively without racem-
which have a remote reactivity toward enzyme-catalyzed ization.
saponifications. The scope and limitations of this lipase-catalyzed reaction
To predetermine the stereoselectivity of lipase-catalyzed will be disclosed in due course. In ongoing studies we are
reactions of secondary alcohols, the Kazlauskas model hascurrently exploring conditions to add these nucleophiles to
been endorsed as the most valudBlén Figure 1la, the imines, a reaction which could be termed a “homo-Mannich
substrate alignment of a secondary alcohol in the active sitereaction®.
of lipase CALB is shown. To superimpose the experimentally )
determined configuration of tertiary alcohols)and (—)- Acknowledgment. We are grateful to Prof. W. Kénig,
5, respectively, and the active site model, the arrangementsUniversity of Hamburg, for providing the cyclodextrin-
presented in Figures 1b (for CALB) and 1c (for PCL) may modlf!ed G!_C column. Gifts from Amano and Novo Nordisk
account for the observed enantiodivergent stereoselectivity.2nd financial support by the DFG (We 1826/2-1) and the
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