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Abstract: Catalytic asymmetric aldol reaction of the silyl enol ether derived from S-ethyl
ethanethioate with achiral aldehydes is carried out by using chiral diamine-coordinated tin(II)
triflate to afford the corresponding aldol-type adducts, a-unsubstituted B-hydroxy thioesters, in
good yields with high ees.

Optically active o-unsubstituted B-hydroxy esters are veratile chiral building blocks in organic synthesis.
Asymmetric aldol reaction of the enolates derived from acetic acid esters with carbonyl compounds is one of the
most important and convenient tools for the preparation of the esters, although the selectivity in this reaction has
been generally low.! However, the corresponding reactions of a-substituted enolates with aldehydes proceed
with a highly stereoselective manner,2 and recently some improved methods for the preparation of .-
unsybstituted-B-hydroxy ketone or ester equivalents have been reported, but in every case they require a
stoichiometric amount of chiral source.3

We have already reported that the asymmetric aldol reaction of the silyl enol ethers of S-ethyl or S-t-butyl
ethanethioate? or S-ethyl propanethioate with aldehydes may be performed with excellent diastereo- and
enantioselectivities by the use of a new chiral promoter consisting of stoichiometric amounts of chiral diamine-
coordinated tin(II) triflate and tributyltin flucride’ or dibutyltin diacetate.6 Further, catalytic asymmetric aldol
reaction of the silyl enol ether of S-ethyl propanethioate with aldehydes is also successfully carried out by using
chiral diamine-coordinated tin(II) triflate.7
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In this communication, we would like to describe the catalytic asymmetric aldol reaction of the silyl enol
cther of acetic acid thioester with aldehydes, which is unprecedented as far as we know.

Initially, the reaction of the silyl enol ether of S-ethyl ethanethioate (1) with cyclohexanecarboxyaldehyde
(2) served as a model system to test the influence of several reaction conditions. Our proposed catalytic cycle is
shown in Scheme 1. The metal exchange reaction of 3 with trimethylsilyl triflate (TMSOTY) to regenerate the
catalyst is considered as a key step, therefore, when this step is slow, undesirable achiral TMSOTf-mediated
aldol reaction proceeds at the same time to result in lowering the selectivities. In order to keep TMSOT( in as
low a concentration as possible during the reaction, the slow addition of the substrates to the catalyst was tried.
When the dichloromethane solution solution of 1 and 2 was slowly added over 3.5 h to the dichloromethane
solution of the catalyst consisting of tin(Il) triflate and (8)-1-methyl-2-[(N-1-(5,6,7,8-tetrahydronaphtyl)
amino)methyl]pyrrolidine (4),8 the corresponding aldol-type adduct was obtained in 76% yield with 73% ee.
The enantioselectivity was improved to 80% ee by prolonging the addition time (6 h). In addition, solvent is
also quite crucial in this reaction and when propionitrile was employed as a solvent as shown in the previous
paper,’V it was found that the optical purity was improved up to 92% ee.
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Several examples of this catalytic asymmetric aldol reaction are listed in Table 1. In every case, aldol-
type adducts, c.-unsubstituted-B-hydroxy thioesters, are obtained in good yields with high enantiomeric
excesses.

A typical experimental procedure is described for the reaction of 1 with an aldehyde; to a solution of
tin(II) triflate (0.08 mmol, 20 mol%) in propionitrile (1 ml) was added 4 (0.088 mmol) in propionitrile (1 mi).
The mixture was cooled to -78°C, then a mixture of 1 (0.4 mmol) and an aldehyde (0.4 mmol) was slowly added
to this solution over an appropriate time (see Table 1). The mixture was further stirred for 2 h, then quenched
with saturated aqueous sodium hydrogen carbonate. After usual work up, the aldol-type adduct was isolated as
the corresponding trimethylsilyl ether.
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Table 1. Catalytic Asymmetric Aldol Reaction of the Silyl Enol Ether of
S-Ethyl Ethanethioate with Aldehydes

Aldehyde Diamine Addition time/h  Yield%  ee/% ®
CH,(CH,)sCHO 4 4 79 93
CH,(CH,),CHO 4 6 79 91

cCgH,,CHO 4 45 81 92
-PrCHO 4 4 48 90
CH,4(CH,),CH=CHCHO 5 20 65 72
NBUC=CCHO 4 5 68 8g ¥
Me;SiC=CCHO 4 3 75 77 ©
PhC=CCHO 4 6 71 79 »
C4FsC HO 5 20 90 68

R

a) Determined by HPLC analysis (Daicel Chiralcel).
b) Dichloromethane was used as a solvent.

) 30mol% of tin(Il) triflate and chiral diamine was employed.
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Thus, the catalytic asymmetric aldol reaction of 1 with several aldehydes by the use of chiral diamine
coordinated tin(II) triflate, is successfully attained. Several synthetically valuable a-unsubstituted-p-hydroxy
thioesters are prepared in high optical purities according to the present procedure.
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