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Abstract

Highly diastereoselective aldol-type condensations induced by the chiral magnesium enolate of tert-butyl p-tolyl sulfinyl acetate were
performed with optically pure alkyl or hydroxy a-substituted aldehydes. The addition of chiral a-sulfinyl acetate to various aldehydes,
a-substituted or not, results mainly with a syn stereochemistry of the two newly created stereocenters. Applications were investigated for
the synthesis of syn and trans 1,2-diol models and polysubstituted precursor for natural products.
� 2008 Elsevier Ltd. All rights reserved.
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The control of the stereochemistry in the synthesis of
complex natural products and their analogs requires vari-
ous methodologies. In particular, much efforts have been
devoted to the prevalent chiral enolate chemistry for the
stereoselective construction of asymmetric centers in aldol
condensation.1 To this end, the use of chiral auxiliaries in
asymmetric acetate aldol addition remains one of the most
common and convenient strategy in organic synthesis. This
procedure is widely developed in the literature to obtain
with high diastereoselectivity, b-hydroxy acid derivatives
which are chiral building blocks for the elaboration of bio-
active compounds.2

For our part, we have been using for the last few years
the chiral a-sulfinyl acetate in asymmetric aldol-type con-
densations3 as shown in Figure 1.

The well known optically active sulfoxide derivatives4

were first studied by Gilman, and then successively devel-
oped by Andersen and Solladié. They are prepared from
diastereomerically pure (�)-(S) or (+)-(R) menthyl p-tolyl
sulfinate 1 by treatment with a Grignard or other organo-

metallic reagents.5 In this way, the two enantiomers of t-
butyl p-tolyl sulfinyl acetate 2 (Scheme 1) were obtained
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Fig. 1. General diastereoselective aldol-type reaction directed by optically
pure a-sulfinyl ester.
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Scheme 1. Synthesis of the enantiomers of tert-butyl p-tolyl sulfinyl
acetate 2.
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in high yield from the appropriate menthyl sulfinate ester
(�)-S 1 or (+)-R 1 and the lithium anion of tert-butyl
acetate.

Subsequently, as shown in Figure 1, an aldehyde can be
added now to the magnesium enolate of the a-sulfinyl
acetate 2, generating two new centers at C1 and C2 whose
stereochemistry is governed by the chirality of the a-sulfi-
nyl ester 2. Such concept of asymmetric aldolization
induced by optically pure sulfinyl ester was pioneered 30
years ago by Solladié and Mioskowski5f,6 and then has
been used successfully in many applications in which an
enantiomerically pure b-hydroxyester was needed.7 Since
then, a number of examples have been reported involving
the use of chiral a-sulfinyl acetamides,8 dihydrooxazoles,9

hydrazones10 or cyclic sulfinamides.11 But in all these cases,
the sulfoxide products were directly subjected to desulfur-
ization resulting in b-hydroxycarbonyl derivatives (or
b-aminoacid, when the sulfinyl ester 2 was added to an
imine function12) with no consideration for the absolute
configuration assignment at C1.

Recently, we have clearly assigned by X-ray analysis the
absolute stereochemistry of the b-hydroxyester 3 (Fig. 2)
which was obtained by direct aldol condensation from
the magnesium enolate of the sulfinylester (�)-S 2 and
achiral 3-benzyloxypropanal.3

Thus, these earlier results revealed a syn aldol relation-
ship between the two newly created centers C1 and C2 as
shown in molecule 3 (mp = 108 �C; [a]D �199 (c 0.85,
CHCl3)) with a coupling constant of 5.5 Hz between H-1
and H-2.13 We have also noticed an unexpected substituent
effect when a,b-unsaturated aldehyde was used which nec-
essarily involves a different transition state as previously
postulated5e (Fig. 3). On this basis we needed to explore
the effect of a-substituted chiral aldehyde in the view to
observe if in this case, the aldolization is matching either
with achiral or a,b-unsaturated aldehyde situation.

In this Letter, we will examine a new series of condensa-
tions using various a-substituted (alkyl or hydroxyl) alde-
hydes. To our knowledge, no examples of a-substituted

aldehydes in aldol condensation with optically pure sulfinyl
ester were described so far. We first achieved in good yield
(65%) the condensation of (�)-R 2 and 3-benzyloxyprop-
anal to isolate by simple crystallization product 4 (mp =
108 �C; [a]D +195 (c 1, CHCl3)), which is the enantiomer
of 3. The structure as well as the syn stereochemistry of 4
were assigned by 1H NMR analysis (J = 5.48 Hz between
H-1 and H-2). That means a real transfer of chirality from
the optically pure sulfinyl acetate to the prochiral a-unsub-
stituted aldehyde with high p-diastereofacial selectivity as
shown in Figure 3.

Interested in the synthesis of natural products, we have
selected compound 10 as a suitable fragment (Scheme 2).
We envisaged our application in aldol condensation of
the chiral sulfinylester (�)-S 2 with the readily available
aldehyde 9 having an a-methyl group.

Aldehyde 9 was obtained by baker’s yeast microbial
reduction of ethyl acetylacetate to produce the (S)-ethyl
b-hydroxy butanoate 5 in high enantiomerical purity.14

Then a-alkylation with LDA/MeI, according to the
Frater–Seebach protocol15 led to the anti compound 6 in
63% yield. A sequential silylation–reduction of the ethyl
(+)-(2S,3S) 3-hydroxy-2-methylbutyrate 6 followed by a
Swern oxidation16 furnished the desired aldehyde 9 (69%
yield for three steps). Subjection to an aldol condensation
with the chiral sulfinylester (�)-S 2 provided the expected
sulfoxide 10 as the sole isomer according to the 1H NMR
analysis of the crude material. Sulfoxide 10 was isolated
by column chromatography from the unreacted sulfinyl
ester, as an oily compound (68% yield, [a]D �130 (c 0.82,
CHCl3)). Its absolute stereochemistry was elucidated by
NMR analysis. A coupling constant of 3 Hz is consistent
with a syn stereochemistry between H-1 and H-2 in com-
parison with the value of 5.48 Hz for the known syn correl-
ation in 3 and 4. Moreover, an anti stereochemistry was
clearly established (NOESY) between H-2 and H-3. Conse-
quently, on the basis of 1H NMR spectral data we assigned
the configuration (SS,1R,2S,3R,4S) to sulfoxide 10.

Then, we extended this aldol-type condensation to a-
hydroxy substituted aldehydes leading to the synthesis
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Fig. 2. Configuration of 3 and 4 obtained by aldolization reaction.
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Fig. 3. Illustration of a plausible chelated intermediate.
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Scheme 2. Synthesis of sulfoxide 10.
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