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ABSTRACT

High stereoselectivities (up to 98% de) have been achieved for the Lewis acid-mediated cross-coupling reaction of dimethyl acetals to a chiral
1,3-thiazolidine-2-thione-derived titanium enolate. The reaction affords enantiopure anti r-methyl-â-alkoxy carbonyl compounds in a wide
range of acetals.

Over the past 15 years, the Lewis acid-mediated reaction of
acetals with silicon-containing nucleophiles has proven to
be a powerful method for carbon-carbon bond formation.1

Methods employing either chiral acetals2 or crotylsilanes3

are well-known and provide nonracemic adducts that, in turn,
can be transformed into enantiopuresyn R-alkyl-â-alkoxy
carbonyl compounds.3f,4 Despite the success of these ap-

proaches, most of the strategies addressing the synthesis of
enantiomerically pureR-alkyl-â-alkoxy carbonyl compounds
rely on a two-steps process: (i) enantioselective aldol
reaction and (ii) alkylation of the aldol adduct.5 Taking into
account that the second step is often troublesome,6 and that
the integration of a multistep sequence in a single transfor-
mation increases the efficiency of a process, we envisioned
that an enantioselective reaction of metal enolates with
acetals might afford the aforementioned systems in a
straightforward manner.7 Inspired by the stereoselective
addition of chiral titanium enolates to ortho esters reported
by Evans,7b and taking advantage of our own experience,8
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we have developed a general and efficient methodology to
gain access toanti R-methyl-â-alkoxy carbonyl structures
on the basis of the reaction of the titanium enolate arising
from (S)-4-isopropyl-N-propanoyl-1,3-thiazolidine-2-thione
(1)9 with dimethyl acetals.

In preliminary studies, we observed that the titanium
enolate of1 underwent addition to benzaldehyde dimethyl
acetal at-50 °C in moderate yield. Given that the presence
of a Lewis acid in the reaction medium might enhance the
electrophilicity of the acetal and promote the formation of
the desired adduct, we decided to evaluate the effect of
several Lewis acids. We were then pleased to find that
treatment of a solution of titanium enolate of1 with 1 equiv
each of BF3‚OEt210 and benzaldehyde dimethyl acetal in
CH2Cl2 at-78°C smoothly furnished the correspondinganti
adduct2a in diastereomeric ratio of 86:14; enantiopure2a
was subsequently isolated by means of chromatographical
purification in 75% yield (see Scheme 1 and Table 1).11

The above-mentioned mild conditions also afford good
yields and diastereoselectivities in the case of aromatic (a-
d) andR,â-unsaturated acetals (e-f), as shown in Table 1.
However, lower yields were obtained in the case of aromatic
acetalg and acetalsh-j, derived from aliphatic aldehydes,
even at higher temperatures. These less reactive substrates
require a more powerful Lewis acid such as SnCl4 in order
to attain similar yields and diastereoselectivities up to 93:7
(Table 1).12

The stereochemistry of the adducts2a, 2d, and3d was
established by X-ray diffraction analysis (Figure 1)13 and,
in the case of2i, it was confirmed by chemical correlation.

Although the mechanistic details are currently under
scrutiny, it is likely that the reaction proceeds via an SN1-
like process.14 Thus, the observed stereochemistry might be
ruled by an open transition state which involves the approach
of an intermediate oxocarbenium ion to the less hindered
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Table 1. Stereoselective Synthesis ofanti R-Methyl-â-alkoxy
Carbonyl Compounds

a dr by HPLC.b Isolated yield of2. c Diethyl acetal was used.d After
15 min at-78 °C. e Isolated yield of the corresponding ethyl ester.

Figure 1. X-ray crystal structure of2a.

Scheme 1a

a See ref 12.
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face (Siface) of a putative chelated15 Z-enolate and deter-
mines theR configuration at theR-center.16 Furthermore,
transition states TS-A and TS-B shown in Scheme 2 can be

invoked in order to explain the stereochemistry of2 and3,
assuming that interactions of the substituents of the oxocar-
benium ion and the auxiliary must be minimized. Then, the
preferential formation of theanti adduct can be rationalized
through an antiperiplanar arrangement (TS-A) on the basis
of stereoelectronic and steric considerations.17

The chiral thiazolidinethione auxiliary can easily be
removed by using a variety of methods, which allows the
adducts to be transformed into a wide range of deriva-
tives.8,9,18As a model,2a was converted into the correspond-
ing enantiopure alcohol4, aldehyde5, carboxylic acid6,

ethyl ester7, morpholine amide8, and Weinreb amide9
under very mild conditions and in excellent yields as shown
in Scheme 3. In all cases, the end point is reached when the

initial yellow solution becomes almost colorless.19

In summary, we have described a simple and efficient
methodology to obtain enantiopureanti R-methyl-â-alkoxy
carbonyl compounds based on the stereoselective addition
of a chiral titanium enolate to a wide range of acetals. The
adducts can be, in turn, easily transformed into a large
number of 1,3-dioxygenated compounds with a high interest
in organic synthesis.
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Scheme 2
Scheme 3 a

a (a) NaBH4 (4.5 equiv), THF-H2O, rt, 4 h; (b) DIBAL-H (1.1
equiv), CH2Cl2, -78 °C, 3 h; (c) LiOH‚H2O (6 equiv), CH3CN-
H2O, rt, 12 h; (d) EtOH, DMAP cat., rt, 24 h; (e) morpholine (4
equiv), THF, rt, 12 h; (f) NH(OMe)Me‚HCl (1.5 equiv), Et3N (1
equiv), DMAP cat., CH2Cl2, rt, 24 h.
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