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Regioselective reactions of enolates of unsymmetrical ketones
are of fundamental importance in organic synthesis, the most
familiar reactions beingR-alkylations,1 aldol additions,2 and the
Michael addition.3 An unsymmetrical ketone can form the two
regioisomeric enolates1 and2 upon deprotonation (Scheme 1).2a,4

The deprotonation of unsymmetrical ketones results in the less
substituted enolate1 by irreversible kinetic control, whereas those
reactions under thermodynamical control usually yield the more
substituted product2. The latter product is produced during an
equilibrium with moderate regioselectivity.5 In the more favorable
cases, one regioisomer can greatly predominate in the equilibrium
mixture, but often the equilibrium constant is not sufficiently high
enough to achieve an acceptable regioselectivity. Furthermore,
even if one prepares a regiodefined enolate, problems may occur
with proton-transfer.6 There do exist a few methods for generating
the more-substituted enolates with high selectivity,7 but examples
of high regioselectivity obtained with these reactions are rare.
Recently, Yamamoto et al. have described a case of high

regioselectivity obtained withR-alkylation. The reaction occurs
at the more hinderedR-side of unsymmetrical ketones, through
the use of bulky aluminum alkoxides in the presence of lithium
diisopropylamide.8

We describe here a very simple and efficient method for the
direct aldol addition of aldehydes at the encumberedR-side of
unsymmetrical ketones. In the presence of substoichiometric
quantities of TiCl4, reactions of ketones with aldehydes at room

temperature resulted in high syn selectivity and good yields of
3-hydroxy ketones (Scheme 2).9

These reactions were carried out in the absence of base, in
contrast to the previously reported method by Evans (TiCl4 and
base).10 Ketones are used directly in this reaction: no formation
of the activated corresponding silyl enol ether is required. As
an example, the TiCl4-mediated reaction of methyl ethyl ketone
with aldehydes gave a highly syn selective and high regioselective
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Table 1. Regioselective Aldol Addition of Unsymmetrical Ketones

a The carbon atoms indicated with an asterisk are the encumbered
R-side.bRatios were determined by1H and 13C NMR (CDCl3, 300
MHz) on the crude material.c For a representative aldol addition see
ref 9c.
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aldol addition at the more encumberedR-side of the ketone
(Scheme 2). To widen the applicability of our results, reactions
utilizing various unsymmetrical ketones were conducted with the
obtained results summarized in Table 1. Excellent discrimination
between the more hinderedR-side and the less-substitutedR-side
of the ketone was also observed.
The mechanism involved in this reaction still remains unknown,

but investigations are currently in progress. Nonetheless, the

unsually high regioselectivity can be interpreted from observations
made by aldol additions of aldehydes to functionalized unsym-
metrical ketones in the presence of substoichiometric amounts
of TiCl4. For example, no aldol addition occurs at all by reacting
2.4-pentanedione or fluoracetone with benzaldehyde. These
ketones are too acidic for this reaction, due to their electron-
withdrawing substituents. Furthermore, aldol addition at the
unsubstitutedR-side, through the reaction of 1-chloro-3-pentanone
with benzaldehyde, resulted in only poor yields under our
conditions. These results indicate the predominance of electronic
effects in the regioselective outcome of this reaction. The aldol
addition of aldehydes appears to occur at the less electronegative
R-side of unsymmetrical ketones or, from the stereochemical point
of view, at the more hindered and substitutedR-side.
In conclusion, high regioselective addition of aldehydes at the

more encumberedR-side of unsymmetrical ketones was achieved
in a TiCl4-mediated aldol addition.
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