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The oxidative coupling of organosilver and organocopper compounds has been
extensively studied for a long time.1 Nevertheless, as for the metal-promoted

coupling of enolate anions only few examples are known.2’3’4

For instance,
Rathke and Lindert reported the dimerization of lithium ester enolates promoted
by copper (II) salts,3 and Ito et al. presented the regiospecific coupling of
silyl enol ethers by the action of silver oxide in dimethyl sulfoxide.4 We wish
to describe here the facile synthesis of substituted succinates by the dimeriza-
tion of ketene silyl acetals promoted by titanium tetrachloride, in which tita-
nium(IV) enolates (3) are assumed to be a reactive intermediate.

A typical procedure is described for the reaction of dimethylketene methyl
trimethylsilyl acetal with titanium tetrachloride: To a dichloromethane solution
(10 ml) of dimethylketene methyl trimethylsilyl acetal (la, 1.74 g, 10 mmol) was
added dropwise 10 ml (10 mmol) of an 1M solution of titanium tetrachloride in
dichloromethane at ambient temperature. The reaction mixture was stirred for
60 minutes at ambient temperature, and the resulting dark brown solution was
poured into ice-water for hydrolysis. The organic layer was separated, washed
with water, dried over anhydrous magnesium sulfate, and distilled to afford 0.81
g (80 %) of dimethyl tetramethylsuccinate (2a).

The present coupling reaction is extremely sensitive to the metal salt
employed, e.g., under similar conditions described above except employing a pro-

longed period of time (24 hr), the succinate 2a was obtained in only 13 % yield
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on using ferric chloride, and only a trace of 2a was detected by GLC analysis

on using cupric bromide or cuprous chloride and moreover, no reaction occurred

at all on using titanium trichloride.

ingly effective agent for the reaction.

Thus,

titanium tetrachloride is an exceed-

Results obtained with a variety of ketene silyl acetals using titanium

tetrachloride are summarized in Table 1.

As evident in Table 1, the yield of

the dimer is not influenced by the extent of the steric congestion on the react-

ing carbon. The fact is of particular interest since the coupling of either

silver (I) enolates4

or lithium ester enolates promoted by copper(II) salts3 is

known to be very sensitive to the steric hindrance, e.g., diethyl tetramethyl-

succinate was obtained in only 25 % yield by the copper (II)-promoted coupling of

the lithium enolate of ethyl isobutyrate whereas di-t-butyl succinate was produced

in 85 % yield from t-butyl acetate under the same set of reaction conditions.3
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Table 1. The dimerization of ketene silyl acetals promoted by titanium
tetrachloride

Ketene illyl agetal (%) Product (3)5 Yield (%)g
R R R R
a Me Me Me Me Dimethyl tetramethyl- 80
succinate
b Me H Me Me Dimethyl 2,3-dimethyl- 79
succinate
c Me H Ph Me Dimethyl 2,3-diphenyl- 73
succinate
d Me 4CH2+3 Me Dimethyl bicyclohexyl- 78

1,1'-dicarboxylate

a Usually obtained as a mixture of stereoisomers. The identity of all products
was verified by spectral and elemental analyses and/or by comparison with pub-
lished physical properties. b Isolated yield after distillation or recrystal-
lization.

Although a detailed understanding of the reaction mechanism must await
further investigation, for the present, our results can be accommodated by a
radical-coupling mechanism via titanium(IV) enolates (3) as key-intermediate,
which may generate an enolate radical (4) together with the formation of tita-
nium(III) trichloride.

As the preparation of ketene silyl acetals from esters is a well-establish-
ed reaction,5 the present reaction may furnish a convenient route to succinate
derivatives, especially to highly substituted succinates, from the corresponding
esters. This method also has the advantage of requiring neither special polar
solvents nor special set of reaction conditions.

Further studies on the titanium(IV)-promoted coupling of enolates are under

active investigation.
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