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Abstract—The cross-coupling reaction of dianion cuprates, generated from ketone �,�-dianions and copper salts, with acid
chlorides, was studied. The reaction gave good to moderate yields of unsymmetrical 1,4-diketones. The consecutive treatment of
a dianion cuprate with cyclohexanecarbonyl chloride and methyl iodide or two different acid chlorides gave 2-methyl-substituted
1,4-diketone or triketone, respectively. © 2002 Elsevier Science Ltd. All rights reserved.

In spite of the rapid growth of the anion chemistry in
organic synthesis,1 the potential of dianions as synthetic
intermediates has yet to be fully explored. Of particular
interest to us is the use of ketone dianions (enolate
anions having another carbanion function) as a plat-
form for the construction of a ketone framework and,
related to this, we have previously reported on the
generation of ketone �,�-dianions 2 and their reactions
with electrophiles.2,3 Dianion cuprates 34 are unique,
since, in contrast to dianion zincates,5 which undergo a
normal mode of conjugate addition to enones to give
unsymmetrical 1,6-diketones, they undergo formal [3+2]
cycloadditions with enones to give bicyclic alcohols
(Scheme 1). Since the reaction of organocuprate
reagents with acid halides is one of the most popular
reactions available for the synthesis of unsymmetrical
ketones,6 this fact led us to examine the reaction of

dianion cuprates with acid chlorides. In this communi-
cation, we report that (i) the desired cross-coupling
reaction takes place even with the case of dianion
cuprates, thus providing a new route to unsymmetrical
1,4-diketones, and (ii) the consecutive addition of an
acid chloride and methyl iodide or two different acid
chlorides gave the corresponding three-component
assembled products.

The formation of ketone �,�-dianions 2 and their con-
version to the corresponding cuprates 3 were carried
out according to our previously reported protocol and
involved the direct reaction of �-dichlorobutylstannyl
ketones 1 with n-BuLi.4 Typically, dianion cuprates 3,
which were prepared by the consecutive treatment of 1
(1 mmol) with n-BuLi (4 mmol) and CuCN (0.5 mmol)
in THF, were then treated with acid chlorides (0.5

Scheme 1.
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Scheme 2.

Table 1. Reaction of dianion cuprates 3 with acid chloridesa
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mmol) at −78°C for 1 h. Aqueous workup and purification
of the crude mixture by silica gel chromatography gave
1,4-diketones (Scheme 2).7 As summarized in Table 1,
both aromatic and aliphatic acid chlorides undergo the
expected cross-couplings at −78°C, to give good to
moderate yields of 1,4-diketones. Mixed cuprates com-
prised of �,�-dianions and 2-thienylCu(CN)Li were also
found to give unsymmetrical ketones, albeit in rather
modest yields (runs 4 and 10). It should be noted that,
in the case of 1:1 reactions, we frequently observed the
formation of a symmetrical 1,6-diketone as a byproduct,
which is likely formed via the dimerization of lithioxyal-
lylcopper(I), arising from the first acylation of the
cuprates 3.8

We also attempted to trap the resulting enolates, which
would lead to three-component coupling reactions. Thus,
the consecutive treatment of dianion cuprate 3 with
cyclohexanecarbonyl chloride (1 mol equiv.) and MeI (5
mol equiv., with HMPA) gave the predicted 2-methylated
1,4-diketone 9 in 41% yield (run 6). An experiment using
two different acid chlorides was also successful and gave
triketone 10 in 59% yield, in which the second reagent
underwent C-acylation of the enolate portion (run 7).

In summary, we have shown that the cross-coupling
reaction of organocuprate 3 with acid chlorides gives
unsymmetrical 1,4-diketones in good to moderate yields.
The resulting enolate can be further methylated at the
�-position or acylated with a different acid chloride to
give the corresponding three-component coupling prod-
ucts. Efforts to extend ketone dianion chemistry to other
useful processes are now underway and will be reported
in due course.
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