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Abstract

The conjugate addition of organozincates derived from ketone a,b-dianions to enones was examined.
Good yields of unsymmetrical 1,6-diketones were obtained by this reaction. A mixed zincate consisting of
the dianion and methyllithium in a 2:1 ratio gave results which were comparable to those of an unmixed
dianion zincate. # 2000 Elsevier Science Ltd. All rights reserved.
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Ketone a,b-dianions 2 (the lithium enolate derivative of b-lithio ketones) can be easily prepared
by methods involving the tin±lithium exchange of a b-stannyl ketone 1.1,2 This provides an ideal
opportunity for the investigation of the reaction behaviors of hitherto unknown types of dianionic
organometallic reagents. As a result, we recently reported on the generation and reaction of
dianionic cuprates 3 with enones,2 which gave keto alcohols having a bicyclic structure via CÿC
bond formation at both the a and b positions of the dianion structure (Eq. (1)). The fact that an
intramolecular lithium enolate moiety participates in the formation of the CÿC bond is
mechanistically intriguing, but unfortunately this hampers the use of the addition reaction as a
route to the synthesis of unsymmetrical 1,6-diketones. Triorganozincates, developed by Isobe and
Goto,3 are frequently used as a carbanion source in the conjugate addition to enones.4 In this
regard, the issue of whether the related reaction behavior of dianion zincates toward enones is
identical to that of the corresponding cuprates or not became of interest. In this paper we report
that, unlike the corresponding cuprates 3, the zincates 4 derived from ketone a,b-dianions
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undergo the normal mode of conjugate addition reaction with enones to form bis-enolate anions,
thus providing a new entry to unsymmetrical 1,6-diketones (Eq. (2)).

�1�

�2�

The ketone a,b-dianion 2a was prepared by the straightforward addition of 4 equiv. of n-BuLi
to a THF solution of 4,4-dimethyl-1-[(dichlorobutyl)stannyl]-3-pentanone (1a), via the procedure
previously reported by us.2 Thus, to a cooled solution (^78�C) of 1a (1 mmol) was added n-BuLi
(4 mmol). After warming to 0�C, followed by stirring for 30 min, a clear solution of 2a was
obtained. Subsequent treatment of the thus formed dianion 2a with zinc chloride (0.33 mmol) at
0�C, followed by stirring for 45 min, led to the formation of a dianion zincate 4a. The yellow
solution containing 4a was added to 2-cyclopenten-1-one at ^78�C and warmed to 0�C. After
stirring for 1 h, the reaction mixture was quenched by the addition of ethanol. Chromatographic
puri®cation of the crude product on silica gel a�orded the unsymmetrical 1,6-diketone 5 in
77% yield (Scheme 1).5 The conjugate addition of 4a to 2-cyclohexen-1-one also a�orded the
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1,6-diketone 6 in 67% yield.6 In both cases, bicyclic products were not found in the product
mixture, suggesting that the production of bicyclic alcohols is characteristic in the case of dianion
cuprates. Quenching by trimethylchlorosilane gave a bis-enol silyl ether 7 in 62% yield,6 which is
consistent with the formation of a bis-enolate anion in this system.
In the conjugate addition chemistry of organozincate species, such as R3ZnLi, only 1 equiv. of

R is consumed in the transfer to enones, thereby leaving 2 equiv. unused. This led us to
investigate the reaction of mixed zincates.7 The reaction of the mixed zincate 4c, derived from a
1:1 mixture of 2a and Et2Zn, with cyclohexenone, resulted in a 29:71 ratio of dianion to Et
transfer (Scheme 2). The use of a mixed zincate 4d, derived from a 1:1 mixture of 2a and Me2Zn,
led to a 62:38 ratio of dianion to Me transfer. Thus, the order of approximate reactivity based on
the results herein is Et�dianion>Me. A higher yield of 1,6-diketone 6 (70%) was obtained using
the mixed zincate 4e prepared from 2 equiv. of a,b-dianion 2a and 1 equiv. of MeLi. The reaction
of 4e with methyl vinyl ketone gave 8 in 53% yield.

In summary, the reaction of dianion zincates with enones leads to the formation of bis-enolate
anions, which serve as precursors to unsymmetrical 1,6-diketones. This is in sharp contrast to
that of the corresponding dianion cuprates, which gave bicyclic alcohols as major products. It
was also found that a mixed zincate derived from 2 equiv. of ketone a,b-dianion and 1 equiv. of
methyllithium is a useful reagent for the selective transfer of the ketone a,b-dianion.
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