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THE MICHAEL-TYPE REACTION OF LITHIUM 1-ALKYNYLTRIALKYLBORATES WITH METHYL VINYL KETONE IN
THE PRESENCE OF TITANIUM TETRACHLORIDE. A NEW SYNTHESIS OF §-DIKETONES FROM ORGANOBORANES
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1-Alkynyltrialkylborates readily available from trialkylboranes and 1ithium acetylides
react with methyl vinyl ketone in the presence of titanium tetrachloride followed by
hydrogen peroxide oxidation under neutral conditions to give corresponding §-diketones.

Although 1ithium 1-alkynyltrialkylborates are well-known to react with various types of
electrophiles such as H+,]) RX,Z) and iodines) to give a variety of organic compounds, such ate-
complexes do not react with aldehydes, ketones, and o,B-unsaturated carbonyl compounds.4)

We wish to report here a new §-diketone synthesis by the reaction of lithium 1-alkynyltrialkyl-
borates with methyl vinyl ketone in the presence of titanium tetrachloride, which is the first
Michael-type addition reaction of the ate-complexes to o,8-unsaturated carbonyl compounds to provide

a novel synthetic procedure of §-diketones from organoboranes (eq. 1).
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A typical procedure is as follows: Treatment of phenylethyne (0.306 g, 3 mmol) in anhydrous
tetrahydrofuran (5 m1) with butyllithium in ether (1.5 m1 of a 2 M solution, 3 mmol) at 0°C gave the
corresponding 1ithium acetylide. After stirring for 30 min at the temperature, tributylborane in
tetrahydrofuran (2 ml of a 1.5 M solution, 3 mmol) was added to give a pale yellow solution of the
ate-complex. The reaction mixture was stirred for 30 min at 0°C, and then cooled to -78°C. Methyl
vinyl ketone (0.315 g, 4.5 mmol) and titanium tetrachloride in dich]oromethane5) (2.25 ml of a 2 M
solution, 4.5 mmol) were added to give a dark brown heterogeneous solution. The mixture was stirred
for 1 h at -78°C and then allowed to warm to room temperature. Finally the reaction mixture was
oxidized with 30% hydrogen peroxide (3 ml) under neutral conditions.s) Analysis of the organic
layer by glpc indicated that 5-phenyldeca-2,6-dione had been formed in a 83% yield. Representative
results are summarized in Table 1.

Although other Lewis acids were examined in the reaction of lithium phenylethynyltributyl-
borate with methyl vinyl ketone, the highest yield of 5-phenyldeca-2,6-dione was obtained by using
titanium tetrachloride as a Lewis acid. The results are as follows: A1C13 (yield of the diketone,
21%), A]Br3 (23%), BF3'Et20 (trace), SnC]4 (trace), and ZnC]2 (trace).

The reaction should be considered to proceed through the following reaction path (eq. 2).
Methyl vinyl ketone activated by co-ordination with T10147) reacts with Tithium 1-alkynyltrialkyl-
borate via a Michael-type addition fashion to give the intermediate (I), which is then oxidized to
form the corresponding §-diketone.
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