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AN OPTICALLY ACTIVE PROPARGYLSILANE: PREPARATION BY ASYMMETRIC GRIGNARD CROSS-COUPLING AND 

STEREOCHEMISTRY IN AN ELECTROPHILIC SUBSTITUTION' 

Tamio Hayashi, Yasuo Okamoto, and Makoto Kumada* 

Department of Synthetic Chemistry, Kyoto University, Kyoto 606, Japan 

SumJnary: An optically active propargylsilane, (S)-1,3-diphenyl-3-trimethylsilylpropyne, 
prepared by palladium-catalyzed asymmetric Grignard cross-coupling, was found to react with 
t-butyl chloride in the presence of titanium chloride with anti stereochemistry to give (S)- 
1,3-diphenyl-4,4-dimethyl-1,2-pentadiene. 

Previously we have reported the preparation of optically active allylsilanes by palladium- 

catalyzed asymmetric Grignard cross-coupling and anti stereochemistry in SE' reaction of the 

allylsilanes with various electrophiles. * Here we describe the application of the asymmetric 

cross-coupling to the preparation of an optically active propargylsilane and the first 

stereochemical result of SE' reaction of propargylsilane.3 

In the presence of dichloro[(R)-N,N-dimethyl-l-I(S)-2-(diphenylphosphino)ferroce~l}ethyl- 

amine]palladium(II) (PdClz[(R)-(S)-PPFA]) as a catalyst (0.5 mol%), phenylbromoacetylene (1) was 

allowed to react with a-trimethylsilylbenzylmagnesium bromide (2) (2 eq) at ambient temperature 

for 1 day. Hydrolysis with dil HCl, extraction with ether, and silica gel column chromatography 

(hexane) gave 62% yield of 1,3-diphenyl-3-trimethylsilylpropyne (3)4 which had [o]i" +9.84" (c 

6.0, benzene). Hydrogenation of (+)-3 provided known (R)-1,3-diphenyl-3-trimethylsilylpropane 

(4) with [a];' -0.42' (c 2.9, benzene), indicating that the propargylsilane 3 is an S isomer of 

18% ee.* 
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The propargylsilane (51-3 was treated with t-butyl chloride (1 eq) and titanium chloride 

(1 eq) in dichloromethane at O'C for 30 min. Usual work-up and preparative TLC (silica gel, 

hexane, Rf 0.7) gave 1,3-diphenyl-4,4-dimethyl-1,2-pentadiene (5)' in 23% yield. The allene 5 

showed [a];' +13.9" (c 7.8, chloroform), [Ml;' +34.5", and was determined to be an S isomer by 

empirical rules relating the absolute configuration to the sign of the optical rotation."' 

The stereochemistry observed here that (5'1-3 led to (S)-5 can be visualized by the mechanism 

shown in Scheme I, which is analogous to that proposed for SE' reaction of allylsilanes.* 

The propargylsilane 3 is expected to exist in conformation A with the carbon-silicon bond 

overlapping with one of the two II bonds of carbon-carbon triple bond, due to a ~--II conjugation. 

t-Butyl cation attacks the II bond conjugated with the carbon-silicon bond from the side 

opposite to the silyl group (anti attack) to form cationic intermediate B. Displacement of the 

silyl group by nucleophilic attack gives rise to the observed (S)-allene 5.**' 

Scheme I 

t-Bu+t-/? y-y 1 

1. Optically active allylsilanes 5. For part 4, see T. Hayashi, M. Konishi, and M. Kumada, 
J. Org. &em., in press. 
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According to the semiempirical method (ref. 6d), the enantiomeric purity of the allene 
calculated to be 3%. 

Rotation of the a-trimethylsilylbenzyl group before the displacement would bring about 
of the enantiomeric purity. See note 7. 
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