
Tetrahedron Letters No. 22, pp 1995 - 1998. 
@Pergamon Press Ltd. 1979. Printed In Great Britain. 

0040-4039/79/0522-1995$02.00/O 

SILICON IN SYNTHESIS. C2-C3 ANNULATION USING VINYLTRIMETHYLSILANE 
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Summary. Vinyltrimethylsllane reacts with cycliccr,8-unsaturated acrd chlorides in the 

presence of stannrc tetrachloride to give bicyclo[ n .3. Olenones. 

The ability to conduct initermolecular Friedel-Crafts reactions with simple alkenes such as 
ethylene is at best limited. This can be attributed to the high energy intermediates involved 
which have primary carbonium ion character. The trimethylsi,yl group can stabilize a carbonium 
ion situated B- to it, provi$ed the geometrical requirements of vertical stabilization (hyper- 
conlugation) are fulfilled. This enables the generation of intermediates that although normally 
associated with high energy processes, are stabilized, and can undergo discrete and useful 
chemistry. The scheme below illustrates this concept. 
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The current interest in cyclope$tenones v& C2-C3 annulation reactions ,3 and recent devel- 
opments in vinylsilane chemistry, can be combined With the classical Nazarov reaction5 (see 
below) to provide a convenient synthesis of certain useful bicyclo[ n.3 .O]enones. The use of 
silicon-based reagents to accomplish carbon-carbon bond for8ming reactions is part of our recent 
research in developing organosllicon reagents for synthesis. Vinyltrimethylsllane7 (b. p. 55O 
cf. ethylene -104O) provides a convenient reageit that functions as an ethylene equivalent in - 
the allphatic Friedel-Crafts-Kondakov reaction. When the cyclic acid chlorides listed In the 
TABLE were treated with vinyltrimethylsllane in the presence of stannic tetrachloride, under the 
conditions specified, the brcyclo[ n.3 .O]enones were formed in the yields indicated. While the 
yields of the single step procedure are by no means as good as one would like, rt should be 
borne in mind that previous routes to the enones (entries a, b and c) involved multrstep and very 
low yield procedures .’ t10r11’12 Consequently the one-step procedure described here provides 
convenient access to a variety of useful brcyclo[ n. 3. Olenones, and illustrates that trimethyl- 
vrnylsilane can serve as an ethylene equivalent in the Friedel-Crafts-Kondakov reaction. 

Attempts to convert 3,3-dimethylacryloyl chloride rnto 4,4-dimethylcyclopent-2-enone 2 
usrng trimethylvinylsrlane and stannic tetrachloride or aluminum trichloride gave either the 
B -chloro-adduct 1 or the diene 2. No discernable amount of 2 could be detected under the 
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described reaction conditions. Attempts to prepare simple monocyclic cyclopentenones using 

acryloyl chloride, crotonyl chloride and cinnamoyl chloride gave no useful results. 

The roles of reagent and substrate may be reveyed in this annulation procedure and this 
consequence is described in the following paper. 

Cyclopentene carboxylic acid chloride (12 .O g.) in freshly distilled dichloromethane (100 
ml.) at -7f3’was treated with vinyltrimethylsilane (10.13 g.) and warmed to -30’. Stannic 
tetrachloride (26.35 g.) was added slowly to the above mixture, keeping the temperature at 

-3oO. After stirring for 1 hr. at -30’ the mixture was warmed to 20’ and the reaction monitored 
by ir. When the ir absorption at 1765 cm-’ disappeared and the absorption at 1690 cm-lreached 
a maximum (~a. 6h.) the reaction mixture was worked-up by quenching in water (100 ml.). The 
quenched mixture was extracted with dichloromethane (100 ml.) and the extract washed with 
saturated aqueous sodium bicarbonate (100 ml. ) . Drying (Na2S04), evaporation and distillation 
gave bicyclor3.3.01-A7-octen-l-one (5.90 g. 52.5%), b.p. 114-115’/13 mm Hg. (95% pure glc). 
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