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NOVEL [σ+π] CYCLOADDITION OF SILACYCLOBUTANES

WITH ACETYLENES CATALYZED BY PALLADIUM COMPLEXES1)

                          Hideki SAKURAI and Takafumi IMAI 

Department of Chemistry, Faculty of Science, Tohoku University, Aramaki, Sendai 980 

        In the presence of a palladium complex, 1,1-dimethyl-l-silacyclobutane 

       reacts smoothly with dimethyl acetylenedicarboxylate to give 1,1-di-

       methyl-2,3-bis(methoxycarbonyl)-1-silacyclohex-2-ene in quantitative 

       yield. Other silacyclobutanes react similarly with various acetylenes 

       to give silacyclohexene derivatives.

     Being encouraged by the recent observations in this laboratory that the silicon-

silicon bond in organodisilanes undergoes various cycloaddition reactions with acety-

lenes2) and dienes3) in the presence of palladium complexes, we have explored the 

possible cycloaddition reactions of the carbon-silicon bond with unsaturated compounds.

We report here the first example of such [σ+π] cycloaddition involving the carbon-

silicon bond.

      1,1-Dimethyl-1-silacyclobutane (1) is known to undergo various insertion reac-

tions leading to ring-expanded products with SO2,4) SO3,4,5) S8,6) Se8,6) carbenes,7-9) 

and phosphorus ylids.10) Recently, Cundy and ,Lappert11) have reported that the 

[Fe(CO)4] unit is inserted into an Si-C bond of 1 to give (CO)4Fe(CH2)3SiMe2 in the 

reaction with nonacarbonyldiiron. Transition metal-catalyzed polymerization of 1 is 

also known, 12) but there has been no report on the catalyzed cycloaddition of 1 with 

unsaturated compounds. 

     In the presence of bis(triphenylphosphine)palladium dichloride (0.04 mmol), 

1 (4 mmol) reacted smoothly with dimethyl acetylenedicarboxylate (2a, 4 mmol) in 

benzene (10 ml) at reflux for 2hr to give 1,1-dimethyl-2,3-bis(methoxycarbonyl)-

1-silacyclohex-2-ene (3a) in almost quantitative yield (over 95%).13,14) 
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     The reaction of 1 with methyl propiolate (2b) and phenylacetylene (2c) under 

similar conditions gave the corresponding silacyclohexenes 3b (35% yield) 15) and 3c 

(17% yield), 16) respectively. Regiospecificity in the reaction should be noted in 

these examples, since only single isomers were obtained for both acetylenes. Unsub-

stituted acetylene (2d) also reacted with 1, when 2d was bubbled into refluxing ben-

zene solution of 1 in the presence of the catalyst. 1,1-Dimethyl-1-silacyclohex-2-

ene (3d)17) was obtained in 45% yield. 

     1,1,3-Trimethyl-l-silacyclobutane (4) reacted similarly with 2a to give N in 65% 

yield, 18) and 1,1,2-trimethyl-l-silacyclobutane (6) gave, as expected, a 7:3 mixture 

of 7 and 8 in 61% yield in the reaction with 2a.19,20)
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     Palladium complexes such as PdCl2(PhCN)2, Pd(PPh3)4, Pd(PPh3)2(olefin) and Pd-

charcoal are more or less effective as a catalyst in the reaction, but Co, Ni, Rh, 

Ir, and Pt complexes did not catalyze the reaction.

The reaction is formally a [σ2+π2] reaction which is thermally "forbidden"

according to the Woodward-Hoffmann classification of concerted reactions but may 

become "allowed" when a transition-metal catalyst is involved. However, the driving 

force of this reaction is apparently the ring strain of silacyclobutanes, since sila-

cyclopentanes and other compounds with "strain-free" carbon-silicon bonds did not 

react with acetylenes.
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