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The degree of cis-addition of bromine to a series of 0-silylstyrenes may be used to compare the  ability of silicon 
atoms bearing a variety of different ligands to  stabilize a 0-carbocation. 

We recently observedl that under the appropriate conditions 
certain acids add to (3-trichlorosilylstyrene (Scheme 1, X = C1) 
to give a series of indane-terminated oligomers, whereas the 
trimethylsilyl derivative undergoes the normal substitution 
reaction2 to give styrene3 (Scheme 1, X = Me). We reasoned 
that the change from a protiodesilylation-substitution process 
to the oligomerization-addition process must result from the 
balancing of the (3-effect (ability of organosilicon groups to 
stabilize a carbonium ion in the 0-position) and the leaving 
group abilities of the silyl groups. The relationship of the 
ligands on silicon to the degree of P-carbocation stabilization 
in addition reactions has not been rep0rted.t In this paper, we 
report a study on the 0-effect of silicon bearing a variety of 
ligands in the addition of bromine to silylstyrenes.4 

/+ x = CI 

Scheme 1 

t Some studies of silanes bearing electron-withdrawing groups have 
been reported for substitution reactions, including allylfluorosilanesfj 
and one study of vinylsilanes which focused on the effect of the degree 
of co-ordination on silicon.7 

The starting materials were prepared by traditional routes. 
Styrylsilanes were obtained by the hydrosilation of phenyl- 
acetylene by the appropriate chloro(methy1)silane in the 
presence of H2PtCI6; fluoro-derivatives were prepared from 
the chloro-derivatives using ZnFz.2HzO; the trimethoxy-deri- 
vative was prepared by the addition of methanol to trichloro- 
silylstyrene in the presence of 3.3 equiv. of HC(OMe)3. A 
solution of bromine in CS2 (1 M) was added at -75 "C to each 
styrylsilane in CSz (0.5 mmoVl ml). 

The relative geometries of (3) and (4) were established by 
their conversion to the known (2)- and (E)-P-bromostyrenes, 
( 5 )  and (6), respectively. The elimination of BrSiXYZ is 
known to take place in an anti-fashion for Me3Si.4 In all cases, 
the ratio of the two dibromo adducts (3)/(4) correlated directly 
with the ratio of (5) / (6) .  The reasonable assumption that only 
one elimination mechanism is operating for the series of 
compounds then leads to stereochemical assignment of (3) to 
the I-isomer and that of (4) to the u-isomer ( I  = like, u = 
unlike) as shown in Scheme 2. The fluoride-induced elimina- 
tions were performed in CDCL using Bu4NF(TBAF) as the 
fluoride source. $ 

The ratio of the two dibromo-products (3) and (4) resulting 
from trans- and cis-addition, respectively, was determined in 
the crude mixture by integration of the a-Si-CHproton signals 
in the 1H n.m.r. spectrum and correlated with the peak 
intensity of the a-Si-CH carbon signals in the 13C n.m.r. 
spectrum and of the Si peaks in the 29% n.m.r. spectrum. The 
ratio of ( 5 )  and (6) was similarly obtained from 1H n.m.r. data. 

$ A 1 M solution of TBAF in CDC13 was prepared by removing and 
replacing with CDC13 the tetrahydrofuran from a commercially 
available (Aldrich) solution of Bu4NF. 
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Table 1. Degree of cis-addition. 
Group 

SiXYZ % cis-Addition electronegativity8 
SiMe3 100 2.05 

SiMe2F 87 2.23 
Si( OMe)3 81 2.47 
SiMeC12 68 2.19 
SiC13 57 2.26 
SiMeF2 40 2.41 
SiF3 17a 2.59 

SiMezCl 100 2.12 

a Based on the ratio of bromostyrenes after elimination. 

The results are presented in Table 1. Assuming, as is 
generally accepted,2.5 that hyperconjugation is the mechanism 
of P-stabilization as shown in Scheme 2, the greater the 
negative charge on the a-carbon, the greater the P-stabiliza- 
tion leading to a greater percentage of cis-addition product 
[the absence of such an extra stabilizing youp,  e.g. methyl- 
styrene (Scheme 2, W = Me), leads to trans-addition, 
presumably because the bromonium ion (1) does not open up 
to (2), Scheme 21.s As the groups on silicon become 
increasingly electron donating, an increase in the formation of 
the cis-addition product is observed as expected. There is a 
reasonable correlation between the group electronegativities 
of the SiXYZ groups8 and the degree of cis-addition (Table 1) 
which follows from the mechanism in Scheme 2. The only 
exception is trimethoxysilylstyrene. 

§ The referees expressed concern that no conclusive evidence of the 
mechanism shown in Scheme 2 is offered. In particular, no proof is 
offered to indicate that the least motion 60" rotation in the reaction (1) 
-+ (2) is necessarily being followed nor that a change from 60" to 120" 
can be precluded. We acknowledge this, although we believe that the 
mechanism is consistent with our observations. Irrespective of the 
degree and direction of bond rotation which may take place, the net 
effect of adding electron-withdrawing groups on silicon is an increase 
in the degree of trans-addition of bromine to the styrene. 
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This procedure for evaluating the p-effect is extremely 
simple both in the preparation of the starting materials and in 
the evaluation of the degree of stabilization. Extensions to 
silyl groups with more or less stabilizing ability should be 
readily accomplished by modifications to the phenyl group. 
Further work in this context, and in the evaluation of the 
leaving group ability and the rdle of steric effects of the silyl 
groups is currently underway. 
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