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Summary: @-(Halosilyl)styrenes undergo dimerization and 
trimerization reactions leading to 1,2,3-trisubstituted 1H- 
dihydroindenes with high diastereoselectivity. 

Organosilyl groups are known to hyperconjugatively 
stabilize carbocations in the @-position (the @-effect).4 
This stabilization has been extensively used in organic 
synthesis for regiocontrolled carbon-carbon bond forma- 
t i ~ n . ~  Vinylsilanes are very versatile educts for use in 
stereoselective olefin formation via a substitution reaction 
with electrophiles controlled by the @-effect. In such re- 
actions, however, the directing effect provided by the silyl 
group is lost after the formation of only one C-C bond. 

Addition reactions to vinylsilanes, during which the silyl 
group is not lost, are rare, particularly if carbon electro- 
philes are used! By moderating the leaving-group ability 
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of the silyl group, we have found that such addition re- 
actions of carbon electrophiles can occur diastereoselec- 
tively and, furthermore, that the nature of the ligands on 
silicon affects the stereochemical outcome of the reaction. 
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We report herein ,&effect controlled dimerization and 
trimerization reactions of &(trihalosilyl)- and @-(dihalo- 
methylsily1)styrenes that lead to 1,2,3-trifunctionalized 
indans containing three or four contiguous chiral centers. 

In the presence of trifluoromethanesulfonic acid (triflic 
acid), ~-(trichl~rosilyl)styrene~~~ (la) undergoes an oli- 
gomerization reac t i~n .~  By use of the appropriate dilution 
conditions (2.8 M in CDC13) and low temperature (-55 
OC),lo it was possible to form mainly the dimer 4a (Scheme 
I; 4a:6a = 928, yield ca. 55% by 'H "Et);" the remaining 
products were higher oligomers. In contrast, the reaction 
of (dichloromethylsilyl)styrene8 (IC) under the same con- 
ditions led to a mixture that contained mostly desilylated 
trimer 9c contaminated with dimer 6c (Scheme I; 9c:6c 
= 7 2 ,  yield ca. 50% by 'H NMR)." The remaining 
products in these reactions were also higher oligomers. 

The formation of dimers 4 and 6 can be rationalized in 
the manner shown in Scheme I. The leaving-group ability 
of the trichlorosilyl and dichloromethylsilyl groups is poor. 
Therefore, after protonation of 1 to form cation 2, prot- 
iodesilylation12 does not occur and a reaction occurs with 
the only viable nucleophile in solution, another styrene. 
Intermediate 3 arises from an ul-addition process, whereas 
5 arises from a lk-addition of another monomer. In either 
case, the cationic center can then be attacked by the 
phenyl ring in an intramolecular Friedel-Crafts reaction 
on the face anti to the silyl group to form 4 or 6, respec- 
tively. 

The product arising from ul-addition is the kinetic 
product; warming the reaction of la to 0 OC leads to a 5050 
mixture of 4a/6a.13 The preference for ul-addition under 
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conditions of kinetic control with Lewis acid catalysis has 
often been 0b~erved.l~ With a more electron-rich silyl 
group (MeSiC12 compared with Sic&) and a correspond- 
ingly increased the stabilized cations 2c, 3c, and 
5c can undergo equilibration leading eventually to the 
thermodynamic product 6. In the case of the less stabilized 
cation 3a, kinetic trapping of the cation occurs in an in- 
tramolecular Friedel-Crafts reaction. 

The mechanism of formation of 9 is more difficult to 
rationalize as the key intermediate is presumably 7 in 
which one of the chiral centers has been lost; it could arise 
from either 3 or 5. lk-Addition of 2 to 7 would give sym- 
metrical 8, which can cyclize to 9 in a Friedel-Crafts re- 
action, again on the least hindered face (Scheme I). 

The dimerization of styrenes under acidic conditions, 
leading to indans, is a well-documented reactionls and has 
been shown to occur to give highly substituted indans in 
special cases.17 A stereoselective example with p-quinone 
methides was recently reported by Angle et a1.I8 The 
dimerization reaction reported is of interest not only be- 
cause of the observed stereocontrol resulting from the 
substitution on silicon but from the fact that the chlorosilyl 
groups provide a handle for further synthetic elaboration. 
We are currently examining related reactions in which 
other carbon electrophiles annelate onto the silylstyrene 
to determine the synthetic potential of such a strategy. 
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Summary: Mild palladium-catalyzed spirocyclizations of 
143-hydroxyalkyl)- and l-(4-hydroxyalkyl)-l,3-cyclo- 
alkadienes (5a, 5b, 5d, and 5e) have been developed. The 
reactions proceed via a spirocyclic ?r-(ally1)palladium in- 
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termediate and result in the 1,Gaddition of the hydroxy 
function and a chloride or an acetate. The stereochemistry 
of the reactions can be controlled to give either cis or trans 
1,4-addition across the double bond. 
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