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The reaction of silyl radicals with hdobenzenes 

It has been reported that substituted silyl radicals react with halobenzenes 
via an addition-displacement sequence rather than by a halogen abstraction mecha- 
nism’*‘_ Thus trimethylsilyl radicals produced by heating bistrimethylsilyhnercury 
react with chlorobenzene to produce mainly phenyltrimethylsilane. The process 
does not involve the intermediacy of phenyl radicals2 although traces of biphenyl 
were detected3. In the case of fluorobenzene no biphenyl was detected3. The analogous 
reaction of silyl radicals produced by photolysing substituted silicon hydrides is 
described here. The photochemical reactions appear to proceed substantially by 
both an addition-displacement mechanism and a halogen abstraction mechanism_ 

The irradiation of chlorobenzene and a four molar excess of trimethylsilane 
for 100 h gave phenyltrimethylsilane (11%) and benzene (13 %) in addition to tri- 
methylchlorosilane. Low percentages of biphenyl, chlorobiphenyl and a spies (I) 
of mass number corresponding to either chlorotrimethylsilylcyclohexadiene or the 
corresponding aromatic compound were detected in the mass spectrum of the reac- 
tion products. Irradiation of trimethylsilane with a four molar excess of chlorobenzene 
led to suppression of benzene formation and an increase in the formation of the 
biphenyls. The reaction does not proceed in the dark and is inhibited by diphenyl- 
amine. Irradiation of chlorobenzene alone for the same periods of time as those 
of the reaction gave only very slight traces of biphenyl or substituted biphenyls. A 
mechanism which involves phenyl radicals produced by abstraction of the halogen 
atom is suggested for the formation of benzene and the biphenyls. The phenyltri- 
methyls&me may be formed by radical recombination of phenyl radicals with tri- 
methyl&y1 radicals, or by an addition-displacement mechanism which has been 
previously described2. The latter is more likely, particularly in view of the detection 
of compound (I). This allows an approximate estimation of the ratio of the addition- 
displacement reaction to the halogen abstraction reaction (addition/abstraction) of 
0.83 : 1. by comparison of the yields of phenyltrimethylsilane and benzene. Analogous 
reactions occur between. trimethylsilane and fluorobenzene (addition/abstraction= 
17 : 1) and between trichlorosilane and chlorobenzene (addition/abstraction = 2.7 : 1). 
Benzene was not detected after photolysis of trichlorosilane and fluorobenzene. 

The results suggest that the halogen abstraction reaction is facilitated by 
photolysis, and that chlorine is more readily abstracted than fluorine_ It also appears 
that trimethylsilyl radicals are much more reactive towards halogen abstraction than 
are tricblorosilyl radicals_ The reactions of arylsilicon hydrides with halobenzenes at 
600” also gives products which can be accounted for by the operation of both an 
addition-displacement and an abstraction mechanism4s ‘_ With trichlorosilane or 
methyldichlorosilane and dichlorobenzene at 600” however the products could be 
accounted for by the addition-displacement mechanism alone’. 

Chlorobenzene and fluorobenzene exhibit strong benzenoid absorption in the 
region 2450-2750 A and as irradiation was with light mainly of wavelength 2537 8, 
electronic excitation of the aromatic molecules throughout the reaction is clearly 
possible. It has been shown that the triplet states of chlorobenzene and fluorobenzene 
can be appreciably populated during excitation by intersystem crossing from the 
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shorter lived first excited singIet6*‘*_ The difference between the thermal and the 
photochemical reactions of silyl radicals with chlorobenzene and fluorobenzene may 
arise because of reaction with both ground state and excited molecules during the 
photochemical reaction_ 

The irradiations were carried out in quartz tubes using a Hannovia 250 watt 
mercury resonance lamp and with exposure of the liquid phase only. Percentages 
were estimated by means of gas-liquid chromatography for the benzene and by mass 
spectra for the phenyl sihcon compounds. In each case the method was calibrated by 
comparison of the reaction products with solutions of known concentrations. 
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* The formation of various products during the irradiation of benzene has recently been ascribed to reac- 
tion of the excited states of the molecules. 
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