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Abstract

Despite previous reports, including our own, trimethylsilyl radicals

in the liquid phase undergo disproportionation as well as recombination,

in ratio 1 : 5.  The CH2=SiMe2 formed by disproportionation is trapped by

alcohols.
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tion, prompted by the high ratio of disproportionation to recombination, k
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Disproportionation of Trimethylsilyl Radicals to a Silaolefin
in the Liquid Phase

Sir:

Until very recently the disproportionation of trimethylsilyl radicals to

the sila-olefin 2-methyl-2-silapropene was considered to be a minor process

1
compared to radical recombination.

Me2SiH  +  CH2=SiMe2
k die

2 Me Si·     k
3        recomb

Me SiSiMe33

We have reexamined the self-reactions  of trimethylsilyl radicals in solu-

disp

kfecomb = 0.48 found in the gas phase by Tokach and Koob.2  We find that dis-

proportionation is also an important process for trimethylsilyl radicals in the

liquid phase.

When trimethylsilyl radicals are generated by photolysis of tert-butyl
.-
- .-I

peroxide in solutions of trimethylsilane,3 the disappearance of Me3Si·.as moni-

tored by kinetic esr spectroscopy is a rapid process, second-order in the con-

centration of Me3Si·.4,5

Me COOCMe + hv
>  2 Me3CO·33

Me CO-  + Me SiH
> Me3COH + Me3Si·33

3
2 Me Si· >  products

Based on the observation of hexamethyldisilane and.tert-butanol as the sole

reaction products at the short reaction times of the kinetic studies, radical

recombination was believed to be the exclusive mode of self-reaction for tri-
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methylsilyl radicals. A third product found at longer irradiation times, tert-

butoxytrimethylsilane Me3COSiMe3' was believed to be a secondary product,5 but

we now know that it is formed by trapping of the disproportionation product by

6
tert-butanol.

Me3COH  + CH2=SiMe2 >  Me3COSiMe3

In the kinetic studies tert-butanol is generated in situ, and thus ini-

tially there is no trapping reagent present capable of converting the sila-

7olefin to a stable low molecular weight product.   We have now established

that tert-butoxytrimethylsilane is an early product when trapping reagent is

present and is formed from addition of alcohol to sila-olefin. Several alter-

native medhanisms for formation of Me3COSiMe3 have been eliminated.

In the presence of excess tert-butanol the product ratio Me3COSiMej :

Me SiSiMe3 = 0.19 i 0.05 remained constant with irradiation time.  That 2-

methyl-2-silapropene was being trapped was demonstrated by use of Me3COD

either generated in situ from Me:3SiD or added in excess.

Me COD + CH =SiMe >  Me3C0SiMe2CH2D3            22

Formation of this monodeuterated tert-butoxytrimethylsilane was estab-

lished by pmr and mass spectroscopy.  There is a scatter.in the quantitative

results covering a range of incorporation from 0.3 to 0.8. deuterons per mole-

8
cule. Thus the labelling experiments do not exclude contributions from addi-

tional sources of tert-butoxytrimethylsilane.  Three such sources have been            

considered.

1.  Attack by tert-butoxy radicals on hexamethyldisilane
-

Me3£0·  + Me3SiSiMe3 >  Me3COSiMe3  + Me3si·

has been rendered unlikely by the absence of either product when tert-butoxy
j

1
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radicals were generated in hexamethyldisilane.

2.  Induced decomposition of tert-butyl peroxide

Me Si· + Me COOCMe >  Me3COSiMe3  +  MejCO.333

can also be ruled out as a source of tert-butoxytrimethylsilane, since the

presence of tert-butanol is required for its formation.  Irradiation of mixtures

of tert-butyl peroxide, trimethylsilane and methanol yields methoxytrimethyl-

silane and hexamethyldisilane as products, with only traces of tert-butoxytri-

9
methylsilane. Thus the alkoxysilane arises from reaction of a silicon-contain-

ing intermediate with an alcohol.

3.    A remaining possibility was that  it  is the trimethylsilyl radical  it-

self that reacts with an alcohol molecule to form an alkoxysilane via an

unconventional radical complex that could act as a hydrogen atom donor in a

10
chain process.

Me SiH
Me Si• + ROH > [R-0 ... SiMe ] 3        ROSiMe3  +  H2  + Me3Si•

3                                1         3
H

A very low yield (<2%) of hydrogen speaks against this interesting process.

Since positive evidence for the formation of CH2=SiMe2 is given by the

trapping experiments with deuterated tert-butanol, we believe that the dispro-

portionation of trimethylsilyl radicals in solution is established.  The ob-

served product ratio Me3COSiMe3 : Me3SiSiMe  = 0.2 is insensitive to variation

of alcohol concentrations above 10 mole % and thus may be equated with the

ratio of bimolecular rate constants for disproportionation and recombination

of trimethylsilyl radicals. Since the recombination rate is nearly at the

diffusion-controlled limit,5 the disproportionation is astonishingly rapid,11

perhaps due to .stabilization of the transition state by the in6ipient carbon-

silicon EL-bond.
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Me3Si·  + H-CH2-SiMe2 )     [Me3Si'"·H···CH2-"-'.SiMe214...
3 Me3SiH

+  CH =SiMe22
Facile disproportionation of trimethylsilyl radicals may therefore be taken as

indirect evidence for substantial 21-bonding in the sila-olefin.

A final point of interest is an increase at long irradiation times

(>12 hr) of the yield of Me3COSiMe3 and a concomitant decrease in the yield of

Me3SiSiMe3.  Trapping experiments with labelled alcohol indicate that photoly-

sis of hexamethyldisilane is another route to 2-methyl-2-silapropene.  This

12
has  also been observed by B'oudjouk  and  Koob  in  the gas phase.

Me SiSiMe + hv
>  Me3SiH  +  CH2=SiMe233
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