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of the failure of [(CH3),SiCH3] to give readily identifiable
products in the absence of a specific trap.
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Disproportionation of Trimethylsilyl Radicals
to a Sila Olefin in the Liquid Phase

Sir:
Until very recently the disproportionation of trimethylsilyl
radicals to the sila olefin 2-methyl-2-silapropene was consid-

ered to be a minor process compared to radical recombina-
tion.!

kdisp _y Me,SiH + CH,=SiMe,

2Me,Si -

Rrecomb

Me,SiSiMe,

We have reexamined the self-reactions of trimethylsilyl
radicals in solution, prompted by the high ratio of dispropor-
tionation to recombination, Kdisp/ k recomb = 0,48, found in the
gas phase by Tokach and Koob.2 We find that disproportion-
ation is also an important process for trimethylsilyl radicals
in the liquid phase,

When trimethylsilyl radicals are generated by photolysis
of tert-butyl peroxide in solutions of trimethylsilane,? the
disappearance of Me3Si- as monitored by kinetic ESR spec-
troscopy is a rapid process, second order in the concentration
of Me3Si-.4'5

M€3COOCMC3 + hy — 2MC3CO-
Me;3CO- + Me3SiH — MesCOH + Me;Si-
2Me;Si- — products

Based on the observation of hexamethyldisilane and rer:-
butyl alcohol 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 trimethylsilyl
radicals,® A third product found at longer irradiation times,
tert-butoxytrimethylsilane, Me3;COSiMes, was believed to be
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a secondary product,’ but we now know that it is formed by
trapping of the disproportionation product by tert-butyl al-
cohol, 6

Meg,COH + CH2=SiMe2 - Me3COSiMe3

In the kinetic studies rert-butyl alcohol is generated in situ,
and thus initially there is no trapping reagent present capable
of converting the sila olefin into a stable low molecular weight
product.” We have now established that rert-butoxytrimeth-
ylsilane is an early product when trapping reagent is present
and is formed from addition of alcohol to sila olefin. Several
alternative mechanisms for formation of Me3COSiMej have
been eliminated.

In the presence of excess tert-butyl alcohol, the product ratio
of Me3COSiMe;/Me;SiSiMe; = 0.19 £ 0,05 remained con-
stant with irradiation time. That 2-methyl-2-silapropene was
being trapped was demonstrated by use of Me;COD either
generated in situ from MesSiD or added in excess.

Me;COD + CH,=SiMe; — Me;COSiMe,CH,D

Formation of this monodeuterated terz-butoxytrimeth-
ylsilane was established by 'H NMR and mass spectroscopy.
There is & scatter in the quantitative results covering a range
of incorporation from 0.3 to 0.8 deuterons/molecule.®!3 Thus
the labeling experiments do not exclude contributions from
additional sources of tert-butoxytrimethylsilane. Three such
sources have been considered. (1) Attack by tert-butoxy rad-
icals on hexamethyldisilane

Me;CO- + Me;SiSiMe; — Me;COSiMes + Me;Sie

has been rendered unlikely by the absence of either product
when tert-butoxy radicals were generated in hexamethyldisi-
lane.’ (2) Induced decomposition of rer:-butyl peroxide

Me;Si- + Me3sCOOCMe; — Me;COSiMe; + Me3CO-

can also be ruled out as a source of tert-butoxytrimethylsilane,
since the presence of ferz-butyl alcohol is required for its for-
mation. Irradiation of mixtures of tert-butyl peroxide, tri-
methylsilane, and methanol yields methoxytrimethylsilane
and hexamethyldisilane as products, with only traces of terz-
butoxytrimethylsilane.® Thus the alkoxysilane arises from
reaction of a silicon-containing intermediate with an alcohol.
(3) A remaining possibility was that it is the trimethylsilyl
radical itself 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 chain process;!?

Me;8i- + ROH — [R—O0- ' -SiMe,]

H
Me,SiH , .
—— ROSiMe; + H, + Me,Si

A very low yield (<2%) of hydrogen speaks against this in-
teresting process,

Since positive evidence for the formation of CH,=SiMe,
is given by the trapping experiments with deuterated zerz-butyl
alcohol, we believe that the disproportionation of trimethylsilyl
radicals in solution is established. The observed product ratio
of Me;COSiMe;/MesSiSiMe; = 0,2 is insensitive to variation
of alcohol concentrations above 10 mol % and thus may be
equated with the ratio of bimolecular rate constants for dis-
proportionation and recombination of trimethylsilyl radicals,
Since the recombination rate is nearly at the diffusion-con-
trolled limit,5 the disproportionation is astonishingly rapid,!!
perhaps owing to stabilization of the transition state by the
incipient carbon-silicon = bond, Facile disproportionation of
trimethylsilyl radicals may therefore be taken as indirect evi-
dence for substantial = bonding in the sila olefin,
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Me;Si- + HCH,SiMe; — [MesSi « H «w CH, == SiMe,]*
— MesSiH + CH,=SiMe,

A final point of interest is an increase at long irradiation
times (>12 h) of the yield of Me;COSiMe; and a concomitant
decrease in the yield of Me3SiSiMe;. Trapping experiments
with labeled alcohol indicate that photolysis of hexamethyl-
disilane is another route to 2-methyl-2-silapropene. This has
also been observed by Boudjouk and Koob in the gas
phase.!2

M€3SiSiMe3 + hy — Me3SiH + CH2=SiMe2
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Disproportionation and Hydrogen Abstraction
Reactions of Trimethylsilyl Radicals
Sir:

Information on the disproportionation and metathetical
reactions of silyl radicals is sparse. Early studies from this
laboratory! on the monomethyl-, dimethyl-, and trimethylsilyl
radicals have already indicated that disproportionation of these
radicals may occur parallel to combination. Unambiguous

evidence for the disproportionation reactions of the SiH3;SiH;
and SiHj3 radicals was reported in 1973.2 Disilyl radicals were
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Figure 1, Relative rate plots for the abstraction-combination reactions
of trimethylsilyl radicals with added monosilane (B), monosilane-d4 (@),
monomethylsilane (0), and monomethylsilane-d3 (O).

shown to undergo pressure dependent disproportionation up
to at least 400 Torr of Si;Hg pressure, where kq/k. = 0.1. The
SiH; radicals were shown to disproportionate nearly com-
pletely at room temperature and at a few Torr of SiH4 plus up
to 800 Torr of Hy, as determined from the isotopic distribution
of the disilane products from the H + SiH4/SiDy4 reaction
giving relative concentrations for Si; D, SioHg, and SiH3SiD;
0f 9.7, 57.2, and 0.3, respectively, from an equimolar mixture
of SiH4 and SiD,. Subsequently, Potzinger et al.? reported a
kd/ke value of 0.7 for SiHj radicals at infinite pressure. In
1976 a kq/kc value of 0.05 was reported for trimethylsilyl
radicals from the photolysis of (CH3)3SiHgSi(CH3)s.

In more recent developments Tokach and Koob used alcohol
scavenging techniques for trapping trimethylsilyl radicals® and
found a k4/k. value of 0.31.% Gaspar et al.,” using the same
technique in the liquid phase, obtained k4/k. = 0.19.

We now report evidence for the cross disproportionation of
trimethylsilyl radicals and approximate values for k4/k. along
with rate constant data for the hydrogen abstraction reactions
of trimethylsilyl radicals with a series of silicon hydrides and
isobutane.

Trimethylsilyl radicals were generated by the room tem-
perature photolysis of bis(trimethylsilyl)mercury vapor (~0.1
Torr) using the Pyrex-filtered radiation of a medium-pressure
mercury lamp. The three retrievable products were hexa-
methyldisilane (HMDS), trimethylsilane, and hexamethyl-
disiloxane (HMDSO) in relative yields of 84:4:12. Scavenging
experiments using either NO, O,, or C;Hy4 indicated that
HMDS and Me;SiH formation can be suppressed and con-
sequently these products arise via the combination and dis-
proportionation reactions of trimethylsilyl radicals. The yield
of HMDSO cannot be suppressed by scavengers and this
product seems to result from a dark reaction between the
source compound and the wall of the reaction vessel. From
these results the following sequence of elementary steps can
be deduced for the photolysis of bis(trimethylsilyl)mercury:

[(CH3)3Si];Hg + Av (A 2300 nm) — 2(CH3)3Si + Hg
(1)

2(CH3)3Si — HMDS (2)
2(CH3)3Si — (CH3)3SiH + (CH3)2SiCH» (3)

wall
[(CH3)3Si];Hg —> HMDSO + Hg (4)

Auxiliary studies have shown that the displacement reac-
tion

(CH3)3Si + [(CH3);Si]>Hg
— (CH3)¢Si> + Hg + (CH3)3S1 (5)
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