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SILYL RADICALS XVI.
AN ELECTRON SPIN RESONANCE STUDY ON THE HOMOLYTIC AROMATIC SILYLATION 1

Hideki SAKURATI, Ikuo NOZUE, and Akira HOSOMI
Department of Chemistry, Faculty of Science, Tohoku University, Aramaki, Sendai 980

Seven 2,4-di-t-butyl-6,6-bis(organosilyl)cyclohexadienyl and two
2,4-di-t-butyl-6-organosilylcyclohexadienyl radicals, the intermediate
radicals in homolytic iggg-substitution and silylation, respectively,
are generated and characterized by esr spectroscopy. Spectral fea-
tures, especially the large 29g3 coupling constants are discussed.

In homolytic aromatic substitution a substituted cyclohexadienyl radical, aris-
ing from the addition of a free radical to an aromatic compound, is generally thought
to be the key intermediate.2 We have previously discussed the structure and reacti-
vity of homolytic aromatic silylations in detail, where such silyl-substituted cyclo-
hexadienyl radicals were also postulated as the intermediates.3 However because of
their high reactivity, intermediate cyclohexadienyl radicals have been detected by
esr only in solid matrices and no solution esr spectrum was reported except for hydro-
xycyclohexadienyl radicals produced in aqgueous solutions by the flow method.4'5 We
have now generated several silyl substituted cyclohexadienyl radicals in di-t-butyl
peroxide solution which were fairly stable and hence gave well-resolved intence esr
spectra. After we have completed the present study,6 we received a paper of Ingold
et al.7 who described esr spectra of similar cyclohexadienyl-type radicals generated
by the addition of certain carbon, silicon, oxygen, and phosphorous centered radicals
to several sterically hindered aromatic compounds for the purpose of generating the
persistent cyclohexadienyl-type radicals. However, our attention has been directed
to the mechanistic study on the homolytic aromatic silylation and actually all radi-
cals reported in both studies do not overlap each other except for one case.

Irradiation of a mixture of 3,5-di-t-butylphenyltrimethylsilane, trimethylsi-
lane, and excess di-t-butyl peroxide with a 500W super-high-pressure mercury arc lamp
in the cavity of an esr spectrometer8 at -10°C gave the 2,4-di-t-butyl-6,6-bis(tri-
methylsilyl)cyclohexadienyl radical (1).
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The spectrum of k (Fig.l) is composed of a doublet (12.06 G) of triplets (7.89G)
with a g value of 2.00283 and is so intense that well resolved satelites due to 295i
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Figure 1. Esr spectra of 1. Expanded spectra show the satelites due to 29Si.
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(39.15 G) can also be observed. The esr data are consistent withll in which coupling
would be expected with one para and two ortho protons on the phenyl ring and one of

the two equivalent silicon atoms. Our assignments for the radical‘k may receive fur-
ther support from the similarity of the coupling constants of the reported cyclohexa-
dienyl radicals (Table 1). Moreover, the radical 2 with two different 2981 coupling
constants (Table 1), was obtained by the following two reactions. This fact clearly
indicates the intermediate radical 2 in both reactions.

Me_Si.,- SiMe Me,Si-*
SiMe, —2 2 3 - Si.Me
Si Me
2775

2

These radicals are intermediates in the homolytic ipso-substitution and we have
discussed previously the role of such radicals in several reactions.9 Nelson,
Angelotti, and Weyenberg also postulated this sort of radicals as intermediates in
the radical-induced redistribution reaction of phenylsilanes at 160°C.10 A more di-
rect intermediate in such radical-induced redistributions was obtained with 3,5-di-
t-butylphenyldimethylsilane which gave the radical 3 on photolysis with di-t-butyl
peroxide.

) . SiMe2
SiMe . X + SiMe _—>

2 2 SiMezx

ga, X=H
b, X=D
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The esr spectrum of 3a is similar to that of L with additional small doublets
(1.30 G) due to Si-H, which disappears in the spectrum of the deuterated radical 3b.
In the case of Ea and 3b, two different 29
in Fig. 2 and 3. Spectral data are also summarized in Table 1.

Si satelites can also be recognized as shown

Figure 2. Esr spectra of A?:a. Expanded spectra show two different 29Si couplings.
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Figure 3. Esr spectra of 3b.
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Table 1
2 1 X
Esr Parameters for Cyclohexadienyl Radicals 3 <:>K€ in Solution
4 5 Y
Coupling Constants (G)
Radical Temp. (°C .
p. (°C) g Hy H, Hy He 29g;  other
- SiMe,
- 10 2.0028 7.89 12.06 39.15
SiMe
3
SiMe Ar? 38.83  1.30
- 10 2.0028 7.88 12.00 41'40 (Si—H)
SiMezH :
. a
SiMe,Ar
2 0 2.0028 7.86 11.99 38.78
si 41.23
1Me2D
SiMe
3 - 20 —d 7.80 11.93 2;;2
Slee5
SiMe
3 - 60 —d 7.79 12.04 —d
S13Me7
Si_Me
275 - 40 —d 7.74 12.08 —d
S:|.2Me5
Si. Me
275 - 50 —d 7.23 11.98 —d
Sl3Me7
SiMe3 d
- 30 2.0028 8.02 12.03 34.15 o
H (24 2.0028 8.06 12.29 34.60)
Si_Me
37 - 30 2.0028, 8.00 11.80 35.35 ——4d
H
Hb
@( - 30 2.0025 8,99 2.65 13.04 47.71
H
oH°®
@( 9.2 2.8 13.4 36.0
H
a . b c d . e
Ar=3,5-di-t-butylphenyl Ref.5 Ref.4a Not determined Ref.7



Chemistry Letters, 1976 133

Two t-butyl groups located in the meta positions undoubtedly contribute to the
7,11 In this context, we thought that 1,3-di-

t-butylbenzene would be a promissing substrate for obtaining persistent intermediate

stability of cyclohexadienyl radicals.

cyclohexadienyl radicals. Advantageously, these cyclohexadienyl radicals have un-
blocked ortho and para positions where the most of the spin resides.

This expectation has been realized in the related homolytic aromatic silylation.
We list spectral data of two such radicals in Table 1. The Table also contains two
representative cyclohexadienyl radicals in solution for comparison.

Several interesting features can be seen in the Table 1. Noteworthy is the
larger 2981 coupling constants than the corresponding value (37.4 G)12 reported for
-CHZCstiEt3. This fact indicates an iigal conformation of the cyclohexadienyl ra-
dicals for the maximum o-7 conjugation. Actually, unrestricted CNDO/2 calculations
on the 6-silylcyclohexadienyl radical show a bent structure (4) for the energy mini-
mum of the radical with maximum o (C-Si)-m conjugation.14 Related works are in pro-

gress.
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