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ESR STUDY OF CATION RADICALS OF TRIMETHYLSILYL- AND PENTAMETHYL-
DISILANYL-SUBSTITUTED BENZENE AND RELATED COMPOUNDS.
A SYSTEMATIC EXAMINATION OF THE ELECTRON

DONOR-ACCEPTOR EFFECTS ON CYCLIC T RADICALSl)

Mitsuo KIRA, Hiroko NAKAZAWA, and Hideki SAKURAI
Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980

The cation radical of [PhSiMeZSiMe3]T has been found by ESR
not to be regarded as a weakly perturbed benzene cation radical
like [PhSiMe3]T but as an Si-Si ¢ cation radical similar to

. +
[Me35181Me3]-.

Group 4B metal substituents such as brganosilyl groups may perturb a m elec-
tron system as an electron-donor by way of hyperconjugation and/or inductive
effects, and as an electron acceptor by using the vacant 0* orbitals on the met-
als.2'3) The relative importance of these effects depends on the energy levels of
the SOMO (singly occupied molecular orbitals) of radicals under consideration (Fig.
1l). We have demonstrated previously by ESR that the substituent effects of various
organosilyl groups on the hyperfine splitting patterns of the cyclopentadienyl
radical3) are rather different from those for the benzene anion radica1,4) reflect-
ing the difference of the relative energy level of the SOMO between the two =
radicals.

We wish here to report the first ESR spectra of cation radicals of trimethyl-
silyl- and pentamethyldisilanyl-substituted benzenes and anisoles (l-6). These

60Co y-irradiation of the substrates in frozen CFCl3

radicals were generated by
solution.s) The results are important to get insight into the electronic nature of
the group 4B metal substituents, especially of the unusual behavior of a polysilan-
yl group, since the SOMO level of the benzene cation radical is even lower than

that of the cyclopentadienyl radical.

X l; X = SiMe;, Y = H 5; X = SiMe,SiMe,;, Y = H
2; X = SiMe;, Y =D 6; X = SiMe,SiMe,, Y = OMe
3; X = SiMe3, Y = SiMe3
i; X = SiMe3, Y = OMe

Y

The cation radical of phenyltrimethylsilane (1) afforded a doublet ESR spec-
trum whose hyperfine splitting constant (hfs) was 8.9 G (g = 2.0035). Since the
ESR spectra of the cation radicals of 4~deuteriophenyltrimethylsilane (2), and 1,4-

bis(trimethylsilyl)benzene (3) were found to be a broad singlet, the hfs of 1t can

easily be assigned to that of the para proton. Combining the McConnell equations)



1546 Chemistry Letters, 1985

Fig. 1. Schematic representation of energy levels of SOMO for benzene anion,
cyclopentadienyl, and benzene cation radicals.
with the lH hfs of the parent benzene cation radical (aH = 4.4 G),7 the 7 spin
density on the para-position of lf can be estimated to be 0.34. The SOMO of ;T is
determined to be bl rathe%)than a,. The results confirm the conclusion from the
photoelectron spectroscopy that the HOMO of } is bl' The trimethylsilyl group is
concluded to perturb the degenerated SOMO of the benzene cation radical as a donor

in contrast to the case for cyclopentadienyl and benzene anion radicals (Fig. 2).

TSty
X=Donor X=H X = Acceptor

a2 by

Fig. 2. Splitting of degeneracy of the highest occupied molecular orbitals in
the mono-substituted benzene cation radical.

On the other hand, the cation radical from phenylpentamethyldisilane (5)
showed a very different feature from }T in the ESR spectrum. The spectrum of 5-,
which consisted of more than 10 lines with a spacing of ca. 4.7 G, showed a very
similar pattern to that of the cation radical of hexamethyldisilane (ZT).S) The g
value of 5! was determined to be 2.0067 which is slightly smaller than that of 7%
(g = 2-0077)9b) but definitely larger than the cation radical of benzene. There-

+

fore, ET can be regarded no longer as a perturbed benzene cation radical but as an
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Si-Si 0 cation radical. The results agree quite well with the conclusion from the
photoelectronlo) and charge-transfer spectra of phenylpentamethyldisilane with
tetracyanoethylene,ll) where we have demonstrated that the HOMO of 5 can be de-
scribed as a mixture of the Si-Si ¢ bonding orbital (70%) and the benzene b1
orbital (30%).

The contribution of the Si-Si ¢ orbital to the HOMO of 5 may be diminished by
introducing an electron-donating para substituent such as the methoxy group to the
benzene ring. y-Irradiation of p-methoxyphenylpentamethyldisilane (6) afforded,
however, a cation radical with similar spectral features with ET, the species being
assignable to the Si-Si ¢ cation radical. In contrast, the cation radical of
p-trimethylsilylanisole (4) was found expectedly to be a m radical cation (Fig. 3),

12) was slightly modified by a tri-

where the SOMO of the anisole cation radical
methylsilyl group: the hfs's of 5* are 4.8 G (3H) and 3.5 G (2H), and g = 2.0029.
Both the smaller hfs (3.8 G) and g value (2.0049) of 67 than those of 5! and 7! are
suggestive of the significant electron delocalization from the anisole, ring =
system.

In conclusion, substituent effects of silyl groups on a series of cyclic =
radicals vary succesively among benzene anion, cyclopentadienyl, and benzene cation
radicals in the order of the level of SOMO. It is also noticed that 5 affords a w
type anion radical when an extra-electron is added to the system,4b) but an Si-Si ¢

cation radical when an electron is removed from the system.

a)
c)

b) 10G

Fig. 3. The observed and simulated ESR spectra of the cation radicals of silyl-
substituted anisoles. (a) ESR spectrum of [p-MeOC6H4SiMe3]T (it) in CFCl3 at -130

; +
°C; (b) simulated spectrum for 4:, (c) ESR spectrum of [p-MeOC6H4SiMeZSiMe3]+ (GT)

in CFCl3 at -130 °C; (d) simulated spectrum for Gf.
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Extension of the present study to the various alkyl- and silyl-substituted

benzenes will be described in a forthcoming paper.

We wish to thank Toshiba Silicone Co., Ltd., for gifts of chlorosilanes.

References

1) Chemistry of Organosilicon Compounds 207.

2) For a recent discussion, see: J. C. Giordan and J. H. Moor, J. Am. Chem. Soc.,
105, 6541 (1983); J. C. Giordan, ibid., 105, 6544 (1983).

3) M. Kira,?M. Watanabe, and H. Sakurai, J, Am. Chem. Soc., 99, 7780 (1977).

4) J. A. Bedford, J. R. Bolton, A. Carrington, and R. H. Prince, Trans. Faraday
Soc., 59, 53 (1963); F. Gerson, J. Heinzer, H. Bock, H. Alt, and H. Seidl,
Helv. Chim. Acta., 51, 707 (1968).

5) T. Shida, Y. Egawa, J. Kubodera, and T.Kato, J. Chem. Phys., 73, 5963 (1980).

6) H. M. McConnell, J. Chem. Phys., 24, 764 (1956).

7) O. Edlund, P. O. Kinell, A. Lund, and A. Shimizu, J. Chem. Phys., 46, 3679
(1967); M. Iwasaki, K. Toriyama, and K. Nunome, J. Chem. Soc., Chem. Commun.,
1983, 320.

8) Y. Vignollet, J. C. Maire, A. D. Baker, and O. W. Turner, J. Organomet. Chem.,
18, 349 (1969); P. K. Bischof, M. J. S. Dewar, D. W. Goodman, and T. B. Jones,
ibid., 82, 89 (1974).

9) T. Shida, H. Kubodera, and T. Egawa, Chem. Phys. Lett., 79, 179 (1981); T.
Wang, and F. Williams, J. Chem. Soc., Chem. Commun., 1981, 666.

10) C. G. Pitt and H. Bock, J. Chem. Soc., Chem. Commun., 1972, 28.
11) H. Sakurai and M. Kira, J. Am. Chem. Soc., 96, 791 (1974).
12) P. O'Neil, S. Steenken, and D. S.-Frohlinde, J. Phys. Chem., 79, 2773 (1975);

W. T. Dixon and D. Murphy, J. Chem. Soc., Perkin Trans. 2, 1976, 1823.

(Received August 6, 1985)



