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Summary 

Several substituted permethylcyclopolysilanes were reduced to anion- 
radicals and studied by ESR spectroscopy. Compounds investigated were 
Si,Me,X (X = hydrogen, phenyl, benzyl, trimethylsilyl, phenyldimethylsilyl), 
SibMe, 1X (X = hydrogen, phenyl, benzyl, trimethylsilyl) and l,l-(Me,Si),Si,Me8. 
All of the compounds form anion-radicals in which the unpaired electron appears 
to be delocalized over the polysilane ring, except for SiBMellPh- (and possibly 
Si,Me,,CH,Ph7), where the odd electron is located mainly in the aromatic ring. 
The-six-membered ring cyclosilane anion-radicals are all unstable decomposing 
in most cases to Si,Me,d, whereas Si5Me9SiMelR7 (R = methyl or phenyl) de- 
compose to S&Me,H’ _ 

The permethylcyclopolysilanes, (Me,Si), where n = 4-6, undergo reduction 
to anion-radicals (Me,Si),’ [2]. Electron spin resonance (ESR) spectroscopy of 
these anion-radicals shows that the unpaired electron interacts with each of the 
methyl protons equally, and therefore, is completely delocalized over the ring. 
The observed hyperfine splitting constants for (Me,Si)57 indicate that the half- 
occupied orbital has little or no atomic s orbital character and suggest that the 
orbital in question is “n*-like”. Similar electron delocalized anion-radicals have 
been reported for (MeEtSi) and (Et#i), [3]. 

We have now examined a series of substituted five- and six-membered 
cyclopermethylpolysilanes with hydrogen, trimethylsilyl, phenyl, benzyl or 
phenyldimethylsilyl in place of one (or two) of the methyl groups in (Me,Si), 
or (Me*Si)+ Our objectives were to find out, first, whether reduction to anion- 

* Fox-part Vlllseeref. 1. 
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1 GAUSS 

Fig. 1. ESR spectrum of l.l-(Me$&SiSMes anion-radical. -95OC in THF. 

Fig. 2. ESR spectrum of SigMegSiMe3 anicm-radical. -95°C in THF showing partial resolution of proton 
hyperfine splitting iMultiplet sidebands are due to the decomposition product SigMegH’ 

alter the unpaired spin density at various silicon atoms so slightly that the proton 
splitting constants remain nearly equivalent. This is almost certainly the ex- 
planation for the proton splittings in Si5MegCH2Ph7 (Fig. 3): This radical shows 
a multiplet pattern with proton and 13C coupling constants almost identical to 
those for (SiMe,)J (Table 1). Moreover the 13C sidebands have an intensity 
correct for 10 equivalent carbons. Likewise, equivalence of proton splitting 
constants probably accounts for the multiplet for Si5MegPh’. This anion-radical 
shows a temperature dependent ESR spectrum (see below), but generally the 
pattern and hyperfine splitting constants are similar to those for (SiMe2)57 _ 

Such a small effect of substituents on the electron distribution in the 
half-filled orbital was unexpected. By analogy with delocalized anion-radicals 
of aromatic systems, one might have expected these substituents to cause large 
changes in spin densities and ESR spectra. But although the cyclopolysilanes 
show electron delocalization in their anion-radicals as do aromatics, the two 
classes of compounds are very different. Simple Hiickel MO theory allows 
prediction of how spin densities in aryl systems should vary with various substi- 
tuents 173. No such predictions are possible yet for cyclopolysilanes as we lack 
sufficient knowledge of the molecular orbitals in these systems. Whatever the 
actual character of these molecular orbitals, it appears that substitution of 
phenyl and benzyl groups for methyl in cyclopentasilane anion-radicals perturbs 
the LUMO only very slightly. 

Proton hyperfine splitting could also be observed if the proton coupling 
constants were different but fortuitously related in some simple way. Such a 
coincidence may account for the well-resolved spectrum of Si5MegH7. The 
spectrum is a principal doublet due to hyperfine splitting by the silane proton. 
As expected, the splitting constant for the silane proton, 14.1 G, is rather higher 
than that observed for Si-H protons in aromatic anion-radicals with exocyclic 
R2SiH groups, which show splittings of 1-8 G. Hyperfine splitting by methyl 
protons is observed within each wing of the doublet. This spectrum cannot be 
simulated well if it is assumed that all 27 methyl protons couple equally, but 
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1ea.a 21 lines (Fig. 7). As the temperature was increased to -6O”C, both 
a(Si-CH3) and a(13C) increased, and the spectrum became an apparent 14 line 
pattern (Fig. 8). The changes were fully reversible when the temperature was 
lowered_ 

The reason for th% unusual temperature dependence is not known. The 
fact that no such effects were found for any other cyclopolysilane anion-radicals 
suggests that changes in solvent viscosity are not responsible. Rotation of the 
phenyl ring with respect to the polysilane ring might be restricted at lower 
temperatures, but the most stable orientation at low temperature is probably 
one with the phenyl ring nearly perpendicular to the polysilane ring, and if this 
is true the opposite temperature effect would be observed. Near degeneracy of 
the polysilane and phenyl ring unfilled orbitals, with partial delocalization onto 
the phenyl ring increasing at lower temperatures, is another possible explanation 
of the observed effect. 
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