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Summary 

The energy levels of a series of para substituted N,N-dimethylanilines 
p-MH,Me,_,C61&NMe2 (n = O-3, M = C or Si) for the ground and lower lying 
excited states have been determined in acetonitrile solution. The levels for the 
carbon compounds are all slightly destabilized relative to N,N-dimethylaniline 
and the effects are rather insensitive to n. The stabilizations produced by silicon 

substituents on all levels are markedly affected by silicon’s substituents, showing 
increasing perturbations with increasing n. It is concluded that variations in the 
interaction of the (T* system of the silyl substituent with the aniline 7r system, 
and not d orbital interactions, account for the trends observed. 

Introduction 

It has become increasingly apparent in recent years that properties of or- 
ganosilicon molecules traditionally ascribed to d orbital interactions [l] may, 

in many cases, be explained by consideration of cry hyperconjugative effects. 
Both Pitt and Schweig have recently applied the perturbational molecular orbit- 
al treatment of hyperconjugation, in conjunction with CND0/2 calculations, to 
rationalize trends in the experimental properties of organosilicon compounds 
with good success [2,3]. In a recent quantum chemical study of the effects of 
silyl substituents in phenyl and benzylsilanes, Ponec and Chvaloyshy found 
that charge transfer spectra with tetracyanoethylenk as the acceptor could be 
interpreted by interaction of the (T* orbitals of the Si-X bonds, without assum- 
ing participation of silicon d orbitals [4 J_ The ultraviolet spectra of a series of 
silyl substituted benzenes PhSiHN,Me,_, (n = O-3) have been-interpreted solely 
on the basis of hyperconjugative interactions [5]. In contrast, studies of the 
photoelectron spectra of silylbenzene and trime$hylsilylbenzene ied McLean to 
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all of the energy levels is a small destabilization. All of the energy levels are af- 
fected to approximately the same extent and there is little variation in the series 
methyl through t-butyl although a slight decrease in the electron releasing ability 
of the substituent is observed as methyl groups are replaced by hydrogen. 

In contrast, the effect of the silicon substituents on the energy levels is sta- 
bilization to a much greater extent than the destabilization produced by the 
carbon substituents. While the effects on each of the states are nearly parallel, 
the stabilization of the symmetric excited state, CT,, is nearly twice. as large as 
the effects on the other states. This is corsistent with the fact that the n* sym- 
metric orbital has large density at the para positions and should thus be most 
sensitive to perturbations produced by r interactions. We further note that the 
perturbations increase significantly as methyl groups on silicon are replaced by 
hydrogen. These effects are parallel to the decrease in energy of the cr* level of 
the silyl substituent which has the appropriate symmetry for R interaction. It is 
well known that perturbations of energy levels increase as the energy match be- 
tween the interacting orbitals improves [2,3] _ It should be emphasized that, on 
the basis of symmetry alone, it is not possible to differentiate between d orbital 
interaction and/or hyperconjugative interaction with the x system in a series of 
unsaturated silanes. However, considering the near constancy of the d orbital 
energy for the silicon substituents involved in this study, we are led to the con- 
clusion that the variations observed must be attributed to variations in the inter- 
actions of the (T orbital systems of the silyl substituent with the aromatic K sys- 
tem. We believe that the major interaction in the silyl substituted anilines is be- 
tween the (T* levels of the silyl substituent and the symmetric 7r and ‘IT* orbitals 
of NJ&dimethylaniline. This conclusion is supported by electron spin resonance 
studies of the radical anions of the para-silyl substituted anihnes [24]. 

It is of interest to note that the perturbations produced by silyl substituents 
in the aniline systems are much larger than the perturbations produced in ben- 
zene itself [ 251. This is clearly due to a better energy match between the inter- 
acting orbitals in the anilines than in the silylbenzenes. With the experimental 
data presently available on the ground and excited state energies of the compo- 
nents, a detailed perturbational analysis of at least the silyl- and trimethylsilyl- 
substituted aromatic systems should now be possible, and highly desirable. We 
would encourage workers more skilled than ourselves in quantum mechanical 
manipulations to perform these analyses. A similar investigation of the methyl- 
silyl and dimethylsilyl systems must await the analysis and assignment of the 
vacuum ultraviolet spectra of the methylsilanes [26] _ 
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