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Summary 

It is shown that the destabilization of the x-MOs in ally1 and benzyl 
compounds of elements M of Group IVB can be quantitatively predicted on the 
basis of the hyperconjugative M-C/z interaction model. 

We present below a quantitative analysis of the M-C (M = C, Si, Ge, Sn) 
hyperconjugation*** in ally1 ( CH2 =CH-CH2 MRs ) and benzyl ( C6 H5 -CHt MRs ) 
ctimpounds. The results provide a definitive interpretation of this phenomenon, 
which has recently been intensively studied [l] 

To account quantitatively for the interaction between two basis orbitals (in 
our case the M-R’ a-MO of compounds R’MR, on the one hand, and the vinyl 
and phenyl (elg) n-MO with non-zero coefficient at the position of substitution 
on the other) of energies E, and E, (assuming E, > E2) we have, according to 
the variation method: 

6E = %[EI +E, +&El -&)* +4/I’ ] -E, (1) 

Here (3 denotes the interaction between the two basis orbitals and 6E the rise in 
energy of the higher orbital due to this interaction. The values of the energies E, , 

*For part XL111 see ref. 5. 

**After this paper was submitted a paper by Pitt [ISI appeared. TbIs publication is based largely on 

results disclosed in our earlier papers (see our perturbational account of the variation of the effect of 

M-C hyperconiugation with M [lb, Ihl and our discussion of the role of pn-dn conjugation in 

Group IV chemistry [la. lb]. 

***For leading references see ref. lh. 
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E2, and SE are available from photoelectron (PE) spectroscopy*. 
Table 1 summarizes the measured vertical ionization potentials (IP), the 

assignment of corresponding PE bands, and the El and E2 values for a series 
of ally1 and benzyl compounds. The 6E values are obtained from the IP1 and 
E, values with a correction for the C-H hyperconjugation of the CH2MR3 group 
(ally1 compounds 0.31 eV [4a], benzyl compounds 0.12 eV [4b] )**_ By varying 
p in (1) and looking for the best correlations (least-squares method) between the 
observed and calculated (from (1)) SE values, straight. lines are obtained which 
pass through the origin. The best /3 values are found to be 1.15 f 0.07 eV for the 
ally1 compounds and 1.09 k 0.09 eV for the benzyl compounds. These results 
show quantitatively and unambiguously that the interaction between ‘IT systems 
and CH*MR3 substituents is hyperconjugative. They further show the interaction 
parameter 0 to be independent of M. 
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