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pyramidal Geometry of the Tervalent Carbon Atom of the Norbornadien-7-yl 
Radical; Electron Spin Resonance Study 

By YOSHIO SUGIYAMA, TAKASHI KAWAMURA,* and TEIJIRO YONEZAWA 
(Department of Hydrocarbon Chemistry, Faculty of Engineering, Kyoto Uniziersity, Kyoto 606, Japan) 

Sumvlzary The e.s.r. spectrum of the norbornaclien-7-yl 
radical shows that its trigonal carbon atom (CJ is more 
pyramidal than that of the cyclopropyl radical; i t  is 
suggested that the pyramidal deformation of the former 
is due to electron transfer interaction froni the etheno 
bridges to C, as well as t9 the small bond angle around C,. 

THE bending of the radical centre of substituted alkyl 
radicals is of current interest.l We report here the e.s.r. 
spectrum of the norbornadien-7-yl radical and that its 
tervalent carbon atom is more pyramidal than that of the 
cyclopropyl radical. 
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Irradiation of a cyclopropane solution of a mixture of 
7-brom0norbornadiene,~ triethylsilane, and di-t-butyl per- 
oxide at -108 "C led to an e.s.r. spectrum3 which was 
analysed as a doublet (0.449 mT) of tripleis (0.187 mT) 
further split into quintets (0.00SmT) with a g factor of 
240228.l. We attribute the spectrum to the norborna- 
dien-7-yl radical.4 The doublet, triplet, and quintet 
splittings can be reasonably assigned to a (T-H), bridgehead 
(1- and 4-H), and etheno bridge (2-, 3-, 5-, and 6-H) protons, 
respectively. These hyperfine splitting constants (h.f.s.c.) 
fit well the correlation5 between a and p proton h.f.s.c.s 
observed for norbornen-7-y16 and related radicals. The 
R-proton 1i.f.s.c. of (--)0.449 mT of the norbornadien-7-yl 

radical is more positive than that of the cyclopropyl radical 
( -0 .65  xnT),' showing that the radical centre of the former 
is more bent than that of the latter, although the C( 1)-C(7)- 
C(4) bond angles in the former would be expected to be 
around 92" * and far larger than the corresponding bond angle 
in the latter. 

We suggested previously that the extent of radical-centre 
bending of the norbornen-7-yl and related radicals should 
correlate with the angle between the C(l)-C(7) and C(7)-C(4) 
bonds. The present results suggest that  this bond angle 
may not be the only major factor inducing pyramidal 
deformation of the norbornadien-7-yl and related radicals. 
The symmetry of the 7r orbitals on the etheno bridges and the 
odd electron orbital on C-7 only allows electron transfer 
away from the etheno bridges 
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resulting carbanion-like character of the tervalent carbon 
atom as well as the small angle between the C(7)-C(1) and 
C(7)-C(4) bonds seems to have led to a pyramidal deforma- 
tion of the tervalent carbon atom. The relative importance 
of 7r electron delocalization and 0 inductive effects in 
radical-centre bending of substituted alkyl radicals such as 
43, is a subject of continuing discussi0n.l However, CT in- 
ductive effects are not involved in the pyramidal deforma- 
tion of the radical centre of the present species. 
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