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The hydrogens a t  C(2) in spiro[2,n]alkanes are abstracted about five times more rapidly than 'normal' secondary 
hydrogens by t-butoxyl radicals, because of favourable overlap of the p-orbital a t  C(2) with the HOMO of the 
adjacent cyclopropyl ring; the hydrogens at C(2) in bicyclo[n.l .O]alkanes are less activated because the cyclopropyl 
ring orientation is less favourable for overlap. 

The cyclopropyl group is known to interact with an adjacent 
p-(or n-) orbital, leading to thermodynamic stabilisation in the 
resulting species. The stabilisation of cyclopropylmethyl 
cations is well known, and is usually attributed to charge 
delocalisation via non-classical structures.',* Cyclopropyl- 
methyl type radicals show a similar though much smaller 
stabilisation. For example, in the photochlorination of 
methylcyclopropane with t-butyl hypochlorite hydrogen is 
abstracted from the methyl group at an enhanced rate.3 
Cyclopropylacetyl peroxide ( I )  decomposes 55 times faster 
than cyclohexylacetyl peroxide ,4 Free radical addition to 
2-cyclopropylpropene (2) proceeds more rapidly than addition 
to 2,3-dimethylbut-l-ene.5 Cyclopropyl-substituted azo- 
compounds such as (3) decompose considerably more rapidly 
than 2,2'-azoisobutane.6 Non-classical structures for cyclo- 
propylmethyl radicals can be ruled out because of the lack of 
scrambling in W-labelled speciesl.7 and because the e.s.r. 
evidence is strongly against this.8 The enhanced rates of 
formation of cyclopropylmethyl type radicals have been 
variously attributed to homoallylic conjugation,3 develop- 
ment of cationic character in the transition ~ t a t e , 5 . ~  and ring 
strain effects. 10 

Hydrogen abstraction from spiro[2.n]alkanes (4) and cis- 
bicyclo[n. 1 .O]alkanes (8) by free radicals occurs virtually 
exclusively in the larger ring because of the much higher 
C-H bond strengths in the cyclopropyl rings. Hydrogen 
abstraction from C(2) leads to the formation of cyclopropyl- 
methyl (cpm) type radicals ( 5 )  and (9) whereas abstraction 
from other methylene groups gives secondary alkyl radicals 
(6) and (10) respectively; see Schemes 1 and 2. In ( 5 )  the axis 
of the p-orbital containing the unpaired electron is parallel to 
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Figure 1. Low field part of the 9.4 GHz e.s.r. spectrum of the radicals 
obtained on hydrogen abstraction from spiro[2.6]nonane (4, n = 6) by 
t-butoxyl radicals in neat di-t-butyl peroxide at 240 K.  Circles indicate 
the resonance lines from cycloheptenylethyl radicals (7, n = 6);  other 
lines are from secondary radicals (6). 

the plane of the cyclopropyl ring, whereas in (9) it is tilted out 
of the parallel orientation by an angle that depends upon the 
size of the ring. The rates of hydrogen abstraction from C(2) in 
(4) and (8) will, therefore, reflect the consequent differing 
activation at C(2). 

We have examined the rates of hydrogen abstraction by 
t-butoxyl radicals from a series of compounds (4) and (8) using 
e.s.r. spectroscopy. The spiro[2.n]alkan-2-yl radicals ( 5 )  
rearrange rapidly and completely under e.s.r. conditions to 
give cycloalkenylethyl radicals (7) so that the rate of hydrogen 
abstraction at the cpm site, C(2), relative to the rate of 
abstraction at the remaining methylenes, k(cpm)lk(sec), can 
be estimated from the concentrations of radicals (7) and (6) 
respectively, determined by double integration of suitable 
peaks from the spectra of each radical. Figure 1 shows the 
e.s.r. spectrum obtained on hydrogen abstraction from 
spiro[2,6]nonane (4, n = 6) with the cycloheptenylethyl and 
secondary radicals well resolved. The bicyclo[n. 1 .O]alkan-2-y1 
radicals (9) also rapidly rearrange to give cycloalkenylmethyl 
radicals (11) [or cycloalkenyl radicals (12) for n d 41.1L.12 In 
this series the concentrations of the two radicals formed could 

Table 1. Relative rates of hydrogen abstraction by BuIO' radicals from 
spiro[2,n]alkanes and bicyclo[n. 1 .O]alkanes. 

Compound Temp./K [cpm]/[sec] k(cpm)/k(sec)'l 
(4,n = 5) 240 5.8 * 0.5 8.6 5 0.8 
(4. n = 6) 240 2.3 * 0.2 4.6 k 0.4 
(4,n = 11) 240 1.2 t 0.1 5.2 k 0.5 
(8, n = 6) 240 0.75 k 0.25 1.5 _+ 0.5 

a Statistically corrected for the numbers of hydrogens in each 
environment. 

(13)  

only be determined for (8, n = 6); for the lower members of 
the series signals from radicals (11) overlapped with signals 
from the secondary radicals (10) and for the higher members 
(8, n 3 7) the e.s.r. spectra were too weak and poorly 
resolved. 12 

Table 1 shows that the spiroalkanes are attacked at C(2) 
significantly more readily than at the other methylenes by 
t-butoxyl radicals. The relative rate [k(cpm)lk(sec)] depends 
to some extent on ring size, which is not surprising because the 
rate of hydrogen abstraction from cycloalkanes varies with 
ring size.13 Spiro[2.ll]tetradecane (4, n = 11) probably gives 
the nearest approximation to 'normal' secondary hydrogens, 
and the result here indicates that hydrogen is abstracted from 
the cpm site about five times more rapidly than from the 
'normal' secondary alkyl site. As expected, the cpm site is less 
activated towards But00 radicals than the allyl site, for which 
k(allyl)lk(sec) = 36, or the propynyl (propargyl) site, for 
which k(propynyl)lk(sec) = 18 at 293 K. l4  

The highest occupied of the Walsh orbitals of cyclopropane 
consist of a degenerate pair constructed from p-orbitals in the 
plane of the cyclopropyl ring. 15 In spiro[2.n]alkan-2-y1 radic- 
als ( 5 )  the p-orbital at C(2) is held in the ideal orientation for 
interaction with either member of this cyclopropyl HOMO. 
The main contributions to the SOMO of radicals ( 5 )  are 
illustrated in (13); semi-empirical calculations (IND0,16 
MIND0/3,17 and MNDO-UHF's) on the spiro[2.3]hexan-2-yl 
radical support this representation. The analogy between (13) 
and the SOMO of the allyl radical is striking, but the less 
favourable overlap accounts for the smaller activation at cpm 
sites compared to allyl sites. 

In bicyclo[6.1.0]nonane (8, n = 6) there is little, if any, 
activation at C(2) (Table 1): however, the e.s.r. spectra for the 
lower members of this serieb (8, n d 5 )  indicated that C(2) is 
the major site of attack, although the effect could not be 
quantified. In the most stable conformation of (8, n = 6)19 the 
axis of the p-orbital at C(2) is approaching the perpendicular 
orientation with respect to the plane of the cyclopropyl ring 
and interaction of the type shown in (13) is not possible. The 
lack of activation at C(2) is therefore easily understood. For 
the smaller members of this series models suggest that the axis 
of the p-orbital at C(2) will be between the parallel [as in (13)] 
and perpendicular orientations. Some overlap, and hence 
some activation, can be expected and this accounts for the 
preferential attack observed at C(2) in the bicyclo[n. 1 .O]al- 
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kanes (8, n d 5 )  for b o t h  t-butoxyl radicals12 and chlorine 
atoms.20 
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