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It was found both in the working group of F.R. Mayo [l]  
and in our own group [2] that the proportion of epoxide 
and ally1 hydroperoxide formation from cyclic olefins dur- 
ing their oxidation with molecular oxygen depends dramat- 
ically on the ring size. From cyclopentene and cyclohexene 
only about 10 % epoxide is obtained whereas from cyclohep- 
tene about 30 % and from cyclooctene about 60 YO epoxide is 
formed. Bicyclo[2.2.l]heptene [3,4] and bicyclo[2.2.2]octene 
[5] give only epoxides, their allylic C-H bonds are unreac- 
tive because they are bridgehead C-H bonds in bicyclic ring 
systems, and the corresponding carbon radicals cannot be sta- 
bilized by mesomerism with the C=C bond (Bredt's rule). 

The results on the autoxidation of cyclic olefins can either 
be explained by differences of the reactivities of the allylic 
C-H bonds or by differences of the reactivities of the C=C 
double bonds with the chain-propagating peroxy radicals. The 
decision between these possibilities can be made by determin- 
ing the relative reaction rates of the allylic C-H bonds and of 
the C=C double bonds with reference to one and the same 
standard compound. 

We have studied the competitive oxidation of the mono- 
cyclic C5 to c8 olefins and of bicyclo[2.2.1]heptene with 
cumene and determined the reactivities of both the allylic 
C-H bonds (formation of allylic hydroperoxides, after reduc- 
tion with LiAlH4 only cycloalkenols) and the C=C bonds (for- 
mation of epoxides, after reduction with LiAlH4 cycloalka- 

Table 1 Kinetics and regioselectivity of the autoxidation of 
cyclic nd bicyclic olefins 

olefin 

cyclopentene 
cyclohexene 
cycloheptene 
cyclooctene 
bicyclo[2.2.1]- 
heptene 

temper- gross c=c~) allylic c-H~) 
ature reactivity 
"C krel a) 

35 8.250.8 0.2410.04 1.983~0.19 
65 6.6f0.3 0.56f0.02 1.62k0.06 
65 4.950.1 1.02f0.11 0.97f0.03 
65 1.610.1 1.16f0.04 0.1010.01 
65 6.5f0.5 6.5f0.5 - 

a) mean value of five independent experiments in each case; 
determined by competitive oxidation with cumene; related to 
the tertiary C-H bond of cumene 

nols) with reference to the tertiary C-H bond of cumene 
(Table 1). 

The results show that both the allylic C-H reactivity and the 
reactivity of the C=C double bond depend on the ring size. 
The oxidizabilities of the olefins studied were determined in 
[6]. They change in the same manner as the gross reactivities 
shown in Table 1 (which may be considered as relative chain 
propagation constants). Therefore one can conclude that the 
chain termination constants of all the olefins studied lie in 
the same order of magnitude. 

We thank the Fonds der Chemischen Industrie for financial 
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Experimental 

The oxidations and the LiAIH4 reductions were accomplished 
as described in [7]. At first the pure olefins were oxidized 
and reduced in order to seek for good conditions for the 
gaschromatographic analysis. The epoxides with the excep- 
tion of bicyclo[2.2.l]heptene-oxide were reduced by LiAlH4 
to the corresponding cycloalkanols. In the case of cyclooctene- 
oxide this reduction was always incomplete. Following epox- 
ide yields (related to the sum of gaschromatographically de- 
tectable compounds) were obtained from the pure olefins: cy- 
clopentene, 13.4 YO; cyclohexene, 6,7 YO, cycloheptene, 18.3 %; 
cyclooctene, 78.8 YO; bicyclo[2.2.l]heptene, 100 %. 

Five competitive oxidations with different mole ratios in 
each case were accomplished with all olefins studied. The 
gross reactivities and the relative reactivities of the C-H and 
the C=C groups collated in Table 1 are mean values calcu- 
lated from the analysis of the reduction products from the 
competitive oxidations. 
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