Epoxidation of Cyclopentene, Cyclohexene and Cycloheptene
by Acetylperoxyl Radicals
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To further the aurrent understanding of how peroxyl radicas add to C=C double
bonds,® 2 a series of cyclic dkenes (cyclopentene, cyclohexene and cycloheptene) were
reaced with acaylperoxyl radicds over the temperature range 373- 433K, viathe -
oxidation of acaaldehyde, the g/clic dkene and areference dkene. The resulting
epoxides were monitored by GC-FID, allowing the determination of the Arrhenius
parameters given in Table 1 for these aldition readions.

Alkene log,o(A/ dm* mol*s)  E,,/kJmol?
cyclopentene 9.7+0.6 31.2+5.0
cyclohexene 7.7£0.7 17.445.3
cycloheptene 8.8+0.8 25.5+6.5
cis-2-butene’ 8.1+0.5 22.9+3.8

Table 1: Arrhenius parameters for the aldition of acdylperoxyl radicasto cyclic dkenes
and cis-2-butene.

Parameters for cis-2-butene ae dso given for comparison,* as it would be
expeded that arelatively unstrained cycloalkene would behave in a smilar manner to this
non-cyclic dkene; thisisindeed found to be so, with no statisticdly significant difference
between cyclohexene and cis-2-butene. Indeeal the measured adivation energy for
cyclohexene fitsin well with correlation between charge transfer (AE,) and adivation
energy that is known to exist for the aldition of aceylperoxyl to agyclic mono-akenes.

Cyclopentene however does have asignificantly larger pre-exponential facor and
adivation energy than either cyclohexene or cis-2-butene. Geometries for the transition
states and isolated reacants caculated using MOPAC 6 with the AM 1 hamiltonian®
indicate that radicd addition to the highly strained cyclopentene (which is constrained to
be planar) can release asignificant amount of entropy, and consequently increase the pre-



exponentia fador for the readion. The cdculated ratios of the pre-exponential fadors
for cyclopentene with resped to cyclohexene (1og,(Aqs /Acs) = 1.8) is comparable with
the experimental determination (2.0+0.9). In comparison with addition to cyclohexene,
the trangition state for addition to cyclopentene is comparatively ealy and involves less
charge transfer, thus providing an explanation for its higher adivation energy.

80

o)
oS
I

f
Y
o H

f

”n
T
%ﬂﬂ ;

N
o
I

Activation Energy (kJ/mol)

0 T T T |

0 10 20 30 40
AE. (kJ/mol)

Figurel. Relationship between AE, and the adivation energy for the goxidation of
alkenes by: acdylperoxyl radicas, m cyclohexene, O other monoalkenes.

Other radicds: © methylperoxyl: x hydroperoxyl: + iso-propylperoxyl:

A tert-butylperoxyl.?**
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