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Activation energies for the aldition of peroxyl radicdsto alkenes correlate well with the
energy released by charge transfer to the radicd at the transition state (AE,).! This
correlation (figure 1) has now been extended to the most polar readion yet studied, the
epoxidation of 2,3-dimethyl-2-butene by acedylperoxyl radicas (reacion 1) between 393
and 433K, viathe m-oxidation of acdaldehyde and 2 3-dimethyl-2-butene and a
previoudly studied reference dkene (isobutene).

CH4C(0)O,: + (CH,),C=C(CH,), -~ CH, + CO,+ (CH,),COC(CH,), )

The agivation energy (E, = 13.3+5.0 kJ mol™) is consistent with values for other alkenes
(Figure 1), while the pre-exponentia fador [log,(A,/dm®mol™s?) = 9.1+0.6] shows no
sign of steric hindrance a the relatively crowded double bond, being if anything dlightly
larger than typicd A factors for smaller alkenes [log; (A ed/dm’mol*s?) ~ 8.1+0.5].

A series of conjugated denes (1,3-butadiene, isoprene, 2,3-dimethyl-1,3-
butadiene) and the unconjugated 1,5-hexadiene have dso been examined, Arrhenius
parameters are given in Table 1. Eledron affinities are only available for 1,3 butadiene,
so AE, could only be cdculated for reacion 2, which is also included on Figure 1.

CH.C(0)O,- + CH,=CH-CH=CH, - CH, + CO,+ CH,=CH-HCOCH,  (2)

Interestingly, the adivation energy for 1,3-butadiene dso lies on the line of correlation of
the mono-akenes given in figure 1, in spite of it having arelatively low ionisation energy
due to resonance stabili sation of the diene cdion (the pre-exponential fador is aso
comparatively high at log,(A,/Jdm®mol !s ) = 9.6+0.6). Thereis, in effed, no resonance
stabili sation of the transition state with resped to the isolated readants. The adivation
energy is relatively high because the dedron affinity of the diene is aso relatively low
(due to resonance stahili sation of the diene anion), therefore the el ectronegativity and
consequently adivation energy of 1,3 butadiene (4.21 eV and 309+5.0 kI mol™
respedively) are similar to propene (3.88 eV and 325+3.8kJ mol™).



Alkene log,o(A/ dm* mol* s)  E,,/ kImol?

2,3-dimethyl-2-butene 9.1+0.6 13.3+5.0
1,3-butadiene 9.6+0.6 30.9+5.0
isoprene 8.7+0.9 23.316.7
2,3-dimethyl-1,3 butadiene 8.1+14 17+11
1,5-hexadiene 9.6+0.8 35.8+6.2

Table 1: Arrhenius parameters for the aldition of aceylperoxyl radicdsto 2,3-dimethyl-
2-butene, seleded conjugate dienes, and 1,5-hexadiene.
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Figurel. Relationship between AE, and the adivation energy for the gpoxidation of
alkenes by: acdylperoxyl radicds, m 1,3-butadiene and 2 3-dimethyl-2-butene, O other
monoalkenes. Other radicas: ©methylperoxyl: x hydroperoxyl: + iso-propylperoxyl: a
tert-butylperoxyl.?3*
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