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Formation of Alkyl Radicals by
Thermal Bimolecular Reaction of Alkanes and
Alkenes

By Jiirgen O. Metzger*

The symproportionation (a) of an alkane and an alkene
to give two alkyl radicals is a thermodynamically feasible
elementary reaction that has long been sought!™, It is the
reverse of the disproportionation of alkyl radicals. In con-
trast to the intensively investigated homolysis of single
bonds (b)—the reversal of the recombination of alkyl radi-
cals—the symproportionation has so fai never been une-
quivocally demonstrated®,

R'H + CH,=CH—-R? = °R! 4 CH,—~CH—R? (a)
R:_Rz — N\ GRI +‘®R2 v (b)

The activation enthaipy of the bimolecular reaction (a) is
substantially lower than that of the monomolecular homo-
lysis (b); it is equal to the negative reaction enthalpy of the
radical disproportionation and is thus easy to evaluate by
thermochemical methods™. In some special cases a know-
ledge of the symproportionation was considered essential
for interpreting the course of a reaction: A classical exam-
ple is the initiation reaction of the spontaneous polymeri-
zation of styrene. However, recent findings by Pryor would
appear to contradict such an initiation reaction!™.

We have already shown in earlier experiments that al-
kanes can be added to alkenes in a thermally initiated
reaction’?. Kinetic studies on the addition of cyclohexane
to 1-octene clearly revealed that a radical chain reaction is
involved.

cyclo-CgHyz + CHp=CH~{CHj)s—CH;

l

CyCIO-CsHu"‘(cHz)vy—C H; + cyclo- CGHII_Cl H~(C H2)5"'C Hs
CHg

+ 2-Octene + 3-Octene + 4-Octene

Cyclohexane was allowed to react with 1-octene (molar
ratio 100:1) at 360—450°C and 200 bar with total exclu-
sion of oxygen until ca. 90% conversion. 1-Octene reacts in
two parallel reactions with formation of the adducts 1-cy-
clohexyloctane and 2-cyclohexyloctane (total yield of ad-
ducts ca. 50% referred to 1-octene; ratio of the two regio-
isomers 94.9 :5.1) as well as isomeric octenes. In addition,
n-octane and cyclohexylcyclohexane are also detected in
the product mixture. The kinetics of the initiation reaction
can be described in terms of equation (c).

Vgare = ki [1-0ctene}[cyciohexane} {©)
eyelo-CoHy; + CHymCH—(CHy)s—CH; =
cyelo-CeH$ + CHy—CH—~(CH,)s—CH, (@

The experimentally determined value of lg(ki/k)?=
—6.89 yields the quasi steady-state radical concentration
[cyclohexyll,,, = 5.82 x 10~2 mol/L at 450°C and 200 bar.
This value is in good agreement with the radical concentra-
tion of [cyclohexyll,,.=5.83x 10~% mol/L obtained on

calculation of the equilibrium (d) from the thermochemical
data.

The results of the kinetic investigation can only be satis-
factorily explained in terms of the initiation reaction (d).
Other initiation reactions such as homolysis of CC bonds
of the alkane and of the alkene, bimolecular dispropor-
tionation of alkene, or intermediary formation of a 1,2-di-
radical combined with an H-abstraction from the alkane,
lead to other rate equations, other activation energies, or
completely different A factors.

A two-step reaction path via a 1,2-diradical can be confi-
dently ruled out; jt would be orders of magnitude slower
than the observed reaction. This means that the thermal
formation of radicals from alkane and alkene must pro-
ceed in one step as bimolecular metathesis, i. e. indeed as a
reversal of the disproportiopation of alkyl radicals with the
same transition state!'®, Thus, the kinetics and thermody-
namics are consistent with an initiation reaction as de-
picted in equation (a). This can be used for the investiga-
tion of radical reactions over a wide range of temperatures
and without the addition of special radical initiators. This
type of reaction obviously plays an important role in
cracking processes®; it must also proceed intramolecu-
larly and is possibly of significance in thermal intramole-
cular reactions such as the retro-ene reaction.
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