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Mechanism of Initiation of Cumene Autoxidation by Palladium(0) Complexes

By R. A. SHELDON
[Koninklijke[Shell-Laboratorium, Amsterdam, The Netherlands (Shell Research N.V.)]

Summary Chain initiation in the liquid-phase autoxida-
tion of cumene at 35° catalysed by the palladium(0) com-
plex (PhyP)Pd, occurs via hydroperoxide decomposition
and not via an ‘‘oxygen activation” mechanism.

HoMoGENEOUs catalysis of hydrocarbon autoxidation by
several oxygen complexes of Group VIII metals (Ir, Rh,
Pt, Pd) has been reported.1-? Recent investigations?®:® have
shown that these reactions have the characteristics of
radical-chain processes initiated by metal-catalysed hydro-
peroxide decomposition. However, Stern reported! that
(PhyP),Pd catalysed the liquid-phase autoxidation of cumene
at 35° via an oxygen activation mechanism [equations

(1)—(4)].

(PhgP),Pd + O, —> (Ph,P),PdO, -+ 2Ph,PO 1)
(PhyP)PdO, + RH —> (Ph,P),PdO,H + R- )
R+ O, —> RO, (3)
RO, + RH —> ROH + R- (@)

It seemed likely to us that initiation had occurred via
decomposition of traces of hydroperoxide, although the
cumene was described as peroxide-free. To distinguish
between these two mechanisms we have made a kinetic
study of this reaction. Our results show unequivocally
that chain initiation occurred via decomposition of the
hydroperoxide still present in the cumene. These con-
clusions are based on the following evidence.
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(1) The normal procedure for obtaining hydroperoxide-
free samples of cumene (washing with conc. H,SO, and
distilling under nitrogen) was shown to be insufficient.
Cumene purified by this method exhibited induction periods
of less than 10 min under autoxidation conditions (1 atmos
of oxygen). Subsequent purification by passing the
cumene down a column of basic alumina, immediately prior
to use, gave samples with induction periods of 1—3 h.
Addition of t-butyl hydroperoxide (0-01 mol?,) to these
samples resulted in almost instantaneous oxygen absorption.
Theseresultssuggest thatin the experimentreported by Stern
the cumene used still contained traces of hydroperoxide.

(2) If the cumene autoxidation is initiated by radicals
formed from hydroperoxide decomposition, there should be
a direct relationship between the rates of cumene autoxida-
tion and hydroperoxide decomposition, namely the rate of
initiation of the former reaction (R;) should be equal to the
rate of radical production (Ry) in the latter.

(PhyP),Pd was found to catalyse the decomposition of
t-butyl hydroperoxide in chlorobenzene at 35°.+ The rate
of oxygen evolution was directly proportional to the cata-
lyst concentration. The rate of radical production (Ry)was
measured by the inhibition method,® using Ionol (2,6-di-t-
butyl-4-methylphenol). That the decomposition involves
a normal type of radical-induced hydroperoxide decom-
position, like that with, e.g., Co salts, was confirmed by the
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chain length of the reaction [(dO,/d#)/R;], which was
found to be 10, in agreement with other studies.?,10

For 8 X 104 M catalyst concentration and 0-4M-ButOOH
we obtained Ry = 3-5 X 10~-? mol ml-? s~1, This rate was
(within experimental error) equal to the rate of initiation,
Ry = 4-5 X 10~ mol ml-? s-1 of cumene autoxidation at
the same catalyst concentration, temperature, and at
hydroperoxide concentrations between 0-005 and 0-05M.
The values of R; were calculated from the initial rate of
oxygen absorption {dO,/d¢ = &y [cumene]+/(R;/2k¢) } using
the known values!! of %, and k4, as well as from the length
of the inhibition period (finn) brought about by the
addition of Ionol to the autoxidizing system (R; = 2[Ionol]/
Yinn.)-

In the cumene autoxidation as well as in the hydro-
peroxide decomposition the rate decreased steadily with
time, presumably owing to catalyst deactivation via
irreversible oxidation of the metal (to PdH) and/or the
phosphine ligands (to the oxide).

The liquid-phase autoxidation of styrene at 35°, in the
presence of (Ph,P),Pd, was also examined because of the
possibility of the oxygen complex (PhyP),PdO, catalysing
the autoxidation of olefins by the addition mechanism.}?
However, as with cumene, long induction periods were
observed in the absence of added t-butyl hydroperoxide.
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