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Abstract—The molybdenum(VI) peroxo complex 1, synthesized from the reaction of MoO3 with H2O2 and 3,5-dimethylpyrazole
(dmpz), selectively oxidizes benzylic C-H bonds of alkylbenzenes to the corresponding alcohols and ketones in moderate to good
yields in the presence of H2O2 in acetonitrile under reflux (ca. 80°C). © 2003 Elsevier Science Ltd. All rights reserved.

Metal catalyzed oxidation of organic compounds with
hydrogen peroxide is rapidly gaining importance as a
viable alternative to the environmentally hazardous
metal promoted stoichiometric oxidations.1,2 Recent
studies have shown that transition metals in combina-
tion with various oxidizing agents can convert a wide
range of hydrocarbons into the corresponding oxidized
products.3 These metal-catalyzed oxidations are mod-
eled on certain enzymes which perform the oxidation of
hydrocarbons in natural systems.4 In spite of many
studies, to the best of our knowledge, there is only one
report which uses hydrogen peroxide, in addition to
molecular oxygen, as the source of oxygen for the
oxidation of the benzylic C�H bond of alkyl benzenes
with a molybdenum complex under homogeneous con-
ditions.5 We now report that the new molybdenum(VI)
oxo-diperoxo complex6 1, synthesized from the reaction
of MoO3 with H2O2 and dmpz, has been found to
catalyze the oxidation of the benzylic C�H bond of
alkylbenzenes with hydrogen peroxide to the corre-
sponding alcohols and ketones in moderate to good
yields. This is the first example of a molybdenum
catalyzed oxidation reaction that employs a molybde-
num complex as the catalyst with H2O2 as the oxidant
under atmospheric oxygen for the oxidation of
alkylbenzenes.

The oxidation of diphenylmethane was first examined
as a standard substrate with H2O2 in the presence of a

catalytic amount of 1 in acetonitrile under atmospheric
oxygen (Table 1). As anticipated the oxidation occurred
selectively at the benzylic C�H bond and afforded a 3:2
mixture of diphenylmethanol and benzophenone in
62% yield when the reaction was allowed to reflux at ca.
80°C in the presence of 5 mol% of 1 for 12 h.7 The
reaction conditions with catalyst 1 and H2O2 are sum-
marized in Table 1.

Table 1. Oxidation of diphenyl methane with 1 and H2O2

Catalyst 1Entry H2O2 (mmol) Products (yield, %)a,b

(mol%)
Ph2CHOH Ph2CO

5 201 30 9
382 245 40

3 435 2560

a A solution of the catalyst 1, diphenylmethane (1 mmol), H2O2 (30%)
and acetonitrile (1 ml) was refluxed at ca. 80°C for 12 h under
atmospheric oxygen.

b Isolated yield.
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To evaluate the scope of this reaction, the oxidation of
allylbenzene, butylbenzene, ethylbenzene, tetralin, tolu-
ene and xylenes (ortho and para) were studied further
(entries 1–5, 7 and 9, Table 2). As described above, the
oxidation consistently took place at a benzylic C�H
bond. The substrates containing secondary C�H bonds,

allylbenzene, butylbenzene, ethylbenzene and tetralin,
were oxidized to a mixture of the corresponding alco-
hols and ketones in high yields (entries 4–5, 7 and 9,
Table 2). However, toluene and xylenes were less reac-
tive affording the corresponding alcohols as the prod-
ucts thereby suggesting that the ease of oxidation is a

Table 2. Oxidation of alkylbenzenes with 1 and H2O2
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direct reflection of the C�H bond strength (entries 1–3,
Table 2). In the case of allylbenzene no double bond
oxidation was observed. Similarly, methyl phenylac-
etate afforded the corresponding �-keto ester selectively
as the product, no oxidative cleavage being observed
(entry 6, Table 2).

Notably, the yields of the oxidized products were sig-
nificantly reduced when the reactions were carried out
under a nitrogen atmosphere. Additionally, the oxida-
tion of diphenylmethanol was carried out separately
and benzophenone (90%) was obtained. This study
suggested that the ketones produced in the oxidation of
the substrates having secondary C�H bonds are derived
from in situ oxidation of the respective secondary
alcohols.

In conclusion, the studies described herein indicate that
the molybdenum complex 1 catalyses the oxidation of
alkylbenzenes in the presence of hydrogen peroxide
under atmospheric oxygen in moderate to good yields.
The system is mild and selective in so far as benzylic
C�H bond oxidation is concerned. Further investiga-
tion is in progress to determine the detailed mechanism
and the exact chemical nature of the active oxidant in
these oxidations.
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