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Abstract—Copper(II) complex 1 efficiently catalyses the oxidation of alkylbenzenes and cyclohexane into the corresponding
ketones in moderate to high yields in the presence of 30% H2O2. This protocol is simple, clean and generates water as the only
by-product.
© 2003 Elsevier Ltd. All rights reserved.

Transition-metal-catalyzed oxidation of organic com-
pounds with atom efficient oxidants such as O2 or H2O2

is rapidly gaining importance as a viable alternative to
the environmentally hazardous metal promoted stoi-
chiometric oxidations.1,2 Recent studies have shown
that transition metals in combination with various oxi-
dizing agents convert a wide range of hydrocarbons to
the corresponding oxidized products.3 These oxidations
are modeled on certain enzymes that perform the oxi-
dation of hydrocarbons in natural systems.4 In spite of
many studies, there are very few which use H2O2 as a
source of oxygen in the C�H oxidation of alkanes.5

More recently, we have reported the oxidation of alco-
hols to carbonyl compounds with a cobalt(II) complex
in the presence of 30% H2O2 in high yields.6 This
protocol functions in the absence of additive and gener-
ates water as the only by-product. Herein, we wish to
report the oxidation of alkylbenzenes and cyclohexane
to the corresponding ketones with copper(II) complex 1
in the presence of 30% H2O2 in moderate to high yields
(Scheme 1).7

The oxidation of diphenylmethane was first examined
as a standard substrate with 30% H2O2 in the presence
of a catalytic amount of 1 in acetonitrile under ambient
conditions (Table 1).8 As expected the oxidation took
place to afford a 1:1 mixture of diphenylmethanol and
benzophenone in 34% yield in the presence of a 1 and
10 equiv. of 30% H2O2 in 16 h. Alternatively, the
reaction can be driven to the formation of benzophe-

Scheme 1.

Table 1. Copper(II)-catalyzed benzylic oxidation of
diphenylmethane to benzophenone with 30% H2O2

a

CatalystEntry SelectivitybConv.bTime
(h) (%)(0.1 mol%) (%)

1 16 181c,d >99
>9912 5 87
–None3 16 –
>99854 Cu(OAc)2

>99CuIIsalen5 5 58

a A solution of the catalyst (0.1 mol%), diphenylmethane (2 mmol),
30% H2O2 (2.26 mL, 20 mmol) and acetonitrile (2 mL) was stirred
under atmospheric oxygen at ca. 80°C.

b Determined by GC.
c Reaction was performed at ambient temperature.
d Diphenylmethanol (16%) obtained.
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none in 87% yield by heating the reaction mixture at
80°C for 5 h (entry 2). A control experiment without
catalyst 1 using the same reaction conditions showed no
oxidation. Cu(OAc)2 and CuIIsalen were also examined
as catalysts for this reaction, however, they were less
effective compared to 1 and afforded benzophenone in
8 and 58% yields, respectively (entries 4 and 5).

To evaluate the scope of the reaction, the oxidations of
ethylbenzene, butylbenzene, ethyl phenylacetate, tetra-
lin and cyclohexane were further studied (Table 2). As
above, all the substrates consistently underwent oxida-
tion selectively to the corresponding ketones in high
yields. The substrates, butylbenzene, ethylbenzene and
ethyl phenylacetate, were oxidized to the respective
ketones in 82–88% yields (entries 1–3). Similarly, cyclo-
hexane underwent oxidation to cyclohexanone in 18%
yield and tetralin was converted to �-tetralone in 89%
yield (entries 5 and 4). It is noteworthy to mention that
no oxidation was observed in the aromatic ring of the

Figure 1. Progress of the oxidation of ethylbenzene to aceto-
phenone with complex 1 and 30% H2O2.

alkyl benzenes. Likewise, in the case of butylbenzene,
the oxidation took place selectively at the benzylic C�H
bond and no oxidation was observed in the remaining
C�H bonds. The profile of the oxidation of ethylben-
zene to acetophenone is shown in Figure 1.

In conclusion, we have described a simple, clean and
efficient catalytic oxidation procedure that allows the
transformation of alkylbenzenes and cyclohexane into
the corresponding ketones in moderate to high yields.
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8. A homogeneous solution of the alkane (2 mmol), complex
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ate time (see Table 2). The reaction mixture was then
cooled to room temperature and dimethyl sulphide (50 �l)
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(Na2SO4) and evaporation of the solvent on rotary evapo-
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