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Derivatives of various transition metals are known to catalyse
alkane oxidations by hydrogen peroxide.1 Complexes of iron
and manganese are the most carefully studied catalysts.1

Recently we have described alkane oxidations by systems
based on derivatives of manganese,2 vanadium,3 osmium,4

chromium5 and gold.6 Although nickel complexes were used
as catalysts in oxidations of olefins,7 ketones,8 ethers,9 dye
amaranth10 and ethylbenzene11 only a few examples of alkane
oxidations catalysed by nickel-containing systems12 as well as
aliphatic hydroxylation by a bis(µ-oxo)dinickel(III) com-
plex13 have been published. Epoxidation of alkenes was pro-
moted by various nickel(II) complexes of macrocyclic ligands
(e.g., cyclam).14 On the other hand, the nickel-containing
tetrapyrrole, factor F430, isolated from Methanobacterium
thermoautotrophicum is the prosthetic group of methyl coen-
zyme M reductase.15 This enzyme catalyses the transforma-
tion of the thioether methyl coenzyme M to give methane. The
reversed reaction could be the methane activation process.
Thus it was very interesting to explore a possibility of nickel
complexes to catalyse alkane oxidations.

In the present study we used nickel(II) perchlorate as a cat-
alyst and hydrogen peroxide (in the form of 35% aqueous
solution) as an oxidant. All reactions16 were carried out in ace-
tonitrile solution at 70°C. The samples of reaction solutions
were analysed twice (before and after their treatment with
PPh3) by GC which showed1–6,17 that alkyl hydroperoxides
were main products whereas concentrations of the corre-
sponding alcohols and ketones were much lower. The
hydroperoxidation of cyclooctane proceeds very slowly with
significant auto-acceleration after 50 hours (Fig. 1a). However
a small amount of 1,4,7-trimethyl-1,4,7-triazacyclononane,
TMTACN (which could be considered as a model of some
nitrogen-containing macrocycles found in nature, e.g.,
tetrapyrrole) dramatically enhances the reaction rate in the
beginning of the oxidation (Fig. 1b). It should be noted that
bis(1,4,7-triazacyclononane)nickel(III) oxidizes hydrogen
peroxide.18 Unfortunately, after 50–70 hours TMTACN is 
substantially decomposed and the rate of oxidation gradually
descends. Nevertheless, the turnover number attains 66 after
96 hours. The oxidation of n-heptane under the same 
conditions after 28 hours and after reduction with PPh3 gave
(mol/dm3) heptanol-1 (0.00017), heptanol-2 (0.0007), hep-
tanol-3 (0.0008), heptanol-4 (0.00034) as well as some 
heptanoic acid. It is interesting that addition of picolinic acid
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Fig. 1 Accumulation of cyclooctyl hydroperoxide (curves 1),
cyclooctanone (2) and cyclooctanol (3) in the oxidations of
cyclooctane (0.15 mol/dm3) with H2O2 (0.45 mol/dm3) in ace-
tonitrile at 70°C catalysed by Ni(ClO4)2 (5 × 10–4 mol/dm3) in the
absence (graph a) and in the presence of TMTCAN (0.0012
mol/dm3) (b).

Fig. 2 Accumulation of cyclooctyl hydroperoxide (1), cyclooc-
tanone (2) and cyclooctanol (3) in the oxidations of cyclooc-
tane (0.15 mol/dm3) with H2O2 (0.45 mol/dm3) in acetonitrile at
70°C catalysed by H2PtCl6 (5 × 10–4 mol/dm3). 
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(5 × 10–4 mol/dm3) instead of TMTACN almost completely
depressed the cyclooctane oxidation (only 0.004 mol/dm3 of
cyclohexyl hydroperoxide obtained after 96 hours).

In order to get a mechanistic understanding of this process,
we studied the oxidation of some assay alkanes. The results
are summarized in Table 1. To compare these data, the corre-
sponding parameters for some other systems are also given.
Thus, it is believed that the oxidations by the system H2O2 –
VO3

– – pyrazine-2-carboxylic acid proceed via the formation
of hydroxyl radicals which attack C–H bonds of the alkane.
On the contrary, alkane oxygenations by the H2O2 –
[(TMTACN)MnIV(O3)MnIV(TMTACN)]2+ – CH3COOH sys-
tem apparently involve the interaction of the C–H bonds with
MnV=O species. It follows from Table 1 that oxidations by the
system H2O2 – Ni(ClO4)2 – TMTACN exhibit very low selec-
tivities for n-heptane and branched alkanes and the reaction
with cis-decalin is not stereoselective. These data testify
clearly that Ni(II)-catalysed alkane oxygenation proceeds
mainly with participation of free hydroxyl radicals.

We have also investigated alkane oxidations with H2O2
catalysed by H2PtCl6. An example of arene hydroxylation
with H2O2 catalysed by cationic complexes of platinum(II)
has been reported in the literature.19 The kinetics of Pt(IV)-
catalysed oxidation are shown in Fig. 2. It can be seen that, in
comparison with the analogous Ni(II)-catalysed process, this
reaction proceeds much more rapidly and concentrations of
relatively stable cyclooctanol and cyclooctanone are high. The
turnover number attains 44 after 44 hours. 

It is noteworthy that the reaction catalysed by Pt(IV)
exhibits noticeably higher selectivities for branched alkanes
(see Table 1) than that determined for the H2O2 – Ni(ClO4)2 –
TMTACN and H2O2 – VO3

– – PCA systems. The parameters
for Pt(IV) are lower than that determined for the H2O2 –
[(TMTACN)MnIV(O3)MnIV(TMTACN)]2+ – CH3COOH sys-
tem and close to values obtained for Fe(III)-catalysed oxida-
tions. For the latter case one could assume the participation in
the oxidation of both hydroxyl radicals and FeV=O species.
Analogously, on the basis of the selectivity parameters we can
conclude that the alkane oxidation catalysed by Pt(IV) at least
in one of possible routs involves not free hydroxyl radicals but
oxo or peroxo complexes of platinum. 
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