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We have found previously [1] that aliphatic alco-
hols C1�C3 are catalytically oxidized to the corre-
sponding carbonyl compounds in the system palladi-
um(II) tetraaqua complex�iron(III) aqua ion. In the
course of oxidation, palladium is reduced to the inter-
mediate oxidation state Pd(I), which precedes forma-
tion of a small palladium cluster, an actual catalytic
species [1, 2].

It is known that aromatic compounds, via � elec-
trons of the ring, form complexes with palladium in
lower oxidation state [3, 4].

Here we report that addition of a benzene deriva-
tive (nitrobenzene, acetophenone, benzonitrile, phen-
ylacetonitrile) to the reaction system containing meth-
anol, Pd(II) tetraaqua complex, and Fe(III) aqua ion
([MeOH] 4, [Fe3+]0 0.03, [Pd2+]0 5 � 10�3, [HClO4]
0.7 M) in the temperature range 40�70�C increases
the degree of Fe(III) conversion and the yield of the
carbonyl compound. In all the cases, the concentration
of the aromatic compound was 12 � 10�3 M. It is
important that no palladium black formed during the
time in which the Fe(III) concentration decreased.

The aromatic compounds do not affect the maximal
rate of alcohol oxidation; it remains the same as in the
reaction performed without these additives. In the
presence of acetophenone, the conversion of Fe(III)
was 67%, and with nitrobenzene, benzonitrile, and
phenylacetonitrile it was 95%. Without these addi-
tives, the conversion of Fe(III) was as low as 30%.

Related compounds containing no phenyl group
(i.e., nitromethane, acetone, or acetonitrile) exert no
effect on the degree of Fe(III) conversion.

The capability of the carbonyl group in acetophen-

one for coordination with Pd is considerably lower
than that of the functional groups of the other aromat-
ic compounds studied. Therefore, the effect of aceto-
phenone on the degree of Fe(III) conversion was the
weakest.

Oxidation of alcohols with Fe(III) in the presence
of Pd(II) tetraaqua complex is accompanied by accum-
ulation of Fe(II) aqua ions, which, on reaching certain
critical concentration, start to react with the initial
Pd complex to form palladium black [1]. This breaks
the catalytic cycle of alcohol oxidation. As we showed
in [2], the catalytic species in autocatalytic oxidation
of Fe(II) aqua ions with Pd(II) tetraaqua complex is
low-valence Pd. Apparently, this state of Pd is stabi-
lized by complexation with an aromatic compound,
inhibiting the reaction between Pd(II) tetraaqua com-
plex and Fe(II) ions formed under the conditions of
alcohol oxidation. Therefore, the degree of Fe(II) con-
version and the selectivity of alcohol oxidation with
respect to formation of the carbonyl compound in-
crease in the above catalytic system.

With benzonitrile and phenylacetonitrile, palladium
black precipitates only after complete reduction of
Fe(III), which is due to occurrence of a stoichiometric
reaction between Pd(II) and alcohol. This fact indi-
cates that, in the presence of the above nitriles, Fe(II)
is not noticeably oxidized with Pd(II) tetraaqua com-
plex.

Thus, the effect of the aromatic derivatives on the
catalytic oxidation of alcohols in the system Pd(II)
tetraaqua complex�Fe(III) aqua ion is due to the cap-
ability of the substituent in the benzene ring and of
the aromatic ring itself for coordination with palladi-
um in the intermediate oxidation state (small palladi-
um cluster).
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