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Abstract

In the presence of hydrogen peroxide as an oxidizing agent, the heteropoly anions H6P2W18O62, H6P2Mo18O62, �-K3PW9Mo3O40, �-
K7PW9Mo2O39, H4PMo11VO40, H5PMo10V2O40 and H6PMo9V3O40 were studied as catalysts for the N-oxidation of picolinic acid, in various
solvents such as toluene, benzene and carbon tetrachloride. The highly selective oxidation, gave good to excellent yields of the related N-oxide
along with decarboxylation at 2-position of ring. Among the catalysts tested, �-K3PW9Mo3O40 catalyzed the selective N-oxidation into related
N-oxide product most efficiently. The effect of some operative variables, such as the mole numbers of hydrogen peroxide, amount of the catalyst,
and the reaction time was studied. The reaction conditions were optimized.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In nanotechnology, industry and medicine, pyridine N-oxides
are very important compounds [1,2]. Additionally, these com-
pounds are useful synthetic intermediates and show biological
activities [3]. Pyridine N-oxides are also useful as protecting
groups, auxiliary agents, oxidants, ligands in metal complexes
and catalysts [4]. Many researchers have studied the N-oxidation
of pyridines using various oxidants and catalysts [5–9]. The
shortcomings of these methods, are the requirement of high tem-
perature or catalyst loading, longer reaction times or expensive
and highly toxic catalysts, specific conditions and tedious work
up procedures. Hence, a practical and more efficient method
using inexpensive and environment friendly catalyst is still of
interest. Recently, heteropolyacids are the most conventional
homogeneous and heterogeneous used catalysts [10–15]. The
application on these catalysts cause solving of some problems
such as corrosion, loss of catalyst, tedious work up procedures,
cost, long time reactions and environment problems. These com-
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pounds have diverse structures and their constitutional elements
can readily be varied and tuned for different catalytic applica-
tions in catalytic systems.

Our previous work was devoted to study the catalytic perfor-
mance of Preyssler’s anion as pure acid, H14[NaP5W30O110],
and mixed addenda, H14[NaP5W29MoO110], in order to obtain
pyridine N-oxides from pyridine carboxylic acids [16]. The
study established that the Preyssler’s anion catalyzes N-
oxidation of pyridine carboxylic acids using hydrogen peroxide.
With respect to the various applications of heteropolyacids in
catalysis area [17–26], as a part of research project and in
continuation of our researches on heteropolyacids [27,28], the
present work screens the performance of the other heteropoly-
acids including Mo, W, and V in the preparation of pyridine
N-oxides. To best of our knowledge there is not any report con-
cerning the catalytic behavior of the studied heteropolyacids in
this work in the oxidation of pyridines.

2. Experimental

2.1. Chemicals and apparatus

Toluene, benzene, carbon tetrachloride and pyridine car-
boxylic acids were obtained from commercial sources and used
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as received. Hydrogen peroxide was obtained from Merck com-
pany and was standardized by well-known methods (Hydrogen
Peroxide product In formation Manual, Analytical procedure).

IR spectra were obtained with a Brucker 500 scientific spec-
trometer. GC-Mass analysis was performed on a GC-Mass
model: 5973 network mass selective detector, GC 6890 egilent
Mass spectra were obtained with a Massens POEKTRO METER
CH-7A VARIN MAT BREMEN spectrometer. H NMR spectra
were recorded on a FT NMR Bruker 100 MHZ Aspect 3000
spectrometer.

2.2. General procedure

In a typical reaction, in a vessel with a reflux condenser and
thermometer were successively placed, solvent (10 ml), pyridine
(5 × 10−3 mol), 15% aqueous hydrogen peroxide and catalyst as
mentioned in Tables 2 and 3. The reaction mixture was stirred
at reflux temperature for 6 h. Upon cooling the solid was filtered
off, washed with water, diethyl ether and air dried to afford the
products.

All pyridine N-oxides are known compounds and have been
characterized by comparison of their GC-Mass, Mass, IR, H
NMR and melting points with those of authentic samples.

3. Results and discussions

To optimize the reaction conditions picolinic acid (pyridine-
2-carboxylic acid) was used as substrate and the catalytic
oxidation reactions were carried out in the presence of
H6P2W18O62, H6P2Mo18O62, �-K3PW9Mo3O40, �-K7PW9
Mo2O39, H4PMo11VO40, H5PMo10V2O40 and H6PMo9V3O40
as catalyst.

In the first stage the conversion of picolinic acid to the related
pyridine N-oxide was carried out using various solvents like ben-
zene, toluene and carbon tetrachloride. The results are shown in
Table 1. According to our earlier studies [16], the GC-Mass
results, mass and melting points of obtained pyridine N-oxides
showed that picolinic acid can be oxidized along with decar-
boxylation at 2-position of heterocyle. This effect is related to
the position of COOH group to the pyridine nitrogen. The car-
boxylate anion forming in the transition state is very close to the
pyridine nitrogen, causing, to some extent, repulsion between
the identical negative charges, resulting in the planar carboxy-
late anion being in a perpendicular position with respect to the

pyridine ring, which is therefore subjected to better carboxylate
anion elimination. The results indicate that the highest yield of
the product is different in various solvents in the presence of dif-
ferent heteropolyacids. In other words, when all conditions are
similar, yields of product is variable in different solvents using
different heteropolyacids as catalyst. This behavior attributed to
the solvent effect.

Heteropoly anions are reducible chemical species, and thus
the energy of the lowest unoccupied molecular orbitals must
be sufficiently low to accept the incoming electron in catalytic
reactions. The solvent molecules can stabilize these anions and
place these molecular orbitals at the appropriate level. As shown
in Table 1, the solvent effects change with the change of catalyst
structure.

A significant interpretation for observed different activities
of tested heteropoly anions is very difficult. Most of properties
of the heteropoly anions in solution depends on the concentra-
tion, the pH value, the reaction temperature, and other factors.
Additionally, their properties can be varied by their constitu-
tive elements as heteroatom, polyatom, and counter-cation. At
present, it is impossible to take all of these possible factors in
a significant interpretation. However, because one of the impor-
tant factors that affect the oxidation capacity and activity of
poly anions is the energy gap between the highest occupied
molecular orbital (HOMO) and the lowest unoccupied orbital
(LUMO), it is suggested that the energy and composition of
the LUMOs have significant effects on the redox properties
and activity of the polyoxometalates. About the highest activity
for �-K3PW9Mo3O40 we can tell, the metal substitution may
modify the energy and composition of the LUMO and thus
also the redox properties of the hetropoly anions. Keeping in
mind, that the hydrogen peroxide is degradable at high temper-
atures (>60 ◦C), thus radical products from the decomposition
of hydrogen peroxide (HO• and HO2

•) act as oxidants in the
heteropolyacid catalyzed oxidation at reflux temperature.

Our data indicate that among the used solvents with
H6P2W18O62 and H6P2Mo18O62 as catalyst, the best solvent is
toluene. Thus, the effects of mole numbers of hydrogen perox-
ide and catalyst and reaction time have been studied in toluene.
The results are shown in Table 2. From the results, one can see
that the yield of product has been affected by changing the mole
numbers of catalyst and oxidant. This mole numbers for both
Dawson catalysts, H6P2W18O62 and H6P2Mo18O62 are nearly
similar.

Table 1
N-oxidation of picolinic acid using H2O2 and heteropolyacid catalysts with various solvents

Entry Catalyst Yield of N-oxide in
toluene (%)a

Yield of N-oxide in
benzene (%)a

Yield of N-oxide in carbon
tetrachloride (%)a

1 H6P2W18O62 40.92 23.63 27.23
2 H6P2Mo18O62 65.99 45.38 37.03
3 �-K3PW9Mo3O40 60.51 86.59 39.19
4 �-K7PW9Mo2O39 77.80 92.79 93.51
5 H4PMo11VO40 12.96 48.99 24.20
6 H5PMo10V2O40 17.00 Trace 22.33
7 H6PMo9V3O40 6.60 11.52 4.35

a Determined by GC-Mass, based on decarboxylated product.
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