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bstract

In the presence of hydrogen peroxide as an oxidizing agent, the heteropoly anions H6P2W18O62, H6P2Mo18O62, �-K3PW9Mo3O40, �-
7PW9Mo2O39, H4PMo11VO40, H5PMo10V2O40 and H6PMo9V3O40 were studied as catalysts for the N-oxidation of picolinic acid, in various

olvents such as toluene, benzene and carbon tetrachloride. The highly selective oxidation, gave good to excellent yields of the related N-oxide

long with decarboxylation at 2-position of ring. Among the catalysts tested, �-K3PW9Mo3O40 catalyzed the selective N-oxidation into related
-oxide product most efficiently. The effect of some operative variables, such as the mole numbers of hydrogen peroxide, amount of the catalyst,

nd the reaction time was studied. The reaction conditions were optimized.
2006 Elsevier B.V. All rights reserved.
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. Introduction

In nanotechnology, industry and medicine, pyridine N-oxides
re very important compounds [1,2]. Additionally, these com-
ounds are useful synthetic intermediates and show biological
ctivities [3]. Pyridine N-oxides are also useful as protecting
roups, auxiliary agents, oxidants, ligands in metal complexes
nd catalysts [4]. Many researchers have studied the N-oxidation
f pyridines using various oxidants and catalysts [5–9]. The
hortcomings of these methods, are the requirement of high tem-
erature or catalyst loading, longer reaction times or expensive
nd highly toxic catalysts, specific conditions and tedious work
p procedures. Hence, a practical and more efficient method
sing inexpensive and environment friendly catalyst is still of
nterest. Recently, heteropolyacids are the most conventional
omogeneous and heterogeneous used catalysts [10–15]. The

pplication on these catalysts cause solving of some problems
uch as corrosion, loss of catalyst, tedious work up procedures,
ost, long time reactions and environment problems. These com-
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ounds have diverse structures and their constitutional elements
an readily be varied and tuned for different catalytic applica-
ions in catalytic systems.

Our previous work was devoted to study the catalytic perfor-
ance of Preyssler’s anion as pure acid, H14[NaP5W30O110],

nd mixed addenda, H14[NaP5W29MoO110], in order to obtain
yridine N-oxides from pyridine carboxylic acids [16]. The
tudy established that the Preyssler’s anion catalyzes N-
xidation of pyridine carboxylic acids using hydrogen peroxide.
ith respect to the various applications of heteropolyacids in

atalysis area [17–26], as a part of research project and in
ontinuation of our researches on heteropolyacids [27,28], the
resent work screens the performance of the other heteropoly-
cids including Mo, W, and V in the preparation of pyridine
-oxides. To best of our knowledge there is not any report con-

erning the catalytic behavior of the studied heteropolyacids in
his work in the oxidation of pyridines.

. Experimental
.1. Chemicals and apparatus

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

IR spectra were obtained with a Brucker 500 scientific spec-
rometer. GC-Mass analysis was performed on a GC-Mass

odel: 5973 network mass selective detector, GC 6890 egilent
ass spectra were obtained with a Massens POEKTRO METER
H-7A VARIN MAT BREMEN spectrometer. H NMR spectra
ere recorded on a FT NMR Bruker 100 MHZ Aspect 3000

pectrometer.

.2. General procedure

In a typical reaction, in a vessel with a reflux condenser and
hermometer were successively placed, solvent (10 ml), pyridine
5 × 10−3 mol), 15% aqueous hydrogen peroxide and catalyst as
entioned in Tables 2 and 3. The reaction mixture was stirred

t reflux temperature for 6 h. Upon cooling the solid was filtered
ff, washed with water, diethyl ether and air dried to afford the
roducts.

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

. Results and discussions

To optimize the reaction conditions picolinic acid (pyridine-
-carboxylic acid) was used as substrate and the catalytic
xidation reactions were carried out in the presence of
6P2W18O62, H6P2Mo18O62, �-K3PW9Mo3O40, �-K7PW9
o2O39, H4PMo11VO40, H5PMo10V2O40 and H6PMo9V3O40

s catalyst.
In the first stage the conversion of picolinic acid to the related

yridine N-oxide was carried out using various solvents like ben-
ene, toluene and carbon tetrachloride. The results are shown in
able 1. According to our earlier studies [16], the GC-Mass
esults, mass and melting points of obtained pyridine N-oxides
howed that picolinic acid can be oxidized along with decar-
oxylation at 2-position of heterocyle. This effect is related to
he position of COOH group to the pyridine nitrogen. The car-

oxylate anion forming in the transition state is very close to the
yridine nitrogen, causing, to some extent, repulsion between
he identical negative charges, resulting in the planar carboxy-
ate anion being in a perpendicular position with respect to the

t
n
D
s

able 1
-oxidation of picolinic acid using H2O2 and heteropolyacid catalysts with various s

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

H6P2W18O62 40.92
H6P2Mo18O62 65.99
�-K3PW9Mo3O40 60.51
�-K7PW9Mo2O39 77.80
H4PMo11VO40 12.96
H5PMo10V2O40 17.00
H6PMo9V3O40 6.60

a Determined by GC-Mass, based on decarboxylated product.
atalysis A: Chemical 267 (2007) 241–244

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

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

A significant interpretation for observed different activities
f tested heteropoly anions is very difficult. Most of properties
f the heteropoly anions in solution depends on the concentra-
ion, the pH value, the reaction temperature, and other factors.
dditionally, their properties can be varied by their constitu-

ive elements as heteroatom, polyatom, and counter-cation. At
resent, it is impossible to take all of these possible factors in
significant interpretation. However, because one of the impor-

ant factors that affect the oxidation capacity and activity of
oly anions is the energy gap between the highest occupied
olecular orbital (HOMO) and the lowest unoccupied orbital

LUMO), it is suggested that the energy and composition of
he LUMOs have significant effects on the redox properties
nd activity of the polyoxometalates. About the highest activity
or �-K3PW9Mo3O40 we can tell, the metal substitution may
odify the energy and composition of the LUMO and thus

lso the redox properties of the hetropoly anions. Keeping in
ind, that the hydrogen peroxide is degradable at high temper-

tures (>60 ◦C), thus radical products from the decomposition
f hydrogen peroxide (HO• and HO2

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

Our data indicate that among the used solvents with
6P2W18O62 and H6P2Mo18O62 as catalyst, the best solvent is

oluene. Thus, the effects of mole numbers of hydrogen perox-
de and catalyst and reaction time have been studied in toluene.
he results are shown in Table 2. From the results, one can see
hat the yield of product has been affected by changing the mole
umbers of catalyst and oxidant. This mole numbers for both
awson catalysts, H6P2W18O62 and H6P2Mo18O62 are nearly

imilar.

olvents

Yield of N-oxide in
benzene (%)a

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

23.63 27.23
45.38 37.03
86.59 39.19
92.79 93.51
48.99 24.20
Trace 22.33
11.52 4.35



F.F. Bamoharram et al. / Journal of Molecular Catalysis A: Chemical 267 (2007) 241–244 243

Table 2
Effect of mole numbers of oxidant and catalyst in the oxidation of picolinic acid
in the presence of Dawson catalysts

Entry Catalyst Mole numbers of
H2O2 (%yield)a

Mole numbers of
catalyst (%yield)b

1 H6P2W18O62 0.022 (10.80) 1 × 10−5 (35.44)
2 H6P2W18O62 0.026 (25.93) 2 × 10−5 (21.03)
3 H6P2W18O62 0.031 (21.61) 3 × 10−5 (40.92)
4 H6P2W18O62 0.036 (40.92) 4 × 10−5 (59.65)
5 H6P2W18O62 0.036 (40.39) 5 × 10−5 (54.29)
6 H6P2W18O62 0.046 (64.98) 6 × 10−5 (52.73)
7 H6P2W18O62 0.051 (63.11) 7 × 10−5 (57.63)
8 H6P2Mo18O62 0.022 (49.27) 1 × 10−5 (40.34)
9 H6P2Mo18O62 0.026 (47.83) 2 × 10−5 (61.67)

10 H6P2Mo18O62 0.031 (54.03) 3 × 10−5 (65.99)
11 H6P2Mo18O62 0.036 (65.99) 4 × 10−5 (50.43)
12 H6P2Mo18O62 0.041 (65.27) 5 × 10−5 (61.38)
13 H6P2Mo18O62 0.046 (61.09) 6 × 10−5 (61.52)
14 H6P2Mo18O62 0.051 (60.08) 7 × 10−5 (55.90)

t
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Table 3
Effect of mole numbers of oxidant and catalyst in oxidation of picolinic acid in
the presence of mixed-addenda Keggin type catalysts

Entry Catalyst Mole numbers of
H2O2 (%yield)a

Mole numbers of
catalyst (%yield)b

1 �-K3PW9Mo3O40 0.022 (68.29) 1 × 10−5 (94.23)
2 �-K3PW9Mo3O40 0.026 (62.68) 2 × 10−5 (92.79)
3 �-K3PW9Mo3O40 0.031 (75.36) 3 × 10−5 (86.59)
4 �-K3PW9Mo3O40 0.036 (86.59) 4 × 10−5 (87.75)
5 �-K3PW9Mo3O40 0.041 (88.61) 5 × 10−5 (93.65)
6 �-K3PW9Mo3O40 0.046 (72.19) 6 × 10−5 (81.84)
7 �-K3PW9Mo3O40 0.051 (82.85) 7 × 10−5 (80.69)
8 �-K7PW9Mo2O39 0.022 (78.96) 1 × 10−5 (52.44)
9 �-K7PW9Mo2O39 0.026 (78.96) 2 × 10−5 (64.69)

10 �-K7PW9Mo2O39 0.031 (76.08) 3 × 10−5 (93.51)
11 �-K7PW9Mo2O39 0.036 (93.51) 4 × 10−5 (81.41)
12 �-K7PW9Mo2O39 0.041 (70.60) 5 × 10−5 (82.99)
13 �-K7PW9Mo2O39 0.046 (76.22) 6 × 10−5 (76.51)
14 �-K7PW9Mo2O39 0.051 (64.40) 7 × 10−5 (73.05)

a Catalyst: 3 × 10−5 mol.
b H2O2: 0.036 mol.

Fig. 2. Yield as a function of process time in the N-oxidation of picolinic acid
in the presence of �-K3PW9Mo3O40 and�-K7PW9Mo2O39.

Table 4
N-oxidation of pyridine carboxylic acids using H2O2 and mixed-addenda Keg-
gin type catalysts

Entry Substrate %Yield with
�-K3PW9

Mo3O40
a

%Yield with
�-K7PW9

Mo2O39
a

a Catalyst: 3 × 10−5 mol.
b H2O2: 0.036 mol.

As seen in Table 1, the product yield increases with
he catalyst mole numbers up to 4 × 10−5 and 3 × 10−5 for

6P2W18O62 and H6P2Mo18O62, respectively. Any further
ncreasing of the amount of the catalyst does not have any effect
n the reaction yields.

Finally, at the best conditions for H6P2W18O62 (0.046 mol
2O2 and 4 × 10−5 mol catalyst) and H6P2Mo18O62 (0.041 mol
2O2 and 3 × 10−5 mol catalyst) the effects of reaction times
n the product yield have been studied. The results are shown
n Fig. 1. The best reaction times for H6P2W18O62 and

6P2Mo18O62 were obtained 2 and 6 h, respectively.
Similar reactions for �-K3PW9Mo3O40 and �-K7PW9Mo2

39 were carried out at the solvent of choice: benzene. The
esults are shown in Table 3. At the best conditions the effects
f reaction times were studied (Fig. 2).

To establish, the generality of the method, under opti-
um conditions using the best catalysts with higher yields,
-K3PW9Mo3O40 and �-K7PW9Mo2O39, the oxidation reac-

ions were extended to other pyridines. The catalytic oxidation
f pyridine carboxylic acids such as 3-pyridine carboxylic acid,

,5-pyridine dicarboxylic acid and 2,6-pyridine dicarboxylic
cid. The results are shown in Table 4. These data indicate that
hese catalysts are also active for other pyridines.

ig. 1. Yield as a function of process time in the N-oxidation of picolinic acid
n the presence of H6P2W18O62 and H6P2Mo18O62.

1 53.60 80.40

2 70.13 67.28

3 70.13 71.00

a Yield determined by GC-Mass.
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. Conclusions

In summary, the present study demonstrates the catalytic
ctivity of Dawson and transition-metal substituted heteropoly
nions as well as Preyssler catalyst (in our earlier studies) in
-oxidation of pyridine carboxylic acids.
The significance of this study with inexpensive and easily

repared catalysts fundamentally lies in the fact that their use
ould lead to an alternative technology for the other systems and

mines, which are of interest for the pharmaceutical industry,
nd nanotechnology, with advantages from the point of view of
he environmental care.

eferences

[1] J. Balzarini, M. Stevens, E. De Clercq, D. Schols, C. Pannecouque, J.
Antimicr. Chem. 55 (2005) 135.

[2] Dr. Proctor, The World’s Best Products at the World’s Best Prices (online
internet).

[3] A. Albini, S. Pietra, Heterocyclic N-Oxide, CRC, Boca Raton, 1991.
[4] C.J. Oconnor, E. Sinn, R.L. Carlin, Inorg. Chem. 16 (1977) 3314.
[5] (a) G.B. Payne, P.H. Deming, P.H. Williams, J. Org. Chem. 26 (1961) 651;

(b) G.B. Payne, J. Org. Chem. 26 (1961) 668;
(c) D.C. Edwards, Tetrahedron Lett. (1966) 4767;
(d) E. Ochiai, Aromatic suschitzky, J. Chem. Soc., Chem. Commun. (1971)
28.

[6] B.H.R. Derek, O. Nubar, V. Bernard, Tetrahedron Lett. 44 (1988) 7385.
[7] A.W. Chucholowski, S. Uhlendorf, Tetrahedron Lett. 31 (1990) 1949.
[8] R. Nesi, D. Giomi, S. Papaleo, S. Bracci, P. Dapporto, Synthesis (1988)

884.
[9] (a) K. Takabe, T. Yamada, T. Katagiri, Chem. Lett. (1982) 1987;

(b) R.W. Murray, K. Iyanar, J. Org. Chem. 61 (1996) 8099;
(c) A. Goti, L. Nannelli, Tetrahedron Lett. 37 (1996) 6027.

10] C. Hu, M. Hashimoto, T. Okuhara, M. Misono, J. Catal. 143 (1993) 437.
11] T. Okuhara, A. Kasai, M. Misono, Shokubai (Catalyst) 22 (1980) 226.
12] T. Yamada, Peterotech (Tokyo) 13 (1990) 627.

13] T. Okuhara, T. Nishimura, K. Ohashi, M. Misono, Chem. Lett. (1990) 1201.
14] T. Okuhara, T. Nishimura, K. Ohashi, M. Misono, Chem. Lett. (1995) 155.
15] A. Aoshima, S. Tonomura, S. Yamamatsu, Adv. Technol. 2 (1990) 127.
16] F.F. Bamoharram, M.M. Heravi, M. Roshani, N. Tavakoli, J. Mol. Catal.

252 (2006) 219.
atalysis A: Chemical 267 (2007) 241–244

17] M.N. Timofeeva, Appl. Catal. 256 (2003) 19.
18] N. Mizuno, M. Misono, Chem. Rev. 98 (1998) 199.
19] L.E. Briand, G.T. Baronetti, H.J. Thomas, Appl. Catal. 256 (2003)

37.
20] C. De Castro, J. Primo, A. Corma, J. Mol. Catal. 134 (1998) 215.
21] M.J. Verhoef, P.J. Kooyman, J.A. Peters, H. Van Bekkum, Micropor. Meso-

por. Mater. 27 (1999) 365.
22] T. Okuhara, M. Kimura, T. Kawai, Z. Xu, T. Nakato, Catal. Today 45 (1998)

73.
23] I.V. Kozhevnikov, Chem. Rev. 98 (1998) 171.
25] T. Okuhara, Chem. Rev. 102 (2002) 3641.
26] Sh. Patel, N. Purohit, A. Patel, J. Mol. Catal. 192 (2003) 195.
27] (a) M.M. Heravi, R. Motamedi, N. Seifi, F.F. Bamoharram, J. Mol. Catal.

249 (2006) 1;
(b) F.F. Bamoharram, M. Roshani, M.H. Alizadeh, H. Razavi, M.
Moghayadi, J. Braz. Chem. Soc. 17 (2006) 505;
(c) M.M. Heravi, F.K. Behbahani, F.F. Bamoharram, J. Mol. Catal. 253
(2006) 16;
(d) F.F. Bamoharram, M.M. Heravi, M. Roshani, A. Gharib, M. Gahangir,
J. Mol. Catal. 252 (2006) 90;
(e) M.M. Heravi, F.F. Bamoharram, Gh. Rajabzadeh, N. Seifi, J. Mol. Catal.
259 (2006) 213;
(f) F.F. Bamoharram, M.M. Heravi, M. Roshani, M. Akbarpour, J. Mol.
Catal. 255 (2006) 193;
(g) M.M. Heravi, F. Derikvand, L. Ranjbar, F.F. Bamoharram, J. Mol. Catal.,
in press.

28] (a) M.M. Heravi, Kh. Bakhtiari, F.F. Bamoharram, Catal. Commun. 7
(2006) 373;
(b) M.M. Heravi, Kh. Bakhtiari, F.F. Bamoharram, Catal. Commun. 7
(2006) 499;
(c) M.M. Heravi, F. Derikvand, F.F. Bamoharram, J. Mol. Catal. 242 (2005)
173;
(d) M.H. Alizadeh, H. Razavi, F.F. Bamoharram, K. Daneshvar, J. Mol.
Catal. 206 (2003) 89;
(e) M.M. Heravi, Kh. Bakhtiari, N.M. Javadi, F.F. Bamoharram, J. Mol.
Catal., in press.;
(f) M.M. Heravi, F. Derikvand, F.F. Bamoharram, J. Mol. Catal., in
press;
(g) M.M. Heravi, Gh. Rajabzadeh, F.F. Bamoharram, N. Seifi, J. Mol. Catal.

256 (2006) 238;
(h) M.M. Heravi, V. Zadsirjan, Kh. Bakhtiari, H.A. Oskooie, F.F. Bamo-
harram, Catal. Commun. 8 (2007) 315;
(i) M.M. Heravi, L. Ranjbar, F. Derikvand, F.F. Bamoharram, Catal. Com-
mun. 8 (2007) 289.


	Catalytic N-oxidation of picolinic acid in the presence of heteropolyacids including Mo and W
	Introduction
	Experimental
	Chemicals and apparatus
	General procedure

	Results and discussions
	Conclusions
	References


