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Potassium dodecatugstocobaltate trihydrate (K5CoW12O40·3H2O):
A mild and efficient reusable catalyst for the one-pot synthesis of

1,2,4,5-tetrasubstituted imidazoles under conventional
heating and microwave irradiation
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bstract
An efficient method for the synthesis of 1,2,4,5-tetrasubtituted imidazoles by four-component condensation of benzil or benzoin, aldehydes,
mines and ammonium acetate under microwave irradiation or classical heating conditions using potassium dodeca tungstocobaltate trihydrate
K5CoW12O40·3H2O (0.1 mol%)] as catalyst is reported. The catalyst exhibited remarkable reusable activity.

2006 Elsevier B.V. All rights reserved.
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In the mainstream of current interest, multicomponent
eactions permitted rapid access to combinatorial libraries of
rganic molecules for efficient lead structure identification and
ptimization in drug discovery. One such reaction, which falls
n this category was reported by Debus [1] in 1858, a reaction
hat pioneered a novel synthetic route to imidazole. Over the
entury, imidazoles have received significant attention due to
heir synthesis, reactions and biochemical properties. Even
oday, research in imidazole chemistry continues undebated.
ompounds with imidazole moiety have biological and phar-
aceutical importance [2]. Several substituted imdazoles are

nown as inhibitors of P 38 kinase [3]. Eprosartan is one of the
eries of 1-(carboxy benzyl)imdazole-5-acrylic acids, which
s a potent and selective angiotensin II receptor antagonist
4]. Highly substituted imidazoles like lepidilines A and B [5]
xhibit micromolar cytotoxicity against several human cancer
ell lines. Trifenagrel [6] is a potent 2,4,5-triaryl imidazole

hat reduces platelet aggregation in several animal species
nd humans. Thus, the prevalence of imidazole moiety in
everal naturally occurring and synthetic biologically active
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ompounds has rekindled an increased interest in obtaining
ri- and tetra-substituted imidazoles via regiocontrolled
rocess.

In the literature, there exist few reports on the direct synthe-
is of tetrasubstituted imidazoles. General methods rely on the
ynthesis of trisubstituted imidazoles followed by installation
f the fourth substituent via N-alkylation [7], metal activated
oupling [8] or imidazole-N-oxides [9]. Tetrasubstituted imida-
oles can be directly prepared from cycloaddition of munchnone
erivatives but this methodology is limited to N-methyl imida-
oles [10]. Another direct method involves a four-component
ondensation of 1,2-diketones, aldehydes, amines and NH4OAc
n AcOH or on various supports such as acidic, basic and neu-
ral alumina, bentonite, montimorillonite K10, montimorillonite
SF, silica gel and florisil under microwave irradiation [11]. The

ondensation of �-hydroxy ketones with aldehydes and ammo-
ium acetate on solid supported silica gel or alumina in presence
f MW has been reported recently [12]. However, these synthetic
ethods have limitations of harsh reaction conditions, use of

azardous and often expensive acid catalysts, long reaction time

nd moderate yield. Moreover, the synthesis of these hetero-
ycles have been usually carried out in polar solvents such as
thanol, methanol, acetic acid, DMF and DMSO leading to com-
lex isolation and recovery procedures. These processes also
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Table 2
Reuse of the catalyst for the synthesis of 4d (Table 3, entry 4)

Entry Yield (%)

0 95
1 95
2 93
3 92
4 90
5
6
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enerate waste containing catalyst and solvent, which have to
e recovered, treated and disposed off. Consequently, there is a
cope for further improvement towards lower reaction time and
mproved yields, employing non-sophisticated and recoverable
atalyst.

In recent years, polyoxometalates have proved to be good
atalysts in various oxidations [13]. They are applied in bulk or
upported forms, both homogenous and heterogenous catalysis
s possible. Due to their acidic and redox properties, heteropoly
ompounds (heteropoly acids and salts) are useful and versatile
atalysts in a number of transformations [14]. In continuation
f our study [15] in exploring application of polyoxometalates
n fine organic chemistry, we have developed a method, for sol-
ent free synthesis of 1,2,4,5-tetrasubtituted imidazoles by using
nexpensive and reusable K5CoW12O40·3H2O (0.1 mol%) cat-
lyst [16] under microwave irradiation or classical heating in a
ighly efficient manner.

To the best of our knowledge, however, the generality and
pplicability of potassium dodecatangsto cobaltate (PDTC) to
ccomplish these reactions has not been reported in the liter-
ture. This method not only affords the products in excellent
ield but also avoids the problems with catalyst cost, handling,
afety and pollution. This catalyst is water tolerant, recoverable,
eusable, non-explosive, easy to handle and thermally robust. In
iew of emerging importance of the heterogenous catalyst, we
ish to explore the use of PDTC as a recoverable and reusable

atalyst for the synthesis of 1,2,4,5-tetrasubtituted imidazoles
Scheme 1; Table 1).

The typical procedure [17] for 1,2,4,5-tetrasubtituted imida-
oles involve impregnating the mixture of K5CoW12O40·3H2O
nd ammonium acetate (ammonia source) with a
ichloromethane solution of benzil, aldehyde and amine,
vaporating the solvent, and heating the solid residue in a
icrowave oven or oil bath (at 140 ◦C). The reactions pro-

eeded in high yields and the results are summarized in Table 3.
he general applicability of the method is demonstrated by
sing amines both aliphatic and aromatic. Aldehydes bearing

arious functional groups such as Cl, OH, NO2, Br, etc., have
een used and reactions proceeded smoothly with high yields.
midazoles having cyclohexyl group (entry 12) as one of the

able 1
ptimization of catalyst for the synthesis of 4d (Table 3, entry 4) at 140 ◦C

ntry Catalyst (mol%) Time (h) Yield (%)

K5CoW12O40·3H2O (0.01) 2.0 76
K5CoW12O40·3H2O (0.05) 2.0 65
K5CoW12O40·3H2O (0.1) 2.0 95
K5CoW12O40·3H2O (0.15) 4.0 93

t
f
r
a

f
i
z
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88
86

ubstituent has been prepared without any difficulty. Very good
esults were obtained when hydroxyl substituted benzaldehydes
entries 13–15) were used. Furthurmore, chiral imidazoles can
e obtained by incorporating chiral amines as the amine counter
art (entry 11). Compounds 4k–4t (entries 11–20) are newely
ynthesized using PDTC catalyst (Table 3).

Under the same conditions, this approach can be repeated for
ynthesis of these imidazoles when the benzoin was used instead
f benzil as a starting material (Scheme 1). Thus, benzoin effec-
ively participated in the condensation with aldehyde, amine and
mmonium acetate in presence of PDTC to give corresponding
etrasubstituted imidazoles but the yields were found to be low
15–30%). The structures of the imidazoles were confirmed from
H NMR and 13C NMR and IR spectral data and melting points
18].

The four-component condensation of benzil, p-
romobenzaldehyde, benzyl amine and ammonium acetate was
lso performed in the absence of K5CoW12O40·3H2O under
icrowave irradiation; however, the yield of 4p was low (30%).
arrying out the condensation in refluxing CH3CN or EtOH

or 3 h catalysed by PDTC resulted 4p with 45% yield.
The possibility of recycling the catalyst is of concern, espe-

ially for large-scale operations. For this purpose, the reaction
f benzil, p-methylbenzaldehyde, benzyl amine and ammonium
cetate at 140 ◦C as a model reaction was again studied. When
he reaction completed, the catalyst was recovered and reused
or the similar reaction. This process was carried out over six
uns without appreciable reduction (95–86%) in the catalytic
ctivity of the catalyst (Table 2).

In conclusion, we have reported here in several noteworthy
eatures of a new catalyst for the synthesis of tetrasubstituted
midaoles through the four-components condensation of ben-
il, aldehydes, amines and ammonium acetate using PDTC.
his protocol offers many attractive features such as reduced
eaction times, higher yields and economic viability of the cata-
yst. The reaction proceeds under solvent free conditions and
solation of the catalyst is easily achieved. This method can
e applied to large-scale processes with high efficiency and



106 L. Nagarapu et al. / Journal of Molecular Catalysis A: Chemical 266 (2007) 104–108

Table 3
K5CoW12O40·3H2O catalysed synthesis of 1,2,4,5-tetrasubstituted imidazoles 4a–t

Entry Productsa 1 or 5 R1 R2 Time (min)c (MW) Yield (%)b (MW) Time (h)c (140 ◦C) Yield (%)b (140 ◦C)

1 4a Benzil 4-Cl 4-F-ph 2 95 2.0 92
Benzoin 4 30 2.5 20

2 4b Benzil 4-CH3 4-Cl-ph 2 90 2.0 89
Benzoin 4 25 2.5 20

3 4c Benzil 4-Cl 4-Cl-ph 2 96 2.0 93
Benzoin 4 30 2.5 25

4 4d Benzil 4-CH3 Benzyl 2 97 2.0 95
Benzoin 4 30 2.5 18

5 4e Benzil 4-Cl Benzyl 2 91 2.0 90
Benzoin 4 25 2.5 20

6 4f Benzil 4-NO2 4-Me-ph 2 94 2.0 92
Benzoin 4 30 2.5 15

7 4g Benzil 3-NO2 4-Me-ph 2 92 2.0 89
Benzoin 4 25 2.5 15

8 4h Benzil -H Benzyl 2 95 2.0 90
Benzoin 4 30 2.5 20

9 4i Benzil 4-CH3 4-Me-ph 2 92 2.0 92
Benzoin 4 30 2.5 30

10 4j Benzil 3-Cl Benzyl 2 89 2.0 85
Benzoin 4 30 2.5 15

11 4k Benzil 4-Me R-(+)-phenethyl 2 90 2.0 88
Benzoin 4 25 2.5 20

12 4l Benzil 4-Me Cyclohexyl 2 85 2.0 80
Benzoin 4 30 2.5 20

13 4m Benzil 4-OH 4-Me-ph 2 94 2.0 90
Benzoin 4 20 2.5 15

14 4n Benzil 2-OH 4-Me-ph 2 95 2.0 91
Benzoin 4 20 2.5 15

15 4o Benzil 3-OH 4-Me-ph 2 88 2.0 85
Benzoin 4 20 2.5 15

16 4p Benzil 4-Br Benzyl 2 95 2.0 90
Benzoin 4 30 2.5 20

17 4q Benzil 4-NMe2 Benzyl 2 85 2.0 80
Benzoin 4 20 2.5 15

18 4r Benzil 3-F 4-Me-ph 2 90 2.0 85
Benzoin 4 25 2.5 15

19 4s Benzil 3,4-(OCH3)3 Benzyl 2 90 2.0 88
Benzoin 4 25 2.5 18

20 4t Benzil 4,5-OCH2O-3-OCH3 Benzyl 2 91 2.0 88
Benzoin 4 30 2.5 20

t
c
p
1
i

A

M
D

R

a All the compounds were characterized by IR, NMR, MS and mp.
b Isolated yields under thermal and microwave conditions.
c Time under thermal and microwave conditions.

he catalyst is recoverable and in several runs without loss of
atalytic activity. This makes the method economic, benign, sim-
le, convenient and a user-friendly process for the synthesis of
,2,4,5-tetrasubstituted imidazoles of biological and medicinal
mportance.
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1-Benzyl-4,5-diphenyl-2-p-tolyl-1H-imidazole (4d): mp, 155–157 ◦C; FAB
S: 401 [M + H]+, 310, 178, 165, 121, 103, 91, 69; IR (KBr): vmax 1601, 1497,

452 cm−1; 1H NMR (DMSO-d6, 300 MHz); δ: 2.31(s, 3H, CH3), 5.14 (s, 2H,
H2), 6.73–7.56 (m, 19 H, Ar–H). 13C NMR (DMSO-d6, 75 MHz); δ: 21.30

CH3), 48.08 (CH2), 126.01, 126.55, 126.68, 127.05, 128.37, 128.54, 128.88,
28.98, 129.29, 129.38, 128.98, 130.47, 131.09, 131.26, 135.01, 137.84, 138.80,
47.64.

1-Benzyl-2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazole (4e): mp,
56–158 ◦C; FAB MS: 421 [M + H]+, 387, 204, 165, 154, 136, 109, 91, 69, 55;
R (KBr): vmax 1596, 1474, 1443, 1411 cm−1; 1H NMR (DMSO-d6, 300 MHz);
: 5.15 (s, 2H, CH2), 6.73–7.69 (m, 19 H, Ar–H). 13C NMR (DMSO-d6,
5 MHz); δ: 47.64 (CH2), 125.56, 126.05, 126.33, 127.22, 128.09, 128.54,
28.64, 128.95, 129.50, 130.13, 130.34, 130.55, 130.76, 133.53, 134.28,
36.96, 137.06, 145.82.

2-(3-Nitrophenyl)-4,5-diphenyl-1-p-tolyl-1H-imidazole (4f): mp,
49–151 ◦C; FAB MS: 432 [M + H]+, 386, 359, 239, 165, 154, 136, 95, 55; IR
KBr): vmax 1599, 1497, 1412 cm−1; 1H NMR (DMSO-d6, 300 MHz); δ: 2.26
s, 3H, CH3), 7.15–8.95 (m, 18 H, Ar–H). 13C NMR (DMSO-d6, 75 MHz); δ:
1.11 (CH3), 122.86, 123.28, 126.80, 127.15, 128.71, 128.82, 129.82, 129.01,
29.12, 130.39, 130.47, 131.55, 132.23, 132.70, 134.01, 134.30, 134.47,
37.73, 139.18, 144.15, 148.02.

2-(4-Nitrophenyl)-4,5-diphenyl-1-p-tolyl-1H-imidazole (4g): mp,
19–220 ◦C; FAB MS: 432 [M + H]+, 386, 359, 289, 194, 136, 95, 69, 55; IR
KBr): vmax 1591, 1507, 1334 cm−1; 1H NMR (DMSO-d6, 300 MHz); δ: 2.15
s, 3H, CH3), 7.17–7.49 (m, 18 H, Ar–H). 13C NMR (DMSO-d6, 75 MHz); δ:
1.13 (CH3), 123.97, 126.8, 127.22, 128.77, 128.99, 129.24, 130.39, 131.53,
33.29, 134.05, 134.39, 136.83, 138.22, 139.16, 144.33, 147.03.

1-Benzyl-4,5-diphenyl-2-phenyl-1H-imidazole (4h): mp, 163–165 ◦C; FAB
S: 387 [M + H]+, 309, 296, 193, 178, 165, 91, 55; IR (KBr): vmax 1599, 1496,

474, 1414 cm−1; 1H NMR (CDCl3 + DMSO-d6, 300 MHz); δ: 5.10 (s, 2H,
H2), 6.72–7.61 (m, 20 H, Ar–H).

4,5-Diphenyl-1,2-p-tolyl-1H-imidazole (4i): mp, 188–191 ◦C; FAB MS: 401
M + H]+, 311, 267, 194, 165, 152, 91, 55; IR (KBr): vmax 1595, 1508, 1473,
438 cm−1; 1H NMR (DMSO-d6, 300 MHz); δ: 2.32 (s, 3H, CH3) 6.91–7.61 (m,
8 H, Ar–H). 13C NMR (DMSO-d6, 75 MHz); δ: 21.22, 21.34 (2CH3), 126.74,
27.99, 128.07, 128.19, 128.36, 128.86, 128.93, 129.74, 130.44, 130.72, 131.13,
34.25, 138.29, 138.45, 146.96.

1-Benzyl-2-(3-chlorophenyl)-4,5-diphenyl-1H-imidazole (4j): mp,
44–146 ◦C; FAB MS: 421 [M + H]+, 387, 343, 295, 165, 136, 91, 55; IR
KBr): vmax 1599, 1497, 1412 cm−1; 1H NMR (DMSO-d6, 300 MHz); δ: 5.16
s, 2H, CH2), 6.76–7.69 (m, 19 H, Ar–H). 13C NMR (DMSO-d6, 75 MHz); δ:
8.20 (CH2), 126.06, 126.58, 126.88, 127.34, 127.75, 128.60, 129.07, 129.49,
30.40, 130.75, 130.96, 131.25, 133.09, 133.71, 134.71, 137.54, 145.92.

4,5-Diphenyl-1-(R-(+)-phenethyl)-2-p-tolyl-1H-imidazole (4k): mp,
67–169 ◦C; FAB MS: 415 [M + H]+, 327, 311, 289, 194, 165, 154, 136, 91,
7, 55; IR (KBr): vmax 1601, 1494, 1446 cm−1; 1H NMR (CDCl3 + DMSO-d6,
00 MHz); δ: 1.62 (d, 3H, CH3), 2.39 (s, 3H, CH3), 5.54 (q, 1H, CH), 6.86–7.39
m, 19 H, Ar–H). 13C NMR (DMSO-d6, 75 MHz); δ: 18.19 (CH3), 20.25
Ar–CH3), 52.84, 124.94, 125.40, 126.18, 126.79, 127.22, 127.30, 127.94,
28.51, 130.43, 130.71, 133.55, 137.66, 140.02, 146.91. Anal. calcd. for

30H26N2: C, 86.92; H, 6.32. Found: C, 86.96; H, 6.40.
1-Cyclohexyl-4,5-diphenyl-2-p-tolyl-1H-imidazole (4l): mp, 163–165 ◦C;

AB MS: 393 [M + H]+, 311, 194, 165, 118, 77, 55; IR (KBr): vmax 1599,
499, 1481, 1465 cm−1; 1H NMR (CDCl3, 300 MHz); δ: 0.76–1.86 (m, 10H,
CH2), 2.44 (s, 3H, CH3), 3.95 (t, 1H, CH), 7.02–7.48 (m, 14 H, Ar–H). 13C
MR (CDCl3, 75 MHz); δ: 21.32 (CH3), 24.99, 26.12, 33.51, 58.24, 125.85,
26.60, 127.77, 128.52, 128.64, 128.93, 129.45, 129.77, 132.16, 132.62, 134.69,
37.63,138.62, 147.75. Anal. calcd. for C28H28N2: C, 85.67; H, 7.19. Found:
, 85.65; H, 7.20.

2-(4-Hydroxyphenyl)-4,5-diphenyl-1-p-tolyl-1H-imidazole (4m): mp,
275 ◦C; FAB MS: 403 [M + H]+, 310, 297, 282, 166, 91, 51; IR (KBr): vmax

607, 1533, 1482, 1405 cm−1; 1H NMR (CDCl3 + DMSO-d6, 300 MHz); δ:
.25 (s, 3H, CH3), 6.63–7.47 (m, 18 H, Ar–H), 9.67 (s, 1H, OH). Anal. calcd.

or C28H22N2O: C, 83.56; H, 5.51. Found: C, 83.59; H, 5.55.

2-(2-Hydroxyphenyl)-4,5-diphenyl-1-p-tolyl-1H-imidazole (4n): mp,
26–228 ◦C; FAB MS: 403 [M + H]+, 310, 297, 282, 166, 91, 51; IR (KBr):

max 1601, 1535, 1479, 1401 cm−1; 1H NMR (DMSO-d6, 300 MHz); δ: 2.38
s, 3H, CH3), 6.41–7.43 (m, 18 H, Ar–H), 13.20 (s, 1H, OH). 13C NMR
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imidazole (4t): mp, 176–178 ◦C; FAB MS: 461 [M + H]+, 387, 268, 194,
165, 136, 91, 55; IR (KBr): vmax 1594, 1479, 1418 cm−1; 1H NMR
08 L. Nagarapu et al. / Journal of Molecula

DMSO-d6, 75 MHz); δ: 20.55 (CH3), 113.73, 116.80, 117.99, 125.95, 126.56,
26.75, 128.28, 128.36, 128.57, 129.55, 129.73, 129.97, 130.71, 131.14,
33.86, 134.17, 138.56, 144.35, 157.19. Anal. calcd. for C28H22N2O: C, 83.56;
, 5.51. Found: C, 53.58; H, 5.55.

2-(3-Hydroxyphenyl)-4,5-diphenyl-1-p-tolyl-1H-imidazole (4o): mp,
31–233 ◦C; FAB MS: 403 [M + H]+, 310, 297, 282, 166, 91, 51; IR (KBr):

max 1605, 1564, 1481, 1401 cm−1; 1H NMR (CDCl3 + DMSO-d6, 300 MHz);
: 2.33 (s, 3H, CH3), 6.54–7.49 (m, 18 H, Ar–H), 9.01 (s, 1H, OH). Anal. calcd.
or C28H22N2O: C, 83.56; H, 5.51. Found: C, 53.60; H, 5.55.

1-Benzyl-2-(4-bromophenyl)-4,5-diphenyl-1H-imidazole (4p): mp,
72–174 ◦C; FAB MS: 465 [M + H]+, 441, 387, 307, 289, 240, 165, 136, 99,
5; IR (KBr): vmax 1594, 1479, 1418 cm−1; 1H NMR (CDCl3 + DMSO-d6,
00 MHz); δ: 5.11 (s, CH2), 6.79–7.55 (m, 19 H, Ar–H). Anal. calcd. for

28H21BrN2: C, 72.26; H, 4.55. Found: C, 72.24; H, 4.56.

1-Benzyl-2-(4-N,N-dimethylphenyl)-4,5-diphenyl-1H-imidazole (4q): mp,

83–185 ◦C; FAB MS: 430 [M + H]+, 338, 204, 178, 165, 132, 91, 77; IR (KBr):

max 1594, 1479, 1418 cm−1; 1H NMR (CDCl3 + DMSO-d6, 300 MHz); δ: 2.99
s, 6H, 2CH3), 5.09 (s, 2H, CH2), 6.65–7.47 (m, 19 H, Ar–H). Anal. calcd. for

30H27N3: C, 83.88; H, 6.34. Found: C, 83.87; H, 6.36.
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4,5-Diphenyl-1-(2-fluorophenyl)-2-p-tolyl-1H-imidazole (4r): mp, 248–
51 ◦C; FAB MS [M + H]+: 405; IR (KBr): vmax 1594, 1479, 1418 cm−1; 1H
MR (CDCl3 + DMSO-d6, 300 MHz); δ: 2.39 (s, 3H, CH3), 7.19–7.96 (m, 19
, Ar–H). Anal. calcd. for C28H21FN2: C, 83.14; H, 5.23. Found: C, 83.15; H,
.23.

1-Benzyl-4,5-diphenyl-2-(3,4,5-trimethoxyphenyl)-1H-imidazole (4s): mp,
85–187 ◦C; FAB MS: 477 [M + H]+, 430, 385, 339, 282, 165, 136, 91, 55; IR
KBr): vmax 1594, 1479, 1418 cm−1; 1H NMR (CDCl3 + DMSO-d6, 300 MHz);
: 3.62 (s, 6H, 2CH3), 3.74 (s, 3H, CH3), 5.19 (s, 2H, CH2), 6.79–7.47 (m, 17
, Ar–H). Anal. calcd. for C31H28N2O3: C, 78.13; H, 5.92. Found: C, 78.15;
, 6.00.

4,5-Diphenyl-1-(3-methoxy-4,5-methylenedioxyphenyl)-2-p-tolyl-1H-
CDCl3 + DMSO-d6, 300 MHz); δ: 2.35 (s, 3H, CH3), 3.65 (s, 6H, 2CH3), 5.93
s, 2H, CH2), 6.54–7.48 (m, 16 H, Ar–H). Anal. calcd. for C30H24N2O3: C,
8.24; H, 5.25. Found: C, 78.22; H, 5.26.


	Potassium dodecatugstocobaltate trihydrate (K5CoW12O40·3H2O): A mild and efficient reusable catalyst for the one-pot synthesis of 1,2,4,5-tetrasubstituted imidazoles under conventional heating and microwave irradiation
	Acknowledgements
	References


