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Abstract

Highly efficient, one-pot, four-component synthesis of 1,2,4,5-tetrasubstituted imidazoles was reported the condensation of various aldehydes,
benzil, aliphatic or aromatic primary amines and ammonium acetate under solvent free conditions using perchloric acid adsorbed on silica gel
(HC104-Si0,) as catalyst in excellent yields. HC104—SiO, exhibited remarkable catalytic activity with respect to the reaction time (2-20 min),
amount of catalyst. Present protocol with HC1O,—SiO, catalyst is convincingly superior to the recently reported catalytic methods.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The development of simple, efficient and environmentally
benign chemical process or methodologies for widely used phar-
macophores from readily available reagents and catalysts are
the major challenges for chemists” world over. [1] The imida-
zole, being a core molecule in many biological systems[2] viz.
Histidine, Histamine

as anti-inflammatory activity, [5] anti-allergic activity [6] and
analgesic activity.[7] In particular, 4,5-diaryl substituted imida-
zoles have been identified as potential inhibitors of p38 MAP
kinase [8] and thus have rekindled our interest in obtaining tetra-
substituted imidazoles. Despite the availability of wide variety of
synthetic routes towards imidazoles, [9] only few studies exist
for the synthesis of 1,2,4,5-tetrasubstituted imidazoles, which
are most widely performed via multi-step routes [8,10] or via
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and biotin, an active component in several drug molecules[3]
(for eg. Losartan, Olmesartan, Eprosartan and Trifenagrel) and
pesticides [4] has attracted attention in recent years. Different
substituted imidazoles show variable biological activities such
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trisubstituted /H -imidazole in which the nitrogen is substituted
in the final step [7,11].

For the past decade very efficient way to access heterocycles
is by using Multicomponent reactions (MCRs). [12] In this
type of reactions three or more components are reacted to form
ideally one product, which incorporates essentially all the atoms
present in the initial reactants. For the synthesis of imidazoles,
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mostly, variations of the method first reported by Radziszewski,
[13a] later modified by Drefahl and Herma [13b] were used.
For highly substituted imidazoles, the mostly used methods
in the last decade are: condensation of benzoin or benzoin
acetate with aldehydes, primary amines, ammonia in the
presence of copper acetate; [14a] condensation of 3-carbonyl-
N-acyl-N-alkylamines with ammonium acetate in refluxing
acetic acid; [14b] four-component condensation of diones,
aldehydes, primary amines and ammonium acetate in acetic
acid under reflux conditions; [14c] cyclization of sulfonamides
with mesoionic 1,3-oxazolium-5-olates; [14d] conversion of
N-(2-oxo)amides with ammonium trifluoroacetate under neutral
conditions; [14e] condensation of benzonitrile, benzil and alkyl
amine using silica gel and Zeolite HY as heterogeneous
catalysts under solvent free microwave conditions. [14f,g]
Although these methods has lot of potential, the reactions
suffer from low yields, longer reaction times, use of expensive
reagents, use of solvents and toxic agents associated with
mixture of products, lack of generality and were not suitable
for, or were not applied for the synthesis of structurally diverse
imidazoles. Hence, the development of clean, high-yielding and
environmental benign approaches is still desirable and much in
demand.

The leading contenders for environmentally acceptable pro-
cesses are supported reagents. Use of silica-supported reagents
in one-pot multi-component construction of heterocycles has
received considerable importance in organic synthesis. [15] In
particular, perchloric acid adsorbed on silica gel (HC104/Si0;)
[16a] has immerged as an extremely useful catalyst in vari-
ous organic transformations, including acylation of alcohols,
[16a] acylation of aldehydes, [16b,c] 1,3-dithiolane/dithiane for-
mation, [16d] tetrahydropyrany lation, [16e] thio-acetalization,
[16e] Ferrier rearrangement, [16f,g] Michael addition, [16h]
cleavage of ketals and benzylidene acetals, [16i,j] the Hantzsch
condensation, [ 16k] Synthesis of bis-indolylmethanes, [161] gly-
cosylation of sugars [16m] and N-tert-butoxycarbonylation of
amines. [16n] In view of its inherent properties like environ-
mental compatibility, greater selectivity, operational simplicity,
moisture-insensitive, non-corrosive nature and ease of isolation,
it is therefore, interest to us to find out the behavior of the
reagent system, HCIO4 supported on silica gel (230400 mesh)
in the synthesis of imidazole derivatives. To the best of our
knowledge, there are no examples on the use of perchloric
acid adsorbed on silica gel (HCIO4/Si0,), for the synthesis of
tetrasubstituted imidazoles. In continuation of our work on the
development of efficient protocols for the synthesis 2-(n-butyl)-
5-chloro-3H-imidazole-4-carboxaldehyde, [17] an intermediate
for the preparation of an anti-hypertensive drug, Losartan-K, and
in view of importance of heterogeneous acid catalysts in organic
synthesis, we now wish to report perchloric acid adsorbed on
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silica gel (HCIO4/SiO) catalyzed highly efficient synthesis
of tetrasubstituted imidazoles using one-pot four-component
condensation of 1,2-diketones with wide variety of aldehydes,
aliphatic or aromatic primary amines and ammonium acetate
under solvent free conditions (Scheme 1).

2. Results and discussion

For our investigations, HC104—SiO; was prepared accord-
ing to the literature procedure. [16a] In order to determine
the most appropriate reaction conditions and evaluate the cat-
alytic efficiency of HClO4—SiO, catalyst; initially a model
study was carried out on the synthesis of 1-benzyl-2,4,5-
triphenylimidazole (4a, Scheme 2). Among the tested solvents
such as methanol, ethanol, isopropanol, DMF, DMSO, chloro-
form, dichloromethane and solvent-free system, condensation
of benzil, benzaldehyde, benzyl amine, and ammonium acetate
is more facile and proceeded to gave highest yield, under solvent
free conditions (Table 1). To evaluate and optimize the catalytic
system, four-component condensation of benzil, benzaldehyde,
benzyl amine, and ammonium acetate (Scheme 2) was exam-
ined with solid acid and supported Lewis/protic acid catalysts
(Table 2).

Interestingly, it is found that HC1O4 supported on silica gel
with low loading (0.025 mmol/50 mg, 1 mol%) is an efficient cat-
alyst and gave exclusively 1-benzyl-2,4,5-triphenylimidazole 4a
in 96% yield in 6 min under solvent free conditions. Formation
of bi-product 2.4,5-triphenyl-1H-imidazole was not observed.
The claim is justified through a few representative examples in
which the efficiency of has been compared with those recently
reported supported Lewis/protic acid catalysts. [18] (Table 2)
Blank experiments have shown that the silica gel alone cannot
bring about this transformation. The aqueous perchloric acid
also brings the reaction to form imidazoles after longer hours
(2.5 h). From these experiments it was clearly demonstrated that
the silica-supported perchloric acid is indeed an effective cata-
lyst and is convincingly superior to the reported procedures [18]

Table 1
Synthesis of 1-benzyl-2,4,5-tripehnylimidazole 4a using HC104—SiO, catalyst
(0.025 mmol) in the different solvents

Entry Solvent Temperature (°C) Time Yield (%)
1 Methanol 65 4h 46
2 Ethanol 75 4h 48
3 Isopropanol 82 4h 45
4 Dichloromethane 45 12h >10
5 DMF 110 2h 62
6 DMSO 110 2h 70
7 Solvent-free 140 6 min 96
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Table 2

Synthesis of 1-benzyl-2,4,5-triphenylimidazole 4a using different catalysts and reaction conditions

Serial no. Catalyst Solvent Temperature (°C) Time Yield (%) Ref.
1 No catalyst Solvent free 140 24h - -

2 SiO7 (200 mg/mmol) Solvent free 140 14h 40 -

3 Aq. HC1O4 (0.05 mmol) Solvent free 140 2.5h 85 -

4 HC104-Si0O,

(50 mg, 0.025 mmol) Solvent free 140 6 min 96 -

5 NaHSO04-Si0; Solvent free 140 120 min 92 [18¢]
6 Al,O3 Solvent free MWI 20 min 80 [18i]
7 Wang resin Acetic acid 100 4.0h 95 [18j]
8 Heteropoly acid Ethanol Reflux 8 min 88 [18d]
9 Acetic acid Chloroform 160, MWI 15 min 90 [18e]
10 Acetic acid NMP/n-pentanol 120 118 min 90 [18f]
11 Molecular Iodine Ethanol 75 10 min 96 [18h]

MWI: microwave irradiation.

with respect reaction time; amount of catalyst and yields and
under solvent free conditions.

In order to evaluate the generality of the process, several
diversified examples illustrating the present method for the
synthesis of 1,2,4,5-tetrasubstituted imidazoles 4 was studied
(Table 3). The reaction of benzil 1 with various aromatic aldehy-
des 3 bearing electron withdrawing groups (such as nitro, halide)
or electron releasing groups (such as N,N-dimethylamino,
methyl, hydroxyl; mono, di, or tri methoxy groups), benzyl
amine or cyclohexyl amine or sec-butyl amine, aniline deriva-
tives 2 and ammonium acetate was carried out in the presence
of HC104-SiO; as catalyst. The yields obtained were good to
excellent without formation of any side products such as 2,4,5-
trisubstituted imidazoles, which are normally observed under

the influence of strong acids. [18] The reaction of aromatic alde-
hydes having electron withdrawing groups reacted very well at
faster rate compared with aromatics aldehydes substituted with
electron releasing groups. The results obtained in the current
method are illustrated in Table 3. All the products obtained were
fully characterized by spectroscopic methods such as IR, 'H
NMR, 13C NMR and mass spectroscopy and also by comparison
with the reported [18] spectral data.

The simplicity, together with the use of inexpensive, non-
toxic and environmentally benign nature of HClO4-SiO»
catalyst under solvent free condition is other remarkable feature
of the procedure. Acetone was added to the reaction mixture,
the catalyst was filtered and the filtrate was concentrated to give
crude residue, which was crystallized in acetone—water (10:1) to

Table 3
HC104-SiO; catalyzed Solvent free synthesis of 1,2,4,5-tetrasubstituted imidazoles 4a-y
Entry R R, Ry Product Reaction time (min) Yield®® (%) m.p. (°C) Ref.
1 CgHs CsHsCH, CgHs 4a 6 96 165-167 [7,18a,b]
2 CeHs Ce¢HsCH, 4-MeCgHy 4b 6 90 165-168 [7,18a,c]
3 Ce¢Hs C¢H5CH, 3-OMeCgHy 4c 8 88 128-130 [7]
4 CgHjs Ce¢HsCH, 3,4,5-(OMe)3CeH; 4d 15 94 184-186
5 Ce¢Hs C¢H5CH, 3-CIC¢H4 4e 10 90 146-148 [7,18c]
6 CgHs C¢H5CH, 4-CICgHy 4f 8 94 162-165 [7,18¢]
7 CgHs C¢H5CH, 4-OMeCgHy 4g 10 96 157-160 [7,18b]
8 Ce¢Hs Ce¢HsCH, 4-BrCeHy 4h 8 98 170-172 [7]
9 Ce¢Hs C¢H5CH, 2-CIC¢H4 4i 8 96 140-142 [7]
10 CgHjs Ce¢HsCH, 4-N(Me),CcHy 4j 15 90 150-152 [7]
11 Ce¢Hs C¢H5CH, 4-OHC¢H4 4k 20 75 134-135 [7,18b]
12 Ce¢Hs Ce¢HsCH, 2-NO,C¢Hy 41 3 93 152-155 [7]
13 Ce¢Hs iso-Butyl 3,4,5-(OMe);CeHy 4m 20 80 112-115
14 Ce¢Hs 3-MeCgH4CH; 4-OH-3-OMeCgH3 4n 15 86 205-210
15 Ce¢Hs iso-Butyl 4-MeCgHy 40 15 90 151-153 [18a,c]
16 Ce¢Hs Ce¢HsCH, iso-Propyl 4p 15 86 129-130 [18f,e]
17 Ce¢Hs C¢H5CH; 2-Furyl 4q 20 78 156-157 [7]
18 Ce¢Hs 4-MeCgHy 3-NO,C¢Hy 4r 5 90 149-151 [18c]
19 Ce¢Hs 4-MeCgHy 4-NO,CgHy 4s 2 98 219-220 [18c]
20 Ce¢Hs CeHs CeHs 4t 10 91 216 [18a,f]
21 Ce¢Hs CgH5CH,CH; 4-MeCgHy 4u 12 89 125-126 [18b]
22 Ce¢Hs 3-NO,C¢Hy 4-N(Me),C¢Hy 4v 10 84 239-240 [18b]
23 Ce¢Hs Cyclohexyl 4-MeCgHy 4w 18 90 164 [18b]
24 CH3 Ce¢HsCH, iso-Propyl 4x 20 56 104-105 [18f,e]
25 CH3; iso-Butyl CgHs 4y 20 60 Oil [18e]

 Yield of the corresponding isolated and purified product.
b All compounds were fully characterized by IR, NMR and mass spectroscopy.
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give pure 1,2,4,5-tetrasubstituted imidazoles 4a—y in excellent
yields.

3. Conclusion

We described herein perchloric acid adsorbed on silica
gel (HClO4-Si07) catalyzed highly efficient, one-pot, four-
component protocol for the synthesis of 1,2,4,5-tetrasubstituted
imidazoles by the condensation of an aldehyde, benzil, aliphatic
or aromatic primary amines and ammonium acetate under sol-
vent free conditions in excellent yields. The remarkable catalytic
activity of HCl104—Si0O, exhibited is convincingly superior to
the recently reported other catalytic methods with respect reac-
tion time (2-20 min), amount of catalyst and the pure products
were obtained by simple crystallization. Easy work up, inexpen-
sive, ready availability of the catalyst makes the procedure an
attractive alternative to the existing methods for the synthesis of
tetrasubstituted imidazoles 4a-y.

4. Experimental
4.1. General

Perchloric acid (HCIO4) aqueous solution (70%) was pur-
chased from Loba Chemie, India and silica gel (230—400 mesh)
from spectrochem India Pvt. Ltd. India. All the commercial
reagents and solvents used without further purification unless
otherwise stated. Melting points were recorded on Buchi 535
melting point apparatus and are uncorrected. All the reactions
were monitored by thin layer chromatography performed on
precoated silica gel 60F,54 plates (Merck). Compounds were
visualized with UV light at 254 nm and 365 nm, iodine and heat-
ing plates after dipping in 2% phosphomolybdic acid in 15%
ag. H2SOy solution. IR spectra were recorded on Perkin-Elmer
683 or 1310 FT-IR spectrometer with KBr pellets. NMR spectra
were recorded on Varian Unity-400 MHz and BRUKER AMX
300 MHz spectrometers using tetra methyl silane as an inter-
nal standard. '3C NMR was recorded on Varian Unity 100 MHz
using CDCl3 as internal standard. Mass spectra were recorded
on a VG Micromass 7070H and Finnigan Mat 1020B mass
spectrometers operating at 70 eV.

4.2. Preparation of HCIO4/SiO; catalyst

Seventy percent aqueous perchloric acid (1.8 g, 12.5 mmol)
was added to a suspension of SiO, (230-400 mesh, 23.7 g) in
ether (70 ml). The mixture was concentrated and the residue was
heated at 100 °C for 72 h under vacuum to give HCIO4-SiO,
(0.5 mmol/g) as free flowing powder (50 mg=0.025 mmol of
HClOy).

4.3. General experimental procedure for the preparation of
tetrasubstituted imidazoles

To a mixture of benzil (2.5 mmol), aldehyde (2.5 mmol) pri-
mary amine (2.5 mmol), ammonium acetate (2.5 mmol) and
HCI04-Si0; (50 mg, 0.025 mmol, 1mol%) were heated at

140 °C with stirring for 2-20 min. After completion of reaction
(monitored by TLC) the mixture was cooled to room tempera-
ture, acetone (50 ml) was added. The catalyst was filtered, solid
was washed with acetone (10 ml), combined acetone solution
was concentrated in vacuum to afford crude product. The crys-
talline pure product was obtained by further recrystalization
in Acetone: water (10:1). All the products obtained were fully
characterized by spectroscopic methods such as IR, 'H NMR,
13C NMR and mass spectroscopy and have been identified by
the comparison of the reported spectral data. The spectral and
analytical data for the selected compounds are presented below.

4.4. 1-Benzyl-2-(3,4,5-trimethoxyphenyl)-4,
5-diphenylimidazole 4d

IR (KBr, vmax, cm™—1): 3059, 2956, 2933, 1960, 1640, 1582,
1520, 1443, 1361, 1255, 1182, 1071, 921. 'H NMR (400 MHz,
DMSO-ds) éu: 3.62 (s, 6H), 3.75 (s, 3H), 5.12(s, 2H), 6.80(s,
2H), 6.98 (d, J=7.3Hz, 2H), 7.36-7.07 (m, 11H), 7.52 (d,
J=17.3Hz, 2H). 13C NMR (DMSO-ds, 100 MHz) §.: 59.2, 62.1
62.8, 105.8, 109.0, 111.7, 120.8, 124.6, 125.4, 127.6, 127.8,
128.2, 128.5, 129.1, 129.5, 129.9, 130.5, 130.9, 132.5, 135.6,
140.2, 143.4, 150.5, 152.2. Anal. Calcd. for C3;HygN,03: C,
78.13; H, 5.92; N, 5.88; found C, 78.18; H, 5.98; N, 5.92%.

4.5. 2-(4-Dimethylaminophenyl)-1-(3-nitrophenyl)-4,
5-diphenylimidazole 4v

IR (KBr, vmax, cm—1): 2926, 1623, 1560, 1503, 1494; 'H
NMR (300 MHz, DMSO-dp) dy: 2.95 (s, 6H, CH3), 6.77-7.94
(m, 18H, Ar). 13C NMR (DMSO-ds, 100 MHz) §.: 111.8,117.9,
121.8, 125.6, 126.4, 127.3, 127.6, 127.9, 128.5, 129.0, 129.4,
129.9, 130.5, 130.8, 131.5, 135.5, 141.4, 145.4, 150.1. Anal.
Calcd. for CooHo4N4O», C, 75.63; H, 5.25; N, 12.17; found C,
75.68; H, 5.18; N, 12.20%.

4.6. 1-Benzyl-2-isopropyl-4,5-dimethylimidazole 4x

IR (KB, vmax, cm~1): 2960, 1655, 1617, 1494, 1436, 1360,
1328, 1302. 'HNMR (300 MHz, CDCl3) 83: 1.24 (d, J= 6.8 Hz,
6H), 2.01 (s, 3H), 2.16 (s, 3H), 2.90 (septet, J=6.8 Hz, 1H),
5.02(s, 2H), 6.90(d, J=6.6Hz, 2H), 7.20-7.35 (m, 3H). 13C
NMR (DMSO-ds, 100 MHz) 8.: 8.9, 12.8, 22.1, 26.2, 44.5,
121.8, 125.4, 127.6, 129.0, 132.0, 136.9, 151.6. Anal. Calcd.
for C15HpoN>: C, 78.90; H, 8.83; N, 12.27; found: C, 78.83; H,
8.88; N, 12.19%.
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