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An efficient and convenient method for the synthesis of 1,2,4,5-
tetrasubstituted imidazoles has been developed by a one-pot multi-
component reaction of benzil, aromatic aldehydes, primary amines and
ammonium acetate in the presence of silica gel-supported polyphosphoric
acid (PPA-Si0,), as a green and reusable catalyst under solvent-free
conditions. The present methodology offers several advantages such as
simple procedure with an easy work-up, relatively short reaction times
and high yields.
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INTRODUCTION

As an important member of the five-membered ring heterocycles, imidazole
moiety is present in a wide range of naturally occurring molecule'. Compounds
with imidazole moiety have many pharmaceutical activities®. The biological
importance of the imidazole ring system has made it a common structure in numerous
synthetic compounds, such as fungicides’, herbicides’, plant growth regulators* and
therapeutic agents’. There are several methods reported in literature for the synthesis
of tetrasubstituted imidazoles, such as hetero-Cope rearrangement®, four component
condensation of 1,2-diketones, aromatic aldehydes, primary amines and ammonium
acetate in the presence of several catalysts”® and by N-alkylation of trisubstituted
imidazoles’. However, many of the synthetic protocols for imidazoles reported above,
suffer from one or more disadvantages, such as harsh reaction conditions, poor
yields, prolonged reaction time period, use of hazardous and often expensive acid
catalysts. Therefore, the development of simple, efficient, high-yielding and environ-
mentally friendly methods using new catalysts for the synthesis of these compounds
is still necessary.

Solid supported reagents are unique catalysts that have become popular over
the last two decades. Since the activity and selectivity of a reagent dispersed on the
surface of the support, is improved, as the effective surface area of reagent can be
increased manifold, they expected to be performed better than the individual
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reagents'’. Low toxicity, moisture, air tolerance and low price are other common
features make the use of solid supported reagents as attractive alternate to the conven-
tional Lewis acid and triflates. Although, the catalytic applications of silica supported
reagents for organic synthesis have been established, but to the best of our knowledge
only few examples are reported on the use of polyphosphoric acid supported on
silica gel-supported polyphosphoric acid (PPA-SiO)".

In continuation of our previous works on the applications of reusable acid catalysts
in the synthesis of organic compounds'*'* herein we wish to report the new efficiently
synthesis of tetrasubstituted imidazoles catalyzed by silica gel-supported polyphos-
phoric acid.

EXPERIMENTAL

All chemicals were commercially available and used without further purification.
Silica gel-supported polyphosphoric acid (PPA-Si0,) was synthesized according
to the literature'". Melting points were recorded on an electrothermal type 9100
melting point apparatus. The IR spectra were obtained on a 4300 Shimadzu spectro-
photometer as KBr disks. The 'H NMR (500 MHz) spectra were recorded on Bruker
DRX500 spectrometer.

General procedure for the synthesis of tetrasubstituted imidazoles: A mixture
of benzil (1 mmol), aromatic aldehyde (1 mmol), primary amine (1 mmol), ammonium
acetate (1 mmol) and PPA-SiO, (0.1 g) was heated on the oil bath at 140 °C for 1.0-
1.5 h. The reaction was monitored by TLC. After completion of the reaction, the
reaction mixture was cooled to room temperature, boiling ethanol was added and
the mixture stirred for 5 min. The catalyst was filtrated and the filtrate ethanol
solution was concentrated. The solid so obtained was recrystallized from ethanol to
give compounds Sa-h in high yields. All products were known and characterized
by comparison of their physical and spectroscopic data with those of reported
techniques’*®.

Recycling and reusing of the catalyst: The recyclability of the catalyst in the
reaction of benzil, benzaldehyde, aniline, ammonium acetate in the presence of
PPA-SiO, was checked. The separated catalyst can be reused after washing with
ethanol and drying at 100 °C. It showed the same activity as fresh catalyst without
any loss of its activity.

RESULTS AND DISCUSSION

The one-pot synthesis of tetrasubstituted imidazoles was achieved by the four-
component condensation of benzil, benzaldehyde derivatives, primary amines and
ammonium acetate in the presence of PPA-SiO, as a heterogeneous catalyst
(Scheme-I). To find optimum conditions, the reaction of benzil, benzaldehyde,
aniline and ammonium acetate in the presence of PPA-SiO, (0.1 g) as a model was
performed under thermal solvent-free conditions at different temperatures in an oil
bath. As can be seen from Table-1, the shortest time and best yield were achieved at
140 °C.
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TABLE-1
RESULTS OF THE SYNTHESIS OF 1,2,4,5-TETRAPHENYLIMIDAZOLE
5a UNDER DIFFERENT CONDITIONS*
Entry Amount of PPA-SiO, (g) T (°C) Time (h) Yield (%)**
1 0.02 120 2.0 43
2 0.02 140 2.0 46
3 0.05 120 1.5 54
4 0.05 140 1.5 62
5 0.10 120 1.0 75
6 0.10 140 1.0 86
7 0.10 160 1.5 87
8 0.20 140 1.5 87

*1 mmol benzil, 1 mmol benzaldehyde, 1 mmol aniline, 1 mmol ammonium acetate under
neat conditions. **Isolated yields.

TABLE-2
SYNTHESIS OF 1,2,4,5-TETRASUBSTITUTED IMIDAZOLES 5a-h*

Entry Ar R Products® Time (h) Yield® (%) m.p. (°C)
1 C¢H; CH, Sa 1.0 86 215-217 (Lit.} 216-218)
2 CH, CH,C H, 5b 1.5 89 160-163 (Lit.* 163-165)
3 4CICH, C.H, 5¢ 1.0 92 150-152 (Lit.* 149-151)
4  4-CICH, 4-CIC{H, 5d 1.0 88 189-190 (Lit.” 187-189)
5 4-CH,CH, CH, Se 1.0 90 182-184 (Lit.* 185-188)
6 4-CH,CH, CH,CH; 5f 1.5 87 162-164 (Lit.* 165-166)
7 4-CH,CH, 4-CICH, Sg 1.5 85 169-170 (Lit.” 167-169)
§ 4CHCH, 4-CHCH, 5h 1.0 86 189-191 (Lit.” 188-191)

‘1 mmol benzil, 1 mmol aromatic aldehyde, 1 mmol primary amine, 1 mmol ammonium
acetate and 0.1 g PPA-SiO, at 140 °C. PAll the products were characterized by 'H NMR and
IR spectral data and comparision of their melting points with those of authentic samples.
‘Isolated yields.

To determine the optimum quantity of PPA-SiO,, the same model reaction was
carried out under the previously mentioned conditions using different quantities of
catalyst at 140 °C. The use of 0.1 g of catalyst resulted in the highest yield in
appreciate time (Table-1).

In order to evaluate the generality of this model reaction we then prepared a
range of 1,2,4,5-tetrasubstituted imidazoles under the optimized reaction conditions.
In all cases the yields obtained were excellent without formation of any side products
such as 2,4,5-trisubstituted imidazoles (Table-2).
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Conclusion

In conclusion, a simple and efficient method for the synthesis of tetrasubstituted
imidazoles through the four-components condensation of benzil, benzaldehyde
derivatives, primary amines and ammonium acetate using PPA-SiO, as efficient,
reusable and eco-friendly heterogeneous catalyst under solvent-free conditions has
been developed. The catalyst can be reused after a simple work-up, with a gradual
decline of its activity being observed. Other advantages of this protocol are high
yields, relatively short reaction times, easy work-up and omitting any volatile and
hazardous organic solvents.
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