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ABSTRACT

An efficient for synthesis of trisubstituted imidazole from benzil/benzoin, aromatic aldehyde and
ammonium acetate in water under microwave irradiation. Tartaric acid is an inexpensive mild
catalyst and the remarkable advantages such as mild reaction condition, shorter reaction time,
simple procedure and excellent yield.
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1. INTRODUCTION

Nitrogen containing five membered is an important class in heterocyclic compound. Imidazole
and its derivative are in a widespread range of naturally occurring molecules [1-3] and drug
molecules [4-5]. Trisubstituted imidazole shows various bioactive effects such as fungicide,
herbicidal [6], antitumor [7], anti-inflammatory [8], anti-allergic [9], analgesic [10], antibacterial
[11] and used in biosynthesis of interleukin-1 (IL-1) [12].

Recently, several method have been developed for synthesis of trisubstituted imidazole by
condensation of benzil/benzoin, aromatic aldehyde with ammonium acetate using various
catalyst and reagents such as, Ionic liquid [13], lodine [14], ZrCl4[15], NH4OAc [16], Yb(OTF);
[17], scolecite [18], PEG-400 [19], L-Proline [20], CuCl;.2H,0 [21], and SbCl;[22].

However, some disadvantages such as tedious workup procedure, purification, use of hazardous
organic solvents, expensive reagents, long reaction time, low yield, occurrence of side reaction
and waste materials. The traditional methods for synthesis of trisubstituted imidazole depend
upon multicomponent reaction using benzil/benzoin, substituted aromatic aldehyde and a
nitrogen source.

There is a strong demand for a simple, environmentally benign, highly efficient and versatile
method for one pot synthesis of trisubstituted imidazole. The present study describes synthesis of
trisubstituted imidazole on reaction of benzil/benzoin, substituted aromatic aldehyde with
ammonium acetate in water in presence of tartaric acid as a catalyst (Scheme-1).

2. MATERIALS AND METHODS

All chemicals, reagents and solvents were used as received from commercial source. Melting
points were taken in open capillary and were uncorrected. The reaction was carried out in
microwave synthesizer, Mass-II, Sineo. "H NMR spectra were recorded on a bucker DRX-300
MHz instrument and IR were recorded as KBr pellets on a Nicolet impact 410.
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Scheme 1. Synthesis of trisubstituted imidazoles.

2.1. Synthesis of trisubstituted imidazole (4a-g)

A mixture of benzil/benzoin 1(1 mmol), aromatic aldehyde 2(1 mmol), ammonium acetate 3(2
mmol) and catalyst tartaric acid (10 mol %) was added in 10 ml of distilled water was irradiated
under microwave oven for appropriate time (Table 2). Progress of the reaction was monitored by
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on TLC completion the reaction mass was poured on cold ice water. Then product was filtered,
dried and recrystallized from ethanol.

3. RESULTS AND DISCUSSION

Here, we report a very simple and general method for the synthesis of trisubstituted imidazole
using the catalytic amount of tartaric acid under microwave 300W (Scheme-1) as a model
reaction. The synthesis of trisubstituted imidazole was carried out by condensation of
benzil/benzoin, aromatic aldehyde and ammonium acetate in presence of tartaric acid as a
catalyst.

To optimize the reaction conditions, all catalytic effects on the condensation reaction. The
reaction was carried out in same conditions. When using PEG-400 and glycerol as catalyst, we
got 4a in low yield product and prolong reaction time 86% and 92% (Table 1, Entry 1-2). Such
as another catalyst [Hbim]BF4 SSA, CAN, Yb(OTF);, L-Proline and they give low yield and
more reaction time 91%, 73%, 75%, 90%, 91% yield respectively (Table 1, Entry 3-7).Hence,
using Tartaric acid gives an excellent catalytic activity, which gave product in a yield of 96%
(Table 1, Entry 8).

We determined the synthesis of trisubstituted imidazole derivatives using Tartaric acid at 10 mol
percentage gave excellent yield of product (Table 1, entry 8). These are diprotic aldaric acid and
it found naturally in plants such as bananas and grapes. It is used an antioxidant. These catalysts
soluble in water, cheaper, easily available and non-hazardous. The reaction mixture was
irradiated in microwave at an appropriate time (10-15 min.) the corresponding product was
obtained in excellent yield.

Table 1. Comparison of different catalyst in the synthesis of Trisubstituted imidazole.

Entry Catalyst Time (min.) Yield” (%)
1 PEG-400 360 86
2 Glycerol 180 92
3 [Hbim]BF4 25 91
4 SSA 240 73
5 CAN 360 75
6 Yb(OTF); 120 90
7 L-Proline 540 91
8 Tartaric acid 12 96

"Reaction condition: Benzil/Benzoin(1 mmol), ammonium acetate (2 mmol), aldehyde (1 mmol)
and Tartaric acid (10 mol%) at 300 W, PIsolated yields.
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To examined the efficiency and applicability of this protocol. The reaction was carried out
various substituted aromatic aldehyde are shown in Table 2. These result shows the reactions are
facile electron donating and electron withdrawing substituent present on the substituted aromatic

aldehyde resulting in high yields of corresponding imidazoles.

Table 2. Synthesis of Trisubstituted imidazole (4a-g) using (10 mol %) of Tartaric acid®.

Benzil Benzoin
Entry Ar-CHO Products Time(min.)/ Time(min.)/
Yield" Yield"
a Q)k | )—@ 15 min./89 20 min./75
b Q)k | }-@ 12 min./96 18 min./80
¢ & | }-@ 13 min./90 25 min./70
d 30 min./75

Q)‘\H | )-Q 15 min./94
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e /©)‘\H | />—®~o\ 11 min./95 20 min./82
f Qk ) smmm 25w

g /(;)‘\ )—Q 11 min./95 20 min./74

OCHg

"Reaction condition: Benzil/Benzoin(1 mmol), ammonium acetate (2 mmol), aldehyde (1 mmol)
and Tartaric acid (10 mol%) at 300 W, "Isolated yields.

3.2. Characterization data

Synthesis of 2-(4-Hydroxyphenyl)-4, 5-diphenylimidazoleEntry-4b: MP 266-268°C. IR(KBr,
em™): 3591, 3453, 3283, 3065, 1702, 1284; 'THNMR (300 MHz, DMSO-d): 12.22 (s, 1H, NH),
9.41 (s, 1H, OH), 7.91 (d, J=8.4 Hz, 2H), 7.53-7.28 (m, 10H, Ar-H), 6.79 (d, J=8.4 Hz, 2H), "°C
NMR (300 MHz, DMSO-dg): 157.5, 146.66, 127.11, 125.6, 124.4, 124.8, 114.7, 112.84, 98.56,
95.45 ppm.

Synthesis of 2-(4-Methoxyphenyl)-4, S-diphenylimidazole Entry-4e: MP 229-231°C IR (KBr,
cm™): 3401, 3061, 1612, 1492, 1178, 1029, 831, 760; "HNMR (300 MHz, DMSO-dj): 12.53 (s,
1H, NH), 8.02 (d, J=8.80 Hz,2.0 Hz, 2H), 7.71-7.11 (m, 10H,Ar-H), 7.04 (dt, J=8.8Hz, 2.0 Hz,
2H), 9.82 (s, 3H, CH3) °C NMR (300 MHz, DMSO-dy): 158.31, 145.08, 136, 134.63, 131.39,
121.31, 127.5, 126.02, 123.08, 113.08, 54.61 ppm.

4. CONCLUSION

In summary, we have developed a simple and environmentally benign procedure for synthesis of
trisubstituted imidazole using tartaric acid as a highly effective. The advantages of this method
such as reduced time, mild reaction condition, desired products in excellent yield and easy
workup.
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