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Abstract: One pot three component synthesis of 2, 4, 5-triaryl imidazoles was achieved by 
the condensation of aromatic aldehyde, benzil and ammonium acetate in ethanol catalyzed by 

sodium tungstate as a non-oxidative basic catalyst. The use of inexpensive catalyst, short 
reaction time and ethanol as the environmentally benign solvent makes the pesent protocl a 

valuable addition to the existing green protocols for the synthesis of triaryl imidazoles. 
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Introduction and Experimental 

 Sustainability is an important concept of green chemistry is which involves design and development of 

environmentally benign chemical processes
1
. Worldwide demand for green chemical processes and products 

needs the development of novel and cost-effective approaches in synthetic organic chemistry leading to 
environmental protection

2
. Rapid development of green chemistry is due to the recognition that environmentally 

benign processes are economical and long term viable.  

Heterocyclic compounds comprise a major class of organic compounds. Imidazole; an electron rich 

five-membered aromatic heterocyclic compound is present in many therapeutically potent natural products and 

synthetic molecules of great biological significance. Imidazole ring possesses unique ability to bind with 
different enzymes and receptors in biological systems via weak interactions. The introduction of imidazole ring 

is an important strategy in drug discovery and organic synthesis thereby exhibiting numerous bioactivities 

including anticancer
3
, anti-inflammatory

4
, antitubercular

5
, antioxidant

6
, antibacterial

7
 etc.  It is a constituent of 

histidine amino acids, biotin and many alkaloids. Many drugs such as dacarbazine, ketoconazole, omeprazole 

etc contain imidazole ring skeleton in their structures. Thus imidazole is a medicinally privileged target in 

medicinal chemistry and drug discovery on account of several significant biological activities. 

Literature is enriched with numerous reports for the synthesis of 2, 4, 5-triaryl imidazoles by one pot 

three component condensation of aldehyde, benzil and ammonium acetate using different catalysts such as 
various metal chlorides

8
, NBS

9
, tannic acid

10
, Caro’s acid/silica gel

11
, KMnO4/CuSO4

12
, SiO2-NaHSO4

13
, 

H2SO4·SiO2
14

, morpholinium hydrogen sulphate
15

, NiCl2·6H2O
16

, preyssler nanoparticles
17

 etc. However many 

of the existing methodologies suffer from the adverse effects of toxic and hazardous waste, strong Lewis acids 
as catalysts, use of ionic liquids whose separation from the reaction mixture is a tedious task, prolong reaction 

time etc. Although literature is enriched with these methodologies; objective of the present study is to develop a 

simple, facile, cost effective and environmentally benign green approach with clean reaction profile for the 

synthesis of trisubstituted imidazoles. 
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          Sodium tungstate (Na2WO4.2H2O) is a simple, low cost and water soluble solid inorganic material 
which has emerged as an efficient catalyst for epoxidation of alkenes and oxidation of alcohols into the 

corresponding carbonyl compounds
18

. To the best of our knowledge and as per literature survey, only a few 

reports are available on the utility of sodium tungstate dehydrate as a catalyst
19

. As a part of our ongoing efforts 
in the development of new synthetic strategies for the synthesis of heterocyclic compounds

20
; in the present 

work we report sodium tungstate catalyzed green protocol for the synthesis of 2, 4, 5-triaryl substituted 

imidazoles via one pot three component condensation of aldehydes, benzil and ammonium acetate in ethanol 
under reflux within 30-60 min (Scheme 1).  
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Scheme 1: Sodium tungstate catalyzed rapid and green synthesis of 2,4,5-triaryl imidazoles
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Chemicals were purchased from SD fine or Spectrochem chemical companies and were used without 
further purification. The progress of reaction was monitored using TLC plates silica gel precoated on aluminum 

using 30 % ethyl acetate: n-hexane as the mobile phase. Melting points of the products were recorded in 

capillaries open at one end and were uncorrected. The compounds were confirmed by comparison of their 
physical constants with literature values, 

1
H NMR, IR and ESMS spectral data. 

General procedure for the sodium tungstate catalyzed synthesis of 2, 4, 5-triaryl substituted imidazoles: 

A mixture of benzil (2 mmol), aldehyde (2 mmol), ammonium acetate (3 mmol) and sodium tungstate 

(10 mol %) in ethanol (2 mL) was refluxed at 80 
o
C for a specified time as mentioned in Table 3. Progress of 

the reaction was monitored by TLC (30% ethyl acetate: n-hexane). After completion of the reaction as indicated 

by TLC, the ethanol was evaporated and the reaction mass was poured onto ice cold water and filtered off the 

resulting solid which was further purified by recrystallization from ethanol.  

The spectral data of representative compounds is mentioned below: 

[2-(4’-Methoxyphenyl)-4, 5-diphenyl-1H-imidazole] (Table 1, Entry 2): Off white solid, M. P. 231-233 (
o
C) 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 3.83 (3H, s, -OCH3), 7.05 (d, 2H), 7.20-7.60 (m, 10 H), 8.05 (d, 2H), 

12.5 (s, 1H, -NH). IR (KBr) cm
-1

 3030, 2960, 1611, 1493, 1416, 1250, 1031, 697. ESMS: 327.29 (M+1).  

[2-(4’-Thiomethoxy) phenyl-4, 5-diphenyl-1H-imidazole] (Table 1, Entry 3): Faint yellow solid, M. P. 240-

242 (
o
C) 

1
H NMR (400 MHz, DMSO-d6) δ ppm 2.45 (s, 3H, -SCH3), 7.20-7.60 (m, 12H), 8.05 (d, 2H), 12.65 

(1H, NH). IR (KBr) cm
-1

 3028, 2834, 1603, 1485, 1380, 1024, 697. ESMS: 343.27 (M+1).  

[2- (4’-Phenyl-phenyl)-4, 5-diphenyl-1H-imidazole] (Table 1, Entry 4): Cream yellow solid, M. P.  242-244 
(

o
C) 

1
H NMR (DMSO-d6, 400 MHz) δ ppm 7.4 (d, 2H), 7.45 (m, 5H), 7.59 (m, 6H), 7.8 (dd, 4H), 8.2 (d, 2H), 

13.0 (s, 1H, -NH) IR (KBr) cm
-1

 3399, 3031, 1603, 1484, 1070 ESMS: 373 (M+1). 

[2-(Benzo[d][1,3] dioxol-5-yl)-4, 5-diphenyl-1H-imidazole] (Table 1, Entry 5): White solid, M. P. 200-

202(
o
C) 

1
H NMR (DMSO-d6, 400 MHz) δ ppm 6.10 (s, 2H), 7.05 (d, 2H), 7.20-7.70 (m, 12 H), 12.5 (s, 1H, -

NH). IR (KBr) cm
-1

 3057, 2882, 1604, 1482, 1236, 1070, 697. ESMS: 341.30 (M +1).   

Result and Discussion 

Initially a model condensation reaction was carried out on 4-hydroxy benzaldehyde, benzil and 

ammonium acetate using 10 mol% Na2WO4.2H2O in different solvents (Table 1).  

 

 

http://en.wikipedia.org/wiki/Epoxidation
http://en.wikipedia.org/wiki/Alkene
http://en.wikipedia.org/wiki/Alcohol
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Table 1: Optimization of reaction conditions for the synthesis of 2, 4, 5-triaryl substituted imidazoles 

Entry Conditions Time Yield (%) 

1 THF 3 h NR 

2 MeOH 30 min 90 

3 EtOH 45 min 92 

4 IPA 60 min 81 

5 EtOH: H2O (1:1) 60 min 68 

6 THF: H2O (1:1) 60 min NR 

7 MeOH: H2O (1:1) 60 min 70 

Reactions were carried out with 4-hydroxybenzaldehyde (1 mmol), benzil (1 mmol) and ammonium acetate (1.5 

mmol) under reflux using Na2WO4.2H2O (10 mol %) in respective solvent (1mL). 

The model condensation reaction did not proceed in various solvents such as - THF or THF: H2O. Also 

the reaction was found to be sluggish and not complete in aq. alcoholic media - EtOH:H2O (1:1) or MeOH: H2O 
(1:1) . The same reaction in isopropyl alcohol was not successful after 1 h. The reaction when carried out using 

Na2WO4.2H2O catalyst in merely methanol as the solvent requires 30 minutes and in ethanol it takes little more 

time (45 minutes) for completion under the same conditions. Since ethanol is comparatively more 
environmentally benign solvent rather than methanol; we chose ethanol as the reaction medium. Next we 

investigated the effect on catalyst concentration on the model reaction with 4-hydroxybenzaldehyde (Table 2). 

Table 2: Effect of catalyst concentration on the synthesis of 2, 4, 5-triaryl substituted imidazoles 

Entry Catalyst (mol%) Yield (%)
@

 

1 5 80 

2 10 92 

3 15 94 

4 20 94 
@

Yields of reactions isolated after 45 min in EtOH (1mL) under reflux. 

Under these optimized reaction conditions several aldehydes were screened for the reaction with benzil and 
ammonium acetate (Table 3).   

Table 3: Yields of sodium tungstate catalyzed green synthesis of 2, 4, 5-triaryl substituted imidazoles 

Entry Aldehyde (X) Product Time 

(min) 

Yield 

(%)
#
 

M. P. (
o
C) [Ref] 

1 H 
N
H

N

 

30 83 268-270 [17] 

2 
 

4-OCH3 N
H

N

OCH3

 

30 88 
 

231-233 [12] 

3 4-SMe 
N
H

N

SCH3

 

30 86 
 

240-242 [17] 

4 4-C6H5 
N
H

N

C6H5

 

 

60 
94 

242-244 [Present 

work] 

5 
3,4-Methylene 
dioxy N

H

N
O

O

 

60 89 200-202 
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6 3,4-(OCH3)2 
N
H

N

OCH3

OCH3

 

30 90 217-218 [17] 

7 4-OH 
N
H

N

OH

 

45 92 268-270 [10] 

8 3-OCH3, 4-OH 
N
H

N

OH

OCH3

 

45 87 218-220 [10] 

9 4-Cl 
N
H

N

Cl

 

30 90 259-261 [10] 

10 4-F 
N
H

N

F

 

 

30 
86 188-190 [17] 

11 4-Br 
N
H

N

Br

 

45 84 261-263 [17] 

#
Isolated

 
yields on the reaction of aldehyde (2 mmol), benzil (2 mmol) and ammonium acetate (3 mmol) using 

Na2WO4.2H2O (10 mol %) in EtOH under reflux.  

Conclusion 

The present protocol reports utility of sodium tungstate dihydrate as a simple, inexpensive 
commercially available basic catalyst in short reaction time making it a green approach for the synthesis of 2, 4, 

5-triaryl substituted imidazoles. The use of ethanol as the comparatively environmentally friendly solvent, clean 

reaction profile, short reaction time and higher yields of the corresponding products makes the present protocol 
a valuable addition to the existing methods for the synthesis of these heterocyclic compounds. 
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