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ABSTRACT 
 
From synthesis view-point, multicomponent reactions catalysed by metal-free catalysts have proven themselves 
better alternatives because of better economical, ecological and toxicological profiles. In this context, herein, we 
report a facile and efficient synthesis of 2,4,5-triarylsubstituted imidazole derivatives via three-component 
condensation reaction in the presence of a catalytic amount of citric acid.  
 
Keywords: one-pot, 2,4,5-triarylimidazoles, metal-free catalysts, three-component, citric acid, Debus-Radziszewski 
condensation, MCRs. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

The use of multicomponent reactions (MCRs), to generate interesting and novel drug-like scaffolds, becomes one 
challenging goal for organic chemists since they offer significant advantages over conventional linear stepwise 
syntheses [1]. Indeed, MCRs have been used extensively to form heterocyclic and complex structures, not easily 
accessible via classical synthetic reactions.  
 
On the other hand, imidazole ring containing heterocycles have been of great interest for organic chemists due to 
their useful biological and pharmacological aspects [2]. For example, it is reported that many of substituted 
imidazoles can act as fungicides, herbicides, plant growth regulators [3], antibacterial [4], antitumor [5] and 
glucagon receptors [6]. In addition, they can be used in ionic liquids [7-10] that have been given a new approach to 
“Green Chemistry”. Subsequently, a variety of methods have been used to prepare these heterocyclic compounds 
involving several Brønsted and Lewis acids in liquid or solid-phase conditions [11]. In spite of being effective, some 
of the reported methods have certain limitations such as complex work-up and purification, significant amounts of 
waste materials, strongly acidic conditions, low yields and the use of expensive reagents and toxic catalysts. Hence, 
it is important to continue to search for simpler, effective, cleaner, economical and environmentally safer protocols. 
In this context, the use of catalysts containing transition metals is less appropriate, due not only to their hazardous 
properties but also because, in many cases, these catalysts are moisture sensitive, very toxic, difficult to handle, act 
contrary to the principles of green chemistry to some extent, when used in large amounts, and give metal 
contaminated products which are usually difficult to purify. Thus, metal-free catalysts start to be more and more 
important in this century for the construction of new and useful molecules due to their remarkable eco-compatibility 
as they do not contain metals.  
 
All these facts have strengthened ourselves to find newer eco-friendly method and prompted us to employ citric acid 
(Figure 1) as a metal-free catalyst for efficient and high-yielding synthesis of 2,4,5-triarylimidazole derivatives via 
Debus-Radziszewski one-pot three-component condensation  of benzil, ammonium acetate and aromatic aldehydes 
as shown in Scheme 1. 



Taoues Boumoud et al Der Pharma Chemica, 2016, 8 (4):202-206 
_____________________________________________________________________________ 

203 

COOH
HO

HOOC

HOOC

 
 

Figure 1: 2-hydroxypropane-1,2,3-tricarboxylic acid (citric acid) 
 

MATERIALS AND METHODS 
 

Chemistry  
All products are known and were characterized by comparison of their physical and spectroscopic data with those of 
authentic samples. Melting points were measured using a fine control Electro thermal capillary apparatus and are 
uncorrected. IR spectra were obtained as KBr pellets with a Shimadzu FT IR-8201 PC spectrometer. 1H and 13C 
NMR spectra were recorded in DMSO-d6 and/or CDCl3 on a Bruker Avance DPX spectrometer. Chemical shifts (δ) 
are reported in ppm and J values in hertz (Hz).  
 
General procedure for the preparation of 2,4,5-triarylimidazoles (4a-m):  
A mixture of benzil 1 (10 mmol), ammonium acetate 2 (30 mmol), aromatic aldehyde 3 (10 mmol) and citric acid 
(15 mol%) was stirred in refluxed ethanol (5 ml) for the appropriate time as mentioned in Table 1. After completion 
of reaction, as monitored by TLC, the reaction mixture was cooled to room temperature and diluted with excess of 
cold water. The solid product that separated out, was filtered, washed with excess of water and further recrystallized 
from acetone/water (9/1) to result the corresponding 2,4,5-triarylimidazole 4 in a pure state (Scheme 1).  
 
The structures of all the prepared products were unambiguously established on the basis of their spectral analysis 
(IR, 1H&13C NMR) and melting points.  
 
2,4,5-Triphenyl-1H-imidazole (4a): Yield: 92%; mp 273-275°C; IR cm-1: 3429.2 (N-H), 3043.5 (CH aromatic), 
1600 (C=C), 1492.8 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 7.22 - 7.60 (m, 13H, CH aromatic), 8.10 (d, 2H, CH 
aromatic, J = 7.7 Hz), 12.70 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 125.33, 126.69, 127.23, 127.94, 128.36, 128.58, 
128.85, 130.43, 131.17, 135.25, 137.23, 145.67.  
 
2-(4-Methylphenyl)-4,5-diphenyl-1H-imidazole (4b): Yield: 82%; mp 229-232°C; IR cm-1: 3417.6 (N-H), 3039.6 
(CH aromatic,), 1604.7 (C=C), 1490.8 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 2.30 (s, 3H, CH3) 7.49 - 7.93 (d, 2H, 
CH aromatic, J = 6.9, 7.9 Hz), 7.18 - 7.30 (m, 12H, CH aromatic), 12.40 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 
20.89, 125.08, 127.06, 127.56, 127.80, 128.19, 128.87, 137.39, 145.74. 
 
2-(3-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (4c): Yield: 80%; mp 258°C; IR cm-1: 3290.3 (NH), 2966.3 (CH 
aromatic,), 1631.7 (C=N), 1542.1 (C=C), 1028 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.80 (s, 3H, O-CH3), 6.85 
(dd, 1H, CH aromatic, J  = 7.4 Hz, J = 1.7 Hz), 6.29 - 7.72 (m, 13H, CH aromatic,), 12.50 (s, 1H, N-H); 13C NMR 
(DMSO-d6) δ:  54.89, 110.06, 113.88, 117.53, 119.68, 127.95, 129.22, 131.47, 145.49, 159.34.  
 
2-(2-Nitrophenyl)-4,5-diphenyl-1H-imidazole (4d): Yield: 65%; mp 227-229°C; IR cm-1): 3421 (NH), 2928 (CH 
aromatic), 1596 (C=N), 1515 (NO2), 1345 (NO2); 

1H NMR (CDCl3/ DMSO-d6)  δ: 7.25 - 8.01 (m, 14H, CH 
aromatic), 12.98 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 123.9, 124.5, 127.20, 127.51, 128.52, 128.70, 129.10, 
129.21, 130.01, 130.32, 131.02, 132.61, 135.21, 138.00, 141.41, 148.80. 
 
2-(2-Methylphenyl)-4,5-diphenyl-1H-imidazole (4f): Yield: 75%; mp 208-210°C; IR cm-1: 3433.1(NH), 3028.0, 
(CH aromatic), 1596.9 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ:  2.70 (s, 3H, CH3), 7.15 - 7.71 (m, 14H, CH 
aromatic), 12.35 (s, 1H, NH).  
 
2-(2-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (4g): Yield: 81%; mp 211-213°C; IR cm-1: 3433.1 (N-H), 
3070.5 (CH aromatic), 2356.9, 1598.1 (C=C), 1463.6 (C=N), 1030 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.90 (s, 
3H, O-CH3), 7.05 - 8.09 (m, 14H, CH aromatic), 11.90 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 55.31, 111.09, 118.22, 
120.43, 126.79, 127.67, 128.03, 128.57, 129.53, 132.78, 155.77. 
 
2-(2,4-Dichlorophenyl)-4,5-diphenyl-1H-imidazol (4h): Yield: 70%; mp 174-175°C; IR cm-1: 3433.1 (N-H), 
3062.7 (CH aromatic), 1679 (C=C), 1598.9 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 7.21 - 7.56 (m, 12H, CH 
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aromatic) 7.82 (dd, 1H, CH aromatic, J = 8.3 Hz, J = 1.7 Hz), 12.60 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 119.25, 
126.37, 127.00, 127.14, 127.48, 127.89, 128.10, 128.32, 128.69, 129.49, 132.23, 132.37, 133.87, 137.10, 142.32 
 
2-(4-Chlorophenyl)-4,5-diphenyl-1H-imidazole (4i): Yield: 78%; mp 263-264°C; IR cm-1: 3294.2 (N-H), 2846.7 
(CH aromatic), 1635.5 (C=C), 1368.4 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 7.20 - 7.55 (m, 12H, CH aromatic), 
8.10 (d, 2H, CH aromatic, J = 8.3 Hz), 12.80 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 125.41, 126.95, 127.18, 127.98, 
128.31, 128.51, 128.79, 128.89, 128.99, 129.25, 130.95, 132.87, 137.38, 144.54.  
 
2-(4-Ethylphenyl)-4,5-diphenyl-1H-imidazole (4j): Yield: 86%; mp 242-244°C; IR cm-1: 3500 (N-H), 2966.3 (CH 
aromatic), 2356.9, 1635.5 (C=C), 1468.2 (C=N); 1H NMR (CDCl3/ DMSO-d6) δ: 1.20 (t, 3H, CH3, J = 7.6 Hz) 2.65 
(q , 2H, CH2, J = 7.5 Hz) 7.20-7.60 (m, 12H, CH aromatic), 8.02 (d, 2H, CH aromatic, J = 7.5 Hz), 12.60 (s, 1H, N-
H); 13C NMR (DMSO-d6) δ: 15.53, 28.09, 119.73, 125.37, 126.60, 127.19, 127.81, 128.0, 128.06, 128.18, 128.29, 
128.50, 128.76, 131.22, 135.31, 137.05, 144.10, 145.83.  
 
2-(3-Chlorophenyl)-4,5-diphenyl-1H-imidazole (4k): Yield: 75%; mp 280°C; IR cm-1: 3440.8 (N-H), 3062.7 (CH 
aromatic), 1589.2 (C=C); 1H NMR (CDCl3/ DMSO-d6) δ: 7.32 - 7.55 (m, 12H, CH aromatic), 8.07 (d, 1H, CH 
aromatic, J = 6.9 Hz), 8.18 (s, 1H, CH aromatic), 12.85 (s, 1H, N-H); 13C NMR (DMSO-d6) δ: 144.43, 137.30, 
135.01, 132.75, 130.93, 129.20, 128.77, 128.67, 128.56, 128.43, 128.20, 127.86, 127.07, 126.84, 126.59. 
 
2-(4-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (4l): Yield: 90%; mp 238-240°C; IR cm-1: 3421.5 (N-H), 
3024.2 (CH aromatic), 2299.0, 1608.9 (C=C), 1149.8 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.90 (s, 3H, O-CH3), 
7.00 - 8.05 (m, 14H, CH aromatic), 12.50 (s, 1H, NH); 13C NMR (DMSO-d6) δ: 56.11, 114.31, 123.10, 126.32, 
126.60, 128.01, 128.31, 134.20, 146.00, 158.90. 
 
2-(3-Hydroxyl-4-methoxylphenyl)-4,5-diphenyl-1H-imidazole (4m): Yield: 64%; mp 192-194°C; IR cm-1: 
3417.6 (N-H), 3062.7 (CH aromatic), 1604.7 (C=C) , 1257.5 (C-O); 1H NMR (CDCl3/ DMSO-d6) δ: 3.80 (s, 3H, O-
CH3) 7.02 (d, 1H, CH aromatic, J = 8.1 Hz), 7.19 - 7.58 (m, 12H, CH aromatic), 9.20 (s, 1H, O-H), 12.45 (s, 1H, N-
H).  
 

RESULTS AND DISCUSSION 
 

In continuation of our on-going research for the development of simple and efficient methods for the synthesis of 
various heterocyclic compounds [12], herein we wish to report a simple, economic and efficient one-pot method for 
the synthesis of 2,4,5-triaryl-1H-imidazole derivatives from 1,2-dicarbonyl compound, ammonium acetate and 
aromatic aldehydes in the presence of citric acid as catalyst. 
 
Initially, we investigated the ability of this catalyst for examining the reaction of benzil, ammonium acetate and 
benzaldehyde. After initial screening of amounts for citric acid, solvents and reaction temperature, we obtained that 
the use of 15 mol% citric acid in ethanol under reflux conditions produced 2,4,5-triphenyl-1H-imidazole after 50 
minutes, in 92% yield (Table 1, entry 14). Notably, the desired product could not be obtained under similar reaction 
conditions, even after long time in the absence of the catalyst (Table1, entry 3).  
 

Table 1. Optimizing the reaction conditionsa 

 

Entry Catalyst loading (mol%) Solvent 
Temperature 

(°C) 
Time   (min) 

Yieldb 

(%) 
1 ----- ------ r t 240 N.Rc 

2 ----- ------ 80 240 N.Rc 
3 ----- EtOH reflux 120 N.Rc 
4 10 ----- r t 180 traces 
5 10 ----- 80 50 80 
6 10 EtOH r t 300 16 
7 10 EtOH 50 180 35 
8 10 EtOH reflux 50 85 
9 10 CH3CN reflux 50 56 
10 10 CH2Cl2 reflux 50 N.Rc 

11 10 CHCl3 reflux 50 NRc 

12 10 H2O reflux 50 N.Rc 

13 5 EtOH reflux 50 39 
14 15 EtOH reflux 50 92 
15 20 EtOH reflux 50 80 

 
aBenzil:benzaldehyde:NH4OAc (1 mmol:1 mmol:3 mmol); bIsolated yield; cNo reaction. 
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Subsequently, to examine the efficiency and applicability of this protocol, the reaction was extended to other 
substituted aromatic aldehydes. The results are incorporated in Table 2. The reactions proceeded efficiently to 
furnish the corresponding imidazole derivatives (4a-m) in fair to good yields (Table 2).  
 

O
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N
Ar

Ph

Ph
ArCHONH4OAc

15 mol% citric acid

EtOH, reflux
+ +

1 2 3
4  

Scheme 1: Synthesis of 2,4,5-triarylimidazoles 
 
 

Table 2: Physical data of the prepared 2,4,5-triarylimidazole compounds (4a-m) 
 

Entry Ar 
Time 
(min) 

Compounda Yieldb (%) Melting point 
Found       Reported[ref] 

1 C6H5 50 4a 92 273-275        274-275[13] 
2 4-CH3-C6H4 75 4b 82 229-232        230-232[13] 
3 3-CH3O-C6H4 70 4c 80 258               266-268[14] 
4 2-NO2-C6H4 100 4d 65 227-229        230-231[14] 
5 2-HO-C6H4 90 4e 80 199-201        198-201[15] 
6 2-CH3-C6H4 80 4f 75 208-210        205-207[16] 
7 2-CH3O-C6H4 70 4g 81 211-213        212-214[13] 
8 2,4-Cl2-C6H3 115 4h 70 174-175        170-172[15] 
9 4-Cl-C6H4 120 4i 78 263-264         264-266[13] 

10 4-Et-C6H4 360 4j 86 242-244        223-224[17] 
11 3-Cl-C6H4 210 4k 75 280               285-287[17] 
12 4-MeO-C6H4 180 4l 90 238-240       230–233[13] 
13 3-OH-4-MeO-C6H3 300 4m 64 192-194        214-216[18] 

aAll the isolated products were characterized on the basis of their physical properties and IR, 1H-and 13C-NMR spectral analysis and by direct 
comparison with authentic materials. 

bIsolated yields 
 
 
A plausible mechanism for citric acid mediated Radziszewski synthesis of 2,4,5-triarylimidazole derivatives is 
depicted in Scheme 2: 
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Scheme 2: A plausible mechanism for the formation of 2,4,5-triarylimidazole derivatives 
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CONCLUSION 
 

In conclusion, a one-pot, multicomponent methodology has been developed for the synthesis of 2,4,5-
triarylimidazole derivatives catalysed by 15 mol% of citric acid in fair to high yields. Compared to previously 
reported methods, most of which required metal containing catalysts, this protocol proceeded smoothly in the 
presence of citric acid, an eco-friendly organocatalyst. Moreover, the mild reaction conditions, easy work-up, clean 
reaction profiles, low catalyst loading and cost efficiency render this approach as an interesting alternative to the 
existing methods.  
Further studies on the application of this catalyst for the synthesis of highly functionalized biologically active 
heterocyclic compounds are underway. 
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