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INTRODUCTION

Due to the growing concern over environmental pollution,

green chemistry has attracted an increasing interest in recent

years [1-4]. Intensive efforts have been focused on designing

and developing economical and environmentally benign

syntheses. Major environmental pollution is arising from the

use of solvents since the amounts of solvents used are usually

much larger than the amounts of reagents and products. The

problem may be addressed by recycling the solvents which

is economically as well as practically difficult. Much of the

research is being pursued vigorously for the replacement of

conventional organic solvents which are highly volatile,

environmentally harmful and/or biologically incompatible by

environmentally benign solvents. Ionic liquids and fluorous

solvents have been used with their limitations in organic

syntheses. The poor solubility of organic molecules in water

has restricted its use as benign solvent in organic synthesis.

Due to the toxicity of organic solvents and limitations of

environmentally benign solvents, the most promising approach

is to perform organic reactions under solvent-free conditions.

Solvent-free reactions have received considerable attention in

recent years, not only for ecological and economical reasons,

but also for simplicity of reaction conditions, high yields and

short reaction times. Another source of environmental pollution

is use of large amount of acid catalysts in organic reactions

which generates toxic waste that is harmful to the environment.

The development of low-cost, naturally occurring, green acid

catalyst could change the traditional procedures into green

ones, thus minimizing chemical waste further. Therefore the
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use of naturally occurring, green acid catalyst under solvent

free condition would be better solution to the environmental

pollution.

Large number of organic acids exists in nature which

possesses immense potential as green catalyst in synthetic

organic transformations. These acids are nontoxic, readily and

easily available from nature. The biological and pharmaco-

logical activity as well as the therapeutic, cosmetic and

nutritional potential of these acids and their derivatives is well-

known. However, despite the fact that these acids are biodegra-

dable and renewable from nature, their synthetic potential as

green catalysts in organic reactions has been ignored to a large

extent except for a few scattered reports in the literature [5].

The growing demand for clean and efficient chemical synthesis

under solvent-free conditions, which when coupled with naturally

occurring acids as green catalyst and microwave irradiation,

provides a green approach required for both economical and

environmental perspectives. Naturally occurring organic acids

can be used as green catalyst in organic reactions as they are

nontoxic, readily and easily available in nature. There are few

reports on the application of natural organic acids in the organic

synthesis [6,7].

Naturally occurring substituted imidazoles, as well as

synthetic derivatives thereof, exhibit wide ranges of biological

activities as well as the synthesis of them attractive compounds

for organic chemists. They act as inhibitors of p38 MAP kinase

[8], transforming growth factor b1 (TGF-b1) type 1 active in

receptor-like kinase (ALK5) [9], B-Raf kinase [10], biosyn-

thesis of interleukin-1 (IL-1) [11] and cyclooxygenase-2 (COX-

2) [12]. Appropriately substituted imidazoles are extensively



used as CB1 cannabinoid receptor antagonists [13] and

glucagon receptors [14], antibacterial and antitumor agents

[15] and modulators of P-glycoprotein (P-gp)-mediated

multidrug resistance (MDR) [16] and also as pesticides [17].

Recent advances in green chemistry and organometallic

catalysis has extended the application of imidazoles as ionic

liquids [18] and N-heterocyclic carbenes [19]. Due to their

wide range of pharmacological activity, industrial and synthetic

applications, a number of methods [20-22] have been reported

for the synthesis of imidazoles and its derivatives. These

methods include the coupling of benzil and aromatic aldehydes.

We report here a simple, mild, green and efficient method for

synthesis of imidazoles in presence of natural organic acids

under solvent free condition by using microwave heating.

EXPERIMENTAL

Reactions were performed in oven-dried glassware and

monitored by TLC silica gel plates (60 F254) which were

visualized by UV and KMnO4 solution. All the solvents and

reagents were used as obtained from commercial source.

Melting points (uncorrected) were determined in open capillary

tubes using paraffin oil bath. All the microwave-assisted

reactions were performed in Discover Lab Met microwave

system (CEM Corporation, USA) at the specified temperature

using the standard mode of operation. Standard 1H NMR and
13C NMR were recorded on a Varian mercury spectrometer at

300 and 75 MHz respectively in CDCl3 solution and with TMS

as an internal standard. Infrared spectra were recorded on

Perkin Elmer Model 1600 series FTIR instrument.

General procedure for synthesis of imidazoles: The

mixture of aromatic aldehyde 1a (0.5 mL, 4.904 mmol), urea

2 (0.30 g, 4.904 mmol), ethyl acetoacetate 3 (0.62 mL, 4.904

mmol) and malic acid (0.657g, 4.904 mmol) was heated either

in an oil bath, preheated at 140 °C for 10 min or in microwave

reactor for 5 min After completion of reaction (TLC check),

the reaction mixture was allowed to cool at room temperature

and water (10 mL) was added. The solid obtained on stirring

was filtered and washed with water. Crude product was purified

by recrystallization using aqueous ethanol.

RESULTS AND DISCUSSION

Screening of naturally occurring organic acid promoters:

The screening of the catalysts, for synthesis of imidazoles

derivatives 1a, 2a and 3a was selected as a model reaction.

Initially, 1a (0.5 g, 2.378 mmol), 2a (0.25 g, 2.378 mmol), 3a

(0.22 g, 2.85 mmol) and citric acid (0.45 g, 2.378 mmol)

(Table-1, entry 1), were heated either in an oil bath, preheated

at 160 °C for 20 min or in microwave reactor for 10 min to

yield imidazoles 4a (76 % and 85 % respectively) (Table-1,

entry 1). The results with other organic acids indicate that all

the acids act as effective promoters to give imidazoles 4a in

good to excellent yields (Table-1, entry 2-7). Microwave irra-

diation reduces time (10 min) and improves the yields as com-

pared to conventional heating. In this screening study citric

acid (Table-1, entry 1), malonic acid (Table-1, entry 4) and

oxalic acid (Table-1, entry 5) turned out to be better catalysts

than fumaric acid (Table-1, entry 2), succinic acid (Table-1,

entry 7) and tartaric acid (Table-1, entry 6), whereas best results

were obtained by using malic acid (Table-1, entry 3).

Standardization of reaction condition and preparation

of compounds: For standardization of imidazoles derivatives,

initially 1a (0.5 g, 2.378 mmol), 2a (0.25 g, 2.378 mmol), 3a

(0.22 g, 2.85 mmol) were heated either in an oil bath, preheated

at 140 °C for 20 min or in microwave reactor for 10 min For

this, we first examined the synthesis of 2,4,5-triphenyl-1H-

imidazole 4a in the presence of 0.1 (0.03 g, 0.238 mmol)

equivalent of malic acid. While performing conventional

heating, after 60 min of reaction time, the desired product 4a

was formed in a low amount (Table-2, entry 1). Using 0.2

(0.06 g, 0.47 mmol) and 0.4 (0.13 g, 0.95 mmol) equivalent

of malic acid afforded the preferred product with moderate

yields (Table-2, entries 2 and 3), while using 0.6 (0.19 g, 1.42

mmol) and 0.8 (0.25 g, 1.90 mmol) equivalent of malic acid

there was slight but not considerable increase in the yield of

the product (Table-3, entry 4 and 5). To see the effect of amount

of catalyst on reaction yield, we used 1.2 (0.38 g, 2.85 mmol)

equivalents of malic acid under same reaction condition. But

we were surprise to found that there was no further improve-

ment in the reaction.

TABLE-1 
SCREENING OF CATALYSTS FOR IMIDAZOLES SYNTHESIS UNDER SOLVENT FREE CONDITIONa 

Ph
Ph

O

O

+

H O

Cl

Organic acid

NH4OAc

N

N
H

Ph

Ph

Cl

1a
2a

3a 4a
 

Conventional heating Microwave heating 
Entry Acid 

Temperatureb 
(°C) Time (min) Yieldc (%) Time (min) Yieldc (%) 

1 Citric 160 20 76 10 85 

2 Fumaric 290 20 65 10 75 

3 Malic 140 20 78 10 89 

4 Malonic 140 20 80 10 83 

5 Oxalic 110 20 77 10 86 

6 Succinic 190 20 68 10 74 

7 Tartaric 180 20 75 10 79 
aReagents: 1a (0.5 g, 2.378 mmol), 2a (0.25 g, 2.378 mmol), 3a (0.22 g, 2.85mmol), acid (1.0 eq.); bHeating was done in preheated oil bath or in 
microwave reactor; c Isolated yields. 
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TABLE-2 
EFFECT OF AMOUNT OF CATALYST ON THE  

2,4,5-TRIPHENYL-1H-IMIDAZOLE 

Conventional heating Microwave heating 

Entry 
Catalyst 

(equiv) Time 
(min) 

Yield 
(%) 

Time 
(min) 

Yield 
(%) 

1 0.1 60 17 60 20 

2 0.2 20 35 20 36 

3 0.4 20 42 20 48 

4 0.6 20 56 20 60 

5 0.8 20 64 20 72 

6 1.0 20 78 20 89 

7 1.2 20 78 20 89 

 

TABLE-3 
MALIC ACID CATALYZED SYNTHESIS OF IMIDAZOLES  
VIA THE CONDENSATION OF BENZIL, ALDEHYDE AND 

AMMONIUM ACETATE UNDER SOLVENT FREE CONDITIONa 

O

O
1a 2a 

4a-m

Ph
Ph

+
Ar H

O
Malic  Acid

NH4OAc

N

N
H

Ph

Ph

Ar

 
 

Isolated yields (%) 

Entry Compd. Ar Conventional 
heatingb 

Microwave 
heatingb 

1 4a Ph 76 85 

2 4b p-MeC6H4 73 81 

3 4c p-MeOC6H4 74 82 

4 4d p-FC6H4 75 80 

5 4e p-ClC6H4 72 82 

6 4f p-BrC6H4 76 83 

7 4g p-NO2C6H4 77 84 

8 4h p-CNC6H4 71 82 

9 4i m-MeOp-
MeOC6H4 

72 80 

10 4j Ph 70 81 

11 4k p-MeC6H4 72 79 

12 4l p-FC6H4 74 78 

13 4m p-ClC6H4 74 80 
aReagents: 1a (0.5 g, 2.378 mmol), 2a Various aldehyde (0.25 g, 2.378 
mmol), malic acid (0.318 g, 2.378 mmol);  
bHeating was done in preheated oil bath or in microwave reactor. 

 
Finally it is noticed that 1.0 (0.31 g, 2.37 mmol) equivalent

of malic acid was the most appropriate amount of catalyst for

achieving the desired conversion (Table-2, entry 6). Similarly,

by applying the same strategy under microwave irradiation,

we observed that the time taken for completion of reaction

have now decreased to half of the time taken by convention

heating (Table-2). It clearly shows that as the amount of malic

acid increases there is a gradual increase in the reaction yield.

However, after using excess of malic acid there is not much

improvement in the reaction yield.

Next, to explore the diversity of this methodology, various

substituted benzaldehyde were tested under the above reaction

condition. Results showed that the formation of imidazole took

place smoothly to completion within a short reaction time in

good to excellent yields under both heating conditions (Table-3,

entry 1-13).

Conclusion

In conclusion, we found that the naturally occurring acids

like citric acid, oxalic acid, tartaric acid, malic acid, succinic

acid, malonic acid and fumaric acid can be used as an

environment-friendly acid catalyst for synthesis of imidazoles

under solvent free condition in short time. Malic acid showed

superior reactivity under conventional as well as microwave

irradiation conditions. Further, results indicated that microwave

irradiation reduced reaction time and gave slightly higher yields

against conventional heating. The operational simplicity, use

of commercially available, biodegradable and renewable

natural catalysts, solvent free reaction condition, short reaction

time, easy work up and high yields makes these catalysts a

more convenient alternative to the reported catalysts. The

application of this protocol to other synthetic reactions is under

investigation.
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