
Communication

p-TSA Catalyzed Synthesis of 2,4,5-Triarylimidazoles from Ammonium

Heptamolybdate Tetrahydrate in TBAI
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A one-pot synthesis of 2,4,5-trisubstituted imidazoles from 1,2-diketone or �-hydroxy ketone, al-

dehyde and ammonium heptamolybdate tetrahydrate in an inexpensive and readily available ionic liq-

uid, tetrabutylammonium iodide (TBAI) in molten state using catalytic amounts of p-TSA has been de-

scribed.

Keywords: Trisubstiuted imidazoles; 1,2-Diketone; �-Hydroxy ketone; Ammonium

heptamolybdate; p-TSA; Ionic liquid.

INTRODUCTION

Heterocyclic compounds with imidazole ring sys-

tems have many pharmaceutical activities and play impor-

tant roles in biochemical processes.1 Imidazole derivatives

have antiviral,2 antifungal,3 antihelmitic,4 pesticidal or her-

bicidal properties.

Highly substituted imidazoles could potentially have

novel therapeutic activities5 and thus have rekindled an in-

creased interest in obtaining tri- and tetra-substituted imi-

dazoles via absolute region controlled processes.6 Triaryl

imidazoles are used in photography7 as photosensitive

compounds. In addition, they are of interest due to their

herbicidal,8 analgesic,9 fungicidal,10 antiinflammatory11

and antithrombotic activities.12 Despite their importance

from pharmacological, industrial, and synthetic points of

view, comparatively few methods for the preparation of

trisubstituted imidazoles have been reported. These in-

clude the condensation of 1,2-diketone, aldehyde and am-

monium acetate in the presence of H3PO4,13 H2SO4,14

HOAc,15 and silica sulfuric acid.16 Recently, one-pot con-

densations of an aldehyde and ammonium acetate with

�-hydroxy ketone, �-keto-oxime or 1,2-diketone have

been performed using solid supports under microwave irra-

diation.17 Despite their potential utility, these methods have

a number of drawbacks including poor yields, utilization of

excessive glacial acetic acid, high temperature (180-200

�C), high cost of most conventional room temperature ionic

liquids,18 use of toxic organic solvent, and requirement of

an excess of ammonium acetate.

Recent advances in green chemistry and organome-

tallic chemistry have extended the boundary of imidazoles

to the synthesis and application of a large class of imida-

zoles as ionic liquids and imidazole related N-heterocyclic

carbenes (NHC).19,20 Ionic liquids are emerging as effec-

tive solvents for ‘green’ processes.21 These solvents are

non-flammable, non-volatile, easy to handle and possess

high thermal stability.22 However, the high cost of most con-

ventional room temperature ionic liquids and apprehension

about their toxicity23 have led us to explore the use of more

benign salts in the molten state as practical alternatives.

RESULTS AND DISCUSSION

Recently, we used ionic liquids in a number of useful

synthetic transformations.24 In this report, a simple and

green method for the synthesis of 2,4,5-trisubstituted imi-

dazoles in the presence of a catalytic amount of p-toluene-

sulfonic acid (p-TSA) in ionic liquid has been described

(Scheme I).

The condensation of 1,2-diketone or �-hydroxy ke-

tone, aldehyde and ammonium acetate in the presence of a

strong protic acid, is one of the most frequently used path-
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ways to 2,4,5-trisubstituted imidazoles. Unfortunately, this

method involves the utilization of excessive ammonium

acetate such as eight fold17a or ten fold.9b In addition, in

most of the methods reported for the synthesis of trisubsti-

tuted imidazoles, the use of microwave irradiation condi-

tions is necessary (Table 1).

Thus we decided to use another reagent instead of

ammonium acetate and apply ammonium heptamolybdate

tetrahydrate for the preparation of 2,4,5-trisubstituted imi-

dazoles. It was found that two equivalents of ammonium

heptamolybdate tetrahydrate were enough to perform the

reaction.

To explore the scope and limitations of this reaction,

we studied the reactions of benzil or benzoin with benzal-

dehydes bearing either electron-releasing or electron-with-

drawing substituents in the ortho or para positions. The re-

actions proceeded very efficiently and the results are sum-

marized in Table 2. However, it was observed that aromatic

aldehydes carrying strong electron-withdrawing groups

like 4-nitrobenzaldehyde and 3-nitrobenzaldehyde afforded

no corresponding products and the starting materials re-

mained intact.

These reactions in molten tetrabutylammonium io-

dide are in general, fast and clean. No reaction was ob-

served using solid tetrabutylammonium iodide at room

temperature. Also, the reaction in the absence of tetrabutyl-

ammonium iodide at 140-145 °C leads to a mixture of un-

identified products. Thus, the presence of molten tetrabutyl-

ammonium iodide is essential for an efficient and clean re-

action. In addition, the reaction in the absence of p-TSA

proceeded very slowly.

In conclusion, this paper describes a convenient and

efficient process for the synthesis of trisubstituted imida-

zoles through the three-components coupling of benzil or

benzoin, aldehydes, and ammonium heptamolybdate tetra-

hydrate in ionic liquid in the presence of a catalytic amount

of p-toluenesulfonic acid. Moreover, the use of inexpensive

and easily accessible p-TSA and TBAI makes this method-

ology as a useful procedure for preparation of biologically

active trisubstituted imidazoles.

EXPERIMENTAL SECTION

Products are known compounds and were character-

ized by comparison of their spectral data (1H NMR, IR) and

melting points with those reported in the literature. Moni-

toring of the reactions was accomplished by TLC on pre-

coated silica gel 60 F254 sheets. All yields refer to isolated

products.

General experimental procedure

A mixture of benzil or benzoin (0.5 mmol), aldehyde

(0.5 mmol), ammonium heptamolybdate tetrahydrate (1

mmol), tetrabutylammonium iodide (1 g), and p-TSA (0.038

g) were heated at 145 �C with good stirring for the appro-

priate time as indicated in Table 2. The progress of the reac-

tion was monitored by TLC. After completion of the reac-

tion, hot ethanol (5 mL) was added and the mixture was

then filtered. The filtrate was condensed under reduced

pressure and it was diluted with water (25 mL). The sepa-

rated out solid product was filtered, washed with water and

dried. For further purification this product was recrystal-

lized from a 9:1 acetone-water solution.
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Scheme I

Table 1. Comparison of different methods for the synthesis of

imidazole derivatives

Entry Conditions Yield (%) Time

1 MW/180 ºC9b 80-99 5 min

2 MW17a 86-92 4-30 min

3 MW/Silica gel30a 58-92 8 min

4 Excess of H2SO4/150-200 ºC30b 40-90 4 h

5 AcOH30c Low yield -

6 p-TSA/TBAI 75-95 1-4 h
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Table 2. One-pot synthesis of trisubstituted imidazoles in TBAI in the presence of p-TSA

Entry Substrates Productsa Time (h) Yieldb (%)
Mp/ºC

(Found)

1
O

OPh

Ph

CHO
N
H

NPh

Ph
1 88 274-27525

2
O

OPh

Ph

CHOMe
N
H

NPh

Ph

Me 1 95 233-23526

3
O

OPh

Ph

CHOMeO
N
H

NPh

Ph

OMe 1 93 230-23327

4
O

OPh

Ph

(Me)
2
N CHO

N
H

NPh

Ph

N(Me)
2 1.5 88 256-25727

5
O

OPh

Ph

CHO

OH OH
N
H

NPh

Ph
2.5 80 200-20320

6
O

OPh

Ph

CHOCl
N
H

NPh

Ph

Cl 2 80 261-26327

7

O

OPh

Ph

CHOF
F

N
H

NPh

Ph
2 82 260-26228

8

O

OPh

Ph

CHO

Cl

N
H

NPh

Ph
Cl

3.5 75 183-18420

9

Ph

Ph

O

OH

CHO
N
H

NPh

Ph
1.5 85 274-275 25

10

Ph

Ph

O

OH

CHOMe
N
H

NPh

Ph

Me 1.5 90 233-23526

11

Ph

Ph

O

OH

CHOMeO
N
H

NPh

Ph

OMe 2 88 230-23327

12

Ph

Ph

O

OH

(Me)
2
N CHO

N
H

NPh

Ph

N(Me)
2 2 85 256-25727

13

Ph

Ph

O

OH

CHO

OH OH
N
H

NPh

Ph
3 80 200-20320

14

Ph

Ph

O

OH

CHOCl
N
H

NPh

Ph

Cl 3 80 261-26327
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a The products were characterized by comparison of their spectroscopic and physical data with authentic samples synthesized
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b Yields refer to pure isolated products.
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