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The dual role of ammonium acetate as reagent
and catalyst in the synthesis of 2, 4, 5-triaryl-1H-

imidazoles
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The new findings concerning synthesis of some 2, 4, 5-triaryl-
1H-imidazoles is disclosed in the absence of any catalyst.
Results indicated that by enhancing the amount of ammonium
acetate, an obvious acceleration can be observed in the reaction
progress. It is believed that ammonium acetate should be

converted to ammonia and acetic acid during the reaction and
the produced acid can catalyze the reaction progress. We
believe that the observed efficiency for the previously reported
catalytic systems has been mainly due to the presence of high
molar ratio of ammonium acetate in the reaction medium and
presence of auxiliary catalyst only improved the yield%.
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Introduction imidazoles has received considerable
attention in recent years.

Over this century, the importance of Multicomponent reactions (MCRs) have

imidazoles in biological systems has attracted

a great deal of interest due to their

biochemical properties. Compounds
containing imidazole ring have many
pharmaceutical properties and can play

important roles in many natural biochemical
processes [1-2]. For example, it is reported
that substituted imidazoles can act as
inhibitors of P38 MAP kinase [3], glucagon
receotoranagonists [4], B-Raf kinase [5],
antibacterial [6], plants growth regulators [7],
antitumour [8], therapeutic agents [9], and
also pesticides [10]. Moreover, the potency
and wide application of the
phrmacophores in biological systems can be
attributed to its hydrogen bond donor-

imidazole

acceptor capability as well as its high affinity
to metals which are present in many protein
active sites. Because of their wide range of
pharmacological activity,

synthetic applications, the

industrial and
synthesis of
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attracted great interest enjoying an
outstanding position in modern green organic
synthesis and medicinal chemistry because of
the one-pot nature of these processes,
bringing together three or more components
and show high atom economy and high
[11-12]. MCRs great
contribution in the convergent synthesis of
complex and important organic medicinal
molecules from simple and readily available
starting materials, and have been emerged as
powerful tools for drug discovery [13].
Various effective methods have been
reported for synthesis of 2, 4, 5-triaryl-1H-
imidazoles [14-16]. However, these methods
may suffer from one or more disadvantages,
such as long reaction time, low yields, use of
dangerous reagents or
instrumentation, and often difficult work-up.
Although there are several methods for
the synthesis of 2, 4, 5-triaryl-1H-imidazoles

have

selectivity

expensive

Page | 581


http://echemcom.com/
rtayebee@hsu.ac.ir%20
https://orcid.org/0000-0003-1211-1472

Page | 582 b Eurasian

@m Egﬁ:mﬁﬂications
from benzil/benzoin, aromatic aldehydes, and
ammonium acetate using different catalysts
such as ammonium chloride [17], poly(AMPS-
co-AA) [18], NiFe;04 [19], Caro's acid-silica
gel [20], and ionic liquids [21], development
of new strategies for the preparation of 2, 4,
5-triaryl-1H-imidazole derivatives is still a
demand. Preparation of 2, 4, 5-triaryl-1H-
imidazoles needs at least 2 moles of
ammonium acetate against each mole of
benzil (Scheme 1). However, most of reported
catalytic procedures had used 4-8 mole of
NH40Ac per each mole of diketone or benzil.
Recently, we have found that this reaction is
mainly catalyzed by >8 mol ratio of NH40Ac
and led to >70% of the corresponding

imidazoles.

H

NH,OAc Ph N
T =
N

Ph

SCHEME 1 A general route for the
preparation of 2, 4, 5-triaryl-1H-imidazoles

Experimental section
Materials and methods

All starting materials were purchased
commercially and were used as received. All
products were characterized by comparison
of their spectral and physical data with those
reported in the literature. Silica gel 60 (70-
230 mesh) was wused for
chromatography. Progress of the reactions
was monitored by TLC. Infrared spectra were
recorded (KBr pellets) on a 8700 Shimadzu

Fourier

column

Transform  spectrophotometer.
IHNMR spectra were recorded on a Bruker

AVANCE 300-MHz instrument.
Synthesis of 2, 4, 5-triaryl-1H-imidazoles

A mixture of benzaldehyde (10 mmol, 0.106
g), benzil (10 mmol, 0.210 g), and ammonium
acetate was refluxed with stirring in ethanol
for 40 min and progress of the reaction was
subsequently monitored by TLC. Finally, the
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reaction mixture was cooled and poured into
ice-water to get the solid precipitate. The
obtained precipitate was collected by
filtration, washed with water and dried to
give the corresponding crude 2, 4, 5-triaryl-
1H-imidazoles. The crude product can be
purified by a simple washing with hot
petroleum benzene to afford nearly pure
product. Further purity was achieved by re-
crystallization from ethanol-water mixture or
by column chromatography. All products
were identified by means of IR and tHNMR
spectroscopy and/or comparison of their
melting points with those reported in the
literature.

Spectral data of some prepared 2, 4, 5-triaryl-
1H-imidazoles

2, 4, 5-Tripheyl-1H-imidazole. IR (KBr): 3452
(N-H), 3050 (C-H), 1602 (C=C), 1583 (C=N)
cm'l, tHNMR (DMSO): 6= 7.53-7.64 (m, 6H),
7.67-7.71 (m, 3H), 7.85- 7.92 (m, 6H), 8.9 (bs,
1H).

2, 4, 5-Tri(4-methylphenyl)-1H-imidazole.
IR (KBr): 3450 (N-H), 1602 (C=C), 1585
(C=N) cm-. tHNMR (CDCl3): 6= 2.30 (s, CH3),
7.11-7.62 (m, 10H, Ph), 7.71 (d, 2H, J= 10 Hz,
Ar), 7.33 (d, 2H, J]= 10 Hz, Ar).

2,4,5-Tri(4-methoxyphenyl)-1H-imidazole.
IR (KBr): 3452 (N-H), 1610 (C=C), 1576
(C=N), 1385 (C-0) cm'L. tHNMR (CDCl3): 8=
3.91 (s, OCHz), 7.08 (d, 2H, ]J= 8.8 Hz, Ar),
7.31-7.82 (m, 10H, Ph), 7.93 (d, 2H, ]= 8.8 Hz,
Ar).

Results and discussion

In connection with our ongoing work on the
synthesis of various heterocyclic compounds
[22-29], we wish to report a facile procedure
for preparation of imidazole derivatives
without addition of any specific catalyst. As
mentioned above,
introduced for the synthesis of
trisubstitutedimidazoles and their
derivatives. In addition, the synthesis of these
heterocycles has been usually performed in

several methods are
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polar organic solvents such as ethanol,
methanol, acetic acid, DMF and DMSO leading
to  complex
procedures. These processes also generate
waste containing catalyst and solvent, which
have to be recovered. The toxicity and volatile
nature of many organic solvents, particularly
chlorinated hydrocarbons that are widely
used in huge amounts for organic reactions
have allocated a serious threat to the
environment. Thus, design of solvent-free
catalytic reaction has received tremendous
green  synthetic

isolation and recovery

attention in recent

approaches.
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In continuation of our research program
on the use of simple inorganic non-toxic
catalysts, we tested the efficacy of KH,PO4 as
catalyst in ethanol under reflux condition
(Table 1). Furthermore, preparation of the
title compound has been reported with
different amounts of ammonium acetate. For
example, in the synthesis of this compound
with ZrOCl;.8H,0 and sodium bisulfite, the
mol ratios of benzealdehyde, benzil, and
ammonium acetate were 2.4: 2: 8 and with
phosphomolybdic acid the ratio of 2.4: 2: 6
had been selected [33]. Table 1 shows some
catalytic systems using different amounts of
NH40Ac.

TABLE 1 Synthesis of 2, 4, 5-tripheyl-1H-imidazole with different catalysts

Catalyst Benzil (mmol) NH40Ac (mmol) Time (min) Yield (%) Ref.

KH2PO4 10 20 40 93 30

ZrOCI2.8H,0 10 40 30 97 31

sodium bisulfite 10 40 30 98 32

phosphomolybdic 10 30 45 97 33

acid

Boric acid(HzB03) 1 3 30 98 34

Efficiency of this reaction is mainly ammonium acetate should be converted to

affected by the amount of ammonium acetate
as catalyst. Thus, we performed this reaction
with different mmols of ammonium acetate
without using any additive to study the role
of this initial substrate as catalyst. The results
are presented in Table 2.

TABLE 2 Synthesis of 2, 4, 5-tripheyl-1H-
imidazole with different amounts of
ammonium acetate without any catalyst

Mol ratio of NH40Ac Yield
benzil: NH4,0Ac (mmol) (%)
1:2 20 26
1:3 30 45
1: 4 40 58
1:5 50 77

The reactions were performed with benzaldehyde (10
mmol), benzil (10 mmol) and different amounts of
ammonium acetate in ethanol under reflux for 40 min.

Results in Table 2 confirm that an obvious
acceleration was observed in the reaction
progress by increasing the amount of
ammonium acetate. It has been found that

ammonia and acetic acid during the reaction.
Therefore, it seems that the produced acid
can catalyze the reaction. Thus, the reaction
with 1: 4 mol ratio of benzil: ammonium
acetate led to ~60% yield. This finding shows
that the observed efficiency for the previously
reported catalytic systems has been mainly
due to the presence of a high molar ratio of
ammonium acetate and presence of catalyst
only improved the yield%. We repeated the
synthesis of  2,4,5-tripheyl-1H-imidazole
according to Joshi et al. [35]. A mixture of
benzaldehyde (10 mmol), benzil (10 mmol),
ammonium acetate (20 mmol), and
potassium dihydrogen phosphate (5 mol %)
was refluxed with stirring in ethanol for 40
min. Despite the reported yield, 93%, we
obtained 32% under the same reaction
conditions.

Eventually, to examine the efficiency and
applicability of this protocol, the reaction was
extended to other substituted aromatic
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aldehydes with the new condition in the
absence of catalyst and some 2,4,5-triaryl-1H-
imidazoles are prepared, as shown in Table 3.
We para-substituted
aromatic aldehydes to establish the catalytic

TABLE 3 Synthesis of some representative 2,
4, 5-triaryl-1H-imidazoles in the presence of
ammonium acetate

examined some
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importance of this catalytic system. We found
that aldehydes bearing either electron-
withdrawing or electron-donating groups
performed equally well in the reaction.

H
PhzC o  NHOAC Ph N
+ > I ,,f>—R
P S0 HT R ph” N
Aromatic aldehyde product Yield (%) m.p. (°C)
9 Ph_H
@)LH I >— Ph 77 275-277
ph” N
2 Ph N
/©)LH I ;>—©F 68 261-263
F ph” N
0]
Ph_N
/Q)LH ;[ ;>—©C-N 73 236-237
N
NZC Fh
@]
Ph N
H I ,}-@-gnﬂe 75 227-229
N
H4CO Ph
0
H 79 230-232

The reactions were carried out with aldehyde (10
mmol), benzil (10 mmol) and ammonium acetate (50
mmol) in ethanol under reflux for 40 min.

-
Ph N

TOrn
ph” N
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Conclusion

In summary, this paper describes a
convenient and efficient method for the
synthesis of biologically
trisubstitutedimidazoles through the three-
component coupling of benzil,
aldehydes, and ammonium acetate, acting as
both reagent and catalyst. Reaction profile is
very clean and no side products are formed.
All the synthesized imidazoles have been
characterized based on the spectral studies.
We believe that this procedure is convenient
and economic, and uses an eco-friendly
mediator for the synthesis of
trisubstitutedimidazolese. This report also
illustrated the new findings on the synthesis
of some 2,4,5-triaryl-1H-imidazoles in the
absence of any additive as catalyst.

active

aromatic
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