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ABSTRACT

Heterocyclic compounds are acquiring more importance in recent years because of their
pharmacological activities. Compounds containing imidazole moiety have many pharmacological
properties and play important role in biochemical processes. Imidazole is a natural compound
which exists in many important natural molecules such as the amino acid histidine, vitamin B12,
histamine, biotin and purines like adenine and guanine. Imidazole derivatives play significant roles
in various pharmacological activities such as anticancer, antibacterial, antifungal, antiviral, anti-HIV
and antitubercular. This article aims to review the work in the methods of synthesis using various
catalytic system, solvent condition and pharmacological potential of 2,4,5-tri and 1,2,4,5-
tetrasubstituted imidazoles reported during last 15 years.
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1. INTRODUCTION

The chemistry of imidazole units is very
important due to their potent biological activity
and synthetic utilities. The potency and wide
applicability of the imidazole pharmacophore can
be attributed to its hydrogen bond donor-
acceptor capability as well as its high affinity for
metals, present in many protein active sites. [1]
Appropriately  substituted  imidazoles are
extensively used as glucagon receptors [2] and
cannabinoid receptor antagonists [3], modulators
of P-glycoprotein (P-gp) mediated multidrug
resistance (MDR) [4], anti-tumour [5], anti-
bacterial [6] and anti-inflammatory agents. These
can also be utilized as fungicides [7] and plant
growth regulators [8].

The research and development of imidazole-
based chemistry have become a rapidly
developing and increasingly active topic, towards
their feasible applications in diverse areas, such
as medicinal drugs, agrochemicals, man-made
materials, artificial acceptors, supra molecular
ligands and biomimetic catalysts [9-12].
Numerous imidazole-based compounds have
playing a vital role in the treatment of various
types of diseases and encouraged medicinal
chemists to synthesize a large number of novel
chemotherapeutic agents [13-15].

In recent years, alkylated imidazoliums have
been used as ionic liquids [16] providing an
approach to the ‘Green Chemistry’ protocol. The
imidazole compounds have also been used in
photography as photosensitive compounds [17].

Thus the main intention of this report is to survey
the methods reported in the literature up to 2016
for the synthesis of tri- and tetrasubstituted 1H-
imidazoles. In addition, this review outlines and
discusses the biological activities of these
heterocycles to make it more useful for medicinal
chemists, pharmacists and pharmacologists.

2. MULTICOMPONENT REACTIONS

Multi-component  reactions (MCRs) are
convergent reactions, in which three or more
starting materials react to form a product, where
basically all or most of the atoms contribute to
the newly formed product [18]. In an MCR, a
product is assembled according to a cascade of
elementary chemical reactions. Thus, there is a

heterocycles;

substituted imidazoles; pharmacological

network of reaction equilibria, which finally flow
into an irreversible step yielding the product. The
challenge is to conduct an MCR in such a way
that the network of pre-equilibrated reactions
channel into the main product and do not yield
side products. The result is clearly dependent on
the reaction conditions: solvent, temperature,
catalyst, concentration, the kind of starting
materials and functional groups. Such
considerations are of particular importance in
connection with the design and discovery of
novel MCRs [19].

In the drug discovery process, MCR offers many
advantages over traditional approaches. With
only a limited number of chemists and
technicians, more scaffold synthesis programs
can be achieved within a shorter time. With one-
pot reactions, each synthesis procedure
(weighing of reagents, addition of reagents,
reaction time, control) and work-up
procedure (quenching, extraction, distillation,
chromatography, weighing, and analysis) needs
to be performed only once, in contrast to multi-
step synthesis. MCRs are compatible with a
solution phase approach, thus enabling a simple
monitoring and they are easily amenable to
automation. Moreover, each scaffold is
expandable from a low number of compounds
(scouting library) to a larger library. Thus, "hit-to-
lead" transitions are normally accomplished
easily and promptly. Certain physicochemical
properties can be built into a library, e.g.
lipophilicity and aqueous solubility, molecular
weight, numbers of hydrogen donors and
acceptors and the number of rotatable bonds, as
well as the polar surface area. Finally, scale-up is
often possible from a preclinical lab-scale (mg,
gram) to clinical exploratory amounts (kg) using
the same type of chemistry [20]. Drug molecules
derived from MCR are very cost effective which,
is the need of the hour.

MCRs have received considerable attention
because of the complexity of the molecules that
can be easily achieved from readily available
starting materials in one reaction sequence [21].
MCRs generally occur in one pot and exhibit high
atom economy and product selectivity. In most of
the cases, they yield a single product and thus
MCRs are advantageous over linear stepwise
synthesis because of operational simplicity,
reduction in reaction time, ecological friendliness,
saving of money and raw materials, inexpensive
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purification, and avoidance of protection and
deprotection processes [22].

3. SYNTHESIS OF 1,2,45-TETRA AND
2,4 5-TRISUBSTITUTED IMIDAZOLES
VIA  ONE-POT MULTI-COMPONENT
REACTIONS

The development of new MCRs with a variety of
catalyst is an interesting area of current
research. Owing to the wide range of
pharmacological and biological activities, the
synthesis of various imidazoles and their
derivatives are important targets in current years,
among these tri- and tetra substituted imidazoles
have received much attention [23]. Several
methods have been reported in literature
exploiting the utility of MCRs.

2,4 5-trisubstituted imidazoles are generally
synthesized by three component
cyclocondensation of a 1,2-diketone,
hydroxyketone or ketomonoxime with an
aldehyde and ammonium acetate, which
comprises the use of ionic liquids, [24] refluxing
in acetic acid, [25] silica sulfuric acid [26]. On the
other hand, the synthesis of 1,245-
tetrasubstituted imidazoles have been carried out
by four component condensation of a 1,2-
diketone,hydroxy ketone or keto monoxime with
an aldehyde, primary amine and ammonium
acetate using microwaves, [27] heteropolyacid,
[28] silica gel/NaHSO, [29] or HCIO,4-SiO; [30].
hetero-Cope rearrangement, [31] condensation
of a 1,2-diketone with an aryl nitrile and primary
amine under microwave irradiation [32].

Sharma et al. [33] have reported the InCl;.3H,0
a mild and effective catalyst for the efficient, one-
pot, three-component synthesis of 24,5-
trisubstituted imidazoles at room temperature.
Moreover, the utility of this protocol was further
explored conveniently for the one-pot, four-
component synthesis of 1,2,4,5-tetrasubstituted
imidazoles in high yield (Scheme 1).

A simple, highly versatile and efficient synthesis
of 2,4,5-trisubstituted imidazoles by three
component cyclocondensation of 1,2-dicarbonyl
compound, aldehyde and ammonium acetate
using L-proline as a catalyst in methanol have
been reported by Samai et al. [34] To explore the
utility of this method 1,2,4,5-tetrasubstituted
imidazoles were also synthesized with key
advantages of the process as high yields, cost
effectiveness of catalyst and purification of
products by non-chromatographic methods.

Teimouri et al. [35] have reported a simple highly
versatile and efficient synthesis of 2,4,5-
trisubstituted imidazoles by three component
cyclocondensation of 1,2-dicarbonyl compounds,
aldehydes and NH,OAc, as ammonia source
using clays, zeolite, nano-crystalline sulfated
zirconia (S,Z) as catalyst. This protocol was
explored conveniently for the one-pot, four
component synthesis of 1,2,4,5-tetrasubstituted
imidazoles in high yields with recovery and reuse
of catalysts without any appreciable loss of their
efficiency. Ziarani et al. [36] have reported SiO,-
Pr-SOs;H as a catalyst for the synthesis of
1,2,4,5-tetrasubstituted imidazoles by reaction of
1,2-diketones, aryl aldehydes, ammonium
acetate and substituted aromatic amines under
solvent-free conditions. An efficient and one-pot
method for preparation of tri and tetra-substituted
imidazoles by condensation of benzil, aldehydes
and ammonium acetate or primary amine in the
presence of a catalytic amount of citric acid or
poly(4-vinylpyridiniumtribromide) (PVPBr3z) under
solvent-free condition has been reported by
Ghorbani et al. [37] with remarkable advantages
like inexpensive green catalyst, mild reaction
conditions and excellent yields of product. The
ZnO as an efficient and reusable catalyst have
been used for the synthesis of substituted
imidazole derivatives by Bahrami et al. [38] with
a simple procedure and excellent yield.

Kumar et al. [39] have reported a robust and
reliable one-pot multi-component method for the
synthesis of 2,4,5-tri and 1,2,4,5-tetrasubstituted
imidazoles, catalyzed by p-toluene sulfonic acid
(PTSA), which provided good isolated vyields
under mild condition.

Karami et al. [40] have reported an efficient,
easy, rapid and environmentally adapted
synthesis of polysubstituted imidazoles via one-
pot multi-component reaction of various
aldehydes, benzil, aliphatic/aromatic primary
amines and ammonium acetate under solvent-
free condition with highly efficient role of yttrium
nitrate hexahydrate {Y(NO3)3;6H,0} as catalyst.
One-pot multi-component, synthesis of some
novel environmental friendly poly substituted
imidazoles also have been reported by Karami
et al. [41] using various aldehydes, benzil,
aliphatic/aromatic primary amines and
ammonium acetate in the presence of Fe;O,
nanoparticles as catalyst under solvent-free
condition. Poorali et al. [42] have reported a new,
efficient and environmental friendly synthesis of
polysubstituted imidazoles via one-pot multi-
component reaction of various aldehydes, benzil,
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aliphatic/aromatic primary amines and
ammonium acetate under solvent-free conditions
highlighting the role of antimony trichloride and
stannous chloride dihydrate as catalyst showing
the effects on the reaction process.

It have been reported by Rostamnia et al. [43]
that an adduct of unfunctionalized mesoporous
SBA-15 and 2,2,2-trifluoroethanol SBA-15/TFE
(Santa Barbara Amorphous) act as a catalyst for
the reaction of aldehyde, amine and ammonium
acetate with benzil to provide an entry in the
synthesis of highly substituted imidazole
derivatives with synthetic potential and a
pharmaceutically interesting compound via one-
pot multi-component method which carried the
advantages of being performed under the neutral
conditions and required no activation or
modification of the substrates. Borhade and
co-workers [44] have reported an one-pot
synthesis of 2,4,5-tri and 1,2,4,5-tetrasubstituted
imidazoles under solvent-free conditions using
nanocrystalline  silica  supported tinoxide
(Si0,:Sn0y,) as catalyst. Ramesh et al. [45] have
reported the synthesis of 2,4,5-tri and 1,2,4,5-

bioglycerol-based carbon catalyst via the
reaction of aromatic aldehyde, ammonium
acetate/amine and 1,2-diketone in acetonitrile.
Karimi Jaberi et al. [46] have reported sodium
dihydrogen phosphate (NaH,PO,) catalyzing
efficiently the condensation of benzil, aldehydes,
amines and ammonium acetate in the
synthesis of 2,4,5-tri and 1,2,4,5-tetra-substituted
imidazoles.

Chen et al. [47] have developed an expedient
metal-free synthetic route for the construction of
2,4,5-tri and 1,2,4,5-tetra-substituted imidazoles
derivatives via acid-promoted MCR methodology.
The reaction proceeded smoothly with a range of
functionalities to produce the imidazole scaffolds
in good to excellent yields (Scheme 2).

Sridharan et al. [48] have reported an elegant
synthesis of novel 1-pyrazole acid triphenyl
imidazoles by the cyclization of benzil with
aromatic aldehydes in the presence of
ammonium acetate and amino pyrazole to give
1-cyanopyrazole-2-substitutedphenyl-4,5-diphe-
nyl-imidazole followed by acid hydrolysis

tetrasubstituted  imidazoles using a new (Scheme 3).
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Maleki et al. [49] have achieved a highly versatile
and efficient synthesis of 2,4,5-trisubstituted
imidazoles by three-component cyclocondensa-
tion of 1,2-dicarbonyl compounds, aldehydes
and NH;OAc as ammonia source using
urea/hydrogen peroxide (UHP) as a
supported green catalyst in refluxing ethanol
(Scheme 4).

Maske et al. [50] have developed a reliable
method for the synthesis of 2,4,5-trisubstituted
imidazole from benzil, ammonium acetate and
aromatic aldehyde using papain a non toxic and
inexpensive catalyst (Scheme 5).

Marzouk et al. [51] have reported morphonilium
hydrogen sulphate as Brgnsted acid ionic liquid
an efficient and reusable catalyst for the one-pot
synthesis of 2,4,5-trisubstituted imidazoles via
cyclocondensation of 1,2-dicarbonyl compound,
aromatic/aliphatic aldehyde and ammonium
acetate. This process was proved advantageous
in view of cost effectiveness, reusability of

catalyst, purification of products, excellent yields
and very short time of reaction (Scheme 6).

The new results concerning synthesis of some
2,4,5-triaryl-1H-imidazoles in the absence of any
additive as catalyst were presented by Tayebee
et al. [52] (Scheme 7).

An efficient and advantages process in a view of
high yields, cost effectiveness of catalyst, easy
work-up and purification of products 2,4,5-
trisubstituted imidazoles cyclocondensation of
1,2-dicarbonyl  compound, aldehyde and
ammonium acetate using ammoniumchloride
(NH4CIl) as a catalyst has been reported by
Maleki et al. [53]. Qasim et al. [54] synthesized 2-
phenylimidazo[1,10]phenanthroline  derivatives
by reacting dicarbonyl compound and p-
substituted benzaldehydes by the acid catalyzed
1-methyl-3-heptylimidazolium  tetrafluoroborate
[(HeMIM) BF4], under solvent-free, environ-
mental friendly reaction and microwave assisted
conditions with easy work-up and better yields
(Scheme 8).

I O OH O N
o + + UHP | \>"R
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R
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Nalage et al. [55] have developed an efficient
and green method for the synthesis of 2,4,6-
triaryl-1-H-imidazole in poly ethyleneglycol (PEG)
which is non toxic, reusable, inexpensive and
easily available, by condensing benzil and 3-
methoxy-4-hydroxylbenzaldehyde under micro
wave irradiation in excellent yields (Scheme 9).

A novel urea-functionalized silica based
magnetic hybrid nanoparticle with a core-shell
structure was prepared by Maleki et al. [56]
founding to be a highly efficient and recoverable
heterogeneous nanocatalyst for the three-
component condensation reaction between
benzil or benzoin with various substituted

aldehydes and ammonium acetate to afford the
corresponding imidazoles under mild conditions.
This procedure offered many advantages
including short reaction times, high quantitative
yields, low cost and straightforward work-up.
Qasim et al. [57] have reported the synthesis of
various 2-phenylimidazo[4,5-flphenanthro- lines
via SnCl,-2H,0 catalyzed three-component
reaction of 1,10-phenanthroline-5,6-dione,
aromatic aldehydes and ammonium acetate at
room temperature in excellent isolated vyields.
This method was proved simple and straight
forward without involving any hazardous or
expensive catalyst (Scheme 10).
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Gharib et al. [58] have reported one-pot multi-
component synthesis of 2,4,5-tri and 1,2,4,5-
tetrasubstituted-1H-imidazole  derivatives by
condensation of benzil or benzoin, aldehydes,
ammonium acetate and primary amines under
reflux using silica-supported Preyssler
nanoparticles heteropolyacid as a catalyst
(Scheme 11).

Nagargoie et al. [59] have reported a new user
friendly one-pot procedure for the synthesis of
2-aryl-4,5-diphenyl-1H-imidazoles by the conden-
sation reactions of benzil/benzoin, with aromatic
aldehyde and ammonium acetate using diethyl
bromophosphate (DEP) as a mild oxidant under

ultrasound (US) irradiation. The synthesis of
imidazole derivatives by the reactions of 9,10-
phenanthrene quinone/benzil using supported
ionic liquid like phase (SILIP) as a green catalyst
has been described by Jourshari et al. [60] under
ultrasonic irradiation. The catalyst is easily
separated from reaction mixture by filtration
(Scheme 12).

Bade et al. [61] have reported a one-pot, four-
component synthesis of 1,2,4-trisubstituted
imidazoles by reacting a mixture of bromo-
dehydroacetic acid, aromatic aldehyde, benzyl
amine and ammonium acetate in dry alcohol
(Scheme 13).
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The synthesis of 2,4,5-trisubstituted imidazoles
has been achieved by cyclocondensation of
benzil or benzoin, an aldehyde and ammonium
acetate using deep eutectic solvent (DES) of
choline chloride and oxalic acid as a novel acidic
catalyst by Bakavoli et al. [62]. Crucial
advantages of this process was high yields,
shorter reaction time, easy work-up, purification
of products by non-chromatographic methods
and reusability of the catalyst.

Nikoofar et al. [63] have synthesized
concentrated nitric acid supported on nano silica
(HNOz;@nano SiO,) via a simple procedure
which has been utilized as an effective catalytic
system for the synthesis of various 2,4,5-tri and
1,2,4,5-tetrasubstitued imidazoles under solvent-
free conditions at 100°C. The recovery and
reusability of HNOs;@nano SiO, have been
checked in 3 runs without activity loss. The

significant features of this acidic nano catalyst in
the reported procedure are high vyield of
products, short reaction time and green reaction
media (Scheme 14).

Mamedov et al. [64] have reported 3-aroyl-
qguinoxalin-2(1H)-ones as hetero analogues of
a-diketones for the efficient, one-pot, three
component synthesis of 2,4,5-trisubstituted
imidazoles and imidazo[1,5-a]Jquinoxalin-4(5H)-
ones in boiling methanol. The key advantages of
this process were high yields, readily availability,
low cost of 3-aroylquinoxalin-2(1H)-ones, easy
work-up and separation of the products by non
chromatographic methods (Scheme 15).

Murthy et al. [65] have reported a simple and
efficient protocol for the synthesis of highly
substituted imidazoles through the condensation
of 1,2-dicarbonyl compound, aldehyde and
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ammonium acetate or amine via multi-
component condensation strategy which gave
good to excellent yields. Rathinam et al. [66]
have reported to achieve a simple, highly
versatile and an efficient synthesis of 1,2,4,5-
tetrasubstituted imidazoles by four-component
cyclocondensation of benzil, aromatic aldehyde,
aminoethylpiperazine and ammonium acetate
using sulphated yttria (SO4°/Y,05) as a catalyst
in ethanol medium. An attractive synthetic
protocol by the aspect of condensation in the
presence of supported reagents with operational
simplicity, inexpensive reagents, high yield of
products and the use of non-toxic reagents have
been reported by Sivakumar et al. [67]in which
Cu(ll) nitrate impregnated zeolite was used as an
efficient reagent for rapid one-pot synthesis of
2,4,5-tri and 1,2,4,5-tetrasubstituted imidazoles
with excellent yields. An operationally simple,
metal-free and economical one-pot three-
component cycloaddition reaction for the
synthesis of 1,2,4-trisubstituted imidazoles using
aldehydes, a-amino carbonyl compounds and
ammonium acetate has been developed
successfully by Tang et al. [68] This environment
friendly transformation by employing I, (10 mol
%) as a catalyst and EtOH as a solvent with wide
range of functional groups and heterocycles
giving rise from moderate to good vyields
(Scheme 16).

One step synthesis of silylated 1,2,4,5-tetraaryl
imidazoles using a series of metal containing
silicoaluminophosphate-34 (M/SAPO-34) (M: Fe,
Co, Mn and Cu) nanocatalysts and subsequent
silylation reactions were described by Safa et al.
[69] Cu/SAPO-34 catalyst has been reported with
highest activity in improving the efficiency of the
heterogeneous  cyclocondensation of an
aldehyde, benzil, ammonium acetate and a
primary aromatic amine in water under ultrasonic
irradiation. An efficient and eco-friendly
procedure for shorter reaction time, recyclable
catalyst and excellent yields has been developed

MgAIl,O, as catalyst for rapid and an improved
synthesis of 2,4,5-tri and 1,2,4,5-tetrasubstituted
imidazoles  under  solvent-free  conditions
(Scheme 17).

Some novel Lewis acids catalysts were prepared
by sulfonated carbon/silica composites derived
from starch and silica by the treatment with Lewis
acids e.g. AICl3, SbCls, Bi(NOs)3, ZnCl, and FeCls
have been reported by Gupta et al. [71]. The
catalytic activity of these Lewis acids have been
evaluated for one-pot synthesis of 1,2,4,5-
tetrasubstituted imidazoles, 3,4-dihydropyrimidin-
2(1H)-ones and for Michael addition of indole to
a, B-unsaturated ketones. Sulfonated carbon/
silica composite functionalized (CSC-Star-SOs-
AICI;) Lewis acids were found as the most
effective solid Lewis acid for the synthesis on
investigation. An efficient, readily available and
reusable silica supported boron trifluoride
(BF3-SiO,) catalyst was prepared by a very
simple procedure affording good to excellent
yields in synthesizing 1,2,4,5-tetrasubstituted
imidazoles by the use of benzil, aromatic
aldehyde and an amine in the presence of
ammonium acetate have been reported by
Sadeghi et al. [72].

A simple and efficient method has been
developed by Joshi et al. [73] which involved the
smooth condensation of benzil/benzoin with
substituted aldehydes and ammonium acetate in
the presence of potassium dihydrogen
phosphate (KH,PO,) catalyst under mild
conditions to afford 2,4,5-triaryl-1H-imidazoles.
Ali et al. [74] also reported the design and
synthesis of some tetra substituted imidazoles.
An efficient protocol bearing advantages of
good yields, less pollution and simple
reaction conditions for the one-pot multi-
component synthesis of various 2,4,5-triaryl-1H-
imidazoles and 1,2,4,5-tetraaryl-1H-imidazoles
using polyethylene glycol (PEG-400) as a
reaction medium was described by Wang et al.
[75].

NH,OAc
catalyst

by Safari et al. [70] using nanocrystalline
CHO
0
+ /lK/NH
Ph \Ph
Cl

N Ph
- a
EtOH, temprature
N
H Ph

Scheme 16
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Samanta et al. [76] have reported an efficient
and green method for the synthesis of 2,4,5-
triarylimidazoles without using any catalyst or
solvent. The results concerning synthesis of
some 2,4,5-triaryl-1H-imidazoles in absence of
any catalyst have been reported by Tayebee
et al. [77] and the experimental route for the
isolation and purification of the un-reacted
reactant at the end of the reaction was also
modified. An interesting and alternative protocol
of one-pot cyclocondensation of benazil,
aldehydes, ammonium acetate and primary
amines to synthesize 2,4,5-tri and 1,2,4,5-
tetrasubstituted-1H-imidazole derivatives by the

stable, highly active, easy preparation and
handling silica-supported SbCl; (SbCls/SiO,)
heterogeneous catalyst under microwave

irradiation have been reported by Safari et al.
[78] which was eco-friendly and green from the
environment stand-points.

Babu et al. [79] developed a simple and reliable

synthetic method for 2,4, 5-trisubstituted
imidazoles by the condensation of benzil,
ammonium acetate and various aromatic

aldehyde in the presence of ZrO(NOj3), as a
catalyst. This method has key advantages as
solvent-free, purification of products by non-
chromatographic methods, good yield and short
reaction time. An efficient synthesis of 2,4,5-tri
and 1,2,4,5-tetrasubstituted imidazoles by one-
step condensation of aldehyde, benazil,
ammonium acetate and primary amine in the
presence of nano-crystalline  magnesium
aluminate under microwave irradiation have been
described by Safari et al. [80].

A simple, green and efficient method with major
advantages of high yields, less reaction times,
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easy purification of the products, environmental
friendliness and convenient operation for the
synthesis of 2,4,5-triaryl-1H-imidazoles using N-
bromosuccinimide (NBS) catalyst under solvent-
free conditions have been reported by Maleki
et al. [81] (Scheme 18).

Secondary amine based ionic liquid and
defective Keggin type heteropolyacids (HPA)
were separately used by Das et al. [82] for
efficient one-pot four-component microwave
assisted (MW), eco-friendly and solvent-free
synthesis of 1,2,4,5-tetrasubstituted imidazoles
bearing important features as short reaction time,
high yield of products and reusability of catalysts.
This work also demonstrated the alternate use of
urea, instead of often used ammonium acetate,
as source of nitrogen. Hasaninejad et al. [83]
have reported a catalyst-free one-pot four-
component methodology for the synthesis of
1,2,4,5-substituted imidazoles under
conventional heating and microwave irradiations
using  1-butyl-3-methylimidazolium  bromide
[Bmim]Br, as a neutral reaction media. In this
procedure a broad range of structurally diverse
aldehydes and primary amines were used
successfully.

Moosavi-Zare et al. [84] have reported
tritylchloride  (TrCl or PhsCCl) efficiently
catalyzing one-pot multi-component
condensation of benzil, aldehydes, primary

amines and ammonium acetate under neutral
and solvent-free conditions to give 1,2,4,5-
tetrasubstituted imidazoles with high vyields in
short reaction times. Application of sulfuric acid
immobilized on silica gel (H,SO4 SiO;) an
efficient and benign catalyst has also been
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explored to utilize in the synthesis of 2,4,5-triaryl-
1H-imidazoles via condensation of benzil or
benzoin, aldehyde and ammonium acetate [85]
with high vyields, cost effectiveness of catalyst,
easy work-up, purification of products by non-
chromatographic method and reusability of the
catalyst.

The use of a heterogeneous catalyst
tetrabutylammoniumhexatungstate [TBA],[W¢O10]
under thermal (140 °C), solvent-free conditions
have been reported by Ashrafi et al. [86] for a
simple and efficient synthesis of 2,4,5-
trisubstituted imidazoles via one-pot three-
component cyclocondensation of benzil, aromatic
aldehydes and ammonium acetate. This
methodology has been reported with key
features of operational simplicity, high vyields,
short reaction times and recyclable catalyst with
a very easy work-up. Vosoughi et al. [87] have
reported a simple one-pot three-component
synthetic method for 2,4,5-tri and 1,2,4,5-
tetrasubstituted imidazoles by three-component
cyclocondensation of benzil, aromatic aldehydes
and ammonium acetate under solvent-free
conditions in the presence of ZSM-5-SOzH as a
catalyst.

An efficient Ho®" doped CoFe,0, nanoparticles
catalyzed one-pot synthesis of 2,4,5-triaryl-1H-
imidazoles has been developed by Pachpinde
et al. [88] via three-component condensation of
benzil or benzoin, aromatic aldehydes and
ammonium acetate in ethanol as advantageous
method due to little catalyst loading, short
reaction time, reusability of catalyst and excellent
yields. The use of ionic liquid 1-methyl-3-(3-
trimethoxysilylpropyl)imidazoliumchloride
immobilized on super paramagnetic Fe;O,
nanoparticles  (IL-MNPs) as an efficient
heterogeneous catalyst for the synthesis of
1,2,4,5-tetrasubstituted imidazoles using
microwave irradiation have been reported by
Safari et al. [89] The combined microwave
irradiation and immobilized ionic liquid on super
paramagnetic nanoparticles made the four-
component condensation with safe operation,
low pollution, rapid access of products and
simple work-up. Sondankar et al. [90] have
reported an efficient and rapid synthesis of 2,4,5-
triphenyl-1H-imidazole derivatives under solvent-
free condition by the condensation of benzil,
arylaldehyde and ammonium acetate at 110C
using zinc acetate as a catalyst.

Babu et al. [91] have reported a rapid, simple,
efficient and environmentally benign synthesis of

1,2,4,5-tetrasubstituted imidazole under solvent-
free condition catalyzed by ZrO(NOs3),.XH,0. The
advantages of this method were as solvent-free,
simple work-up, readily available catalyst, short
reaction time and very good vyield. Kantevari
et al. [92] have reported a protocol for the
synthesis of 1,2,4,5-tetrasubstituted imidazoles
under solvent-free conditions using perchloric
acid adsorbed on silica gel (HCIO4-SiO,) as
catalyst with remarkable catalytic activity in
excellent vyields. Chavan et al. [93] have
developed an efficient solvent-free methodology
for the synthesis of various 2,4,5-triaryl and
1,2,4,5-tetraaryl imidazoles offering several
advantages of excellent yields, shorter reaction
times and reusability of catalyst using silica
chloride as a heterogeneous catalyst. Bhat et al.
[94] have reported an environmentally benign,
green and efficient catalyst zeolite H-ZSM-22 for
an improved and rapid synthesis of 1,2,4,5-
tetrasubstituted  imidazole  derivatives by
condensation of benzil, aldehydes, amines and
ammonium acetate with excellent yields
(Scheme 19).

A simple, highly versatile and efficient three-
component cyclocondensation of 1,2-dicarbonyl
compounds, aldehydes and ammonium acetate
resulted in the formation of 2,4,5-trisubstituted
imidazoles by the use of Brgnsted acid ionic
liquid diethylammonium hydrogen phosphate
catalyst. [95] Nasr-Esfahani et al. [96] have used
nano-rod vanadatesulfuric acid (VSA NRs), as a
recyclable and eco-benign catalyst for the
synthesis of 2,4,5-tri and 1,2,4,5-tetrasubstituted
imidazoles using benzil/benzoin or 9,10-phenan-
threnequinone, aldehydes and ammonium
acetate or aniline under solvent-free conditions.
Wang et al. [97] have synthesized a non-toxic,
cost effective and recyclable Brgnsted acid deep
eutectic solvent based on choline chloride and p-
toluene sulfonic acid which was found to be
effective for the one-pot synthesis of 2,4,5-tri and
1,2,4,5-tetrasubstituted imidazoles. Nikalje et al.
[98] have described a facile, one-pot three-
component synthesis of a series of 3[(4,5-
diphenyl-2-substituted-aryl/heteryl)-1H-imidazol-
1-yl]-1H-1,2,4-triazole-5-carboxylicacid  derivati-
ves using cerric ammonium nitrate (CAN) as a
catalyst. Mirjalili et al. [99] have synthesized
2,4,5-trisubstituted imidazoles in the presence of
trichloro melamine as a catalyst. Caro’s acid-
silica-gel [100] have been also found to be a mild
and effective catalyst for the synthesis of
2,4, 5-trisubstituted imidazole derivatives under
solvent-free  conditions.  Sulfated MCM-41
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Scheme 19
(Mobiloil  Composition of Matter-41) as a-azido chalcones, aryl aldehydes and anilines.

reusable, inexpensive, non-toxic and efficient
heterogeneous catalyst [101] have been reported
to utilized for an improved and rapid one-pot
synthesis of 2,4,5-tri and 1,2,4,5-tetrasubstituted
imidazoles. Tetra-butylammoniumbromide [102]
(TBAB) have been reported as catalyst for the
synthesis of highly substituted imidazoles via
multi-component condensation of 1,2-diketone,
aldehyde, amine and ammonium acetate. A
protocol offering advantages in terms of higher
yields, short reaction times, and mild reaction
conditions, with reusability of the catalyst have
been reported by Dandia et al. [103] as a facile
and efficient synthesis of 2,4,5-triarylimidazoles
achieved by employing three-component one-pot
reaction using aromatic aldehydes, benzil and
NH4OAc in the presence of Co doped ZnS
nanoparticles in  water under ultrasonic
irradiation. Bamoniri et al. [104] have reported a
synthetic route for trisubstituted imidazoles using
nano SbCls/SiO, as catalyst under solvent-free
conditions. This method has provided several
advantages like simple work-up, environmentally
benign, shorter reaction times and high yields.

Kalkhorani et al. [105] have reported an efficient
method for the synthesis of 1,245-
tetrasubstituted imidazoles using
K;NasP,W15Cu,Oeg as catalyst. Tahara et al.
[106] have developed a solvent-free microwave-
assisted synthesis of 2,4,5-tri and 1,2,4,5-
tetrasubstituted imidazoles via the condensation
of 1,2-dicarbonyl compounds with aldehyde and
amine using solid support acidic alumina
impregnated with ammonium acetate. Molecular
iodine has been reported as a cheap, nontoxic
and efficient catalyst in the synthesis of 1,2,4,5-
tetraaryl imidazoles via the condensation of
benzoin, aromatic aldehyde and amine in the
presence of ammonium acetate by Kidwai et al.
[107].

Maleki et al. [108] have described a green, rapid,
convenient and eco-friendly method for the
synthesis of 2,4,5-trisubstituted imidazoles in the
presence of grapheneoxide-chitosan bio-
nanocompo- site as an efficient nano-catalyst.
Rajaguru et al. [109] have reported the synthesis
of substituted imidazole derivatives from various
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This  multi-component  protocol employed
erbiumtriflate {Er(OTf)s} as a catalyst resulting in
excellent vyield. Keivanloo et al. [110] have
reported Boehmite nanoparticles (AIOOH NPs)
as a highly active and green catalyst for the
synthesis of highly substituted imidazoles under
solvent-free conditions. Phosphorus pentoxide
supported on silica gel (P,Os/SiO,) has been
used as an efficient and reusable catalyst for the
one-pot four-component synthesis of 2,4,5-tri and
1,2,4,5-tetrasubstituted imidazoles by Reza et al.
[111]. The remarkable features of this procedure
were as high conversions, cleaner reaction,
simple procedures and easy separation of the
catalyst.

Saghanezhad et al. [112] have reported one-pot
preparation of 2,4,5-tri and 1,2,4,5-
tetrasubstituted imidazoles in the presence
of  poly(4-vinylpyridiniumbutanesulfonic  acid)
hydrogensulfate P(4-VPBSA)- HSO, as an
efficient dual acidic catalyst under solvent-free
conditions. Reusability of the catalyst, easy work-
up procedure, eco-friendly, short reaction times
and high vyields of the products illustrated the
utility of this approach. Mohammad et al. [113]
have reported an efficient method for synthesis
of various tetrasubstituted imidazoles, using
trifluoroacetic acid (TFA) as a catalyst by four-
component condensation of benzil, aldehydes,

amines and ammonium acetate  under
microwave-irradiation and solvent-free
conditions. Hekmatshoar et al. [114] have

reported 2-ethylhexanoic acid as a dual solvent-
catalyst for the one-pot, four-component
synthesis of 1,2,4,5-tetrasubstituted imidazoles.
This naturally occurring and widely produced
fatty acid exhibited remarkable catalytic activity
which was easily separated by extraction. The
reusability of this catalytic medium was tested by
recovering the catalyst and using it again in the
reaction up to four times with no significant drop
in activity. The catalyst is commercially available,
low cost and eco-friendly, offering short reaction
times, good to excellent vyields and a
straightforward work-up procedure.

Sanasi et al. [115] have reported a simple, one-
pot multi-component method for the synthesis of
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poly substituted imidazoles in the presence of
magnetically separable and recyclable spinel
nanocopper ferrite as heterogeneous catalyst by
the condensation of benzil, aromatic aldehyde,
ammonium acetate and substituted amines
under ultrasonic irradiation. This methodology
offered simple experimental procedure, milder
reaction conditions and environmentally benign
approach. Parveen et al. [116] have reported
synthesis of 2,4,5-triaryl substituted imidazoles
in very good yields under solvent-free conditions
by grinding 1,2-diketones, aromatic aldehydes
and ammonium acetate in the presence of
molecular iodine as catalyst. The short reaction
time, cleaner reaction and easy work-up make
this  protocol practical and economically
attractive. Girish et al. [117] have reported
synthesis of 2,4,5-trisubstituted imidazoles and
1,2-disubstituted  benzimidazoles by ZrO,-
supported-B-cyclodextrin ~ (ZrO,-3-CD)  under
solvent-free conditions. Sharma et al. [118] have
reported a reliable synthesis method for 2,4,5-
trisubstituted imidazole from benzil, ammonium
acetate and aromatic aldehyde using BiCl; as a
catalyst in solvent CH;CN.

Gelens et al. [119] have reported the four-
component synthesis of 2,4,5-tri and 1,2,4,5-
tetrasubstituted  imidazoles  employing a
microwave-assisted protocol. Raghuvanshi et al.
[120] have synthesized a series of 1,2,4,5-
tetrasubstituted imidazoles by one-pot condensa-
tion of benzil, aromatic aldehyde, aliphatic/
aromatic amine and ammonium acetate using
Fe®-K10 a heterogeneous catalyst under
solvent-free microwave conditions. Ya et al. [121]
have reported solvent-free microwave-assisted
synthesis of 2,4,5-tri and 1,2,4,5-tetrasubstituted
imidazoles by condensation of 1,2-dicarbonyl
compounds with aldehyde and amine (aliphatic/
aromatic) with ammonium acetate using acidic
alumina impregnated as the solid support. Shapi
et al. [122] have reported one-pot synthesis of
2,4 5-triaryl imidazoles at room temperature
using 1-butylimidazoliumtetrafluoroborate
([Hbim]BF,) ionic liquid as a catalyst. Zolfigol et
al. [123] have reported one-pot four-component
synthesis of 1,2,4,5-tetrasubstituted imidazoles
by condensation reaction of benzil/benzoin,
aldehydes, amine derivatives and ammonium
acetate at room temperature under solvent-free
conditions using  2,6-dimethylpyridiniumtrinitro
methanide {[2,6DMPyH]C(NO,);} a novel and
efficient catalyst as nanostructured molten salt,.
Sharekh et al. [124] have reported the synthesis
of 2,4,5-triaryl-1H-imidazoles by condensation of
benzoin, aromatic aldehyde and ammonium
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acetate using SOf‘/CeOZ—ZrOZ solid acid as a
catalyst in ethanol.

4. PHARMACOLOGICAL
IMIDAZOLES

PROFILE OF

Multi-substituted imidazoles an important class of
pharmaceutical compounds [125-127] exhibit a
wide spectrum of biological activities such as

analgesic, [128] anti-convulsant, [129] anti-
inflammatory, [130] anti-parasitic, [131]
antifungal, [132] antidepressant, [133] anti-

tubercular, [134] anti-allergic, [135] antibacterial,
[136] anti-tumour [137] and antiviral activities
[138] as well as anti-leishmanial activity against
Leshmania donovani. [139] Furthermore they can
act as inhibitors of p38MAP-kinase [140] and
glucagon receptors [141]. Due to the resistance
of some microorganisms to imidazole action
because of outer membrane modifications,
development of new and different antimicrobial
agents has been becomes a prime objective of
medicinal and synthetic chemists. Therefore
much of the current research efforts are oriented
toward the design of new and readily available
drugs [142-144].

Over the years the imidazole nucleus has
attracted the attention of the scientific community
due to its chemical and biological properties [145]
e.g. nucleus is present in the structures of
several natural products in the form of the
essential amino-acid histidine or in alkaloids
exhibiting anti-tumour, anti-cancer (dacarbazine),
antihistaminic (cimetidine), anti-parasitic
(metronidazole), and antihypertensive (losartan)
and anti-bacterial activities [146-148]. A great
numbers of medicines containing the imidazole
nucleus, including ketoconazole have used to

treat gastric ulcers, fungal and bacterial
infections [149,150].
Imidazoles have many applications in

pharmacological and biochemical development
[151] e.g. the hypnotic agent (etomidate), [152]
the proton push inhibitor (omeprazole) [153] and
the benzodiazepine antagonist (flumazenil) [154]
are imidazole derivatives. For all above
applications the synthesis of imidazoles has
become very vital objective in present duration.
2,4 5-triaryl-1H-imidazole is harmful towards
human life also for animal because it reduces
platelet aggregation in some animal and humans.

Tonelli and co-workers have synthesized a series
of  2-phenylbenzimidazole derivatives and
evaluated them for cytotoxicity and antiviral
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activity against a panel of RNA and DNA viruses.
Compound 5,6-dichloro-2-(4-nitrophenyl)-1-H-
benzimidazole (1) exhibited higher activity than
reference drug [155]. Prabhu and co-workers
have reported the synthesis of 4-[2-(2-
hydroxyphenyl)imidazo[4,5-blindol-3(4H)-yl]

benzene-sulfonamide (2) which exhibits good
anti-bacterial and antihelmintic activity [156].

A series of 2,4-diphenyl-3,4-dihydroimidazo[4,5-
blindole (3) synthesized by Bhragual and co-
workers have been reported exhibiting good
anticonvulsant activity [157]. Wyler and co-
workers have synthesized a series of 1-{2-[(4-
chlorobenzyl)oxy]-2-(2,4-dichlorophenyl)ethyl}-
1H-imidazoles (4) and tested their antifungal
activity [158].

N

AL
(3)

-

(4)
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Li and co-workers have reported a series of 1-(4-
phenyl-1,3-thiazol-2-yl)-4-(Thienyl-2-yl)-1H-
imidazol-2-amine having good anticancer activity
[159]. Bender et al. have also reported 4,5-bis(4-
methoxyphenyl)-2-(trifluoromethyl)-1H-
imidazoles showing good analgesic and anti-
inflammatory activity [160]. Zhu and co-workers
have synthesized a series of 6,7-dichloro-1H-
naphtho[2,3-d]imidazol-2-amine (5)and evaluated
their antiviral activity [161]. Husain et al. have
synthesized-(4-methoxyphenyl)-1,2-diphenyl-1H-i
midazoles (6) and found exhibiting anti-
inflammatory and antifungal activities [162].

cl N
\%NHz

cl N

H

)
H3CO

N =R
Om/@

(6)

Nagarajan et al. reported a series of 5-[4-(4,5-
diphenyl-1H-imidazol-2-yl)-phenyl)-2-(4-
mathoxyphenyl)pyridines (7) with antibacterial
and antifungal activities [163]. 3'-(2-butyl-4-
chloro-5-(hydro- xylmethyl)-4,5-dihydro-1H-
imidazol-1-yl)methyl)-[1,1’-biphenyl]-2-carboxylic
acids (8) have been found to showing good
antifungal activity by Shreenivas and co-workers
[164].

N —
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Sharma and co-workers have reported the
synthesis and anticancer activities [165] of (4-(2-
(2,4,5-triphenyl-1H-imidazol-I-yl)thiazol-4-
yl)phenyl)acetamides (9). Adams and co-workers
have reported the synthesis of 4-{4-(4-
fluorophenyl)-2-[4-(methylsulfinyl)phenyl]-1H-
imidazol-5-yl}pyridine (10) and found them with
anti-inflammatory activity [166].

.y
§o

CH3COHN

9)

(10)

Walker and co-workers have synthesized a
series of 2-(1H-imidazol-1-yl)-1-(Naphthyl-1-yl)
ethanol (11) compounds with anticonvulsant
activity [167]. Narasimhan and co-workers have
synthesized a series of 1-(4-chlorophenyl)-4-
(3,4,5-trimethoxyphenyl)-1,3-dihydro-2-H-
imidazol-2-one (12) which were found to show
good anticancer activity [168].
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A series of 1-substituted 2,4,5-triphenyl
imidazoles (13) were synthesized by Yashoda
et al. [169] and screened for mild to moderate
anti-inflammatory and antimicrobial activities.

Ph N
[ D
Ph N
\
R
(13)

Many drugs have imidazole nucleus in their
structure have been found in medicinal field like
dacarbazine as anticancer, metronidazole as
antifungal, cimetidine as anti-histamics and
flumazenil as benzodiazepine antagonist [170].

Imidazole-containing antifungal drug
(ketoconazole) was also found to have
anti-inflammatory activity in addition to its

antifungal activity [171]. Flutrimazole another
imidazole-based wide spectrum antifungal agent
was found to be a good topical anti-inflammatory
agent [172]. Therefore, imidazole nucleus seems
to be an important pharmacophore for designing
of new drug candidates.

A new series of 1,2 4-trisubstituted nitrogen
heterocycles acting as inhibitors of transforming
expansion factor B type-1 receptor (ALK5) were
synthesized by Li and co-workers [173]. Husain
and co-workers described anti-inflammatory and
antimicrobial activities of  tri-substituted
imidazoles [174]. A series of novel 1,24-tri-
substituted-1H-imidazole derivatives with
anticonvulsant activity were synthesized by
Husain et al. [175]. The preparation of several
new 1,2 4-tri-substituted imidazoles and 1-
(benzo[1,3]dioxol-5-yl)-2-(6-methylpyridin-2-yl)-4-
substituted imidazoles containing a methylene
amino linkage on the 4-position of the core ring
were reported [176] some of them act as
inhibitors of transforming expansion factor-g
type-I receptor (ALK5). Umarani and co-workers
demonstrated an elegant procedure for the
preparation of several diverse N,N-disubstituted-
2,4,5-triphenyl-1H-imidazole-1-yl-methanamine

hybrids [177] and in-vitro anti-inflammatory,
antibacterial and antifungal activities. It was
found that some of them showed good anti-
inflammatory potency and better antimicrobial
activity against bacterial strains; Staphylococcus
aureus, Pseudomonas aeruginosa and fungal
strain; Candida albicans. Anti-inflammatory
screening revealed that all the synthesized
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moieties were remarkably potent in comparison
with the well-known and prescribed drug
diclofenac sodium. Heterocyclic compounds
having 2,4,5-tri and 1,2,4,5-tetra-substituted
imidazoles in their structures possess a versatile
range of pharmacological activities. Some of
them were used as anti-inflammatory agents,
[178] several act as kinase inhibitors [179].

Jain et al. [180] have synthesized 2-substituted-
4,5-diphenyl-N-alkylimidazoles and evaluate their
antibacterial activity. All the synthesized
compounds were evaluated for antibacterial
activity against S. aureus, B. subtilis, and E. coli
the results showed some short of activity but
none of them had considerable activity compared
with that of the standard. 4,5-triphenyl-1H-
imidazole-1-yl derivatives (14) have been
synthesized and tested for their anti-inflammatory
activity in-vitro using phenylbutazone as a
reference drug and antimicrobial activity using
clotrimazole and ciprofloxacin as a standard drug
by Shailesh et al. [181].

o=

(14)

Ambadkar et al. [182] have reported the
preparation of 2-(Substitutedphenyl)-4-(4-meth-
oxyphenyl)-5-phenyl-1H-imidazole (15) by the
condensation 4-methoxybenzil, substituted
benzadehyde and ammonium acetate in glacial
acetic acid as a solvent. The synthesized
compounds have been evaluated for their
antimicrobial activity using Gram positive and
Gram negative bacteria and found to be more
potent antimicrobial drugs.

HsCO
D
D
| 7\

(15)

16

5. CONCLUSION

MCRs are a useful class of reactions for never
ending hunt for biologically active compounds
and complimentarily add into the large arsenal of
tools available to the modern chemists. The
literature survey reveals that great biological
potential and easy routes for synthesis of
imidazoles have attracted the attention of
chemists, pharmacologists and researchers. The
therapeutically active moiety 2,4,5-tri and 1,2,4,5-
tetrasubstituted imidazoles had been exploited
in the recent past for the synthesis of various
pharmacologically active compounds. By the
present scenario it can be concluded that
imidazoles have a great potential for further
research and novel derivatives can be
synthesized containing this core fragment and
can be explored for various biological activities.

ACKNOWLEDGEMENT
Authors acknowledge gratefully the help
rendered by Head, SOS in Chemistry, for

providing library facilities and Central Library,
Jiwaji University, Gwalior, for providing online
access of journals.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Takle AK, Brown MJ, Davies S, Dean DK,
Francis G, Gaiba A, Hird AW, King FD,
Lovell PJ, Naylor A, Reith AD, Steadman
JG, Wilson DM. The identification of potent
and selective imidazole-based inhibitors of

B-Raf kinase. Bioorg Med Chem
Lett. 2006;16(2):378-81. (b) Veisi H,
Khazaei A, Heshmati L, Hemmati S.

Convenient one-pot synthesis of 2,4,5-
triaryl-1H-imidazoles. Bull Korean Chem
Soc. 2012;33(4):1231-1234.

Stephen E, De Laszlo SE, Hacker C, Li B,
Kim D, Mac Coss M, Mantlo N, Pivnichny
JV, Colwell L, Koch GE, Cascieri MA,
Hagmann WK. Potent orally absorbed
glucagon receptor antagonists. Bioorg Med
Chem Lett. 1999;9:641-646.

Eyers PA, Craxton M, Morrice N, Cohen P,
Goedert M. Conversion of SB 2035804n
sensitive MAP kinase family members to



10.

11.

12.

13.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

drug-sensitive forms by a single amino-
acid substitution. Chem Biol. 1998;5:
321-328.

Newman MJ, Rodarte JC, Benbatoul KD,
Romano SJ, Zhang C, Krane S, Moran EJ,
Uyeda RT, Dixon R, Guns ES, Mayer LD.
Discovery and characterization of OC144-
093, a novel Inhibitor of P-glycoprotein
mediated multidrug resistance. Cancer
Res. 2000;60:2964-2972.

Wang L, Woods KW, Li Q, Barr KJ,
McCroskey RW, Hannick SM, Gherke L,
Credo RB, Hui YH, Marsh K, Warner R,
Lee JY, Zielinsky-Mozng N, Frost D,
Rosenberg SH, Sham HL. Potent orally
active heterocycle-based combretastatin
A-4 analogues: synthesis, structure-activity
relationship, pharmacokinetics and in-vivo
antitumor activity evaluation. J Med Chem.
2002;45:1697-711.

Antolini M, Bozzoli A, Ghiron C, Kennedy
G, Rossi T, Ursini A. Analogues of 4,5-
bis(3,5-dichlorophenyl)-2-trifluoromethyl-
1H-imidazole as potential antibacterial
agents. Bioorg Med Chem Lett. 1999;9:
1023-1028.

Maier T, Schmierer R, Bauer K, Bieringer
H, Burstell H, Sachse B. 1-Substituted
imidazole-5-carboxylic acid derivatives,
their preparation and their use as biocides.
US Patent. 1989;4820335.

Schmierer R, Mildenberger H, Buerstell H.
Preparation of phenyl imidazoles as plant
growth regulators. German Patent. 1987;
361464.

Hill RA. Marine Natural Products Review.
Annu Rep Prog Chem Sect. B. 2009;05:
150-166.

Forte B, Malgesini B, Piutti C, Quartieri F,
Scolaro A, Papeo G. A submarine journey:
the pyrrole-imidazole alkaloids. Mar Drugs.
2009;7:705-753.

Jin Z, Muscarine, imidazole, oxazole and
thiazole alkaloids. Nat Prod Rep. 2011;
28:1143-1191.

Jiang HY, Zhou CH, Luo K, Chen H, Lan
JB, Xie RG. Chiral imidazole
metalloenzyme models: Synthesis and
enantioselective hydrolysis for amino acid
esters. J Mol Catal A: Chem. 2006:;260:
288-294.

Zhang L, Peng XM, Damu GL, Geng RX,
Zhou CH. Comprehensive review in
current developments of imidazole-based

17

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

medicinal chemistry. Med Res Rev. 2014;
34:340-437.

Kumari S, Kumar PS, Kumar N. Imidazole
and its biological activities: A
review. Der Chemica Sinica. 2010;1(3):36-
47.

De Luca L. Naturally occurring and
synthetic imidazoles: Their chemistry and
their biological activities. Curr Med Chem.
2006;13:1-23.

Wasserscheid P, Keim W. lonic liquids-
new solutions for transition metal catalysis.
Angew Chem Int Ed Engl. 2000;39(21):
3772-3789.

Satoru I. Imidazoles derivative for
chemiluminescence microanalysis. Chem
Abstr. 1989;111:214482.

Domling A, Ugi . Multi-component
reactions with Isocyanides. Angew Chem
Int Ed. 2000;39:3168-3210.
Domling A. Multi-component
Org Chem Highlights. 2004;5.
Hulme C, Gore V. Multi-component
reactions: Emerging chemistry in drug
discovery from xylocain to crixivan. Curr
Med Chem. 2003;10(1):51-80.

(A) Gao K, Wu J. Synthesis of
functionalized 1,2-dihydroisoquinolines via
multi-component one-pot reaction of 2-
alkynylbenzaldehyde, amine, zinc, and
allylic bromide or benzyl bromide. J Org
Chem. 2007;72:8611-8613. (B) Muller FL.
Multi-component domino reaction from a-

reactions.

ketoamides: Highly efficient access to
original polyfunctionalized 2,6-
diazabicyclo[2.2.2]octane Cores. J Am

Chem Soc. 2005;27:171-176. (C) Simon
C, Peyronel JF, Rodriguez A. New multi-
component domino reaction of 1,3-
dicarbonyl compounds: one-pot access to
polycyclic N/O-, N/S- and N/N-aminals. J
Org Lett. 2001;3(14):2145-2148.

Majumdar KC, Ponra S, Ghosh T. Green
approach to highly  functionalized
thiopyrano derivatives via domino multi-
component reaction in water. RSC Adv.
2012;2:1144-1152. (B) Kumaravel K,
Vasuki G. Four-component catalyst-free
reaction in water: Combinatorial library
synthesis of novel 2-amino-4-(5-hydroxy-3-
methyl-1H-pyrazol-4-yl)-4Hchromene-3-
carbonitrile  derivatives. Green Chem.
2009;11:1945-1947.

Weber L, lligen K, Almstetter M. Discovery
of new multi-component reactions with



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

combinatorial methods. Synlett. 1999:366-
374.

(A) Siddiqui SA, Narkhede UC, Palimkar
SS. Room temperature ionic liquid
promoted improved and rapid synthesis of
2,4,5-triaryl imidazoles from aryl aldehydes
and 1,2-diketones or a-hydroxyketone.
Tetrahedron. 2005;61:3539. (B) X Min, Lu
YD. A novel neutral ionic liquid-catalyzed
solvent-free synthesis of 2,4,5-
trisubstituted imidazoles under microwave
irradiation. J Mol Catal A: Chem. 2007,
265:205-208.

Wang J, Mason R, Derveer DV.
Convenient preparation of a novel class of
imidazo[1,5-a]pyridines: Decisive role by
ammonium acetate in chemoselectivity. J
Org Chem. 2003; 68:5415-5418. (B)
Sarshar S, Siev D, Mjalli AMM. Imidazole
libraries on solid support. Tetrahedron Lett.
1996;37(6):835-838.

Shaabani A, Rahmati A. Silica sulfuric acid
as an efficient and recoverable catalyst for
the synthesis of trisubstituted imidazoles. J
Mol Catal A: Chem. 2006;249:246-248.

Balalaie S, Arabanian A. One-pot
synthesis of tetra substituted imidazoles by
zeolite HY and silica gel under microwave
-irradiation. Green Chem. 2000;2:274-276.

Heravi MM, Derikvand F, Bamoharram FF.
Rulll-catalyzed  double-conjugate  1,4-
addition of indoles to symmetric enones. J
Mol Catal A: Chem. 2007;263:112-116.

Karimi AR, Alimohammadi Z, Azizian J.
Solvent-free synthesis of tetrasubstituted
imidazoles on silica gel/NaHSO, support.
Catal Commun. 2006;7:728-732.

Kantevari S, Vuppalapati SVN, Biradar
DO. Highly efficient, one-pot, solvent-free
synthesis of tetrasubstituted imidazoles
using HCIO,4-SiO; as novel heterogeneous
catalyst. J Mol Catal A: Chem. 2007;266:
109-113.

Lantos |, Zhang W-Y, Shui X. Synthesis
of Imidazoles via hetero-cope
rearrangements. J Org Chem. 1993;58:
7092-7095.

Balalaie S, Hashemi MM, Akhbari M. A
novel one-pot synthesis of tetrasubstituted
imidazoles under solvent-free conditions
and microwave irradiation. Tetrahedron
Lett. 2003;44:1709-1711.

Sharma SD, Hazarika P, Konwar D. An
efficient and one-pot synthesis of 2,4,5-

18

34.

35.

36.

37.

38.

39.

40.

41.

42.

trisubstituted and 1,2,4,5-tetrasubstituted
imidazoles catalyzed by InCl33H,0.
Tetrahedron Lett. 2008;49:2216-2220.

Samai S, Nandi GC, Singh P, Singh MS.
L-Proline: An efficient catalyst for the
one-pot synthesis of 2,4,5-trisubstituted
and 1,2,4,5-tetrasubstituted imidazoles.
Tetrahedron. 2009;65:10155-10161.

Teimouri A, Chermahini AN. An efficient
and one-pot  synthesis of 2,4,5-
trisubstituted and 1,2,4,5-tetrasubstituted
imidazoles catalyzed via solid acid nano-
catalyst. J Mol Catal A: Chem. 2011;
346:39-45.

Ziarani GM, Dashtianeh Z, Nahad MS,
Badiei A. One-pot synthesis of 1,2,4,5-tetra
substituted imidazoles using sulfonic acid
functionalized silica  (SiO,-Pr-SOzH).
Arabian J Chem. 2015;8: 692-697.
Ghorbani-Choghamarani A, Shiri L, Azadi
G, Pourbahar N. One-pot synthesis of
2,4 5-tri-substituted and  1,2,4,5-tetra-
substituted imidazoles catalyzed by poly(4-
vinylpyridinium tribromide) (PVPBrs) or
citric acid. Res Chem Intermed; 2014.

DOI: 10.1007/s11164-014-1583

Bahrami K, Khodaei MM, Nejati A. One-pot
synthesis of 1,2,4,5-tetrasubstituted and
2,4,5-trisubstituted imidazoles by zinc
oxide as efficient and reusable catalyst.
Monatsh Chem. 2011;142:159-162.

Kumar V, Mamgain R, Singh N. Synthesis
of substituted imidazoles via a multi-
component condensation catalyzed by p-
toluenesulfonicacid (PTSA). Res J Chem
Sci. 2012;2(4):18-23.

Karami B, Dehghani FM, Eskandari K.
Facile and rapid synthesis of
polysubstituted imidazoles by employing
Y(NO3);X6H,O as catalyst. Croat Chem
Acta. 2012;85(2):147-153.

Karami B, Eskandari K, Ghasem A. Facile
and rapid synthesis of some novel
polysubstituted imidazoles by employing
magnetic Fe;O, nanoparticles as a high
efficient catalyst. Turk J Chem. 2012;36:
601-614.

Poorali L, Karami B, Eskandari K, Azizi M.
New and rapid access to synthesis of
novel polysubstituted imidazoles using
antimonytrichloride and stannous chloride
dehydrate as effective and reusable
catalysts. J Chem Sci. 2013; 125(3):591-
599.



43.

44,

45.

46.

47,

48.

49.

50.

51.

52.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

Rostamnia S, Zabardasti A. SBA-15/TFE
(SBA-15/2,2,2-trifluoroethanol) as a
suitable and effective metal-free catalyst
for the preparation of the tri- and tetra-
substituted imidazoles via one-pot multi-
component method. J Fluorine Chem.
2012;144:69-72.

Borhade AV, Tope DR, Gite SG. Synthesis
characterization and catalytic application of
silica supported tin oxide nanoparticles for
synthesis of 2,4,5-trisubstituted and
1,2,4,5-tetrasubstitu- ted imidazoles under
solvent-free conditions. Arabian J Chem:;
2012.

DOI.org/10.1016/j.arabjc. 2012.11.001

Ramesh K, Murthy SN, Karnakar K,
Nageswar YVD, Vijayalakhshmi K, Bethala
LA, Devi P, Prasad RBN. A novel
bioglycerol-based recyclable carbon
catalyst for an efficient one-pot synthesis
of highly substituted imidazoles.
Tetrahedron Lett. 2012;53:1126-1129.

Karimi-Jaberi Z, Barekat M. One-pot
synthesis of tri- and tetra-substituted
imidazoles using sodium dihydrogen
phosphate under solvent-free conditions.
Chin Chem Lett. 2010;21:1183-1186.

Chen CY, Hu WP, Yan PC, Senadi GC,
Wang JJ. Metal-free acid-promoted
synthesis of imidazole derivatives via a
multicomponent reaction. Org Lett. 2013;
15 (24):6116-6119.

Sridharan S, Sabarinathan N, Antony
SA. Synthesis, characterization and
antimicrobial screening of novel 1-pyrazole
acid 2,4,5-triaryl imidazole derivatives. Int J
Chem Tech Res. 2014;6(2):1220-1227.

Maleki A, Alirezvani Z, Ghamari N. UHP as
a mild and efficient catalyst for the
synthesis of substituted imidazoles via
multi-component condensation strategy.
DOI: 10.3390/ecsoc-17-a031

Maske PV, Makhija SJ. Papain Catalyzed:
Multi-component synthesis of trisubstituted
imidazoles. A J Bio Pharma Sci. 2013;
3(20):63-65.

Marzouk AA, Abbasov VM, Talybov HA.
Short time one-spot synthesis of
2.4 5-trisubstitutedimidazoles using
morpholinium hydrogen sulphate as green
and reusable catalysts. Chemistry J.
2012;2(5):179-184.

Tayebee R, Ghadamgahi MA. New insight
on the synthesis of 2,4,5-triaryl-1H-

19

53.

54,

55.

56.

57.

58.

59.

60.

61.

imidazoles in the absence of catalyst. Am J
Org Chem. 2012;2(1):25-27.

Maleki B, keshvari H, Mohammadi A.
Ammonium chloride: An effective catalyst
for the one-pot synthesis of 2,4,5-
trisubstituted imidazoles. Orient J Chem.
2012;28(3):1207-1212.

Qasim SS, Ali SS. Microwave assisted a
novel synthesis for new substituted
imidazoles. Der Pharma Chem. 2011;3(1):
518-522.

Nalage SV, Kalyankar MB, Patil VS,
Bhosale SV, Deshmukh SU, Pawar RP. An
efficient noncatalytic protocol for the
synthesis of trisubstituted imidazole in
polyethylene glycol using microwaves. The
Open Catal J. 2010;3:58-61.

Maleki A, Alirezvani Z, Maleki S. A highly
efficient synthesis of 2,4,5-trisubstituted
imidazoles catalyzed by composite
magnetic nanoparticle under mild reaction
conditions.

DOI: 10.3390/ec soc-18-a003

Qasim SS, Ali SS, Ahmed SK. SnCl,.2H,0
catalyzed one-pot synthesis of 2-
phenylimidazo [4, 5-f] [1,10]
phenanthroline. RIJPBCS. 2011;2(2):423-
428.

Gharib A, Khorasani BRH, Jahangir M,
Roshani M, Bakhtiari L, Mohadeszadeh S.
Synthesis  of 2,4,5-trisubstituted and
1,2,4,5-tetrasubstituted-1H-imidazole
derivatives and or 2,4,5-triaryloxa- zoles
using of silica-supported  preyssler
nanoparticles. Bull Chem Commun. 2014;
46:(1)165-174.

Nagargoje D, Mandhane P, Shingote S,
Badadhe P, Gill C. Ultrasound assisted
one pot synthesis of imidazole derivatives
using diethyl bromophosphate as an
oxidant. Ultra Sonochem. 2012;19(1):94-
96.

Jourshari MS, Mamaghani M, Shirini F,
Tabatabaeian K, Rassa M, Langari H. An
expedient one-pot synthesis of highly
substituted imidazoles using supported
ionic liquid-like phase (SILLP) as a green
and efficient catalyst and evaluation of
their anti-microbial activity. Chin Chem
Lett. 2013;24:993-996.

Bade T, Vedula RR. A facile one-pot
synthesis of  3-(1-benzyl-2-phenyl-1H-
imidazol-4-yl)-4-hydroxy-6-methyl-2H-

pyran-2-one  derivatives  via  multi-



62.

63.

64.

65.

66.

67.

68.

69.

70.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

component approach. Org Commun. 2014;
7(2):53-59.

Bakavoli M, Eshghi H, Rahimizadeh M,
Housaindokht MR, Mohammadi A,
Monhemi H. Deep eutectic solvent for
multi-component reactions: A highly
efficient and reusable acidic catalyst for
synthesis of 2,4,5-triaryl-1H-imidazoles.
Res Chem Intermed. 2015;41:3497-3505.
Nikoofar K, Dizgarani SM. HNOs;@nano
SiO,: An efficient catalytic system for the
synthesis of multi-substituted imidazoles
under solvent-free conditions.
DOl.org/10.1016/j. jscs.2015.11.006
Mamedov VA, Zhukova NA, Beschastnova
TN, Gubaidullin AT, Rakov DV, Rizvanov
DK. A simple and efficient method for the
synthesis of highly substituted imidazoles
using 3-aroyl quinoxalin-2(1H)-ones.
Tetrahedron Lett. 2011;52:4280-4284.
Murthy SN, Madhav B, Nageswar YVD.
DABCO As a mild and efficient catalytic
system for the synthesis of highly
substituted imidazoles via multi-component
condensation strategy. Tetrahedron Lett.
2010;51:5252-5257.

Rathinam R, Kamaraj A, Krishnasamy K.
Multi-component, one-pot synthesis and
spectroscopic studies ofl-(2-(2,4,5-
triphenyl-1H-imidazol-1-yl)ethyl)piperazine
derivatives. J Taibah Uni Sci. 2015;9:498-
507.

Sivakumar K, Kathirvel A, Lalitha A.
Simple and efficient method for the
synthesis of highly substituted imidazoles
using zeolite-supported reagents.
Tetrahedron Lett. 2010;51:3018-3021.
Tang D, Guo X, Wanga Y, Wanga J, LiJ,
Huang Q, Chen B. Metal-free, l,-catalyzed
[3+1+1] cycloaddition reactions to
synthesize 1,2,4-trisubstituted imidazoles.
Tetrahedron Lett. 2015;56:5982-5985.
Safa KD, Allahvirdinesbat M, Namazi H,
Panahi PN. Synthesis of organosilyl
compounds-containing 1,2,4,5-
tetraarylimidazoles  sonocatalyzed by
M/SAPO-34 (M = Fe, Co, Mn, and Cu)
nanostructures. C R Chim. 2015;18:
883-890.

Safari  J, Akbari Z, Naseh S.
Nanocrystalline MgAl,O, as an efficient
catalyst for one-pot synthesis of multi-
substituted imidazoles under solvent-free
conditions. J Saudi Chem Soci; 2012.
DOl.org/10.1016/j.jscs.2012.10.012

20

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Gupta P, Paul S. Sulfonated carbon/silica
composite functionalized Lewis acids for
one-pot synthesis of 1,2,4,5-
tetrasubstituted imidazoles, 3,4-
dihydropyrimidin-2(1H)-ones and for
Michael addition of indole to a, B-
unsaturated ketones. J Mol Catal A: Chem.
2012;52:75-80.

Sadeghi B, Mirjalili BBF, Hashemi MM.
BF3-SiO,: An efficient reagent system for
the one-pot synthesis of 1,2,4,5-
tetrasubstituted imidazoles Tetrahedron
Lett. 2008;49(16):2575-2577.

Joshi RS, Mandhane PG, Shaikh MU, Kale
RP, Gill CH. Potassium dihydrogen
phosphate catalyzed one-pot synthesis of
2,4,5-triaryl-1H-imidazoles. Chin  Chem
Lett. 2010;21:429-432.

Ali R, Razi SS, Srivastava P, Misra A.
Tetrasubstituted imidazole core containing
ESIPT fluorescent chemo dosimeter for
selective detection of cyanide in different
medium. Sen Actu. B. 2015;221:1236-
1247.

Wang XC, Gong HP, Quan ZJ, Li L, Ye HL.
PEG-400 As an efficient reaction medium
for the synthesis of 2,4,5-triaryl-1H-
imidazoles and 1,2,4,5-tetraaryl-1H-
imidazoles. Chine Chem Lett. 2009;20:44-
47.

Samanta S, Sarkar S, Pal R, Mallik A K.
An efficient and green method for
synthesis of 2,4,5-triarylimidazoles without
use of any solvent, catalyst, or solid
surface. Org Chem Internat; 2013.
DOIl.org/10.1155/2013/512074

Tayebee R, Ghadamgahi M. A new insight
on the synthesis of 2,4,5-triaryl-1H-
imidazoles in the absence of catalyst. Am J
Org Chem. 2012;2(1):25-27.

Safari J, Naseh S, Zarnegar Z, Akbari Z.
Applications of microwave technology to
rapid synthesis of substituted imidazoles
on silica-supported SbCl; as an efficient
heterogeneous catalyst. J Taibah Uni Sci.
2014;8:323-330.

Babu K, Surendhar V. An alternative
synthetic approach towards 2, 4, 5-
trisubstituted-1H-imidazoles. Hetero Let
Org. 2014;4(2):235-238.

Safari J, Gandomi-Ravandi S, Akbari Z.
Improving methodology for the preparation
of highly substituted imidazoles using
nano-MgAl,O4 as catalyst under



81.

82.

83.

84.

85.

86.

87.

88.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

microwave irradiation. Iran J Catal.
2013;3(1):33-39.

Maleki B, Ashrafi SS. N-Bromosuccinimide
catalyzed three-component one-pot
efficient synthesis of 2,4,5-triaryl-1H-
imidazoles from aldehyde, ammonium
acetate, and 1,2-diketone or a-
hydroxyketone. J Mex Chem Soc.
2014;58(1):76-81.

Das PJ, Das J, Ghosh M, Sultana S.
Solvent-free one-pot synthesis of 1,2,4,5-
tetrasubstituted imidazoles catalyzed by
secondary amine based ionic liquid and
defective keggin heteropoly acid. Green
Sust Chem. 2013;3:6-13.

Hasaninejad A, Zare A, ShekouhyM, Rad
JA. Catalyst-free one-pot four-component
synthesis of polysubstituted imidazoles in

neutral ionic liquid 1-butyl-3-
methylimidazolium bromide. J Comb
Chem. 2010;12:844-849.

Moosavi-Zare AR, Asgari Z, Zare A,

Zolfigol MA, Shekouhy M. One pot
synthesis of 1,2,4,5-tetrasubstituted
imidazoles catalyzed by tritylchloride in
neutral media. RSC Adv. 2014;4:60636-
60639.

Maleki B, Shirvan HK, Taimazi F,
Akbarzadeh E. Sulfuric acid immobilized
on silica gel as highly efficient and
heterogeneous catalyst for the one-pot
synthesis of 2,4,5-triaryl-1H-imidazoles. Int
J Org Chem. 2012;2:93-99.

Ashrafi M, Davoodnia A, Tavakoli-Hoseini
N. A fast, highly efficient and green
protocol for one-pot synthesis of 2,4,5-
trisubstituted imidazoles catalyzed by
[TBA][WgO10] as a reusable
heterogeneous catalyst. Bull Korean Chem
Soc. 2013;34(5):1508-15012.

Vosoughi M, Mohebali F, Bonakdar APS,
Lordegani HA, Massah AR. ZSM-5-SOz;H
as an efficient catalyst for the one-pot
synthesis of  2,4,5-trisubstituted and
1,2,4,5-tetrasubstituted imidazoles under
solvent-free  conditions. Bulg Chem
Commun. 2015;47(2):607-612.

Pachpinde AM, Khan FAK, Lohar KS,
Langade MM, Sangshetti JN. Ho*" Doped
CoFe,0, nanoparticles: A highly efficient,
magnetically recoverable and reusable
catalyst for one-pot three-component
synthesis of 2,4,5-triaryl-1H-imidazoles. J
Chem Pharm Res. 2015;7(6):950-956.

21

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Safari J, Zarnegar Z. Immobilized ionic
liquid on super paramagnetic nanoparticles
as an effective catalyst for the synthesis of
tetrasubstituted imidazoles under solvent-
free conditions and microwave irradiation.
C R Chim. 2013;16:920-928.

Sondankara VP, Rathoda NR, Bhusare
SR. Zinc acetate catalyzed an efficient
synthesis of 2,4,5-triphenyl-1H-imidazole
derivatives under solvent-free condition.
Hetero Let Org. 2015;5(1):131-135.

Babu K. Novel ZrO(NO3),.XH,O-promoted
one-pot synthesis of 1,2,4,5-
tetrasubstituted imidazole under neat
condition. Int J Org Chem. 2014;4(1):1-3.

Kantevari S, Vuppalapati SVN, Biradar
DO, Nagarapu L. Highly efficient,
one-pot,  solvent-free  synthesis  of
tetrasubstitutedimidazoles using HCIO,—
SiO, as novel heterogeneous catalyst. J
Mol Catal A: Chem. 2007;266:109-113.

Chavan HV, Narale DK. Synthesis of 2,4,5-
triaryl and 1,2,4,5-tetraaryl imidazoles
using silica chloride as an efficient and
recyclable catalyst under solvent-free
conditions. C R Chim. 2014;17:980-984.

Bhat SU, Naikoo RA, Tomar R. One- pot
synthesis of tetra-substituted imidazole
derivatives by condensation reaction using
zeolite H-ZSM 22 as a heterogeneous
solid acid catalyst. IRJPAC. 2016;11(1):
1-10.

Marzouk AA, Abbasov VM, Talybov AH,
Mohamed SK. Synthesis of 2,4,5-triphenyl
imidazole  derivatives using  diethyl
ammonium hydrogen phosphate as green,
fast and reusable catalyst. J Org Chem.
2013;1(1):6-10.

Nasr-Esfahani M, Montazerozohori M,
Abdizadeh T. Multi-component synthesis of
highly substituted imidazoles catalyzed by
nanorod vanadatesulfuric acid. Chem
Papers. 2015;69(11):1491-1499.

Wang, Liang, Zhong, Xia, Zhou, Min, Zhou,
Wei-you, Chen, Qun, He, Ming-Yang. One-
pot synthesis of polysubstituted imidazoles
in a Brgnsted acidic deep eutectic solvent.
J Chem Res. 2013;37(4):191-255.

Nikalje APG, Ghodke MS, Khan FAK,
Sangshetti JN. CAN catalyzed one-pot
synthesis and docking study of some novel
substituted imidazole coupled 1,2,4-
triazole 5-carboxylic acids as antifungal
agents. CCL. 2015;26(1):108-112.



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

Mirjalilia BBF, Amonirib AB, Mohaghegha
N. One-pot synthesis of 2,4,5-
trisubstituted-1H-imidazoles promoted by
trichnloromelamine. Curr Chem Lett. 2013;
2:35-42.

Pourshamsian K, Montazeri N, Asadyan S.
Caro’sacid-silicagel: An efficient and
reusable catalyst for the synthesis of 2,4,5-
trisubstituted imidazoles under solvent-free
conditions. J Appl Chem Res. 2014;8(2):
53-59.

Vadiel P, Sivguru P, Lalitha A. Sulfated
MCM-41: An efficient and reusable catalyst
for the synthesis of tri and tetra substituted
imidazoles under solvent-free conditions.
Int J Chem. 2013;34(2):1167-1172.

Kurumurthy C, Kumar, GS, Reddy GM,
Nagender P, Rao PS, Narsaiah B. A facile
strategy for the synthesis of highly
substituted imidazole using tetrabutyl
ammoniumbromide as catalyst. Research
on Chemical Intermediates. 2012;38(2):
359-365.

Dandia A, Parewa V, Sharma A, Rathore
KS, Sharma  A. Co-Doped zZns
nanoparticles as a recyclable catalyst for
aqueous mediated synthesis of 2,4,5-
triaryl-1H-imidazoles  under  ultrasonic
irradiation. Eur Chem Bull. 2013;2(12):971-
974.

Bamoniri A, Rohani S. Nano-SbCls/SiO, as
an efficient catalyst for one pot synthesis
of 2,4,5-trisubstituted imidazoles under
solvent- free condition. JNS. 2012;2:221-
226.

Milani N, Kalkhorani, Heravi MM.
K;NazP,W15CusOgs: A mild, efficient, and
reusable catalyst for the one-pot synthesis
of 1,2,4,5-tetra substituted imidazoles.
Imidazoles. J Chem; 2013.

DOI.ORG/10.1155/2013/645801.
Tahara A, Hoshino O. Transand cis-A/B-

ring fused isomer of la-
carbomethoxyl,11a-
dimethylhexahydrofluorene.  Tetrahedron

Lett. 1966;7(41):5031-5035.

Kidwai M, Mothsra P. A one-pot synthesis
of 1,2,4,5-tetraarylimidazoles using
molecular iodine as an efficient catalyst.
Tetrahedron Lett. 2006;47:5029-5031.

Maleki A, Paydar R. Graphene oxide-
chitosan bionanocomposite: A  highly
efficient nanocatalyst for the one-pot three-
component synthesis of trisubstituted

22

109.

110.

111.

112.

113.

114.

115.

116.

117.

imidazoles under solvent-free conditions. R
S C Adv. 2015;5:33177-33184.

Rajaguru K, Suresh R, Mariappan A,
Muthusubramanian, Bhuvanesh N.
Erbium triflate promoted multi-component
synthesis of highly substituted imidazoles.
Org Lett. 2014;16:744-747.

Keivanloo A, Bakherad M, Imanifar E,
Mirzaee M. Boehmite nanoparticles, an
efficient green catalyst for the multi-
component synthesis of highly substituted
imidazoles. Appl Catal A: Gen. 2013;467:
291-300.

Reza SH, Mohammad R, Kobra A. Efficient
multi-component  synthesis of  highly
substitutedimidazoles utilizing P,0s/SiO,
as a reusable catalyst. Chin J Chem.
2011;29:1635-1645.

Saghanezhad SJ, Kiasat AR. One-pot
preparation of 2,4,5-trisubstituted and
1,2,4,5-tetrasubstituted imidazoles using
poly(4-vinylpyridinium butane sulfonic acid)
hydrogen sulfate, as an efficient
heterogeneous poly(ionic liquid) solid acid
catalyst under solvent-free conditions. Org
Chem Res. 2016;1(2):57-63.

Mohammad R. Mohammadizadeh,
Hasaninejad A, bahramzadeh M.
Trifluoroacetic acid as an efficient catalyst

for one-pot, four-component synthesis
of 1,2,4,5-tetrasubstituted imidazoles
under microwave-assisted, solvent-free

conditions. Syn Commun. 2009;39:3232-
3242.

Hekmatshoar R, Kargar M, Mostashari A,
Hashemi Z, Goli F, Mousavizadeh F.
Practical and highly efficient synthesis of
1,2,4,5- tetrasubstituted imidazoles using
2-ethylhexanoic acid as a reusable
organocatalyst and reaction medium. G U
J Sci. 2014;28(1):21-26.

Sanasi PD, Majji RK, Bandaru S, Bassa S,
Pinninti S, Vasamsetty S, Korupolu RB.
Nano copper ferrite catalyzed
sonochemical, one-pot three and four-
component synthesis of poly substituted
imidazoles. Mod Res Catal. 2016;5:31-44.
Parveen A, Ahmed MRS, Shaikh KA,
Deshmukh SP, Pawar RP. Efficient
synthesis of 2,4,5-triaryl  substituted
imidazoles under solvent-free conditions at
room temperature. ARKIVO C. 2007;
(xvi):12-18.

Girish YR, Kumar KSS, Thimmaiah KN,
Rangappa KS, Shashikanth S. ZrO,-B-



118.

119.

120.

121.

122.

123.

124,

125.

126.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

cyclodextrin catalyzed synthesis of 2,4,5-
trisubstituted imidazoles and 1,2-
disubstituted benzimidazoles under
solvent-free conditions and evaluation of
their antibacterial study RSC Adv. 2015;
5:75533-75546.

Sharma RK, Sharma C, Prerna. An
efficient and one- pot synthesis of
polysubstituted imidazoles catalyzed by
BiClz. | J Chem. 2012;51(B):1489-1493.

Gelens E, Kanter FJJD, Schmitz RF,
Sliedregt LAJM, Steen BJV, Kruse CG,
Leurs R, Groen MB Orru RVA. Efficient
library synthesis of imidazoles using a
multi-component reaction and microwave
irradiation. Mol Diver. 2006;10:17-22.

Raghuvanshi DS, Singh KNA. Facile multi-
component synthesis of tetrasubstituted
imidazoles using Fe** -K10 catalyst under
solvent-free microwave conditions. Indial J
Chem. 2010;49(B):1394-1397.

Ya A, Usyatinsky, Yuri L. Khmelnitsky.
Microwave-assisted synthesis of
substituted imidazoles on a solid support
under solvent-free conditions. Tetrahedron
Lett. 2000;41:5031-5034.

Shapi A, Siddiqui, Narkhede UC, Palimkar
SS, Daniel T, Lahoti RJ, Srinivasan KV,
Room temperature ionic liquid promoted
improved and rapid synthesis of 2,4,5-
triaryl imidazoles from aryl aldehydes
and 1,2-diketones or a-hydroxyketone.
Tetrahedron. 2005;61:3539-3546.

Zolfigol MA, Baghery S, Moosavi-Zare AR,
VahdatSMc synthesis of 1,2,4,5-
tetrasubstituted imidazoles using 2,6-
dimethylpyridinium trinitromethanide
{[2,6DMPyYH]C(NO2)3} as a novel nano
structured molten salt and green catalyst.
R S C Adv. 2015;5:32933-32940.

Sharekh S. Synthesis, Characterization of
Highly Efficient S0,°/Ce0,~ZrO, Solid
Acid Catalyst and Activity Studies of 2,4,5-
triaryl imidazoles. Res J Chem Sci. 2014;
4(7):18-23.

Lombardino JG, Wiseman EH, Preparation
and anti-inflammatory activity of some non
acidic trisubstituted imidazoles. J Med
Chem. 1974;17:1182-1188.

Lindberg P, Nordberg P, Alminger T,
Brandstorm A, Wallmark B. The
mechanism of action of the antisecretory
agent omeprazole. J Med Chem. 1986;29:
1327-1329.

23

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Pagano MA, Andrzejewska M, Ruzzene M,
Sarno S, Cesaro L, Bain J, Elliott M,
Meggio F, Kazimierczuk Z, Lorenzo A.
Optimization of protein kinase CK2
inhibitors  derived from 4, 5,6,7-
tetrabromobenzimidazole. J Med Chem.
2004;47:6239-6247.

Isikda GI, Vcucu V, Oxdermir. 1,4,5-trialkyl

imidazole system anti-inflammatory
properties of new substituted
derivatives. Chem Pharm Bull. 1994:42:
698-701.

Pinzam, Farinaz, Cerri A. Synthesis and
pharmacological activity of a series of
dihydro-1H-pyrrolo[1,2-a]imidazole-
2,5(3H,6H)-diones, a novel class of potent
cognition enhancers. J Med Chem. 1993;
36(26):4214-4220.

Mukherjee A, Kumar S, Seth M, Bhaduri
AP. Synthesis of 1-methyl-4-nitro-5-
substituted imidazole and substituted
imidazolothiazole derivatives as possible
antiparasitic agents. Ind J Chem. B. 1989;
28:391-396.

AyhanKilcigil G, Altanlar N. Synthesis
and antifungal properties of some
benzimidazole derivatives. Turk J Chem.
2006;30:223-228.

Hadizadeh FH, Hosseinzadeh V, Shariaty
M, Kazemi SJ. Synthesis  and
antidepressant activity of N-substituted
imidazole-5-caboxamides in forced
swimming test model. Pharm Res. 2008;
7:2933.

Shingalapur RV, Hosamani KM, Keri RS.
Synthesis and evaluation of antimicrobial
and anti-tubercular activity of 2-styryl
benzimidazoles. Eur J Med Chem. 2009;
44:4244-4248.

Ozkay Y, Iskar 1, Incesu Z, Akalin GE.
Synthesis of 2-substitutedN[4(1methyl4,
5diphenyl1H- imidazole-2-yl)
phenyllacetamide derivatives and
evaluation of their anticancer activity. Eur J
Med Chem. 2010;45:3320-3328.

Black JW, Durant GJ, Emmett JC, Ganellin
CR.,Sulphur methylene isosterism in the
developent of metiamide, a new
histamine H, receptor antagonist. Nature.
1974;248:65-67.

Antolini M, Bozzoli A, Ghiron C, Kennedy
G, Rossi T, Ursini AU. Analogues of 4,5-
bis(3,5-dichlorophenyl)-2-trifluoromethyl-
1H-imidazole as potential antibacterial



137.

138.

139.

140.

141.

142.

143.

144.

145.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

agents. Bioorg & Med Chem Lett. 1999;
9:1023-1028.

Wang L, Woods KW, Li Q, Barr KJ,
McCroskey RW, Hannick SM, Gherke L,
Credo RB, Hui Y-H, Marsh K, Warner R,
Lee JY, Zielinsky-Mozng N, Frost D,
Rosenberg SH, Sham HL. Potent orally
active heterocycle-based combretastatin a-
4 analogues: Synthesis, structure-activity
relationship, pharmacokinetics and in vivo
anti-tumor activity evaluation. J Med
Chem. 2002;45:697-1711.

Bhandari K, Srinivas N, Marrapu VK,
Verma A, Srivastava S, Gupta S.
Synthesis of substituted aryloxy alkyl and
aryloxy aryl alkyl imidazoles as anti-
leishmanial agents. Bioorg Med Chem
Lett. 2010;20:291-293.

Srinivas N, Plane S, Gupta NS, Bhandari
K. Aryloxy cyclohexyl imidazoles: A novel
class of antileishmanial agents. Bioorg
Med Chem Lett. 2009;19:324-327.

Lee JC, Laydon JT, McDonnell PC,
Gallagher TF, Kumar S, Green D, McNulty
D, Blumenthal MJ, Keys JR, Vatter SWL,
Strickler JE, McLaughlin MM, Siemens IR,
Fisher SM, Livi GP, White JR, Adams JL,
Young PR. A protein kinase involved in
the regulation of inflammatory cytokine
biosynthesis. Nature. 1994;372:739-746.

De Laszlo SE, Hacker C, Li B, Kim D,
Maccoss M, Mantlo N, James V,
Pivnichny, Colwell L, Koch GE, Margaret
A, Cascieri, Hagmann WK. Potent orally
absorbed glucagon receptor antagonists.
Bioorg & Med Chem. Lett. 1999;9:641-646.

Gale EF, Johnson AM, Kerridge D,
Wayman F. Phenotypic resistance to
miconazole and amphotericin B in Candida
albicans. Gen Microbiol. 1980;117:535-
538.

Riordan JR, Ling V. Genetic and
biochemical characterization of multidrug
resistance. Pharmacol Therapeut. 1985;
28:51-55.

Ansari S, Prasad R. Levels of plasma
membrane H(+)-ATPase do not change
during growth and morphogenesis of
Candida albicans. Fems Microbiol Lett.
1993;114:93-98.

Botta M, Corelli F, Gasparrini F, Messina
F, Mugnaini C. Chiral Azole Derivatives.
Enantiomers of bifonazole and related
antifungal agents: Synthesis, configuration

24

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

assignment and biological evaluation. Org
Chem. 2000;65:4736-4739.

Jin Z. Imidazole, oxazole and thiazole
alkaloids. Nat Prod Rep. 2006;23:464-496.

Molina P, Tarraga A, Oton F. Imidazole
derivatives: A comprehensive survey of
their recognition properties. Org Biomol
Chem. 2012;10:1711-1724.

Jin Z. Muscarine, imidaozle, oxazole and
thiazole alkaloids. Nat Prod Rep. 2013;
30:869-915.

Kuma JR. Review of Imidazole
heterocyclic ring containing compounds
with their biological activity.

Pharmacophore. 2010;1:167-177.
Bendaha H, Yu L, Touzani R, Souane R,
Giaever G. New azole antifungal agents
with novel modes of action: Synthesis and
biological studies of new tridentate ligands
based on pyrazole and triazole. Eur J Med
Chem. 2011;46:4117-4124.

Puratchikody A, Doble M. Antinociceptive
and antiinflammatory activities and QSAR
studies on 2-Substituted 4,5-diphenyl-1H-
imidazoles. Bioorg Med Chem Lett. 2007,
15:1083-1090.

Wauquier A, Van Den Broeck WAE,
Verheyen JL, Janssen PAJ.
Electroencephalographic study of the short
acting hypnotics etomidate and
methohexital in dogs. Eur J Pharmacol.
1978;47;367-377.

Tanigawara Y, Aoyama N, Kita T,
Shirakawa K, Komada F, Kasuga M,
Okumura K, CYP2C19 genotype-related
efficacy of omeprazole for the treatment of
infection caused by Helicobacter pylori.
Clin Pharmacol Ther. 1999;66:528-534.

Hunkeler W, Mohler H, Pieri L, Polc P,
Bonetti EP, Cumin R, Schaffner R,
Haefely W. Selective antagonists of
benzodiazepines, Nature. 1981;290;514-
516.

Tonelli M, Simone M, Tasso B, Novelli F,
Boido V. Antiviral activity of benzimidazole
derivatives. Bioorg & Med Chem. 2010;18:
2937-2953.

Prabhu M, Radha R. Synthesis
characterization and evaluation of anti-
bacterial and antihelmintic activity of some
novel aryl imidazole derivatives. Asian J
Pharma & Clinical Res. 2012;5(4):154-159.
Bhragual DD, Kumar N, Drabu S.
Synthesis and pharmacological evaluation



158.

159.

160.

161.

162.

163.

164.

165.

166.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

of some substituted imidazoles. J Chem
Pharm Res. 2010;2(2):345-349.

Wyler R, Murbach A, Méhl H. An Imidazole
derivative (Econazole) as an antifungal
agent in cell culture systems. In
vitro0.1979;15(10):745-750.

Li WT, Hwang DR, Song JS, Chen CP,
Chen TW, Lin CH, Chuu JJ, Lien TW, Hsu
TA, Huang CL, Tseng H, Lin CC, Lin HL,
Chang CM, Chao YS, Chen CT. Synthesis
and biological evaluation of 2-amino-1-
thiazolyl imidazoles as orally active
anticancer agents. Invest New Drugs.
2012;30:164-175.

Bender PE, Hill DT, Offen PH, Razgaitis K,
Lavanchy P, Stringer OD, Sutton BM,
Griswold DE, Martino MD, Walz DT,

Lantos |, Laddo CB. 5,6-diaryl-2,3-
dihydroimidazo[2,l-b] thiazoles: A new
class of immune regulatory anti-

inflammatory agents. J Med Chem. 1985;
28:1169-1177.

Zhu Z, Drach JC, Townsend LB. Synthesis
of 2,6,7-trichloro-1-(B-dribofuranosyl)
naphtho[2,3-d] imidazole: A linear
dimensional analogue of the antiviral agent
TCRB. J Org Chem. 1998;63:977-983.

Husain A, Drabu S, Kumar N, Alam
MM, Bawa S. Synthesis and
biological  evaluation of di- and
tri-substituted  imidazoles as  safer
anti-inflammatory-antifungal  agents. J

Pharm Bioallied Sci. 2013;5(2):154-161.

Nagarajan N, Vanitha J, Ananth DA,
Rameshkumar S, Sivasudha T,
Renganathan R. Bioimaging antibacterial
and antifungal properties of imidazole-
pyridine fluorophores: Synthesis,
characterization and solvatochromism. J
Photochem Photobio. Bio. 2013;127:212-
222.

Shreenivas MT, Swamy BEK, Srinivasa
GR, Sherigara BS. Synthesis and
antibacterial evaluation of some novel
aminothiazole derivatives. Der Pharma
Chemica. 2011;3(2):156-161.

Sharma GK, Kumar S, Pathak D.
Synthesis antibacterial and anticancer
activities of some novel imidazoles. Der
Pharmacia Lett. 2010;2(2):223-230.

Adams JL, Gallagher TF, Lee J. Imidazole
derivatives and their use as cytokine
inhibitors. (SmithKline Beecham Corp.,
USA. 1993-US674[9314081], 70. WO. 13-
1-1993.

25

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Walker KAM, Wallach MB, Hirschfeld DR.
1-(Naphthylalky1)-1H-imidazole
derivatives, a new class of anticonvulsant
agents. J Med Chem. 1981;24.:67-74.

Narasimhan B, Sharma D, Kumar P.
Biological importance of imidazole nucleus
in the new millennium. Med Chem Res.
2011;20:1119-1140.

Yasodha A, Sivakumar A, Arunachalam G,
Puratchikody A. Synthesis and biological
evaluation of some 2, 4, 5-triphenyl
imidazole derivatives. J Pharmaceutical
Sci & Res. 2009;1(4):127-130.

Puratchikody A, Doble M. Antinociceptive

and anti-inflammatory  activities and
QSAR studies on  2-substituted-4,
5-diphenyl-1H-imidazoles. Bioorg Med

Chem. 2007;15:1083-1090.

Steel HC, Tintinger GR, Anderson R.
Comparison of the anti-inflammatory
activities of imidazole antimycotics in
relation to molecular structure. Chem Biol
Drug Des 2008;72:225-228.

Merlos M, Vericat ML, Garcia-Rafanell J,
Forn  J. Topical anti-inflammatory
properties of flutrimazole, a new
imidazoles antifungal agent. Inflamm Res.
1996;45:20-25.

Zh Li X,Wang L, Long L, Xiao J, HuY, Li S.
Synthesis and biological evaluation of
1,2,4-trisubstituted imidazoles and 1,3,5-
trisubstituted pyrazoles as inhibitors of
transforming growth factor B type-1
receptor (ALK5). Bioorg Med Chem Lett.
2009;19:4868-4872.

Husain A, Drabu S, Kumar N. Synthesis
and biological screening of di- and
trisubstituted imidazoles. Acta Pol Pharm.
2009;66:243-248.

Husain A, Siddigui N, Sarafroz MD,
Khatoon Y, Rasid M, Ahmad N. Synthesis,
anticonvulsant and neurotoxicity screening
of some novel 1,2,4-trisubstituted-1H-
imidazole derivatives. Acta Pol Pharm.
2011;68:657-663.

Guo Ch, Zhang Ch, Li X, Li W, Xu zZh, Bao
L, Ding Y, Wang L, Li S. Synthesis and
biological evaluation of 1,2,4-trisubstituted
imidazoles as inhibitors of transforming
growth factor- type | receptor (ALKS).
Bioorg Med Chem Lett. 2013;23:5850-
5854.

Umarani N, llango K, Garg G, Srinivas BK,
Hemalatha V. Exploring the effects of



178.

179.

Bansal et al.; IRIPAC, 11(4): 1-26, 2016; Article no.IRJPAC.24493

newer three component aminobenzylated
reactions of triphenyl imidazole motif as
potent antimicrobial and anti-inflammatory
agents. Int J Pharm Pharm Sci. 2011;3:62-
65.

Gallagher  TF, Fier-Thompson  SM,
Garigipati RS, Sorenson ME, Smietana
JM, Lee D, Bender PE, Lee JC, Laydon
JT, Griswold DE, Chabot-Fletcher MC,
Breton JJ, Adams JL. 2,4,5-
triarylimidazole inhibitors of IL-1
biosynthesis. Bioorg Med Chem Lett. 1995;
5:1171-1176.

Gallagher TF, Seibel GL, Kassis S, Laydon
JT, Blumenthal MJ, Lee JC, Lee D, Boehm
JC, Fier-Thompson SM, Abt AW, Sorenson
ME, Smietana RF, Hall RS, Garigipati PE,
Bender KF, Erhard AJ, Krog GA, Hofmann
JM, Sheldrake PL, McDonnell PC, Kumar
S, Young PR, Adams JL. Regulation of

180.

181.

182.

stress-induced cytokine production by
pyridinylimidazoles; inhibition of CSBP
kinase. Bioorg Med Chem. 1997;5:49-64.

Jain AK, Ravichandran V, Sisodiya M,
Agrawal RK. Synthesis and antibacterial
evaluation of 2-substituted-4,5-diphenyl-N-
alkyl imidazole derivatives. Asian Pacific J
Tropical Med. 2010;3(6):471-474.

Shailesh P. Zala, Badmanaban R, Sen DJ,
Chhaganbhai N. Patel. Synthesis and
biological evaluation of 2,4,5-triphenyl-1H-
imidazole-1-ylderivatives. J Applied
Pharmaceutical Sci. 2012;2(7):202-208.

Ambadkar DS, Kedar RM. Synthesis,
characterisation and antimicrobial studies
of newly synthesized 2,4,5-trisubstituted-
1H-imidazole derivatives from 4-
methoxybenzil. Int J Chem Phys Sci.
2015;4:406-416.

© 2016 Bansal et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/15020

26



