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Abstract
A new series of imidazoles were synthesized by multiple component system through condensation reaction of benzil, substituted
aldehydes, substituted anilines and ammonium acetate. Glacial acetic acid was used as solvent. The bonding behavior and structure of
the prepared compounds have been deduced from infra red spectroscopy, conduction method, and CHN analysis data. The synthesized
imidazoles have been examined for in-vitro antibacterial properties. The results of these studies have shown that all compounds
exhibited fair to major antibacterial activity against one or more bacterial strains.
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Introduction
Multi-component reactions (MCRs) have been extensively used
in organic synthesis and medicinal chemistry. These reactions show
high synthetic efficiency and are further used for the preparation
of complex compounds from simple reactants [1]. MCRs are also
applied to the syntheses of tetra substituted imidazoles [2].
Tetra substituted imidazoles are very significant heterocyclic
compounds in pharmaceutical and biochemical processes [3].
They are biologically active compounds having fungicidal [4], antiinflammatory [5], analgesic [6], antitumor [7] and antibacterial
activities [8]. Substituted imidazoles are widely used as glucagon
receptors [9], CB1 cannabinoid receptor antagonists [10]
and modulators of P-glycoprotein (P-gp)-mediated multidrug
resistance (MDR) agents [11]. It can also be employed as herbicides
[12], fungicides and plant growth regulators [13]. Imidazoles as
ionic liquids and imidazole related N- heterocyclic carbenes are
extensively used as green solvents [14].

Hydroxyl phenyl group containing tetra-substituted imidazoles
represent excellent excited-state intra-molecular proton transfer
(ESIPT) material. These ESIPT materials have potential applications
to laser dyes [15], electroluminescent materials [16], chemo sensors
[17], and solar energy concentrators [18]. The synthesis of imidazoles

is of great significance in recent years due to their pharmacological
and industrial applications. Number of synthetic procedures have
been developed for the preparation of imidazoles mainly, multicomponent preparation which involve the condensation reaction of
diketone, a hydroxyl ketone or a keto-monoxime with an aldehyde,
primary amine and ammonium acetate using molecular iodine,
BF3–SiO2, HClO4–SiO2, HY zeolite, silica gel/NaHSO4, InCl3.3H2O
or potassium dodecatugstocobaltate trihydrate (K5CoW12O40.
3H2O) [19] as catalysts gave 1,2,4,5-tetrasubstituted imidazoles
in significant yield. Recently, Ziarani et al., have synthesized
1,2,4,5-tetrasubstituted imidazoles in admirable yield using
sulfonic acid functionalized silica (SiO2-Pr-SO3H) as a catalyst
in solvent free conditions [20]. The merging of heterocyclic rings
such as imidazoles and substituted imidazoles is an important
strategy in the field of drugs and medicines. The high curative rate
of related medicines and drugs encouraged the synthetic chemist
to prepared large number of new chemotherapeutic compounds.
In this study we have synthesized new 2-hydroxyphenyl containing
tetra substituted imidazoles which can act as excellent ESIPT and
bioactive material.
To the best of our knowledge, neither experimental nor the
computational studies of the title molecules have been reported
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previously by any researcher. Therefore, in the present study
we report the synthesis of three compounds; 1-(naphthalen-2yl)-2,4,5-triphenyl-1H-imidazole (1), 1-([1,1’-biphenyl]-4-yl)-2methyl-4,5-diphenyl-1H-imidazole (2) and 1-([1,1’-biphenyl]-4yl)-2-(furan-2-yl)-4,5-diphenyl-1H-imidazole (3) via condensation
reaction represented in scheme 1. These compounds 1, 2 and 3
were structurally characterized through FT-IR, UV-Vis and other
physical techniques. The primary theme of this study is to offer a
comprehensive structural and spectroscopic description of the 1, 2
and 3 with the assistance of combined experimental and theoretical
techniques.
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1-(naphthalen-2-yl)-2,4,5-triphenyl-1H-imidazole
(1):
Physical appearance: Grey crystalline solid; yield: 80 %; m.p:
241 °C; IR (cm-1): 3058 sp2(C-H), 1654 (C=N), 1448 (C-N), 1593
(C=C), 1593; Conductivity: 21 (Ω-1cm2mol-1); Elemental analysis:
Calculated for C31H2N2 (422.519): C, 88.12; H, 5.25; N, 6.63%.
obtained: C, 88.01; H, 5.14; N, 6.43 % (Figure 1).

Materials and Methods

The chemicals used in this project were of analytical grade
and obtained from chemical suppliers. These were used without
any further purification and treatment. All the solvents were
also obtained from chemical suppliers and distilled before use.
The completion of reaction was monitored through thin layer
chromatography (TLC) using silica gel-G coated Al-plates (0.5mm
thickness; Merk, Damastadt, Germany) and the plates were
evaluated in iodine vapors.

Instrumentation

Magnetic stirrer hot plate was used for both heating and stirring
the reaction mixture. The temperature range of hot plate was
(60-200 °C) and stirring range was (50 to 1200rpm). The modal,
AX200, Shimadzu, Japan was used for weighing the compounds.
Gallen Kamp melting point apparatus was used for taking melting
points of the synthesized compounds. IR Spectra of synthesized
compounds was taken by using Agilent technology (Cary-620)
FTRIR spectrophotometer. U.V/Visible spectra were recorded by
using SHIMADZU UV 240 spectrophotometer. The conductivity of
compounds was measured by using SDT-600 conductivity meter.
Elemental analysis was determined on an EL III CHNOS elemental
analyzer (Elementar, Hanau, Germany).

Figure
zole.

1:

1-(naphthalen-2-yl)-2,4,5-triphenyl-1H-imida-

1-([1,1’-biphenyl]-4-yl)-2-methyl-4,5-diphenyl-1Himidazole (2): Physical appearance: yellow brown crystals;
yield: 73%; m.p: 210 °C; IR (cm-1): 3063 sp2(C-H),2995 sp3
(C-H), 1654 (C=N), 1591 (C=C)1425, 1449 (C-N); Conductivity:
18 (Ω-1cm2mol-1); Elemental analysis: Calculated for
C28H22N2(386.48): C, 87.01; H,5.75; N,7.25 %; Obtained: C, 86.95;
H, 5.56; N, 7.11% (Figure 2).

Figure
2:
1-([1,1’-biphenyl]-4-yl)-2-methyl-4,5-diphenyl-1H-imidazole.

General procedure for the preparation of compounds

Synthesis
of
1-(naphthalen-2-yl)-2,4,5-triphenyl-1Himidazole (1): For the synthesis of 1-(naphthalen-2-yl)-2,4,5triphenyl-1H-imidazole (1), benzil (1.05g, 0.005mmol) and
benzaldehyde (0.53g, 0.005mml) were dissolved in 80mL of
glacial acetic acid at room temperature. α-naphthylamine (0.715g,
0.005mmol) and ammonium acetate (0.38g, 0.005mmol) was
added subsequently. The mixture was refluxed for 8 hours at
110 °C. Reaction was monitored with thin layer chromatography
(TLC). After the completation of reaction, colored solution was
obtained. Volume of the solution was reduced to almost half by
heating. Concentrated solution was then kept in a beaker for
slow evaporation. Within a week, crystals of (1) imidazole were
collected. The crystals were washed with ethyl acetate and then
by ethyl alcohol. Same procedure was adopted for the synthesis of
compounds (2) and (3).

Figure 3: 1-([1,1’-biphenyl]-4-yl)-2-(furan-2-yl)-4,5-diphenyl-1H-imidazole (3).

1-([1,1’-biphenyl]-4-yl)-2-(furan-2-yl)-4,5-diphenyl-1Himidazole (3):Physical appearance: purple crystals; yield 78%;
m.p: 234 °C; IR (cm H), 1654 (C=N), 1591 (C=C), 1477 (C-N),
1448 (C-O); Conductivity: 19 Elemental analysis: Calculated for
C31H22N2O (438.51): C, 84.91; H, 5.06; N, Obtained: C, 84.73; H,
5.60; N, 6.25; O, 3.55 % (Figure 3).
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Biological properties

because they have very high melting point. Melting points, physical
appearance and color of imidazoles are shown in Table 1.

Antibacterial Activity (in-vitro): To find out the antibacterial
activity of newly synthesized Diazoles (1)–(3), agar well diffusion
method was used. The wells were dug out (about 6 mm in diameter)
which were about 24mm apart from each other by using a sterile
steel borer. Bacterial inocula (about 2–8 h old) were spread on the
surface of the nutrient agar with the help of a sterile cotton swab.
The recommended concentration (50µg/mL) of the imidazole
compounds was prepared in DMSO and poured these solutions in
the respective wells. For negative and positive controls, wells for
DMSO and reference drug (Ciprofloxacin) were also prepared and
put the respective solutions in these wells. The Petri dishes were
put in the incubator at 37 °C. After 24h antibacterial activity was
determined by measuring the diameter (in mm) of zones showing
complete inhibition. The studies of alone DMSO showed no activity
against any bacterial strains.

Table 1: Color, Melting Points and Physical appearance of the
imidazole (1)--(3).
No

Codes

1

(1)

3

(3)

2

Color

Melting
point
(°C)

Physical
appearance

Yield (%)

Grey

241

Crystalline

80

purple

234

Crystalline

78

Yellow
brown

(2)

210

Crystalline

73

Conductivity Measurements: The measured conductance
of imidazole derivatives from (1) to (3) are shown in Table 2.
The conductance of newly prepared compounds was measured
at room temperature. In order to measure their conductivity,
1M solutions of the synthesized compounds were prepared in a
DMSO. It was observed that synthesized compounds have lower
values of conductance in the range from 18.0 Ω-1cm2mol-1 to
21Ω-1cm2mol-1, since they are organic compounds of covalent
nature having no ions.

Results and Discussions

Chemistry of Diazoles, (1)-(3)
Diazoles, (1)--(3) were synthesized by condensation reaction
of benzyl and aldehydes (such as benzaldehyde, furfural and
acetaldehyde) with aromatic amines (such as α-naphthylamine and
biphenylamine) in the presence of sodium acetate. Glacial Acetic
acid was used as solvent. To check reaction proceeding, thin layer
chromatography was used after interval of times. The synthesized
compunds were characterized by various physical methods such as
IR-spectra, elemental analysis etc. The results obtained by different
techniques were recorded.

Table 2: Conductance values of synthesized compounds.
No.

Compounds

Conductance (Ω-1cm2mol-1)

1

(1)

21

2

(2)

3

(3)

Solubility

Physical characteristics

18
19

The Solubility of newly synthesized diazoles derivatives was
observed in distilled water and some other organic solvents at
hot and cold conditions. It was observed that all were completely
soluble in ethanol and ethyl acetate but in other solvents they were
either partially Soluble or insoluble. The solubility behavior of
diazoles is shown in Table 3.

Melting Point/Color/Physical Appearance: The newly
synthesized diazoles are highly stable compounds towards moisture
and air. They are crystalline solids in their appearance and possess
different colors. They remain un-affected at room temperature
Table 3:Solubility Behavior of Diazole (1)--(3).
No

Compounds

Ethanol

Methanol

Xylene

n- Hexane

Ethyl-acetate

Petroleumether

Water

1

(1)

S

PS

S

IS

S

SOH

IS

2

(2)

S

PS

IS

IS

S

PS

IS

3

(3)

S

SOH

PS

IS

S

IS

IS

S= soluble, PS= partially soluble, IS= insoluble, SOH=soluble on heating

IR Spectra of Imidazole (1)-(3)
Spectra of all synthesized imidazole (1) to (3) obtained and
interpreted. The results and observations are discussed individually
by each.
IR Spectra of 1-(naphthalen-2-yl)-2,4,5-triphenyl-1Himidazole (1): Selected IR values of compound (1) are given in
experimental section. IR values obtained by imidazole showed

that a new peak is appeared at (1654cm-1) which is due to C=N
stretching frequency. The appearance of this peak indicates that the
expected imino bond might be formed by condensation of benzil
with aromatic amine and aldehyde. A peak at (1593cm-1) may be
due to (C=C) of aromatic imidazole ring. IR spectra also showed
the appearance of a peak due to sp2 (C-H) bond at (3058). Another
peak at (1448cm-1) was also appeared which may be due to (CN) stretching frequency. Carbonyl peak of benzil at 1680cm-1 was
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disappeared which showed that benzil was reacted completely. All
other peaks were not changed and remained as such in reacting
species.

IR Spectra of 1-([1,1’-biphenyl]-4-yl)-2-methyl-4,5diphenyl-1H-imidazole (2): Selected IR values of (2) are given
in experimental. IR values obtained by the imidazole showed
that a new peak is appeared at (1654 cm-1), due to C=N stretching
frequency. This peak indicates that expected imino bond might be
formed by condensation of benzil, acetaldehyde and biphenylamine.
Peak at (1680 cm-1) due to benzil carbonyl groups has disappeared,
which indicates that benzil has reacted completely. Other peak
at (1449cm-1) and was also observed which may be due to the
appeared stretching frequencies of u(C-N) moiety of (2). Peaks due
to (C=C), sp2(C-H) and sp3(C-H) were also observed at (1593cm-1)
(3063cm-1) and (2995cm-1). All these peaks indicate the formation
of required product. Besides this, all other peaks are remained as
such without any pronounced change as found in reacting species.
IR Spectra of 1-([1,1’-biphenyl]-4-yl)-2-(furan-2-yl)-4,5diphenyl-1 H-imidazole (3): Selected IR values of synthesized
compound (3) are given in experimental. The IR spectra of this
compound showed change in the region of (-C=N) moiety, the
obtained peak may be due to stretching observed at (1654cm1
) region, whereas the band at (1477cm-1) showed the (C-N)
activity in the molecule (3).The bands observed may be due to the
formation of (C-N) functional groups in the imidazole appeared at
the (1477cm-1) peak regions. Formation of azomethine (HC=N)
functional group may lead to the successful condensation reaction
between benzil, aromatic aldehydes and aromatic amine taken as
reaction reagents. Disappearing of peak at 1680cm-1 due to benzil
shows that benzil has reacted in the reaction. IR spectra showed
that peak at (1448cm-1) was also appeared due to (C-O) stretching
frequency. IR values for C=C and C-H were also obtained in spectra.
All other bands remained as such without any prominent change.

Pharmacology

Antibacterial Activity (in-vitro)
Synthesized Diazoles (1)-(3) were tested against two Gram
positive (Staphylococcus aureus and Bacillus subtilis) and one Gram
negative (Escherichia coli) bacterial strains (Table 4) according to
literature protocol [21,22]. The obtained data was compared with
those of the standard drug Ciprofloxacin. Moderate to significant
activity was observed against gram positive and gram negative
bacterial strains by all synthesized compounds. The compound
(1) exhibited highest antibacterial activity against all three strains.
On contrary to this, the compound (2) exhibited lowest activity
(15mm) against Escherichia coli. Overall the compounds (1) and (3)
exhibited significant activity (>19mm) against all bacterial strains
(Staphylococcus aureus), (Bacillus subtilis) and (Escherichia coli).
Highest activity (22mm) was shown by compound (1) against
Bacillus subtilis.

Copyrights@ Shad H et al.

Table 4:Antibacterial Bioassay of Synthesized Diazoles, (1)-(3).
Compound [Zone of Inhibition (Measured in millimeter)]
Bacterial Strains

Gram Positive

Bacillus subtilis

Gram Negative

Staphylococcus aureus
Escherichia coli

Conclusion

(1)

(2)

(3)

Ciprofloxacin

22

17

19

28

21
20

18
15

19
20

26
26

In the present study, novel tetra substituted diazoles (1-3)
were synthesized by multi-component reaction (MCR) method. The
characterization for chemical structures (1-3) was carried out by
spectroscopic (FT-IR and UV-VIS) methods. In this project, in-vitro
antibacterial activities were carried out by using different bacterial
strains. The data exhibited that all synthesized compounds showed
a moderate to significant activity against gram positive and gram
negative bacterial strains.
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