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RESEARCH ARTICLE ABSTRACT
E E A series of imidazole derivatives (1-3) were synthesized with three component reaction
among benzil, ammonium acetate and formaldehyde/aromatic aldehyde at 110 °C without a
r catalyst and solvent. These synthesized imidazole derivatives have shown intermolecular
- hydrogen bonding such as N-H--:N and O-H---N. The imidazole 1 and 2 exhibited N-H---N
intermolecular hydrogen bonding while imidazole 3 exhibited O-H:N intermolecular
E H hydrogen bonding. The hydrogen bonds in imidazoles were studied by X-ray crystallography

and Hirshfeld Surface Analysis at dnorm surface which show the visible red spots, indicated

@10.5155/eurjchem.11.1.50—59.1945 for hydrogen bonds. Further, Hirshfeld surface analysis also shows the percentage of all
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1. Introduction

The imidazole derivatives have attracted more attention
during recent years due to their application in biological
activities. The imidazole derivative are known to show as an
anti-inflammatory [1,2], antibacterial [3], antifungal [4],
anthelmintic [5,6], analgesic [7], antiviral [8], antitubercular
[9], anticancer [10] activities and COX-2/LOX inhibitor [11].
They are also known as melanocortin-4-receptor (MC4-R)
antagonists [12], inhibitors of P38MAP kinase [13], herbicides
[14] and plant growth regulators [15]. Besides their biological
and pharmacological activities they also act as dyestuff cata-
lysts, polymerizing agent [16,17] and also photo sensitizers in
photography [18,19]. The potency and wide applicability of
the imidazole pharmacophore can be attributed to its
hydrogen bond donor-acceptor capability [20]. Hydrogen
bonding is particularly important from the biological point of
view, because of its participation in several biological
processes such as: the stabilization of the double helix of DNA
[21], enzyme-substrate interactions [22], recognition among
proteins [23] and drug-acceptor interactions [24]. Further,
hydrogen bonding is the most important in the design of self-
assembled organic molecules [25-29]. The strong hydrogen

bonds, such as O/N-H---:O/N have been recognized as the key
factor for providing the requisite robustness and architectures
of supramolecular synthons [30-33]. Further, hydrogen
bonding in imidazole such as N-H::-N [34] employed in new
classes of electronic materials, ferroelectric, relaxer materials
with desired dielectric properties and exhibited ionic
conductivity due to proton transfer [35-40].

Therefore, we synthesized the diaryl as well as triaryl
substituted imidazole for studies of intermolecular hydrogen
bonding such as O/N-H---:O/N between imidazole derivative in
solid state.These hydrogen bonding occurred because of
strong correlation between the distributions of the N-H---O
and N-H--N due to advantages offered by the basicity of the
nitrogen atom and the exalted acidity by sp? hybridization at
the nitrogen atom and hydroxyl group, allowing stable
hydrogen bond donation and acceptance. This was present in
the crystal structure, even with sterically crowded molecular
environments [41,42].

2. Experimental

2.1. Instrumentations
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Table 1. Crystallographic details of compounds 1, 2 and 3.
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Compounds 1 2 3
Empirical formula C1sH12N2 C22H1sN20 C21H16N20
Formula weight 220.27 326.38 312.36
Temperature (K) 293 293 293
Crystal system Monoclinic Triclinic Triclinic
Space group P21/c P-1 P-1
a(d) 11.161(5) 8.9772(3) 10.5451(9)
b (4) 9.263(5) 12.0646(5) 12.4531(9)
c(d) 11.794(5) 33.6434(14) 13.8175(10)
a(?) 90.00 100.015(4) 68.757(7)
B 93.572(5) 95.733(3) 86.626(7)
y(©) 90.00 91.590(3) 85.711(7)
p (mm-1) 0.07 0.08 0.08
Cell volume, V (A3) 1216.95 3566.5(2) 1685.5(2)
Dealc (mg/m3) 1.202 1.216 1.231
F (000) 464 1376.0 656
Z 4 8 4
Theta range (°) 3.28-29.21 3.30-26.70 3.02-29.12
20 range for data collection (°) 10-50 01-50 5.5-50
Goodness-of-fit on F2 1.022 1.05 0.988
h -15,15 -10,11 -10,14
k -12,12 -15,12 -15,15
1 -16,16 -39,42 -18,17
R% 471 9.0 6.38
CCDC No 972006 972017 972011
Ph o
NH,OAc N
+ R-CHO - | YR
100 °C
Ph P Y
1-3

.CHO = o
R-CHO HJI\H p

Scheme 1. Synthesis of imidazole derivatives.

1H and 13C NMR spectra were recorded on JEOL AL300 FT-
NMR spectrometer (300 MHz). TMS was used as internal
reference, and chemical shift values were expressed in 6 ppm
units. Elemental characterization was done using CHNS 2400
Perkin Elmer (PE 2400 Series II CHNS/O Analyzer, Shelton,
USA). Melting points were taken in open glass capillary using
Veego VMP-CM melting point apparatus and are uncorrected.

2.2. Synthesis of compounds (1-3)

All reactions were performed in ordinary conditions at
ambient temperature, and reagents were used without further
purification. Imidazole derivative are synthesized by three-
component reaction between benzil, ammonium acetate and
formaldehyde/aromatic aldehyde at 110 °C without a catalyst,
in solvent free condition. The reaction is completed within 5
minutes having excellent yield. The simple work-up procedure,
mild reaction conditions and good yields make this
methodology eco-friendly (Scheme 1).

4,5-Diphenyl-1H-imidazole (1): M.p.: 228-230°C. Yield: 0.60
g (88%). 'H NMR (300 MHz, CDCls, 8, ppm): 7.25-7.31 (m, 4H,
Ar-H), 7.36-7.39 (d, 1H, Ar-H), 7.47-7.52 (m, 4H, Ar-H), 7.62-
7.68 (m, 2H, Ar-H), 7.94-7.96 (d, 1H, N-H). 13C NMR (75 MHz,
CDCls, 8, ppm): 126.4, 126.45, 127.20, 127.85, 128.07, 128.16,
128.43, 128.58, 128.65, 128.73, 128.98, 129.63, 129.86,
130.34, 130.93, 134.90, 136.47, 140.40. Anal. calcd. for
CisHi2N2: C, 81.79, H, 5.49; N, 12.72. Found: C, 82.79, H, 5.40;
N, 11.81%.

2-(4-Methoxyphenyl)-4,5-diphenyl-1H-imidazole (2): M.p.:
220-223 °C. Yield: 0.60 g (85%). 'H NMR (300 MHz, CDCls, §,
ppm): 3.86 (s, 3H, OCH3), 6.96-6.99 (d, 3H, Ar-H), 7.30-7.36 (m,
6H, Ar-H), 7.55 (s, 5H, Ar-H), 7.83-7.85 (d, 1H, NH). 13C NMR

(75 MHz, CDCl3, §, ppm): 55.6,111.5,118.9, 120.6,126.4, 127.1,
127.6, 128.2, 128.9, 129.8, 131.2, 135.3, 136.4, 143.2, 156.0.
Anal.calcd. for C22H1gN20: C, 80.96, H, 5.56, N, 8.58. Found: C,
81.10, H, 5.28, N, 8.39%.

2-(4,5-Diphenyl-1H-imidazol-2-yl)phenol (3): M.p.: 203-207
°C. Yield: 0.55 g (82%). 'H NMR (300 MHz, DMSO-ds, 8, ppm):
5.95 (s, 1H, OH), 6.79-6.86 (m, 3H, Ar-H), 7.06-7.11 (m, 2H, Ar-
H), 7.45-7.58 (m, 8H, Ar-H), 7.68-7.71 (d, 1H, Ar-H), 10.05 (s,
1H, NH). 13C NMR (75 MHz, DMSO-ds, 6, ppm): 52.6, 115.3,
118.9, 127.0, 127.6 128.2, 128.5, 129.1, 131.3, 134.6, 155.1,
165.3. Anal. calcd. for C21H16N20: C, 80.75, H, 5.16, N, 8.97.
Found: C, 81.02, H, 5.32, N, 9.10%.

2.3. X-ray crystallography

Single-crystal X-ray data, space groups, unit cell dimen-
sions, and intensity data for compounds 1, 2 and 3 were
collected with an Oxford Diffraction X-calibur CCD diffracto-
meter using graphite monochromated MoKa radiation (A =
0.71073 A). The structures were determined by direct
methods using SHELXS-97 and refined on F2 by a full-matrix
least-squares technique using SHELXL-97 [43]. Non-hydrogen
atoms were refined anisotropically, and hydrogen atoms were
geometrically fixed with thermal parameters equivalent to 1.2
times that of the atom to which they are bonded. Molecular
diagrams (Figure 1) for all compounds were prepared using
ORTEP [44] and the packing diagrams were generated using
Mercury version 3.1 [45]. PLATON [46] was used for the
analysis of bond lengths, bond angles, and other geometrical
parameters. Crystallographic details of compounds 1, 2 and 3
have been summarized in Table 1.
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Figure 1. Molecular structure of compound 1, 2 and 3.

Compound 1: An X-ray diffracted quality crystal of
compound 1 was crystallized in a mixture of ethyl acetate by
slow evaporation at room temperature.

Compound 2: An X-ray diffracted quality crystal of
compound 2 was crystallized in a mixture of chloroform and
methanol (1:1) by slow evaporation at room temperature.

Compound 3: An x-ray diffraction quality crystal of
compound 3 was grown from slow evaporation of ethyl
acetate at room temperature.

2.4. Hirshfeld surface analysis

Hirshfeld surfaces provide a three-dimensional picture for
exploring packing modes and close contacts in a crystal, and
these contacts can be summarized in a two-dimensional (2D)
fingerprint plot offered considerable promise for exploring

packing modes and intermolecular interactions in molecular
crystals. Hirshfeld surface also reflects the interplay between
different atoms and intermolecular contacts in a crystal.
Calculations were performed using the Crystal Explorer
package [47].

3. Result and discussion
3.1. Crystallography details

In this section, we shall discuss about crystallographic
details of compounds 1-3 particularly for studies of
intermolecular N-H:-:N and O-H:--N hydrogen bonding in
imidazole derivatives that stabilized the geometry of
molecules in 3D-space and generated a sheet like structure.
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Table 2. Weak inter and intramolecular interactions in crystal structure of imidazole 1, 2, and 3.

Compound X-H-A A-H (A) X-A (A) ZX-H-A (°)

1 C1-H1---m (Centroids of phenyl ring) 2.700 3.497 139.03
C12-H12---m (Centroids of phenyl ring) 3.503 4.158 129.60
C8-H8:-+m (Centroids of imidazole ring) 2.761 3.605 151.30
N1-H---m (Centroids of phenyl ring) 2951 3.828 156.08
N1-H---N2 1.940 2.868 170(2)
C11-H11---N2 2.991 3.655 129.65

2 C70-H70---m (Centroids of phenyl ring) 3.730 4.102 107.19
N4-H2---m (Centroids of phenyl ring) 3.829 3.973 92.10
N3-H90---N6 2.127 2915 165.21
C26-H26---N2 3.255 3.938 131.94
N7-H---N2 2.09(6) 2.160 161(6)

3 C101-H101---m (Centroids of phenyl ring) 3.438 3.630 94.38
C102-H102---m (Centroids of imidazole ring) 3.062 3.411 104.15
C102-H102---m (Centroids of phenyl ring) 3.206 3.645 111.07
C028-H028---m (Centroids of phenyl ring) 3.370 4.047 131.46
C102-H102---N2 3.286 3.797 116.77
N4-H---01 1.86(3) 2.800 175(3)
C025-H025---01 2.581 3.455 156.97
01-H1--N2 1.779 2.526 150.68
C5-H5--N3 2.707 3.524 146.96

HN A N HN A N HN

ﬁﬂﬁﬁ

Figure 2. Views of the hydrogen bonding of compound 1, hydrogen bonds are represented by black dotted lines. Carbon atoms are colored red, hydrogen

atoms light green, and nitrogen atoms blue.

In spite of N-H---N and O-H:--N hydrogen bonding there are
another more interactions in packing of molecules that
sustained and controlled through a combination of parallel
displaced C-H---m, N-H:--m, N-H::N and C-H---N interactions
[48-55] (Table 2). Compound 1 crystallized in monoclinic
crystal system with P21/c space group having a, b and c values
of 11.161(5), 9.263(5) and 11.794(5) A, respectively.
Compound 2 crystallized in triclinic crystal system with P-1
space group having a, b and c values of 8.9772(3), 12.0646(5)
and 33.6434(14) A, respectively. Compound 3 crystallized in
triclinic crystal system with P-1 space group having a, b and ¢
values of 10.5451(9), 12.4531(9) and 13.8175(10) A,
respectively. The other crystallography data such as cell
parameters, space group are provided in Table 1.

The compound 1 possesses alternate N-H:-N hydrogen
bond between imidazole moieties of H and N2 of adjacent
imidazole moieties having distances and angle are 1.94 A
(169.79°), forming sheet like structure in a zig-zag manner in
opposite directions (Figure 2). Another more intermolecular
interactions also found in packing of imidazole molecule that
support the N-H:--N hydrogen bonding (Figure 3). These
interactions are C-H:--m, N-H--m, and C-H:-:N. The C-H---m
interactions occurred between phenyl protonwith centroids of
imidazole nucleus and imidazole proton moieties with
centroids of phenyl ring, because, m-electrons of aromatic
moieties are known to act as H-bond acceptor and therefore,

molecules of compound 1 have shown C-H--m networks
between donor-acceptor systems. These C-H:--m interactions
play important role in stabilizing the overall intermolecular
structural design.C-H--*N interactions occurred between
phenyl proton with nitrogen atom of imidazole nucleus.

The N-H-N intermolecular interactions in imidazole 2
also formed between imidazole moieties of H and N atom of
adjacent imidazole moieties having distances and angle are
2.098 A (160.30°), forming coordinated fashion that generated
sheet like structure in same directions (Figure 4). The N-H---N
hydrogen bonding in imidazole 2 is less than imidazole 1
because interaction distance in imidazole 2 is long compared
to imidazole 1. This difference in N-H:-:N hydrogen bonding
occurred due to addition of anisole on imidazole 2 moieties
which cause hindrance to increase interactions distances as
well as packing occurred in same directions but in imidazole 1
packing found opposite directions.

Other intermolecular interactions like C-H-:-m, N-H-:-m, N-
H--:N and C-H---N, play an important role in sustaining the
packing of molecules and stabilization of molecule in 3D-space
(Figure 5). Among all intermolecular interactions N-H---N, C-
H:--m and N-H---m interactions are predominates. The C-H---m
interactions occurred between phenyl hydrogen of H70 with
phenyl rings, respectively. The C-H---N interactions occurred
between phenyl hydrogen of H26 with N2 of imidazole
nucleus.
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Packing along a axis

Packing along b axis Packing along c axis

Figure 3. Packing of compound 1, along a, b, and c axis.

Figure 4. Views of the hydrogen bonding of compound 2, hydrogen bonds are represented by black dotted lines. Carbon atoms are colored red, hydrogen
atoms light green, oxygen atom yellow and nitrogen atoms blue.
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Figure 5. Packing of imidazole 2, along g, b, and c axis.

Figure 6. Views of the hydrogen bonding of compound 3, hydrogen bonds are represented by black dotted lines. Carbon atoms are colored red, hydrogen
atoms light green, oxygen atom yellow and nitrogen atoms blue.
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Figure 7. Packing of imidazole 3, along a, b, and c axes.

In imidazole 3, intermolecular N-H::-:O interaction
occurred instead of N-H--N interactions because intra-
molecular O-H---N interaction found in imidazole 3 (Figure 6).
The intramolecular N-H:-O occurred due to presence of
hydroxyl group in imidazole 3. The imidazole 3 is also forming
sheet like structure in a zig-zag manner in opposite directions
due to intramolecular O-H--N and intermolecular N-
H---Ohydrogen bond. The N-H:--O hydrogen bond found
between imidazole proton with hydroxyl oxygen atom of
adjacent imidazole moieties having distance and angle are 1.86
A (174.88°). In spite of N-H---O interaction another more
interaction occurred like C-H---mt, C-H:-:N, C-H---O, N-H:-:O and
0-H---Ninteractions among which C-H-:-0, N-H---O and O-H---N
interactions predominates for stabilization of packing and
geometry of molecules in 3D-space (Figure 7).

The C-H-m interactions occurred between phenyl
hydrogen of H101, H102, and H028 with centroids of phenyl
ring respectively. The C-H---O interactions occurred between
HO025 with hydroxyl oxygen atom of adjacent imidazole
moieties. The C-H:-N interactions occurred between phenyl
hydrogen of H5 and H102 with N2 and N3 of imidazole
nucleus.

3.2. Hirshfeld surface analysis

In this section, the Hirshfeld surfaces of the titled
compounds are illustrated, showing the surfaces that have
been mapped over dnorm and two-dimensional fingerprint plots
for showing percentages of intermolecular contact (Figure 8)
[47]. The surfaces are shown as transparent to allow the
visualization of the imidazole moieties in a similar orientation
for all structures. The geometric parameters of dnorm surface
which show the visible red spots indicated for hydrogen bonds
and blue colour H:--H, C:--C and C:--H contacts.

The most easily recognizable intermolecular interactions
are of the type N-H:--N, N-H:--O and O-H--:N seen in the
Hirshfeld surfaces as red areas, and these are designated
separately on the dnorm surfaces.The Hirshfeld surface of the
imidazole 1 is illustrated in Figure 9 which shows surfaces that
have been mapped over dnorm. The red color visible on the

surfaces indicative of strong N-H-:-N interactions and the blue
color points in the two-dimensional fingerprint plots are
indicative of short contacts for the H-:--H, C---H and C::-C
interactions. The N-H---N interactions represent one of the
closest contacts in the structures and can be viewed as the red
spots on the dnorm surface, indicating the formation of
intermolecular hydrogen bond.In imidazole 1, the N-H---N
intermolecular interactions appear as a sharp large spike in
the two-dimensional fingerprint plots with di = 1.12 A and de =
0.75 A which comprises 11.4% of the total Hirshfeld surfaces.

The C---H interactions of total Hirshfeld surfaces of
imidazole 1, comprising 33.3% and reflected in the middle of
the scattered points in the two-dimensional fingerprint plot (di
= 1.6 A and d. = 1.08 A). The H..H interactions comprise
54.5% to the total Hirshfeld surfaces and the two-dimensional
fingerprint plot is (di = 1.20 and de = 1.15 A) in the fingerprint
plot. The m-m (C:--C) interactions also have a relatively
significant contribution to the total Hirshfeld surfaces of
imidazole 1, which comprises 0.9% as well as C--:N contact in
two dimensional finger print plot is comprises 0.3%.

The Hirshfeld surface of the imidazole 2 is illustrated in
Figure 10, which shows surfaces that have been mapped over
dhorm. In imidazole 2, the N-H:::N intermolecular interactions
appear as a sharp large spike in the two-dimensional
fingerprint plots with di = 1. 20 & and de = 0.00 & which
comprises 5.5 % of the total Hirshfeld surfaces, which is visible
red color on the surfaces indicative of strong N-H--N
interactions. The C-:-H interactions of total Hirshfeld surfaces
of compound 2, comprising 25.7% in the two-dimensional
fingerprint plot with di = 1.68 & and de = 1.8 A. The H---H
interactions comprise 57.2% to the total Hirshfeld surfaces
and the two-dimensional fingerprint plot is di = 1.10 and d. =
1.10 A in the fingerprint plot. The O---H interactions are
comprise 4.9% represented by a spike having the di and de
regions of 1.58 A and 1.27 A. The m---m (C---C) interactions also
have a relatively significant contribution to the total Hirshfeld
surfaces of imidazole 2, which comprises 4.8% as well as C--:N
contact in two dimensional finger print plot is comprises 1.7%.
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Figure 8. Hirshfeld surface of two-dimensional fingerprint plots for compounds (1, 2 and 3).
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Figure 9. Hirshfeld surface of dnorm showing N-H---N intermolecular interactions indicated as red spot.
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Figure 11. Hirshfeld surface of dyorm showing O-H---N intermolecular interactions indicated as red spot.

In imidazole 3, dominant natures of the intermolecular O-
H:--N and N-H:--O hydrogen bonds exhibited. This can be
easily identified as red spot in dnorm surfaces (Figure 11). The
H---N hydrogen bonds contribute 2.4% to the total Hirshfeld
surfaces of the 2-D fingerprint plots, with di = 1.88 A and d. =
1.31 A and the H---O hydrogen bonds contribute 5.7% to the
total Hirshfeld surfaces and appear as a sharp large spike in
region of the 2-D fingerprint plots, with di = 1.82 A and d. =
0.72 A. The C---H interactions of total Hirshfeld surfaces of
compound 3, comprising 27.1% in the two-dimensional
fingerprint plot (di = 1.71 & and de = 1.91 A). The H..H
interactions comprise 59.0% to the total Hirshfeld surfaces
and the two-dimensional fingerprint plot is di = 1.13 and d. =
1.12 A in the fingerprint plot. The C--0, C--C and N--C
interactions comprise 0.1, 4.5 and 1.0 % of the total Hirshfeld
surfaces, respectively.

4. Conclusion

X-ray crystallography studies shown that newly
synthesized imidazole 1 and 2 exhibited N-H::N while
imidazole 3 exhibited O-H:*N intermolecular hydrogen
bonding. The O-H:-N intermolecular hydrogen bonding in
imidazole 3 occurred due to hydroxyl group on phenyl
ring.The hydrogen bonding in imidazole 1, 2 and 3 also
confirmed by Hirshfeld surface analysis as red spot in dhorm
surfaces.
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