
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: 100416@uotechnology.edu.iq  ; (Dhafer S. Zinad); ahmed.mahal@cihanuniversity.edu.iq 

(Ahmed Mahal) 

Received: 26 May 2020; Revised: 30 June 2020; Accepted: 25 August 2020 

DOI: 10.21608/EJCHEM.2020.31043.2662 

©2021 National Information and Documentation Center (NIDOC) 

Egypt. J. Chem. Vol. 64, No. 1 pp. 93 - 105 (2021) 

 

                                                                                                                      

3D-Molecular Modeling, Antibacterial Activity and Molecular Docking 

Studies of Some Imidazole Derivatives 

Dhafer S. Zinada,*, Ahmed Mahalb,c,d,*, Abdulqader M. A-Qadere,                                                                       

Siswandono Siswodihardjof, Mohammad Rizki Fadhil Pratamag,h, Ranjan K. Mohapatrai 

a Applied Science Department, University of Technology, Baghdad 10001, Iraq. 
b Department of Medical Biochemical Analysis, College of Health Technology, Cihan University-Erbil, Erbil, 

Kurdistan Region, Iraq 
c Key Laboratory of Plant Resources Conservation and Sustainable Utilization and Guangdong Provincial Key 

Laboratory of Applied Botany, South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 

510650, People’s Republic of China. 
d Guangzhou HC Pharmaceutical Co., Ltd, Guangzhou 510663, People's Republic of China 

e Chemistry Science Department, Al-Iraqia University, Baghdad, Iraq. 
f Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Universitas Airlangga, Jalan Airlangga No.     

4-6, Surabaya 60115, Jawa Timur,I ndonesia. 
g Department of Pharmacy, Faculty of Health Sciences, Muhammadiyah University of Palangkaraya, Palangka 

Raya 73111, Indonesia 
h Doctoral Program of Pharmaceutical Sciences, Department of Pharmaceutical Chemistry, Faculty of Pharmacy, 

Airlangga University, Surabaya 60115, Indonesia 

i Department of Chemistry, Government College of Engineering, Keonjhar-758002, Odisha, India 

Abstract 

In the present work, we have reported the theoretical and biological activities of some imidazole (MIPBD, CMIBP, MIBPBD) 

derivatives. Here, the synthesis of one novel substituted imidazo-amino pyridinyl derivative (MIPBD) has also been reported. 

The structure of this compound was identified by NMR and mass spectroscopy. Molecular modeling studies have confirmed 

that CMIBP (ΔE= 0.16508 eV) is more stable than others. Antibacterial investigation exhibited good to excellent activity for 

all these compounds against two tested bacterial strains (S. aureus and E. coli). Moreover, molecular docking studies were 

carried out, which was consistent with experimental studies. The results motivate us for further studies of imidazole derivatives 

which will be helpful for the development of novel antibacterial agents. 
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1. Introduction 

Heterocycles play an important role in drug 

discovery and medicinal chemistry [1] including the 

nitrogen-containing heterocycles [2]. Imidazole 

containing natural products are gaining much interest 

due to their potent bioactivity and hence, promising 

agents in drug discovery [3,4] involving anti-bacterial, 

anti-fungal, anti-cancer, anti-oxidant and anti-

parkinson activities [5-7]. For example, Pretomanid 

and Delamanid were confirmed for their potent anti-

TB activity [8-10]. Delamanid has already approved to 

cure MDR-TB infection while Pretomanid is on the 

phase III clinical trials [11,12]. Furthermore, novel 

imidazole derivatives exhibited potent activity at 

concentrations range (0.5-1.0 mg/mL) against 

microbial strains in comparison to the positive 

standard [13].  

On the other hand, imidazole scaffolds play an 

important role in the building block of some 

biomolecules such as amino acid histidine, biotin, and 

natural products as well. For instance, Eudistidine C. 

is a racemic natural product extracted from Eudistoma 

sp. as inhibitor of interaction between the protein 

binding domains of HIF-1α and p300. In addition, 

classical procedure to synthesize imidazole ring was 

described by Heinrich Debus [14]. Recent strategies 

were often used such as microwave-mediated 

synthesis [15], p-Tosylmethylisocyanide (TosMIC) 

based imidazole synthesis [16]. The reaction of allenyl 

sulfonamides with amines resulted 4- and 5-

functionalized imidazoles were constructed region 

selectively depending on the substituents on the 

nitrogen atoms. [17].  

For the importance of using imidazole derivatives 

in medicinal chemistry as antibacterial agents and 

herein, we report our effort on the development of one 

novel aminopyridinyl imidazole derivative and other 

known two derivatives using 2-chloro-4-cyano 

pyridine moiety. Furthermore, antibacterial screening 

and molecular docking studies were investigated to 

understand these compounds in order to improve their 

activity as potent antiracial agents. DFT calculations 

of the synthesized compounds were also doing 

including the study of stability and reactivity of the 

synthesized compounds. 

2. Experimental 

2.1. Materials  

Analytical grade chemicals were used for the 

present study without further purification. The NMR 

data were obtained from Bruker ARX NMR 

spectrometer and Bruker AVANCE III HD NMR 

spectrometer (BrukerBioSpin AG, Faellanden, 

Switzerland) at 250 MHz and 300 MHz at ambient 

temperatures. Chemical shifts were recorded in parts 

per million (ppm) relative to TMS. Mass spectrum was 

reported on ESIMS spectrometer (Shimadzu 

Corporation, Kyoto, Japan) with TLC interface. In 

addition, to use natural and UV light for visualization 

(254, 366 nm), fluorescent silica gel 60 F254 plates 

were used to achieve TLC (Merck, Darmstadt, 

Germany). HPLC was tested the purity of the targets 

as more than 95%. 

 2.2. Synthesis of N1-(4-(1-Methyl-1H-imidazol-2-

yl)pyridin-2-yl)benzene-1,4-diamine (MIPBD). 

The whole compounds 3, CMIBP, MIBPBD have 

been prepared as described previously [18-29]. A 

mixture of compound (3) (0.20 g, 1.032 mmol), 4-

phenylenediamin (0.167 g, 1.54 mmol) and solution of 

HCl /ethanol 1.25M (842μL, 1.032 mmol) in n-butanol 

(5 mL) were heated with stirring in a pressure vial for 

16 h at 180°C. The solvent was evaporated at reduced 

pressure and the residue was purified by flash column 

chromatography (SiO2, CH2Cl2/EtOH 95:05) yielded 

the title compound as yellow oil (0.125 g, 46%). 1H 

NMR (300.13 MHz, DMSO-d6) δ = 3.79 (s, 3H), 4.78 

(br. s, 2H), 6.56 (d, J = 8.71 Hz, 2H), 6.93-7.01 (m, 

3H), 7.22-7.29 (m, 3H), 8.10 (d, J = 5.32 Hz, 1H), 8.55 

ppm (s, 1H). 13C-NMR (75.47 MHz, DMSO-d6) δ = 

35.1, 107.5, 111.8, 114.8, 122.3, 125.0, 128.4, 130.9, 

138.9, 144.2, 145.0, 148.3, 157.9 ppm. MS-ESIm/z: 

[M+H]+ calcd. for C15H15N5: 265.2, found: 266.1; 

HPLC retention time (tR): = 1.172 minute (100%). 

Analysis Calculated for C15H15N5: C, 67.90; H, 5.70; 

https://en.m.wikipedia.org/wiki/Heinrich_Debus_(chemist)
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N, 26.40. Found: C, 68.21; H, 5.96; N, 26.66 (Figure 

1 and 2).  

 

Figure 1. H1-NMR spectrum for MIPBD 

Figure 2. C13-NMR spectrum for MIPBD 

2.3. Antibacterial Activity in vitro 

Two bacterial strains including S. aureus (G+ve) 

and E. coli (G-ve) were obtained from Applied 

Science Department at University of Technology, Iraq. 

The selection of both strains was based on their 

activity in the treatment of wound infection. Fresh 

inoculants were prepared on nutrient broth for 24 h at 

37 °C. Disk diffusion method on an agar plate was 

utilized to investigate the antibacterial activity [30,31]. 

A cultured agar (10 mL) containing mixed samples (1 

cm) was inoculated onto 10 μl of microbe culture add 

incubated for a period of 24 h at 37 °C. Subsequently 

25μl, 50 μl, and 100 μl of the synthesized compounds 

suspensions were loaded into the wells separately. 

Tetracycline (10 mg) was used as positive control. 

Dimethylsulfoxide (DMSO) was used as control and 

no visible inhibition zone was observed on control 

groups. After the incubation period, the plates were 

observed for zones of inhibition (in mm). 

2.4. Docking Study 

The softwares HyperChem 7.5, OpenBabel 2.4.1, 

AutoDock Tools 1.5.6, AutodockVina 1.1.2, PyMOL 

2.3.1, UCSF Chimera 1.13.1, and Discovery Studio 

Visualizer 19.1.0.18287 were used for the present 

study [32-35]. The receptor protein is obtained from 

the protein data bank (https://www.rcsb.org/). 

HyperChem 7.5 was used to sketch the two-

dimensional structure of the tested ligands with 

geometry optimization ab initio basis set 6-31G*. 

Docking is done by using Autodock Vina 1.1.2 and 

Discovery Studio Visualizer 19.1.0 is used for two-

dimensional observation of the docking results. [36]. 

The receptor used is the 30S ribosome, the smaller 

subunit of 70S ribosome found in prokaryotes which 

is known to be a target for tetracycline interactions, 

especially in the 16S ribosomal RNA section [37,38]. 

There are two 30S ribosomal receptor crystals used, 

each with PDB ID 1HNW [39] and 1I97 [40], both of 

which have tetracycline as co-crystal ligands with 

different binding sites. The center coordinates of the 

grid box are adjusted automatically with the ligand co-

crystal position of each receptor [41]. The docking 

methods and parameters have been validated by re-

docking using reference ligands [42]. Lower RMSD 

value indicates the docking ligand position which is 

getting closer to the crystallographic results [43]. The 

main parameters used in docking process were the free 

binding energy (∆G) and amino acid residues 

similarity [41,44]. With discovery studio visualizer 

v.19.1.0.18287, the docking for all tested ligands [45] 

is carried out in same way as validation process and 

ligand-receptor interactions are visualized. 

 

3. Results and Discussion  

3.1. Chemistry 

The synthesis of novel imidazo-aminopyridinyl 

derivatives starting from 2-chloroisonicotinonitrile (1) 

are outlined in scheme 1. N1-(4-(1-methyl-1H-

imidazol-2-yl)pyridin-2-yl)benzene-1,4-diamine 

(MIPBD) was synthesized starting from compound 3. 

The condensation reaction of compound 3 with 4-

phenylenediamin using HCl/EtOH as a catalyst in n-

butanol as the solvent resulted a yield of 46%. The 

reaction mixture was stirred and heated for 16 h in a 

pressure vial at 150oC.  

 

https://www.rcsb.org/
https://www.mdpi.com/1420-3049/19/8/11791/htm#molecules-19-11791-f002
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Scheme 1. Synthesis of some novelimidazo-aminopyridinyl derivatives 

 

Green route approach using water (80-100oC) as a 

solvent has not led to the formation of diphenylamine 

(entry 4-6) [46]. The slow reaction of 2-chlorpyridine 

with amines for diphenylamine formation (table 1) 

required a relatively high temperature and long 

reaction time. 

The 1H-NMR spectrum exhibited a broad singlet 

with chemical shift at δ = 3.79 ppm due to the three 

protons of methyl amine and two singlet’s at δ = 4.78 

ppm and 8.11 ppm due to NH2 and NH protons, 

respectively. Moreover, 13C NMR spectrum 

exhibited signals at δ = 35.1 due to methyl amine and 

157.9 ppm due to azomethane (–N=C-C=) group. MS-

ESI: m/z [M+H]+ was found to be 266.1 and the HPLC 

purity was found (100%) with retention time (tR) 

appeared at 1.172 min. 

 

3.2. 3D-Molecular Modeling Studies 

The molecular modeling studies are essential to 

understand the molecular arrangement of the 

compounds. The four compounds 3, CMIBP, 

MIBPBD and MIPBD were optimized with the help of 

Becke's three parameters and Lee-Yang-Parr 

functional (B3LYP)[47] level with 6-311G (d) basis 

set (figure 3-6).  

The calculations and observations were performed by 

using Gaussian 09 program platform and analyzed 

with Gauss View 5.0.9 program. Various bond lengths 

and bond angels have been observed for the whole 

compounds. The importance of theoretical approach is 

to explain the chemical reactivity and selection of 

chemically active site of the compounds during 

reaction. 

Table 1. Optimization of MIPBD synthesis reaction c conditions

Entry Catalyst Solvent Temperature/°C Time/h Conversion rate 

1 HCL/EtOH n-butanol 150 16 46%b 

2 HCL/EtOH i- propanol 150 16 25%a 

3 HCL/EtOH MeOH 150 16 20%a 

4  H2O 80 24 no reaction 

5  H2O 90 24 no reaction 

6  H2O 100 24 no reaction 
a conversion rate using TLC estimation; b isolated yield after column chromatography purification 
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Figure 3. Optimized geometry of 3 

 
Figure 4. Optimized geometry of MIPBD 

 

 

 

 

 

 

 

 

 

                                                                            
                                                                                                            Figure 6. Optimized geometry of MIBPBD

             Figure 5. Optimized geometry of CMIBP                                    

 

According to Frontier Molecular Orbitals 

approach the energy gap between HOMO and LUMO 

orbitals explain the electron transfer interaction [48]. 

Some parameters are called chemical reactivity values 

such as global hardness (η), chemical potential (μ), 

electronegativity (χ), global electrophilicity index (ω) 

and global softness (S) [49]. 

 

𝛘 = −
(𝐄𝐋𝐔𝐌𝐎 + 𝐄𝐇𝐎𝐌𝐎)

𝟐
 

𝛍 = −𝛘 =
(𝐄𝐋𝐔𝐌𝐎 + 𝐄𝐇𝐎𝐌𝐎)

𝟐
 

𝛈 =
(𝐄𝐋𝐔𝐌𝐎 − 𝐄𝐇𝐎𝐌𝐎)

𝟐
 

𝐒 =
𝟏

𝟐𝛈
 

𝛚 =
𝛍𝟐

𝟐𝛈
 

𝛔 =
𝟏

𝛈
 

Based on the results listed in table 2, MIBPBD 

with the highest HOMO energy (EHOMO = -0.18165 

eV), lowest potential ionization value (I = 0.18165 eV) 

acts as the best electron donor, while the compound 

CMIBP with the lowest LUMO energy (ELUMO= -

0.08054 eV), the highest electron affinity (A= 0.08054 

eV), and the highest potential ionization value (I = 

0.24562 eV) among all of the investigated products 

acts as the best electron acceptor. Chemical hardness 

(softness) indicates that MIBPBD (η= 0.060565 eV‚ 

S= 8.25559 eV) is the least (greatest) among all of the 

studied products. 
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CMIBP (ω= 0.161103eV) has the strongest 

electrophilic properties among other compounds, 

according to the results on the electrophilicity index 

(ω). The smallest frontier orbital gap (∆E= 0.12113 

eV) of MIBPBD (figure 7) among investigated 

products results from the highest chemical reactivity, 

most polarizable and least kinetically stable "soft 

molecule" form. 

The reactivity of MIBPBD is greater based on energy 

gap (ΔE) parameters, which confirmed that CMIBP is 

the most stable compound compared to others and 

follow the order: CMIBP>MIPBD>MIBPBD (Figure 

7). Furthermore, Global Hardness (η), global softness 

(S) and the chemical potential (μ) are also important 

parameters to measure the stability of the compounds.   

Table 2. Calculated quantum chemical parameters for all compounds 

Parameters CMIBP MIPBD MIBPBD 

EHOMO -0.24562 -0.18204 -0.18165 

ELUMO -0.08054 -0.03821 -0.06052 

ΔE gap 0.16508 0.14383 0.12113 

IE 0.24562 0.18204 0.18165 

A 0.08054 0.03821 0.06052 

η 0.08254 0.071915 0.060565 

ω 0.161103 0.084318 0.121039 

χ 0.16308 0.110125 0.121085 

μ -0.16308 -0.110125 -0.121085 

S 6.05766 6.95265 8.25559 

σ 12.115338 13.905304 16.511186 

Single point energy of ligand 

 Energy (A.U) Dipole moment (D) 

CMIBP 1180.410909 9.6067 

MIPBD -810.99678 6.7189 

MIBPBD -1061.727104 10.0175 

 

 
Figure 7. HOMO-LUMO energy gap of (A) Compound 3, (B) MIPBD, (C) CMIBP and (D) MIBPBD 
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3.3. Antibacterial Activity  

The imidazole derivatives were evaluated for their 

antibacterial activities against the bacterial strains S. 

aureus and E coli. Tetracycline is used as the positive 

reference. The targets showed considerable activity 

against the bacterial strains (Figure 8). The compound 

MIBPBD and MIPBD showed excellent activity 

against both the strains while, CMIBP showed less 

activity.  A synergistic effect involving the aniline 

moiety and secondary amine might be responsible for 

this enhancement. The mode of action of the 

compounds may include the formation of a hydrogen 

bond with the active centers of cell constituents 

through the amino group (NH2), interfering with the 

normal cell and causing death of bacteria [31].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   Figure 8. Antibacterial activity of these imidazole derivatives (ZI in mm) 

 

3.4. Docking validation protocol 

RMSD scores of 13.633 Å for 1HNW and 14.304 

Å for 1I97 were provided for the re-docking results 

from this study. This value tends to be high because 

generally for molecular docking, the RMSD value 

specified for the validation process is usually not more 

than 2 Å [50]. However, this value is obtained by using 

the least-sized grid box that can still contain both co-

crystal and tested ligands. The RMSD value can be 

increased by reducing the size of the grid box used. 

However, this will result in the grid box size being too 

small and unable to load the ligand used [51]. One of 

the factors causing the RMSD scores to be high is the 

presence of solvent      molecules such as magnesium 

ions at the binding site of both receptors. During the 

crystallographic process, the solvent molecule also 

interacts with the co-crystal ligand so that it affects the 

position of the co-crystal ligand. While in the docking 

process, the solvent molecule is removed, hence a shift 

in the position of the ligand by filling in the position 

left by the previous solvent molecule [52]. The 

docking process is therefore performed using the 

dimensions and size of the grid box used for the 

process validation. In addition to the grid box 

coordinates and size, amino acid residues and ΔG were 

identified (table 3). 
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Table 3. Validation Process Results 
Parameters Value 

PDB ID 1HNW 1I97 

Reference ligand Tetracycline Tetracycline 

Grid box size (Å) 30 x 30 x 30 30 x 30 x 30 

Grid box position x: 205.502 

y: 109.132 

z: 4.235 

x: 24.919 

y: 96.765 

z: 156.574 

RMSD (Å) 13.633 14.304 

ΔG (kcal/mol) -9.1 -9.3 

Amino acid 

residues 

- 

163-Alaa 

164-Argb 

- 

- 

- 

- 

- 

- 

- 

1053-Ga 

1054-Cb 

1056-Ua 

1057-Gb 

1058-Gb 

1059-Cb 

1060-Cb 

- 

- 

- 

- 

- 

- 

- 

1194-Ub 

1195-Cb 

1196-Ua 

1197-Ga 

1198-Gb 

1199-Ub 

2-Glyb 

- 

- 

1035-Gb 

1036-Cb 

1039-Gb 

1041-Cb 

1042-Cb 

1043-Ga 

1044-Ua 

- 

- 

- 

- 

- 

- 

- 

1174-Ga 

1175-Ua 

1176-Cb 

1177-Ua 

1178-Ga 

1179-Ga 

1180-Ub 

- 

- 

- 

- 

- 

- 

    aHydrogen bond; bVan der Waals interaction 

                      

 

3.5. Molecular Docking Study 

All the tested ligands have been docked and 

formed a consistent pattern: ranking of ΔG values 

shown for 1HNW and 1I97 are of exact same order, as 

presented in Table 4 and 5. In addition, the rank of the 

test ligand is almost similar to that obtained from the 

antibacterial test results in vitro, where the highest 

potential is shown by compound MIBPBD. In fact, 

like the results of in vitro tests where compound 

MIBPBD has a slightly larger zone of bacterial 

inhibition than tetracycline (3.5-4.5 mm), compound 

MIBPBD also has a slightly lower ΔG value (0.5 

kcal/mol) compared to tetracycline as a reference 

ligand. These results reinforce while explaining the in 

vitro results that have been obtained previously, where 

the difference in interactions shown at each binding 

site of the 30S ribosome is one of the factors that 

influence the antibacterial activity of the test 

compounds [53]. The interesting point is that at 

1HNW receptor, compound MIBPBD is one of the 

ligands that has the fewest interactions (of five 

nitrogen bases with six interactions). While at receptor 

1I97, compound MIBPBD actually shows the most 

interactions (of six nitrogen bases with eight 

interactions). In fact, when viewed in terms of 

molecular size, compound MIBPBD has a larger size 

than other ligands, so it is natural to have a higher 
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number of interactions [54]. But still in both binding 

sites compound MIBPBD shows the lowest ΔG value 

with a difference of 1.3 - 1.7 kcal/mol with other 

ligands. In other words, a greater number of 

interactions cannot always be associated with lower 

ΔG values. There are other factors that also play a role 

in the interaction between the ligand and the binding 

site of the receptor, such as the interaction between the 

ligand pharmacophore group and certain key amino 

acids/nitrogen bases of the receptor [55]. In this case, 

especially at the 1HNW receptor, compound MIBPBD 

interacts with several key nitrogen bases that do not 

occur in other test ligands such as 966-G, 1054-C, 

1196-U, and 1198-G. Of the four nitrogen bases, three 

of them also occur in tetracycline from the previous re-

docking result. In other words, the four nitrogen bases 

play an important role in the interaction of 

antibacterial compounds on the 30S ribosome at the 

binding site. 

 

Table 4. Results of test ligands docked at 1HNW receptor binding site 

Parameters 

MIPBD CMIBP MIBPBD 

Value 
Distance 

(Å) 
Value 

Distance 

(Å) 
Value 

Distance 

(Å) 

ΔG (kcal/mol) -8.3 - -8.0 - -9.6 - 

Amino acid 

residues 

- - 162-Glnb 2.55 - - 

- - 163-Alab 2.12 - - 

- - - - - - 

- - - - 966-Gb 2.04 

1053-Ga 3.54 1053-Gb 1.82 1053-Ga 3.62 

1053-Ga 3.75 1053-Gb 2.69 1053-Gd 4.30 

- - 1053-Ga 3.62 - - 

- - - - 1054-Cb 2.46 

1056-Ga 3.32 - - - - 

1057-Gd 4.47 1057-Gb 2.31 - - 

- - - - - - 

- - 1194-Ua 3.58 - - 

- - 1194-Ua 3.73 - - 

1195-Cd 3.35 1195-Ca 3.57 - - 

- - - - 1196-Ub 2.57 

- - 1197-Ga 3.73 - - 

- - - - 1198-Gb 2.10 

1199-Ub 2.24 1199-Ub 2.99 - - 
aCarbon Hydrogen bond; bConventional Hydrogen bond; cPi-alkyl Interaction; dPi-cation/anion Interaction. 

 

 

While at the binding site of the 1I97 receptor, 

there are two nitrogen bases which do not interact with 

other test ligands, which are 1176-C and 1379-C. Of 

the two, only one interacted with tetracycline, 1176-C. 

In other words, the unique interaction on 1379-C 

might have contributed to the low ΔG value of 

compound MIBPBD against the 30S ribosome at the 

binding site. The visualization of the docking results 

for each test ligand on the two receptors is shown in 

figure 9 for clearer observation. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 9. Docked conformation of (a) MIPBD, (b) CMIBP, (c) MIBPBD at the 30S ribosome receptor with PDB ID 1HNW 

and Docked conformation of (d) MIPBD, (e) CMIBP, (f) MIBPBD at the 30S ribosome receptor with PDB ID 1I97. 
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Table 5. Docking results of test ligands at 1I97 receptor binding site 

Parameters 

MIPBD CMIBP MIBPBD 

Value 
Distance 

(Å) 
Value 

Distance 

(Å) 
Value 

Distance 

(Å) 

ΔG (kcal/mol) -8.1 - -8.0 - -9.8 - 

Amino acid 

residues 

- - - - - - 

- - - - - - 

- - - - - - 

- - - - - - 

1035-Gd 2.98 - - 1035-Gd 2.93 

1035-Gd 3.25 - - - - 

1036-Ce 3.37 - - 1036-Ce 3.98 

1043-Gb 2.69 1043-Gb 2.05 - - 

- - 1043-Gb 2.81 - - 

1175-Ub 2.02 1175-Ua 3.47 - - 

- - 1175-Uc 5.41 - - 

- - - - 1176-Ce 3.54 

- - - - 1176-Ca 3.55 

1177-Ua 3.48 - - 1177-Ug 3.87 

- - 1178-Gb 2.05 1178-Gd 1.35 

1180-Ub 3.01 1180-Uf 3.14 - - 

- - - - 1379-Ca 3.54 

- - - - 1379-Cc 5.37 
aCarbon Hydrogen bond; bConventional Hydrogen bond; cPi-Pi T-shaped Interaction; dUnfavourable Donor-Donor Interaction; ePi-anion 

Interaction; fHalogen bond; gPi-sigma Interaction.

 

4. Conclusion 

A variety of imidazole derivatives involving CMIBP, 

MIBPBD and MIPBD have been synthesized using an 

easy and versatile synthetic strategy from 2-

chloroisonicotinonitrile as starting material. The 

structural elucidations of the compounds were carried 

out by using several physico-analytical techniques. 

The purity of these compounds was checked by HPLC 

method. In addition, theoretical calculation including 

DFT study revealed that the reactivity of MIBPBD is 

highest based on energy gap (ΔE) parameters and it 

was also concluded that CMIBP is the most stable 

compared to others as shown in the order 

CMIBP>MIPBD>MIBPBD. The antibacterial activity 

of all these derivatives showed potent activity against 

S. aureus and E. coli compared to positive reference 

tetracycline antibiotic. The docking results showed 

similarity in rank to those shown in the in vitro test, 

where MIBPBD has lowest ΔG value. 
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