| (f ISSN: 0975-8585

Research Journal of Pharmaceutical, Biological and Chemical

Sciences

Imidazole Derivatives as Anthelmintic Agents: Synthesis, Spectral
Characterization and Molecular Docking Insights.

Swaroopa HM, Rashmi T, Vinutha $*, Muhammad Abrar Choudhari,
Hemanth Gowda D, Varshini KN, and Umme Shafeen.

Department of Pharmaceutical Chemistry, Bharathi College of Pharmacy, Bharathinagara, Mandya, Karnataka - 571422,
India.

ABSTRACT

The emergence of resistance to existing anthelmintic drugs necessitates the development of new
therapeutic agents. In this study, ten imidazole derivatives were rationally designed and evaluated for their
anthelmintic potential through an integrated molecular docking and experimental approach. Docking
studies against Pokeweed Antiviral Protein (PDB ID: 1JFF) identified favorable protein-ligand interactions,
guiding the selection of potent candidates for synthesis. The compounds were synthesized via a one-pot
condensation method and structurally confirmed using IR, *"H-NMR and mass spectrometry. In-vitro
anthelmintic activity was assessed using Indian earthworms, the compounds T3 and T8 exhibiting
significant activity comparable to albendazole. The results highlight the influence of substituents on
biological efficacy and support the imidazole scaffold as a promising framework for anthelmintic drug
development. This study provides a foundation for further optimization and in-vivo investigation of
imidazole-based compounds.
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INTRODUCTION

Helminth infections are a significant public health concern, particularly in developing countries,
contributing to malnutrition, impaired cognitive development and reduced productivity [1]. The growing
resistance to conventional anthelmintic drugs underscores the urgent need for novel therapeutic agents

[2].

Heterocyclic compounds have played a pivotal role in medicinal chemistry, and among them,
imidazole, a five-membered nitrogen-containing ring has attracted particular interest [3]. Imidazole
derivatives are known for their structural versatility and diverse biological activities, including
antibacterial, antifungal, antiviral, anticancer, anti-inflammatory and antiparasitic properties [4, 5]. Their
ability to interact with various biological targets makes them valuable scaffolds for the design of new
therapeutic agents. In this context, exploring imidazole derivatives for anthelmintic potential represents a
promising strategy to address the current challenges in helminth control [6].

In the present study, a rational design approach was employed to generate some imidazole-based
compounds with potential anthelmintic activity. Molecular docking studies were first conducted to predict
the binding affinity and interaction patterns of the designed molecules with selected helminthic target
proteins, thereby guiding the selection of promising candidates for synthesis. The shortlisted derivatives
were then synthesized and structurally confirmed using spectroscopic techniques such as IR, NMR, and
mass spectrometry. Finally, the synthesized compounds were evaluated for their in-vitro anthelmintic
activity using standard models.

This integrated computational and experimental approach aims to establish a clear structure-
activity relationship, contributing to the development of new imidazole-based anthelmintic agents with
enhanced efficacy and potential for further preclinical development.

MATERIALS AND METHODOLOGY

Molecular docking

Dataset ligands and ligand optimization

A designed imidazole derivatives

Structure Code R
T1 H
T2 4-NO2
T3 3-NO:
T4 2-NO2
T5 4-Cl
T6 3-Cl
T7 2-Cl
T8 3-CHs
T9 4-CHs3
T10 4-0OCHs

Table 1: Designed imidazole derivatives
The 2D structures of 10 compounds were generated from the ACD/chemsketch software. The

generated ligands cleaned and performed 3D optimization then saved in the MDL Molfile format. The
ligands were then converted to a PDBQT file format using the open label chemistry toolbox [7, 8].
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The three-dimensional (3D) structure of Pokeweed Anthelmintic Protein (PDB ID: 1JFF) was
downloaded from Brookhaven protein data bank (https://www.rcsb.org) and saved as a Brookhaven
protein data bank file [9] and the structure was optimized by deleting unbound water molecules which are
over 1 A, adding hydrogen atoms to satisfy the valences, adding missing amino acids to stabilize side chains
and energy of the whole structure was minimized using AUTODOCK suite of MGL Tools [10]. Auto dock Vina
was used for molecular docking studies. A grid was generated around the co-crystallized ligand. The co-
ordinates (x = 31.59,y =24.19, z = 14.48) were generated with the help of MGL Tools & Pharmit:interactive
exploration of chemical space (http://pharmit.csb.pitt.edu/) [11]. Prepared PDBQT files of target and
ligands and docking performed in the absence of water molecules for all 10 molecules. After docking, the
molecules were analyzed and visualized in the discovery studio for the interactions with the active site
amino acids. Binding interactions and efficiency of the binding were calculated in terms of dock Score,
which is a combination of hydrophilic, hydrophobic, metal binding groups, vander waals energy, freezing
rotatable bonds and polar interactions with receptor.

Synthetic procedure

CH COONH
CH COOH
Benzil
Substituted R .
Imidazole
Aldehyde o
derivatives
Scheme-I

Procedure: Benzil (1 gm), benzaldehyde (1ml) and ammonium acetate (1 g) were dissolved in glacial acetic
acid (2ml) and then refluxed for 3 hr. After refluxing, cool the mixture add 150ml of water to that mixture.
Then add 10% Ammonium hydroxide solution dropwise till precipitate formation then filter the product
and recrystallize using ethanol.

Characterisation

Melting point of the synthesized compounds was determined by an open-end capillary tube
method using electrically heated melting point apparatus. The respective values were expressed in °C and
were uncorrected. Reaction progress and compounds purity was ascertained by thin layer chromatography
(TLC). The structures of the synthesized compounds were elucidated by Fourier Transform IR spectrometer
(Thermo Nicolet Nexus 670) in the range of 400-4000 cm! using KBr pellets and values are reported in cm-
1 and the spectra were interpreted. 1H-NMR spectra were recorded on Bruker-Topspin NMR spectrometer
using DMS0-d6 and chemical shift (8) are reported in parts per million down field from internal reference
Tetramethylsilane (TMS). Mass spectra were recorded on Shimadzu by LC-MS-8030 mass spectrometer and
the spectra were interpreted.

Anthelmintic activity

Indian earthworms were used to test the anthelmintic properties for each of the newly synthesized
quinazolinone derivatives [12]. Six earthworms of remarkably similar dimensions were put in test and
standard solution at room temperature. All of the compounds have been dispersed in a small amount of
DMSO and diluted to 10 ml of standard saline solution to obtain quantities of 0.1%, 0.2%, and 0.5% w/v.
Albendazole has been employed as a standard drug [13, 14].

The synthesized compounds (Scheme-I) are screened for anthelminthic activity by using Earth
worms. Six earthworms of nearly equal size were placed in standard drug solution and test compound’s
solutions at room temperature [15]. Normal saline used as control. The standard drug and test compounds
were dissolved in minimum quantity of dimethyl sulfoxide (DMSO) and adjusted the volume up to 10 ml
with normal saline solution to get the concentration of 0.1% w/v, 0.2 % w/v and 0.5% w/v. Albendazole
was used as a standard drug [16]. The compounds were evaluated by the time taken for complete paralysis
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and death of earthworms. The mean lethal time for each test compound was recorded and compared with
standard drug [17, 18]. The time taken by worms to become motionless was noted as paralysis time. To
ascertain the death of the motionless worms were frequently applied with external stimuli, which stimulate
and induce movement in the worms, if alive. The mean lethal time and paralysis time of the earthworms for
different test [19, 20].

RESULT AND DISCUSSION
Molecular docking

Molecular docking studies were performed in order to find the possible protein ligand interactions
of the dataset ligands. The potential active site amino acids of PDB ID: 1JFF complex were predicted using
Computed Atlas of Surface Topography of Protein (CASTp). The target protein and inhibitors were
geometrically optimized. All the 10 compounds were docked against active site of target protein using
AUTODOCK VINA. Additionally, these also assisted in identifying the conformational changes of the ligand
in the protein environment. About 100 different protein-ligand complex conformations for each docked
complex were generated through AUTODOCK suite of MGL Tools, the confirmation with lowest binding
energy was displayed as the best binding energy.

S. Code Binding energy No. of H Bonds Interacting Amino acids Bond length
T1 -8.3 1 THR:340 5.08
T2 -8.1 1 ARG:322 5.12
T3 -8.3 1 ARG:322 4.89
T4 -8.2 2 ALA:298, PHE:296 3.84,3.72
T5 -8.1 - - -

T6 -8.6 - - -
T7 -8.2 - - -
T8 -8.8 1 THR:340 5.07
T9 -8.2 1 PRO:307 3.38
T10 7.9 - - -
native -6.1 1 ASP:357 4.26

Table 2: Binding interactions of Imidazole derivatives against (PDB ID: 1JFF)

Figure 2: 2D and 3D Structure of the Compound T1 against PDB ID: 1JFF
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Figure 4: 2D and 3D Structure of the Compound T4 against PDB ID: 1JFF
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Figure 5: 2D and 3D Structure of the Compound T6 against PDB ID: 1JFF
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Figure 6: 2D and 3D Structure of the Compound T8 against PDB ID: 1JFF
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Figure 7: 2D and 3D Structure of the Albendazole against PDB ID: 1JFF

Synthesis
Code R Mol. Formula Mol. Wt (g.mol1) | Melting Point % Yield
T1 H C21H16N2 296.37 242 78
T2 4-NO2 C21H15N302 341.37 200 84
T3 3-NO2 C21H15N302 341.37 160 84
T4 2-NO2 C21H15N302 341.37 190 80
T5 4-Cl C21H1sCIN2 330.81 97 83
T8 3-CHs C22H18N> 310.40 210 79

Table 3: Physical Characterisation data of the Synthesized Compounds (T1, T2, T3, T4, T5 and T8)
Characterization

Compound T1: 2,4,5-triphenyl-1H-imidazole

IR (v cm™): 3402 (N-H stretch, Imidazole), 3055 (C-H stretch, Aromatic), 1598 (C=N stretch, Imidazole
ring), 1495 (C=C stretch, Aromatic), 1312 (C-N stretch), 756, 698 (Aromatic C-H bending).

TH-NMR (DMSO, 8 ppm): 12.45 (1H, s, NH of imidazole), 7.25-7.85 (15H, m, aromatic protons from three
phenyl rings), 7.05 (1H, s, C-H proton at position 2 of imidazole).

Mass Spectrometry (ESI-MS): m/z 320.13 (M), m/z 321.14 (M+1, 100%).

Compound T2: 2-(4-nitrophenyl)-4,5-diphenyl-1H-imidazole

IR (v com™): 3405 (N-H  stretch, Imidazole), 3098 (C-H stretch,  Aromatic),
1595 (C=N stretch, Imidazole ring), 1510 and 1345 (N=0 asymmetric and symmetric stretches, NO, group),
1490 (C=C stretch, Aromatic), 1310 (C-N stretch), 826, 702 (Aromatic C-H bending).

1H-NMR (DMSO, 8 ppm): 1251 (1H, s, NH of imidazole), 8.24 (2H, d, Ar-H, ortho to NO,),
7.72 (2H, d, Ar-H, meta to NO,), 7.50-7.80 (10H, m, aromatic protons from two phenyl rings),
7.12 (1H, s, imidazole C-H at position 2).

Mass Spectrometry (ESI-MS): m/z 365.13 (M), m/z 366.11 (M+1, 100%).

Compound T3: 2-(3-nitrophenyl)-4,5-diphenyl-1H-imidazole

IR (v cm™): 3412 (N-H stretch, Imidazole), 3090 (C-H stretch, Aromatic), 1602 (C=N stretch, Imidazole
ring), 1521, 1340 (N=0 asymmetric and symmetric stretches, NO, group), 1493 (C=C stretch, Aromatic),
1315 (C-N stretch), 823, 700 (Aromatic C-H bending).

H-NMR (DMSO, 8 ppm): 12.48 (1H, s, NH of imidazole), 8.19-8.12 (1H, m, Ar-H adjacent to NO,), 7.90-
7.72 (2H, m, Ar-H), 7.58-7.45 (10H, m, aromatic protons from two phenyl rings), 7.10 (1H, s, imidazole C-
H at position 2).

Mass Spectrometry (ESI-MS): m/z 365.13 (M), m/z 366.11 (M+1, 100%).
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Compound T4: 2-(2-nitrophenyl)-4,5-diphenyl-1H-imidazole

IR (v cm™'): 3415 (N-H stretch, Imidazole), 3087 (C-H stretch, Aromatic), 1600 (C=N stretch, Imidazole
ring), 1528 and 1337 (N=0 asymmetric and symmetric stretches, NO, group), 1492 (C=C stretch, Aromatic),
1310 (C-N stretch), 825, 695 (Aromatic C-H bending).

H-NMR (DMSO, § ppm): 12.44 (1H, s, NH of imidazole), 8.18-7.98 (3H, m, aromatic protons near ortho-
NO; group), 7.55-7.40 (10H, m, aromatic protons from two phenyl rings), 7.06 (1H, s, C-H of imidazole
ring).

Mass Spectrometry (ESI-MS): m/z 365.13 (M), m/z 366.11 (M+1, 100%).

Compound T5: 2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazole

IR (v cm™): 3410 (N-H stretch, Imidazole), 3085 (C-H stretch, Aromatic), 1595 (C=N stretch, Imidazole
ring), 1490 (C=C stretch, Aromatic), 1260 (C-Cl stretch), 1310 (C-N stretch), 821, 698 (Aromatic C-H
bending).

H-NMR (DMSO, 8 ppm): 12.41 (1H, s, NH of imidazole), 7.55-7.45 (4H, d, Ar-H from 4-chlorophenyl ring),
7.40-7.80 (10H, m, aromatic protons from two phenyl rings), 7.05 (1H, s, imidazole C-H at position 2).
Mass Spectrometry (ESI-MS): m/z 336.10 (M), m/z 337.12 (M+1, 100%), m/z 338.10 (M+2, ~30%).

Compound T8: 2-(3-methylphenyl)-4,5-diphenyl-1H-imidazole

IR (v cm™1): 3408 (N-H stretch, Imidazole), 3080 (C-H stretch, Aromatic), 2923 (C-H stretch, Alkyl-CHj),
1602 (C=N stretch, Imidazole), 1495 (C=C stretch, Aromatic), 1312 (C-N stretch), 822, 696 (Aromatic C-H
bending).

TH-NMR (DMSO, 8 ppm): 12.40 (1H, s, NH of imidazole), 7.80-7.45 (10H, m, aromatic protons from two
phenyl rings), 7.35-7.20 (3H, m, Ar-H from 3-methylphenyl), 6.98 (1H, s, imidazole C-H at position 2), 2.35
(3H, s, -CH3 group on 3-methylphenyl ring).

Mass Spectrometry (ESI-MS): m/z 336.16 (M), m/z 337.18 (M+1, 100%).

Anthelmintic activity

SL. no Name Time in minutes
For paralysis % Concentration | For death % Concentration
Concentration 0.1 0.2 0.5 0.1 0.2 0.5
Control - - - - - -

Albendazole 17 12 9 40 31 23

1. T1 19 16 14 43 35 29
2. T2 32 29 23 66 45 35
3. T3 17 14 11 42 33 27
4, T4 28 18 11 33 28 23
5. T5 37 32 24 63 47 34
6. T8 17 13 11 41 32 25

Table 4: Paralysis Time and Death Time of synthesized Compounds for Antihelmintic Activity.

The antihelmintic activity actual result is summarized in Table 3 and the Comparison of activity is
shown in Figure 8. All of the studied drugs exhibited good-to-great activity, according to the data. Among
the screened compounds, Compound T8 and T3 showed excellent activity, and it was also comparable with
the standard drug Albendazole.
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Figure 8: Graphical representation of Anthelmintic activity of Imidazole derivatives- Paralysis
time and death time (min).

CONCLUSION

The present study successfully demonstrates an integrated computational and experimental
approach for the development of some imidazole derivatives as potential anthelmintic agents. A series of
ten imidazole-based compounds were rationally designed and subjected to molecular docking studies
against the Pokeweed Antiviral Protein (PDB ID: 1JFF), a known helminthic target. The docking results
revealed favorable binding interactions range from -8.8 to -8.1 kcal/mol. The compounds T8 exhibiting
stronger binding affinity with -8.8 kcal/mol by Hydrogen bonding THR:340 compared to the native ligand,
indicating promising biological potential.

Following computational analysis, the selected compounds were synthesized using a one-pot
multicomponent reaction and subsequently characterized through IR, *H-NMR, and mass spectrometry to
confirm their chemical structures. The synthesized derivatives were then screened for their in-vitro
anthelmintic activity using Indian earthworms as the test organisms. Compounds T3 and T8 displayed the
most potent anthelmintic effects, with paralysis and death times comparable to that of the standard drug,
albendazole. These findings suggest a possible correlation between the substitution pattern on the
imidazole ring and anthelmintic efficacy.

Overall, the study highlights the potential of imidazole scaffolds for further development as
anthelmintic agents. The integration of molecular docking with synthetic and biological evaluation provides
a cost-effective and efficient strategy for early-stage drug discovery. Future studies involving mechanism-
based assays, toxicity profiling, and in-vivo validation are warranted to further explore the therapeutic
potential of these derivatives.
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