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ABSTRACT 

Eleven active imidazolone compounds were screened against two fungal species 

Candida albicans and Fusariumricini by MIC assay andGriseofulvin as standard reference. 

Insilico studies performed on SARs Cov2 main protease (MPro). The p-bromo, m-nitro, p-

chloro, p-dimethyl amine substituted analogues exhibited outstanding MIC against both fungal 

strains compared to Griseofulvin. Molecular docking studies on these compounds unravel the 

relative orientation, mode of interaction and nature of bonding with proteinase of Candida 

albicans and SARs Cov2 main protease. The m,p-dimethoxy substituted analogue scored 

highest binding affinity against Mpro.The docking scores of all compounds are ranging between 

−8.70 to −11.07 Kcal/mol against the candida albicans proteinase and -8.77 to -12.01 Kcal/mol 

against SARs Cov2 main protease. The pharmacokinetics evaluation performed by using 

SwissADME web server identified their more drug-likeness properties. 
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INTRODUCTION 

Rendering to the literature evaluation, heterocyclic compounds epitomize 

imperativerole in medicinal chemistryi.Abundant imidazole-based clinical drugs play 

imperious position in handling arange of diseasesii. Novel imidazoleswith curative values are 

being aggressively exploited worldwideiii. Imidazoles exist in tautomeric forms and bind with 

receptors through vanderwaalsforces, hydrogen bonding, dipole-dipole and π bonding 

interactionsthereby exhibiting broad biological activitiesiv.Imidazolones are classified based on 

the position of carbonyl group as2-oxo-imidazoline, 4-oxoimidazoline and 5-

oxoimidazolinev.These are structurally correlated to amidines as well as guanidines.A diverse 

range of imidazolone-5-ones  holda widespread band of biological and pharmacological actions 

which are unveiled by their use as CNS depressantvi, antifungalvii,antihelmenticviii, anticancerix, 

anticonvulsant and monoaminoxidase inhibitionx,xi and antiparkinsonianxii. 

Molecular docking is a computational procedure that aims to predict the favored 

orientation of a ligand to its macromolecular target (receptor) when these are bound to each 

other to form a stable complexxiii. It is a reliable, cost-effective, and time-saving technique in 
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the process of drug discoveryxiv. Various docking tools are available for academic and 

commercial purpose, such as DOCKxv, Autodockxvi, AutodockVinaxvii, PyRxxviii, Glidexix, 

GOLDxx etc.  

 

Inspired by potent biological activities of imidazolones, extension of our previous work 

reportedxxi, we further investigated the antifungal activity and insilico screening on SARs-Cov2 

main protease. 

 
Fig 1. Structures of Imidazolone analogues1a-k 
 
RESULTS AND DISCUSSION 

Antifungal Activity 

All eleven imidazolone analogues werescreened against two fungal strains viz. 

Fusarium ricini and Candida albicans. The minimum inhibitory concentration (MIC) results 

of all compounds are presented in Table-1. The compounds 1c, 1d, 1h, 1f, 1j and 1k exhibited 

good inhibition against the F.ricini compared to Griseofulvin. Similarly, compounds 1d, 1e, 

1f, 1g, 1h, 1i and 1kexecuted superior activity against C.albicans than standardGriseofulvin. It 

may be attributed to the presence of electron withdrawing nature of acetyl, chloro, bromo, nitro, 

methoxy group substitution by inductive effect and electron donating nature of dimethyl amine 

group substitution.The activity of compounds are shown in Fig 1 & 2. 
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Table 1: The minimum inhibitory concentration results of imidazolone compounds 

Sample Growth Inhibition of Fungal Organism (mm) 
 

Fusarium ricini Candida albicans 

1a 15mm 20mm 

1b 16mm 20mm 

1c 18mm 20mm 

1d 18mm 25mm 

1e 16mm 25mm 

1f 16mm 25mm 

1g 16mm 25mm 

1h 18mm 25mm 

1i 18mm 25mm 

1j 18mm 18mm 

1k 18mm 25mm 

standard 15mm 18mm 

control 25mm 30mm 

 

 
Fig 2. The antifungal activity of imidazolone compounds against Fusarium ricini 

 
Fig 3. The antifungal activity of imidazolone compounds against Candida albicans 
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Fig 4.Graph representing MIC values of imidazolone compounds1a-k 

 

Molecular docking against of aspartic proteinase 

 Docking simulation were performed on crystal structure of aspartic proteinase (PDB 

ID: 2QZW) xxii of Candida albicans.The binding affinity values by all molecules were found 

to be outstanding thanGriseofulvin, except for compound 1c. The docking score and binding 

interactions of compounds 1a-k are presented in table-2.  

Table 2: Docking scores of compounds 1a-k and binding interactions with aspartic proteinase 

Compound 
Binding Affinity 

(Kcal/mol) 

Interacting Amino acids 

H-bonds Hydrophobic bond 

1a -9.3 
Asp32, Arg192, 

Thr221, Ser336 
Ile30, Tyr84, Asp86, Ile123 

1b -5.73 Gly85, Asn160 
Gly87, Gln168, Lys178, Ser334, 

Ile338 

1c -8.7 Gly85, Gly220 Ile123, Ile305, Ala335 

1d -8.93 Ser336 Tyr84, Tyr225, Ala303, Ile305  

1e -8.43 Gly85, Ser336 Gly34, Tyr84, Ile123, Ile305 

1f -8.96 Asp86 
Tyr84, Gly85, Asp86, Ile305, 

Asn337 

1g -10.56 
Ile223, Tyr225, 

Ser301 
Gly85, Ser301, Ile305 

1h -10.6 
Asp32, Arg192, 

Thr221 
Gly85, Ile123, Ile305 

1i -9.49 Asn131 
Tyr84, Gly85, Ala303, Ile305, 

Ala335, Asn337 

1j -8.99 Gly85, Arg192 Tyr84, Leu216, Thr221 

1k -8.91 

Asp32, Gly85, 

Asn131, Asp218, 

Thr222 

Tyr84, Asp86, Leu216 

Griseofulvin 
-6.00 Ser88 

Ser13, Ile30, Asp86, Ile119, 

Pro120, Ile123, Gly220, Thr221 
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 Compound 1h, 4-chloro substituted analogue scored highest binding affinity value 

about -10.6 Kcal/mol. It demonstrated key interactions with Asp32, Arg192, Thr221 and 

hydrophobic interactions with Gly85, Ile123, Ile305 of aspartic proteinase (Fig 5, 6). The 

standard drug Griseofulvin scored just -6.00 Kcal/mol binding energy value and it indicated 

only one H-bond interaction with Ser88 of 2QZW (Fig 7, 8). The binding energies and 

interactions of all compounds (1a-k) with aspartic proteinase (PDB ID: 2QZW) proved that all 

compound best fit into theactive site pocket and can show inhibition. 

 
Fig 5. Docking pose of compound 1h in cavity of aspartic proteinase (PDB ID: 2QZW) 

 

 
 

Fig 6. 2D interactions of compound 1h with aspartic proteinase (PDB ID: 2QZW) 
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Fig 7. Docking pose of griseofulvin in cavity of aspartic proteinase (PDB ID: 2QZW) 

 
Fig 8. 2D interactions of griseofulvin with aspartic proteinase (PDB ID: 2QZW) 

 

MOLECULAR DOCKING WITH COVID-19 MAIN PROTEASE 

 With an interest to study the inhibition of SARs corona virus, molecular docking studies 

performed on COVID-19 main protease (PDB ID: 6LU7) xxiii-xxv(MPro) of corona virus. The 

active site pocket of 6LU7 is occupied with amino acids His41, Met49, Tyr54, Phe140, Leu141, 

Asn142, Gly143, His163, Met165, Glu166, Leu167, His172,Phe185, Asp187, Gln189 and 

Gln192xxvi. The binding energies of all compounds 1(a-k) were ranging from -8.77 to -10.68 

Kcal/mol as shown in Table-3. 

Table-3: Docking sores and binding interactions of compounds 1(a-k) against COVID-19 

main protease 

Compound 
Binding Affinity 

(Kcal/mol) 

Interacting Amino acids 

H-bonds Hydrophobic bond 

1a -10.13 
His41, Gly143, 

Cys145 
Cys145, Met165, Arg188, Gln189 

1b -9.14 His163, Arg188 His41, Cys145, Asp187, Gln189 

1c -8.92 His163, Arg188 His41, Cys145, Asp187, Gln189 
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1d -10.23 His41, Glu166 
His41, Met49, Cys145, Met165, 

Asp187, Arg188, Gln189 

1e -9.64 Gly143, Glu166 
His41, His163, Met165, Glu166, 

Arg188, Gln189 

1f -9.4 - - 

1g -9.72 
His41, Gly143, 

Cys145 
Cys145, Met165, Arg188, Gln189 

1h -10.53 Gln192 Met165, Glu166, Gln189 

1i -10.68 
Glu166, Arg188, 

Gln192 
Met165, Arg188, Gln189  

1j -8.77 
His41, Cys145, 

Glu166 

His41, Met49, Met165, Asp187, 

Gln189 

1k -8.96 
His163, glu166, 

Gln189 
Met165, Gln189 

 

 Compound 1i, 4-bromo substituted analogue possesses highest binding energy of -

10.68 Kcal/mol. Interestingly, it indicated H-bond interactions with active site amino acids 

Glu166, Arg188, Gln192 and hydrophobic interactions with Met165, Arg188, Gln189 of MPro 

(Fig 9, 10). Compound 1h scored second highest binding energy of -10.53 Kcal/mol, it 

demonstrated a H-bond interaction with Gln192 and hydrophobic interactions with Met165, 

Glu166, Gln189 of Mpro(Fig 11, 12). The binding energies and interactions of best confirmers 

indicate that these molecules could inhibit the corona virus and can be investigated 

experimentally in near future. 

 

 
 

Fig 9. Docking pose of compound 1i in cavity of Mpro 
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Fig 10. 2D interactions of compound 1i in cavity of Mpro 

 

 
 

Fig11.Docking pose of compound1h in cavity of Mpro. 

 
Fig 12. 2D interactions of compound 1h in cavity of Mpro. 
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PHARMACOKINETIC EVALUATION 

Absorption, Distribution, Metabolism and Excretion properties are important in the 

process of drug discovery. The calculated pharmacokinetics of the studied compounds1(a-k) 

shown in Table-4. Except compound 1i,all the tested compoundshave molecular weight below 

500 g/mol. The molecular weight characteristics of these molecules suggested that they can 

easily be transported, diffused, and absorbed in the body in a significant mannerxxvii. The LogP 

value of the compounds were found to be in the range of 3.12–4.1, which meet the essential 

conditions of the Lipinski’s rule of fivexxviii. The calculated number of H-bond acceptors of all 

the molecules were less than ten which is in accordance with ADME as the number of hydrogen 

bond acceptors must be <10. Bioavailability score of 0.55 suggested that these molecules can 

be absorbed and used by bodyxxix. Synthetic accessibility scores recommended the ease of 

synthesis of these moleculesxxx. 

 

Table-4: Drug-likeness properties of compounds 1a-k 
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1a 440.45 7 6 0 130.59 85.27 3.98 -5.18 High 0 0.55 3.85 

1b 416.86 5 4 0 124.1 58.97 3.79 -5.76 High 1 0.55 3.61 

1c 461.31 5 4 0 126.79 58.97 3.85 -6.07 High 1 0.55 3.65 

1d 427.41 6 6 0 127.91 104.79 3.26 -5.23 High 0 0.55 3.78 

1e 442.46 7 6 0 132.07 77.43 4.1 -5.31 High 0 0.55 3.96 

1f 425.48 6 4 0 133.29 62.21 4 -5.4 High 0 0.55 3.92 

1g 482.48 8 7 0 140.78 102.34 3.49 -5.14 High 0 0.55 3.98 

1h 458.89 6 5 0 134.29 76.04 3.72 -5.71 High 0 0.55 3.74 

1i 503.34 6 5 0 136.98 76.04 3.89 -6.02 High 2 0.17 3.77 

1j 469.45 7 7 0 138.1 121.86 3.12 -5.18 High 0 0.55 3.9 

1k 484.5 8 7 0 142.26 94.5 3.93 -5.28 High 0 0.55 4.09 

 

MATERIALS AND METHODS 

Antifungal Assay 

The antifungal assay is performed by using two fungi,Fusarium ricini and Candida 

albicans. Potato dextrose agar plates were made and 5mm diameter fungal plugs were placed 

carefully at the center of the plate around which 5mm wells were made using sterile well borer 

based on number of samplesxxxi. The wells were loaded with 100µl of samples each and one 

well with antifungal chemical as standard (Griseofulvin). The plates were incubated for 96 hours 

at 25°C and results were noted. 

Molecular DockingStudy 

The Autodock 4.2 is an open source software which was downloaded from The Scripps 

Research Institute (www.scripps.edu) into the computer configured with Intel(R) Core(TM) 

i5-8250U CPU @ 1.60GHz1.80 GHz  processor and RAM capacity of 16.00GB. The ligand 

molecules were drawn using the tool ChemSketch (www.acdlabs.com) in .mol format and 

converted to PDB file using Pymol (pymol.org) program tool.  

http://www.scripps.edu/
http://www.acdlabs.com/
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 To study the binding interactions between the newly synthesized ligands and the target 

molecules, the Secreted aspartic proteinase from Candida albicans (PDB ID: 2QZW) and 

Covid-19 main protease (PDB ID: 6LU7) were downloaded from Protein Data Bank 

(www.rcsb.org). The ligands and the target proteins were loaded into Autodock 4.2, the number 

of torsions were set to the ligands. Both ligand and target proteins were saved into PDBQT 

format. The Grid box for 2QZW was set up with 60:60:60 A0 and coordinates -16.302, -23.24 

and -16.245 were assignedxxxii. The Grid box for 6LU7 was set up with 60:60:60 A0 and 

coordinates -11.824, 14.735 and 74.152 were assignedxxiv. To obtain best docking results 10 

confirmers of each ligand were run in Autodock 4.2. 
 The Autodock 4.2 uses a Lamarckian genetic algorithm program to calculate different 

ligand conformers. Conformations were ranked according to the binding energy obtained from 

docked procedure and the confirmation with lowest binding energy was considered as the best 

docking score. The Autodock 4.2 results were visualized by using BIOVIA Discovery Studio 

Visualizer (https://discover.3ds.com/discovery-studio-visualizer-download) and Proteins Plus 

Server (https://proteins.plus/). 

Pharmacokinetics 

 SwissADME web server protocol was used to evaluate the drug-likeness properties of 

all compoundsxxxiii. 

 

CONCLUSION 

 Invitro antifungal assay results confirm that compounds 1c, 1d, 1e, 1f, 1h, 1i, 1j and 

1kdemonstrated potent activity against two fungal strains viz. Fusarium ricini and Candida 

albicans. The docking studies on aspartic proteinase of candida albicans support the 

investigational data. Molecular docking on Mpro confirms that they bind in active site pocket 

with good binding affinities so that we can proceed for further experimental studies in 

mitigating the virus responsible for pandemic conditions across the world. 
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