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Abstract

	 The rise of multi-drug-resistant pathogens makes infections increasingly difficult to treat, 
highlighting an urgent need for novel therapeutic agents. Thiazolidinedione a key five-membered 
heterocyclic compound, has shown a broad range of biological activities in medicinal chemistry. 
In response to this need, we designed a series of 3,5-disubstituted-2,4-thiazolidinedione drug 
conjugates. We subjected them to in silico molecular docking analysis as MurB enzyme inhibitors, 
an essential enzyme involved in the synthesis of bacterial cellwall. Out of the Fifteen compounds 
designed, based on structure-activity relationship (SAR) insights, molecular docking studies, 
compounds IIIc, IIId, IIIm exhibited better Glide d score than the standard ciprofloxacin and compound 
IIIm exhibited the highest d score-5.866kcal/mol and a binding energy-50.6788kcal/mol. In silico 
pharmacokinetic studies exhibited that all the molecules followed Lipinski Rule of five. Thus, the 
conjugate IIIm is proposed to serve as a prominent candidate for further experimental evaluation 
as an antibacterial agent.

Keywords: Thiazolidinediones, Molecular docking, In silico, Antimicrobial agents, 
Mur B enzyme inhibitors.

Introduction

	 Infections caused by microbes such 
as viruses, fungi, parasites, and bacteria are 
increasingly posing chronic threats to both human 
and animal health. Many of these infections are 
highly contagious, resulting in serious or fatal 
complications, and thus represent a substantial 
portion of global infectious diseases, impacting public 
health worldwide. Bacteria, which are unique among 

prokaryotes and present in nearly all environments, 
can cause diseases across various age groups 
and demographics.1 Factors such as a microbe's 
infectivity, pathogenicity, and virulence play crucial 
roles in its ability to cause illness. These factors 
work through mechanisms like tissue invasion, 
toxin production, and exploiting host vulnerability, 
collectively elevating the risk of infection.2 The rise in 
bacterial resistance has become a critical issue, with 
current antimicrobial drugs losing their effectiveness 
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against the bacteria. Misuse of antibiotics in both 
humans and animals is a primary contributor to 
this acceleration in antibiotic resistance, leading to 
severe conditions, especially in individuals whose 
capacity to fight infections has been compromised.3 
These infections significantly contribute to morbidity 
and mortality, negatively impacting patients' health 
and slowing their recovery process. With the 
increasing prevalence of bacterial strains resistant 
to currently available first-line antibiotics, there is 
a rush for the evolution of brand new therapeutic 
agents.4 Consequently, sustained research efforts 
are essential to develop more effective antimicrobial 
treatments to manage chronic microbial infections 
and overcome the limitations of existing therapies.

	 Among various heterocyclic compounds, 
thiazolidinediones hold a prominent position in the 
fields of medicinal chemistry and pharmacology.5 
Thiazolidinedione, a five-membered  heterocycle 
chemically represented as 1,3-thiazolidine-2,4-
dione, contains two carbonyl groups at the 2nd 

and 4th position and sulphur and nitrogen atoms 
positioned at the 1st and 3rd locations on the ring.6 
Thiazolidinedione derivatives serve as valuable 
scaffolds with diversified activities like antidiabetic7,8, 
antioxidant9,10, antimicrobial11, anti-inflammatory12, 
antiviral13, antibacterial14 and many more. A lot of 
research revealed the potency of thiazolidinediones 
as antimicrobial agents. Few thiazolidinedione 
derivatives are reported to have broad spectrum 
activity.15 Thiazolidinediones antimicrobial efficacy 
is attributed to their ability to inhibit few antibacterial 
enzymes like DNAgyrase, and Topoisomerase IV 
and interferes with peptidoglycan layer formation of 
bacterial cell wall.16

	 By contemplating the versatile activities 
of thiazolidinediones we were prompted to design  
3,5-disubstituted thiazolidinediones, evaluate their 
In silico antimicrobial potency, and understand, 
elucidate the molecules binding interactions at the 
receptor active site.

Materials and methods

Design of some 3,5-disubstituted thiazolidinedione 
derivatives
	 During the propagation of the bacterial cell 
wall, the MurB enzyme is utilised in the formation 
of a pentapeptide portion utilised in its cell wall 

precursor. It was reported that thiazolidinediones 
bring about their antimicrobial activity by the 
inhibition of MurB enzyme.17 It was also established 
that it is not the substitution on the aromatic ring 
but the substitution on the heterocyclic ring that 
is responsible for the antibacterial activity.18 In 
this study we designed few 3-substituted-5-[(1,1-
bipheny)-4yl]methylene-2,4-thiazolidinedione by 
Knoevenagel condensation reaction19 followed by 
the reaction with various alkyl aryl and heterocyclic 
halides to produce the desired compounds 
3,5-disubstituted thiazolidinediones20.(Figure 1)

	 Figure 1. Schematic representation for the 
synthesis of 3,5-disubstituted thiazolidine-2,4-dione

Step I

Step II

	 Where: III-5-[(1,1-bipheny)-4yl]methylene-
2,4-thiazolidinedione; IIIa-m: 3-substituted-5-[(1,1-
bipheny)-4yl]methylene-2,4-thiazolidinedione; 
i- pipeidine, ethanol; ii- sodium hydroxide,ethanol

Molecular docking studies
	 The antibacterial potency of the designed 
compounds was evaluated by their capability in the 
inhibition of the Mur B enzyme which is an essential 
enzyme involved in the propagation of peptidoglycan 
layer of the cell wall of bacteria.21 The structural 
analysis of the E. coli MurB enzyme complexed with 
naphthyl tetronic acid (PDB ID: 2Q85) was initiated 
by retrieving the digital structure from the receptor 
Data Bank  and  devised  by utilising the Schrödinger 
Suite 2021-4 Protein Preparation Wizard module, 
minimized with the optimized for simulations-3 
(OPLS-3) molecular force field, and the RMSD of 
the crystallographic atom set to 0.3 Å22. A grid box 
was designed so as to exemplify the reactive site.23
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	 The 2D structures were transformed to 3D, 
energy minimized, refined the geometry, desalted, 
and chirality amended. Ligands were diminished using 
the OPLS-3 force field until an RMSD of 2.0 Å was 
achieved. Docking was performed using the Glide 
(XP) module of the Schrödinger Suite 2021-version 4, 
the default parameters for the compounds in binding 
modes with the best Glide scores. 

ADME Studies
	 In-silico ADME studies for the described 
compounds (III, IIIa-IIIn) were conducted using the 
QikProp module within the Schrödinger suite 2021. 
The prepared ligands were analyzed for ADME 
properties, including molecular weight, total surface 
area accessible by solvent, the hydrogen bond donors 
and acceptors, oral absorption potential, log P values, 
and adherence to  rule of five. According to the rule, 
a molecule with two or more violations of these 
parameters is less likely to be considered drug-like.24

Results and discussion

	 Fifteen compounds were designed 
to target the MurB enzyme (PDB ID: 2Q85) 
receptor. These compounds were designed by 
substituting thiazolidinedione with an aromatic 
biphenyl methylene group at the 5th position followed 
by substituting various aryl/alkyl groups at the 3rd 

position. The chemical structure of the designed 
molecules were given the Table 1.

	 From the docking studies at the reactive site 
of the target E.coli MurB enzyme (PDB ID: 2Q85) 
it was observed that all the designed compounds 
showed affinity towards the active site. The glide 
dock scores along with the standard ciprofloxacin, 
binding energies and aminoacids interacted were 
depicted in the Table 2. 

Table 1: Structures of the 3-substituted-5-[(1,1-
bipheny)-4yl]methylene-2,4-thiazolidinediones

General structure

		

	Sr. No	 Compound	 R1

	 1	 III	 H
	 2	 IIIa	 CH3

	 3	 IIIb	 HC≡C-CH2-
	 4	 IIIc	 CH3-CH2-CH2-CH2-CH2-
	 5 	 IIId	 OH-CH2-CH2-CH2-CH2-CH2-
	 6	 IIIe	 CH3-CH2-O-C(=O)-CH2-
	 7	 IIIf	 C6H5-CH2-
	 8	 IIIg	 C6H4N-CH2-
	 9	 IIIh	 3-CF3C6H4-CH2-
	 10	 IIIi	 2-CF3C6H4-CH2-
	 11	 IIIj	 Et-O-C(=O)-CH2-C6H4-CH2-
	 12	 IIIk	 (3,5-OCH3) C6H3-CH2-
	 13	 IIIl	 3-Cl C6H4-CH2-
	 14	 IIIm	 2-CNC6H4-C6H4-CH2-
	 15	 IIIn	 2-Cl C6H4-CH2-

Table 2: Docking results of the compounds III, IIIa-IIIn

	Sr. No	 Compound 	 Glide D 	 Binding	  Aminoacids
			   Score	 Energy	 interacted
			   (Kcal/mol)	 (Kcal/mol)

	 1	 III	 -4.36302	 -40.5898	 Asn 233
	 2	 IIIa	 -4.79188	 -37.5616	 Asn233
	 3	 IIIb	 -4.34228	 -35.2776	 Asn226
	 4	 IIIc	 -5.47508	 -41.9288	 Asn226, 
					     Gln 288
	 5	 IIId	 -5.8565	 -35.1242	 Asn253
	 6	 IIIe	 -4.97122	 -44.5651	 Asn233 
	 7	 IIIf	 -4.32312	 -38.7796	 Ser 229
	 8	 IIIg	 -4.66501	 -39.2575	 Ser 229
	 9	 IIIh	 -5.43972	 -35.6772	 Asn253
	10	 IIIi	 -4.99895	 -41.2482	 Asn253
	11	 IIIj	 -3.97275	 -45.1835	 Tyr 190
	12	 IIIk	 -4.9917	 -45.2187	 Asn253
	13	 IIIl	 -5.1071	 -44.0797	 Asn233
	14	 IIIm	 -5.86601	 -50.6788	 Asn233, 
					     Gln266
	15	 IIIn	 -4.121	 -43.185	 Asn233
	16	 STD	 -5.22685	 -34.2252	 Lys275, 
					     Gln287

	 The designed compounds interlinkages 
with the prime site of the E.coli MurB enzyme 
were predominantly hydrophobic. All the designed 
compounds form hydrophobic bonds with the 
aminoacids Ala124, Tyr125,Tyr158, Tyr190, Leu218, 
Pro219, Pro221, Pro252, Tyr254, Leu263, Ala264, 
Ala289, Leu290, Val291. The Glide docking score 
of all the compounds ranged between -3.97 Kcal 
to -5.86 Kcal and were found to be good inhibitors 
of E.coli MurB enzyme. Among the designed 
compounds, IIIc, IIId, and IIIm derivatives exhibited 
better binding interactions at the active site 
with pentyl, hydroxyhexyl and 2-cyanobiphenyl 
substitutions. Compound IIIm showed the highest 
potency with a glide score of -5.866 Kcal, followed 
by compound IIId -5.8565 Kcal and compound IIIc 
-5.474 Kcal with the binding energies of -50.678, 
-35.1242, -41.9288 Kcal/mol respectively. These 
compounds showed better glide dock score than 
the standard ciprofloxacin which had a docking 
score of -5.226Kcal/mol. The compounds exhibited 
polar hydrogen bonding interactions majorly with 
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aminoacids Asn226, Ser 229, Asn233, Gln288, 
Gln287. All these interactions displayed that  
hydrophobic substitutions on the thiazolidinedione  
increased  antimicrobial activity of thiazolidinediones 

as was reported earlier. Further it was revealed 
that introduction of electron withdrawing groups on 
the hydrophibic groups increased the antimicrobial 
activity further25. 

Fig. 1. 2D interactions of the compounds IIIm(A), IIIc(B) and IIId(C) with E. coli Mur B enzyme

(a)

(b)

(c)

ADME properties
	 The In silico ADME properties of all 

molecules have been determined using QikProp 
Schrodinger Suite and have been reported in  
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Table 3. The molecular weight of the molecules 
ranged from 281.328 to 472.56, the total solvent-
accessible area 506.697 to 830.021, the donor 
hydrogen bonds were less than 2, the acceptor 
hydrogen bonds were ranging from 3 to 5, the QPlog 

Po/w values ranged from 3.18 to 6.784, the QPlogS 
values ranged from -4.156 to -8.172 and the percent 
human oral absorption was found to be100 %. All the 
molecules designed followed Lipinski’s Rule of Five 
and thus were more likely to be drug-like.

Table 3: ADME properties of the compounds III, IIIa-IIIn

	Sr. No	 Compound 	 MW 	 SASA	 HB Donor	 HB Accept 	 QP logPo/w	 Q Plog S	 %Human Oral Absorption	 Rule of Five

	 1	 III	 281.328	 506.697	 1	 3	 3.183	 -4.156	 100	 0
	 2	 IIIa	 295.355	 558.751	 0	 3	 3.97	 -4.951	 100	 0
	 3	 IIIb	 319.377	 604.498	 0.5	 3	 4.616	 -5.642	 100	 0
	 4	 IIIc	 351.462	 686.663	 0	 3	 5.465	 -6.665	 100	 1
	 5	 IIId	 381.489	 728.997	 1	 4.7	 4.949	 -6.39	 100	 0
	 6	 IIIe	 367.419	 675.736	 0	 5	 4.112	 -5.568	 100	 0
	 7	 IIIf	 371.453	 664.472	 0	 3	 5.788	 -6.629	 100	 1
	 8	 IIIg	 372.441	 661.926	 0	 4.5	 4.623	 -5.737	 100	 0
	 9	 IIIh	 439.451	 716.851	 0	 3	 6.784	 -8.114	 100	 1
	 10	 IIIi	 439.451	 707.635	 0	 3	 6.566	 -7.809	 100	 1
	 11	 IIIj	 457.543	 830.021	 0	 5	 6.174	 -8.172	 100	 1
	 12	 IIIk	 431.505	 740.074	 0	 4.5	 5.818	 -6.892	 100	 1
	 13	 IIIl	 405.898	 692.239	 0	 3	 6.175	 -4.156	 100	 0
	 14	 IIIm	 472.56	 764.433	 0	 4.5	 6.529	 -4.951	 100	 0
	 15	 IIIn	 405.898	 686.697	 1	 3	 3.183	 -5.642	 100	 0
	 16	 STD	 331.35	 576.031	 1	 6	 0.272	 -3.904	 48.588	 0

CONCLUSION

	 The present study focussed on the design 
of fifteen 3,5-disubstituted-2,4-thiazolidinediones and 
evaluated their antimicrobial activity by their ability to 
inhibit the E. coli Mur B, an enzyme involved in the 
biogenesis of the bacterial cell wall. It was revealed 
that all the compounds interacted well with the receptor 
active site and among thee derivatives, compounds 
IIIc, IId, IIIm exhibited the highest glide docking 
scores indicating the prominence of the presence 
of hydrophobic groups on the thiazolidineone ring. 
Further from the ADME molecular properties it was 
observed that all the designed molecules followed 
Lipinskis rule of five. From all the results it can be 
observed that compound IIIm could be a promising 

antibacterial agent among the designed compounds 
and can be further investigated for conducting 
experimental studies.
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