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Abstract

In medicinal chemistry, Schiff bases have garnered considerable
interest because of their diverse array of pharmacological properties.
Many derivatives of Schiff bases demonstrate antimicrobial, antiviral,
antimalarial, and anticancer activities, making them promising
candidates for drug development. Their therapeutic potential is largely
owing to their capacity to engage with biological molecules, including
proteins and nucleic acids. In our research, we synthesized Schiff base
intermediate molecules from aniline and utilized IHNMR, 13CNMR,
and LCMS analysis to elucidate the structures of the synthesized
compounds. Additionally, we conducted molecular docking studies to
analyse the antibacterial efficacy of the most promising compound. The
compound  (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,  3-
thiazolidin-4-one) demonstrated a strong binding affinity with the
protein. Furthermore, in vitro antibacterial activity tests revealed that
the synthesized compounds exhibited significant antibacterial activity.

Keyword: Thiazolidin, Aniline, Antimicrobial,Molecular docking,
Binding affinity.
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INTRODUCTION

Schiff bases, named after the chemist Hugo Schiff, are a class of compounds characterized by the
functional group R1IR2C=NR3. These compounds have gained considerable attention due to their
versatile applications in various fields, including coordination chemistry, material science, and
medicinal chemistry. Among them, Schiff bases derived from aniline are particularly interesting
because of their potential biological activities and their ability to form stable complexes with

transition metals [1].

The growth of new antimicrobial agents is dangerous in the fight against bacterial infections,
especially in the framework of rising antibiotic resistance. Schiff base derivatives have shown
promise as potent antibacterial agents due to their unique structural properties, which enable them
to interact effectively with bacterial cell components. In this context, the synthesis of novel Schiff
base derivatives from aniline is of significant interest, offering a potential pathway to discovering

new antibacterial agents [2].

Molecular docking is a computational technique used to predict the interaction between a drug
candidate and its target protein at the molecular level. This method allows researchers to visualize
and analyze the binding affinity and specificity of compounds to their biological targets, providing

valuable insights into their mechanism of action and guiding the design of more effective drugs
[3]

This study explores a dual approach to evaluating the efficacy of novel Schiff base derivatives
from aniline. Firstly, the antibacterial efficacy of these compounds is assessed through in vitro
studies to determine their potential as antimicrobial agents. Secondly, molecular docking studies

are employed to elucidate the interactions between the Schiff base derivatives and bacterial target
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proteins, aiming to understand the structural basis of their antibacterial activity and to identify the

most promising candidates for further development [4].

By combining experimental antibacterial testing with molecular docking simulations, this research
aims to provide a comprehensive understanding of the potential of aniline-derived Schiff bases as
novel antibacterial agents [5]. The findings of this study could pave the way aimed at the growth
of new healing agents to combat bacterial infections and address the urgent need for new
antibiotics in the face of increasing antibiotic resistance.In our research, we synthesized Schiff
base intermediate molecules from aniline and utilized IHNMR, 13CNMR, and LCMS analysis to
elucidate the structures of the synthesized compounds. Additionally, we conducted molecular

docking studies to analyse the antibacterial efficacy of the most promising compound [6].

METHODOLOGY

PREPARATION OF SCHIFF BASE INTERMEDIATE MOLECULES

Equal quantities (0.01M) of 4-Chloro-3-Nitroaniline and different aldehydes were dissolved in 15
mL of methanol.To this mixture, 0.5 mL of acetic acid was added. The mixture was then refluxed
for two hours. After the reaction concluded, as verified by TLC (thin-layer chromatography), the
mixture underwent cooling and was then poured into water, leading to the formation of solid
precipitation. The solid was then filtered, washed with water, and crystallized from ethanol to
obtain the corresponding Schiff base intermediate compounds [7].

GENERAL PROCEDURE FOR SYNTHESIZING SUBSTITUTED 4-THIAZOLIDINONE
MOLECULES

Mix 0.01 moles of Schiff's base intermediates with 0.01 moles of thioglycolic acid in 20 milliliters

of 1, 4-dioxane to create a solution. Add a tweak of anhydrous zinc chloride to the solution. Reflux
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the mixture for 8 hours.Separate the solid product, filter it, and rinse with a sodium bicarbonate
solution. Recrystallize the solid from ethanol. The structure of the final synthesized compound was

confirmed using IHNMR, 13CNMR, and LCMS analysis (refer to Scheme 1) [8-10]

NMR CHARACTERISATION ANALYSIS

The 13C nuclear magnetic resonance (NMR) and 1H NMR spectra were captured utilizing
a Bruker 400 megahertz (MHz) spectrometer, operating at 300 MHz, employing tetramethylsilane
as the internal reference standard and DMSO-d6 as the solvent. These analyses were conducted at
the University of Madras. The mass spectra were acquired utilizing an LC-MS 2010 SHIMADZU
mass spectrometer, as depicted in Figures 1-3 [11]

DOCKING STUDIES

A research endeavour employing molecular docking techniques was conducted to evaluate the
optimal arrangement of the interaction between proteins and ligands. The CDOCKER (CHARMmM-
based DOCKER) procedure, integrated into DS, was working to investigate potential binding modes
stuck between ligands and target proteins. This method permits for thorough ligand plasticity and
utilizes CHARMmM force arenas. The assessment of ligand binding empathy involved the calculation
of various parameters, with CDOCKER energy, CDOCKER interaction energy, hydrogen
connexion, binding energies, protein energy, and ligand-protein complex energy. Negative values of
CDOCKER energy were described, with lower values representative stronger compulsory affinity
between the ligands and the objective protein. [12-14].

ANTIBACTERIAL ASSAY

TEST ORGANISM

Acceptable Gram-positive organisms include Escherichia coli, Staphylococcus aureus, various

Salmonella species, Vibrio parahaemolyticus, Aeromonas species, Klebsiella species, various
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Vibrio species, Proteus species, Pseudomonas aeruginosa, and various Bacillus species. The main
methods employed for bacterial study centered around Gram stain. The data and values were
together by the Department of Microbiology at the Christian Medical College in Tamil Nadu,
India, and IMPTECH in Chandigarh. Each vaccine was introduced into 3 mL of Mueller Hinton

Broth and then incubated for 24 hours at 37°C. Subsequently, the cultures were diluted [15-17].

PREPARATION OF INOCULUMS

Bacterial inoculum were primed by culturing cells in Mueller-Hinton broth (Himedia) at 37°C
designed for 24 hours. The resulting cell suspensions were diluted with sterile MHB to achieve initial
cell counts of approximately 10* CFU/mL .Sabouraud dextrose (SDB) yeast was grown for 48 hours
at 28°C [18-20].

DISC DIFFUSION METHOD

Petri dishes were ready with 20 mL of Mueller Hinton Agar (MHA) found from Hi-media,
Mumbai. The antibacterial assessment was directed via the disc-diffusion method. A deferral of
100 pL, containing 10 CFU/mL of fungal culture, was practical onto the solidified moderate and
permissible to air-dry for 10 minutes. Various concentrations (500 pg/disk) were verified for their
anti-Hungary properties. Ciprofloxacin (10 pg/disk) was used as a positive control, with a
diffusion time of 30 minutes at 27°C on the medium'’s surface. Respective solvents were utilized

to prepare negative control disks. [21, 22].

RESULT AND DISCUSSION
Spectral characterization of (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-
one)*H-NMR (400 MHz, DMSO-ds): 5 3.66 (1H, d, J = 15.9 Hz, 1,3-thiazolidin-CH>), 3.82 (1H,

d, J =15.9 Hz, 1,3-thiazolidin-CHy>), 6.39 (1H, s, 1,3-thiazolidin-CH), 7.18-7.62 (6H, m, Aromatic
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CH), 8.09 (1H, dd, J = 1.5, 0.4 Hz, Aromatic NO,-CH).3C NMR (400 MHz, DMSO-ds): & 46.3
(1C, s,1,3-thiazolidin-CHy), 65.7 (1C, s,1,3-thiazolidin-CH), 105.0 (1C, s, Aromatic -NO>-CH),
127.18-128.32 (1C, s, Aromatic-CH), 147.5 (1C, s, Aromatic-CH), 149.4 (1C, s, Aromatic-CH),
171.3 (1C, s, 1,3-thiazolidin-C=0).LC/MS analysis Calculated for CisH10CI2N203S molecular
weight: 367.9 m/z, found: 369.1 [M+1] m/z. White Powder, Yield 78%, m.p 57-60°C. (HNMR,

CNMR, LCMS analysis Figure 1-3) [23-26].
ANTIMICROBIAL ACTIVITY

The compound 3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-one, is a
thiazolidinone derivative. Thiazolidinones are a class of compounds that have been investigated

for their potential antimicrobial properties.

The presence of chloro and nitro groups in the phenyl rings, as well as the thiazolidinone moiety,
contributes to the compound's antimicrobial activity. These functional groups can interact with
microbial targets, disrupting essential cellular processes or structures. The chloro and nitro groups
are electron-withdrawing, which can increase the acidity of adjacent hydrogens and enhance the
compound's reactivity towards microbial targets. Thiazolidinone derivatives have been found to
exhibit various biological activities, including antimicrobial properties. The presence of the
thiazolidinone ring in this compound likely plays a crucial role in its antimicrobial activity by
facilitating interactions with microbial enzymes or receptors.The spatial arrangement of atoms in
the molecule can influence its interactions with microbial targets. The specific arrangement of
substituents in this compound may enhance its ability to bind to microbial proteins or enzymes,
leading to inhibition of microbial growth or proliferation. Overall, the antimicrobial activity of 3-
(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-one  likely arises from a

combination of its chemical structure, functional groups, and molecular properties, which enable
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it to interact with and disrupt microbial targets, ultimately inhibiting microbial growth or killing

the microorganisms [27,28].

MOLECULAR DOCKING STUDY

Molecular docking studies involve computational methods to predict how a small molecule, like a
drug candidate, interacts with a target protein at the molecular level. In the case of 3-(4-chloro-3-
nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-one, or similar compounds, the docking study
would aim to predict how this molecule binds to its intended target. This involves preparing both
the ligand (the small molecule) and the receptor (the target protein). The ligand is typically
prepared by generating a 3D structure, often using software tools like Avogadro or Open Babel.
The receptor structure is usually obtained from experimental data, such as X-ray crystallography
or homology modeling. In this step, the ligand is docked into the binding site of the receptor.
Various docking algorithms are available, such as AutoDock, AutoDockVina, and GOLD. These
algorithms search for the most energetically favorable orientation of the ligand within the binding
site. After docking, the poses (orientations) of the ligand within the binding site are evaluated and
scored based on criteria such as binding affinity, energy, and complementarity to the receptor
(Figure 4 and 5). Finally, the results are analyzed to identify the most promising binding poses and
interactions between the ligand and receptor. Visualizations, such as molecular graphics, are often
used to examine these interactions. In the case of 3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-
1,3-thiazolidin-4-one, the docking study would aim to predict its binding mode and affinity with
the target protein of interest. This could be a receptor involved in a disease pathway or a protein

target for drug action [29, 30].
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CONCLUSION

In summary, we successfully synthesized the compound (3-(4-chloro-3-nitrophenyl)-2-(3-
chlorophenyl)-1,3-thiazolidin-4-one). The reactions yielded a high quantity of novel heterocyclic
compounds, characterized through ITHNMR, 13CNMR, and LCMS analyses. Our investigation
into the biological activities of these synthesized compounds revealed that (3-(4-chloro-3-
nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-one) exhibited particularly promising activity.

By conducting molecular docking studies, we elucidated a potential mechanism underlying
the biological activity of (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-one).
However, further research is necessary to advance the development of the two most promising
molecules identified towards drug design [31, 32].
In conclusion, (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-one)
demonstrates notable biological activity, suggesting its potential as a foundation for the

development of further bioactive derivative compounds.

ACKNOWLEDGEMENT

One of the authors T. Senthilkumar thankful to the Department of Chemistry, Bharathiyar
University, Coimbatore for providing laboratory facility. Authors are also grateful to SAIF-IIT
Madras, Chennai for providing spectral data, chennai Central Research Lab in getting the

biological activity results.



Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13797 to 10

REFERENCES

1. Ayoup MS, et al. Synthesis, docking, and evaluation of antimicrobial activity of a new
series of acyclo C-nucleosides of 1, 2, 4-triazolo [4, 3-a] quinoxaline derivatives. J.
Heterocyc. Chem. 2016;53:153-163. doi: 10.1002/jhet.2396.

2. Azab ME, Youssef MM, El-Bordany EAJM. Synthesis and antibacterial evaluation of
novel heterocyclic compounds containing a sulfonamido moiety. Molecules. 2013;18:832—
844. doi: 10.3390/molecules18010832.

3. Di Fiore A, et al. Carbonic anhydrase inhibitors: Crystallographic and solution binding
studies for the interaction of a boron-containing aromatic sulfamide with mammalian
isoforms  I-XV. Bioorg. Med. Chem. Lett. 2010;20:3601-3605. doi:
10.1016/j.bmcl.2010.04.114.

4. Smaine F-Z, et al. Carbonic anhydrase inhibitors: 2-Substituted-1, 3, 4-thiadiazole-5-
sulfamides act as powerful and selective inhibitors of the mitochondrial isozymes VA and
VB over the cytosolic and membrane-associated carbonic anhydrases I, 1l and IV. Bioorg.
Med. Chem. Lett. 2008;18:6332-6335. doi: 10.1016/j.bmcl.2008.10.093.

5. Supuran CT, Scozzafava A, Jurca BC, llies MA. Carbonic anhydrase inhibitors-Part 49:

Synthesis of substituted ureido and thioureido derivatives of aromatic/heterocyclic



Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13798 to 10

10.

11.

sulfonamides with increased affinities for isozyme I. Eur. J. Med. Chem. 1998;33:83-93.
doi: 10.1016/S0223-5234(98)80033-0.

Liu H-B, Gao W-W, Tangadanchu VKR, Zhou C-H, Geng R-X. Novel
aminopyrimidinylbenzimidazoles as potentially antimicrobial agents: Design, synthesis
and biological evaluation. Eur. J. Med. Chem. 2018;143:66-84. doi:
10.1016/j.ejmech.2017.11.027.

Kaléic F, Kolman V, Ajani H, Zidek Z, Janeba ZJC. Polysubstitutedpyrimidines as
mPGES-1 inhibitors: Discovery of potent inhibitors of PGE2 production with a strong anti-
inflammatory effects in carrageenan-induced rat paw edema. ChemMedChem.
2020;15:1398-1407. doi: 10.1002/cmdc.202000258.

Yejella RP, Atla SR. A study of anti-inflammatory and analgesic activity of new 2, 4, 6-
trisubstituted  pyrimidines. Chem. Pharm. Bull. 2011;59:1079-1082. doi:
10.1248/cpb.59.1079.

Dwivedi AR, et al. Anti-proliferative potential of triphenyl substituted pyrimidines against
MDA-MB-231, HCT-116 and HT-29 cancer cell lines. Bioorg. Med. Chem. Lett.
2020;30:127468. doi: 10.1016/j.bmcl.2020.127468.

Mesbah M, et al. Synthesis, characterization, spectroscopic studies and antimicrobial
activity of three new Schiff bases derived from Heterocyclic moiety. J. Mol. Struct.
2018;1151:41-48. doi: 10.1016/j.molstruc.2017.08.098.

Cawrse B, Robinson N, Lee N, Wilson G, Seley-Radtke K. Structural and biological
investigations for a series of N-5 substituted Pyrrolo[3,2-d]pyrimidines as potential anti-

cancer therapeutics. Molecules. 2019;24:2656-2668. doi: 10.3390/molecules24142656.



Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13799 to 10

12.

13.

14.

15.

16.

17.

18.

Amer HH, Ali OM, El-Kafaween IK. Synthesis of some new nucleosides derived from 2-
mercapto benzimidazole with expected biological activity. Orient. J. Chem. 2017;33:2303—
2310. doi: 10.13005/0jc/3305109.

Amer HH, et al. Synthesis of some new 1, 3, 4-oxadiazole derivatives bearing sugars and
a-aminophosphonate derived from 4-nitrophenol as anticancer agents. Natl. J. Physiol.
Pharm. Pharmacol. 2018;8:1275-1286.

Siddiqui H, Haniffa HM, Jabeen A, Rahman A-U, Choudhary MI. Sulphamethazine
derivatives as immunomodulating agents: New therapeutic strategies for inflammatory
diseases. PL0oS One. 2018;13:e0208933. doi: 10.1371/journal.pone.0208933.

Lal J, Gupta SK, Thavaselvam D, Agarwal DD. Biological activity, design, synthesis and
structure activity relationship of some novel derivatives of curcumin containing
sulfonamides. Eur. J. Med. Chem. 2013;64:579-588. doi: 10.1016/j.ejmech.2013.03.012.
Naaz F, Srivastava R, Singh A, Singh N, Verma R, Singh VK, Singh RK. Molecular
modeling, synthesis, antibacterial and cytotoxicity evaluation of sulfonamide derivatives
of benzimidazole, indazole, benzothiazole and thiazole. Bioorg. Med. Chem.
2018;26:3414-3428. doi: 10.1016/j.bmc.2018.05.015.

Alotaibi SH, Amer HH. Synthesis, spectroscopic and molecular docking studies on new
Schiff bases, nucleosides and a-aminophosphonate derivatives as antibacterial agents.
Saudi J. Biol. Sci. 2020;27:3481-3488. doi: 10.1016/j.sjbs.2020.09.061.

Arif R, Nayab PS, Ansari IA, Shahid M, Irfan M, Alam S, Abid M, Rahisuddin JMS.
CU(Il) complex: In vitro antibacterial, hemolytic and antioxidant assessment. J. Mol.

Struct. 2018;1160:142-153. doi: 10.1016/j.molstruc.2018.02.008.



Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13800 to 10

19.

20.

21.

22.

23.

24,

25.

26.

Khan MN, Khan AM, Ullah H, Hussain S, Khattak AK. Synthesis and antibacterial
activity of the sulfonamide based schiff base and its transition metal (I1) complexes. Pak.
J. Pharm. Sci. 2028;31:103-1
Nayak SG, Poojary B. Synthesis of novel Schiff bases containing arylpyrimidines as
promisingantibacterial agents. Heliyon. 2019;5:e02318. doi:
10.1016/j.heliyon.2019.e02318.

Dale GE, Kostrewa D, Gsell B, Steiger M, D'Arcy A. Crystal engineering: Deletion
mutagenesis of the 24 kDa fragment of the DNA gyrase B subunit from
Staphylococcusaureus. Acta Cryst. 1999;55:1626-1629.

Rusakov AA, Frisch MJ, Scuseria GE. Space group symmetry applied to SCF calculations
with periodic boundary conditions and Gaussian orbitals. J. Chem. Phys.
2013;139:114110. doi: 10.1063/1.4821352.

Gupta M, Sharma R, Kumar AJOP, Medicine E. Comparative potential of simvastatin,
rosuvastatin and fluvastatin against bacterial infection: An in silico and in vitro study.
Orient. Pharm. Exp. Med. 2019;19:259-275. doi: 10.1007/s13596-019-00359-z
Ames BN, McCann J, Yamasaki E. Methods for mutagenicity test. Mutat. Res.
1975;31:347-363. doi: 10.1016/0165-1161(75)90046-1.

Aldred KJ, McPherson SA, Turnbough CL, Jr, Kerns RJ, Osheroff N. Topoisomerase 1V-
quinolone interactions are mediated through a water-metal ion bridge: mechanistic basis of
quinolone resistance. Nucleic Acids Res. 2013 doi: 10.1093/nar/gkt124.

Jung WK, et al. Antibacterial activity and mechanism of action of the silver ion in

Staphylococcusaureus and Escherichiacoli. J. Biomed. Mater. Res. 2008;74:2171-2178.



Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13801 to 10

217.

28.

29.

30.

31.

32.

Feng QL, et al. A mechanistic study of the antibacterial effect of silver ions on
Escherichiacoli and Staphylococcusaureus. J. Biomed. Mater. Res. 2000;52:662-668. doi:
10.1002/1097-4636(20001215)52:4<662::AID-JBM10>3.0.CO;2-3.

Gellibert F, et al. Identification of 1, 5-naphthyridine derivatives as a novel series of potent
and selective TGF-p type I receptor inhibitors. J. Med. Chem. 2004;47:4494-4506. doi:
10.1021/jm0400247.

Podust LM, Poulos TL, Waterman MR. Crystal structure of cytochrome P450 14a-sterol
demethylase (CYP51) from Mycobacteriumtuberculosis in complex with azole inhibitors.
Proc. Natl. Acad. Sci. 2001;98:3068-3073. doi: 10.1073/pnas.061562898.

Goujon M, et al. A new bioinformatics analysis tools framework at EMBL-EBI. Nucleic
Acids Res. 2010;38:W695-W699. doi: 10.1093/nar/gkq313.

Kant K, Lal UR, Kumar A, Ghosh M. A merged molecular docking, ADME-T and
dynamics approaches towards the genus of Arisaema as herpes simplex virus type 1 and
type 2 inhibitors. Comput. Biol. Chem. 2019;78:217-226. doi:
10.1016/j.compbiolchem.2018.12.005.

Navyashree V, Kant K, Kumar A. Natural chemical entities from Arisaema Genus might
be a promising break-through against Japanese encephalitis virus infection: A molecular
docking and dynamics approach. J. Biomol. Struct. Dyn. 2021;39:1404-1416. doi:

10.1080/07391102.2020.1731603.



Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13802 to 10

SCHEME. 1

Cl

NO.

R= Aldehydes

EtOH, RT, 3hr

NH,

K-chloro-3-nitroaniline

Y

NO,

N
Thioglycolic acid
i S
cl 1.4 Dioxane, RT 8 hr \\2
N

Schiff base Intermediates o

cl

NO,

Novel compound of (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-one)




Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13803 to 10



Senthil kumar T/Afr.J.Bio.Sc. 6(15) (2024) Page 13804 to 10

Mol-1-3-Chloro
BRGRER
ey

Sample code:Mol-1- 3-Chloro
1H NMR

VARIAN 400MHz NMR
Solvent: dmso

Date: July 03 2022

T T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 ppm

L.

Figure 1. tHNMR analysis of (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-
one)
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Figure 2. 1CNMR analysis of (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-
one)
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Figure 3. LCMS analysis of (3-(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1,3-thiazolidin-4-
one)
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Figure 4. Binding interactions of Aspartyl-tRNAsynthetases of E. coli and the compound (3-
(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1, 3-thiazolidin-4-one). The binding of the (3-(4-
chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1, 3-thiazolidin-4-one) in active site of Aspartyl-
tRNAsynthetases
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Figure 5.Binding interactions of Aspartyl-tRNAsynthetases of E. coliandspiro compound (3-
(4-chloro-3-nitrophenyl)-2-(3-chlorophenyl)-1, 3-thiazolidin-4-one).



