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Abstract: In our present work, we reported an effective synthesis, molecular docking, and antimicrobial
properties of novel 5-(4-substituted-benzyl)-2-(furan/thiophen-2-ylmethylene hydrazono) thiazolidin-
4-ones (6a-g) and (7a-i). The structures of the synthesized compounds (6a-g) and (7a-i) were elucidated
by 'H-NMR spectroscopy. The molecular docking studies were performed for all the synthesized
compounds against GIcN-6P using AutoDock-tools-1.5.6 and recorded the extent of H-bonding and
binding affinities. The preselected compounds via molecular docking were further tested for in vitro
antimicrobial activity against five bacterial strains (Escherichia coli, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, Staphylococcus aureus) and two fungal strains
(Candida albicans and Cryptococcus neoformans). The antimicrobial findings exhibited that the
compounds possessed significant antimicrobial potential.
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1. Introduction

At present, medicinal chemists' main task is to find out the effective and less-toxic drugs
with low molecular weight. The search has been carried out among the various classes of
compounds, in particular 4-thiazolidone derivatives. Among these compounds, various
compounds have been observed as highly active agents with a wide range of biological
potential. Lead compounds with antimicrobial, antitubercular, antiviral, antidiabetic, anti-
inflammatory, antitumor, anticonvulsant, and other activities have been identified. Therefore,
the 4-thiazolidone cycle is considered a privileged structure in medicinal chemistry [1-3].

One of the effective approaches in designing new drugs is to combine diverse structural
fragments in one molecule. It is accompanied by the achievement of biosynergism [4, 5], which
leads to a new pharmacological profile, potentiation of action, and reduction of toxicity of
"hybrid" molecules. It was believed that there would be an enhancement in the valuable
pharmacological properties of the aimed compounds, which will possess 4-thiazolidone cycle
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furan and thiophene moieties. Therefore, the study aimed at creating the methods for obtaining
combinatorial libraries of compounds of this type and screening their biological properties is
an urgent problem today.

Among 4-thiazolidone derivatives, it was observed that 5-arylidene-4-thiazolidones are
the most studied derivatives as per the reported literature [1-3]. Among these derivatives, 5-
arylidene-2- (aryl-2-ylmethylenehydrazono) -thiazolidin-4-ones were reported to portray the
antimicrobial [6-11], antiviral [11], antitumor [12, 13] activities and also observed to be the
inhibitors of various ferments [14-16]. On the other hand, less conformationally restricted
derivatives of 5-benzyl-4-thiazolidone are practically not studied.

Due to our ongoing efforts to find out some better antimicrobial agents, we recently
have reported the synthesis characterization, molecular docking, and biological assessment of
1, 3-thiazolidin-4-one derivatives bearing pyrimidine moieties and 1,3-thiazolidin-4-one
bearing piperonal and pyrimidine moieties [17-18]. We have performed many studies aiming
at the biological heterocycles as potential antimicrobial agents [19-48].

The recent study aimed to synthesize 5-(4-substituted-benzyl)-2-(furan/thiophen-2-
ylmethylenehydrazono) thiazolidin-4-ones, molecular docking, and antimicrobial assessment
and believed that the fusion of the 4-thiazolidone cycle, furan and thiophene moieties would
be a good effort for finding better antimicrobial agents.

2. Materials and Methods
2.1. Materials.

The reagents used for the synthesis of the target compounds were commercially
available and of analytical grade. AIl solvents and reagents like 5-arylfurfural,
heterylacetonitrile, ethanol, piperidine, dimethylformamide, ethyl acrylate, substituted
aryldiazonium salts, copper bromide, thiophene-2-carboxaldehyde, furfural, glacial acetic were
used without further purification.

2.2. Chemistry.

The melting points of all the compounds were recorded in an open capillary by Melt
temp instrument. *H-NMR spectra were registered on a Varian Mercury 400 (400 MHz for 1H)
instrument with TMS or deuterated solvent as an internal reference. Chemical shifts were
reported as & (ppm). Elemental analysis was performed on a VVario MICRO cube automatic
CHNS analyzer. The elemental analysis data obtained experimentally for the contents of
carbon, hydrogen, and nitrogen were within £0.3% of the theoretical values.

General procedure for the preparation of 5-(4-substitutedbenzyl)-2-
(furan/thiophen-2-ylmethylenehydrazono) thiazolidin-4-ones (6a-g) and (7a-i): The 0.01
mol of 5-arylfurfural 3a-e and 0.01 mol of heterylacetonitrile 7a,b, 8 or 9 was dissolved in 20
ml of ethanol in the presence of 2 drops of piperidine. The flask was refluxed for 1 h. The
precipitate formed was filtered off, washed with alcohol, and the product was purified by
recrystallization from a mixture of ethanol-DMF.

2-(Furan-2-ylmethylenehydrazono)-5-(3-methylbenzyl)thiazolidin-4-one (6a).
Yield 81%, mp = 209-210°C. *H-NMR (400 MHz, DMSO) § 11.95 (s, 1H, NH), 8.19 (s, 1H,
CH=),7.83(d, J=1.6 Hz, 1H, furane), 7.21 (t, J = 7.5 Hz, 1H, CeH4), 7.10 -7.01 (m, 3H, CsHa),
6.93 (d, J = 3.4 Hz, 1H, furane ), 6.62 (dd, J = 3.4, 1.8 Hz, 1H, furane), 4.60 (dd, J = 9.9, 4.2
Hz, 1H, CH), 3.36 (dd, J = 14.0, 4.2 Hz, 1H, CH2), 2.94 (dd, J = 14.0, 9.9 Hz, 1H, CH2), 2.29
https://biointerfaceresearch.com/ 12435
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(s, 3H, CHs). Anal. Calcd. for C16H1sN302S: C, 61.32; H, 4.82; N, 13.41. Found: C, 61.45; H,
4.74; N, 13.50.

5-(4-Ethylbenzyl)-2-(furan-2-ylmethylenehydrazono)thiazolidin-4-one (6b). Yield
79%, mp = 235-236°C. 'H-NMR (400 MHz, DMSO) & 11.93 (s, 1H, NH), 8.19 (s, 1H, CH=),
7.83 (d, J=0.9 Hz, 1H, furane), 7.18 (d, J = 8.2 Hz, 1H, CeH4), 7.15 (d, J = 8.3 Hz, 1H, CsHa),
6.93 (d, J = 3.4 Hz, 1H, furane), 6.62 (dd, J = 3.3, 1.8 Hz, 1H furane), 4.58 (dd, J = 9.7, 4.2 Hz,
1H, CH), 3.34 (dd, J = 14.1, 4.1 Hz, 1H, CH2), 2.96 (dd, J = 14.0, 9.8 Hz, 1H, CH2), 2.58 (q, J
=7.6 Hz, 2H, CH3CH>), 1.17 (t, J = 7.6 Hz, 3H, CH3CH2). Anal. Calcd. for C17H17N302S: C,
62.37; H, 5.23; N, 12.83. Found: C, 62.42; H, 5.2317; N, 12.92.

5-(2-Chlorobenzyl)-2-(furan-2-ylmethylenehydrazono)thiazolidin-4-one (6¢).
Yield 77%, mp = 245-246°C. 'H-NMR (400 MHz, DMSO) & 12.07 (s, 1H, NH), 8.21 (s, 1H,
CH=), 7.84 (d, J = 1.5 Hz, 1H, furane), 7.49 — 7.46 (m, 1H, CeH4), 7.42 — 7.39 (m, 1H, CesHa),
7.38 — 7.29 (m, 2H, CsHa), 6.95 (d, J = 3.4 Hz, 1H, furane), 6.63 (dd, J = 3.4, 1.8 Hz, 1H,
furane), 4.61 (dd, J = 10.2, 4.5 Hz, 1H, CH), 3.58 (dd, J = 14.2, 4.5 Hz, 1H, CH>), 3.10 (dd, J
= 14.2, 10.2 Hz, 1H, CH2). Anal. Calcd. for CisH12CIN3O2S: C, 53.97; H, 3.62; N, 12.59.
Found: C, 53.85; H, 3.69; N, 12.49.

5-(4-Chlorobenzyl)-2-(furan-2-ylmethylenehydrazono)thiazolidin-4-one (6d).
Yield 85%, mp = 239-240°C. *H-NMR (400 MHz, DMSO) § 11.97 (s, 1H, NH), 8.19 (s, 1H,
CH=), 7.84 (d, J = 1.4 Hz, 1H, furane), 7.38 (d, J = 8.3 Hz, 2H, CsHa4), 7.30 (d, J = 8.4 Hz, 2H,
CeH4), 6.94 (d, J = 3.4 Hz, 1H, furane), 6.63 (dd, J = 3.4, 1.8 Hz, 1H, furane), 4.62 (dd, J = 9.1,
4.5 Hz, 1H, CH), 3.35 (dd, J = 13.3, 3.5 Hz, 1H, CH), 3.05 (dd, J = 14.1, 9.2 Hz, 1H, CH>).
Anal. Calcd. for C1sH12CIN3O2S: C, 53.97; H, 3.62; N, 12.59. Found: C, 53.81; H, 3.6955; N,
12.64.

5-(2,4-Dichlorobenzyl)-2-(furan-2-ylmethylenehydrazono)thiazolidin-4-one (6e).
Yield 87%, mp = 258-259°C. 'H-NMR (400 MHz, DMSO) § 12.11 (s, 1H, NH), 8.21 (s, 1H,
CH=), 7.87 — 7.84 (m, 1H, furane), 7.66 — 7.63 (m, 1H, CsHs), 7.47 — 7.40 (m, 2H, CeH3), 6.95
(d, J=3.5Hz, 1H, furane), 6.64 (dd, J = 3.4, 1.8 Hz, 1H, furane), 4.60 (dd, J =9.9, 4.8 Hz, 1H,
CH), 3.53 (dd, J=14.2, 4.8 Hz, 1H, CH2), 3.13 (dd, J = 14.2, 9.9 Hz, 1H, CH2). Anal. Calcd.
for C1sH11CI2N3O2S: C, 48.93; H, 3.01; N, 11.41. Found: C, 49.04; H, 2.95; N, 11.52.

5-(2,5-Dichlorobenzyl)-2-(furan-2-ylmethylene-hydrazono)thiazolidin-4-one (6f).
Yield 74%, mp = 241-242°C. 'H-NMR (400 MHz, DMSO) § 12.12 (s, 1H), 8.22 (s, 1H), 7.88
— 7.83 (m, 1H, furane), 7.52 (d, J = 5.9 Hz, 1H, CeHs), 7.51 (s, 1H, CsHs), 7.41 (dd, J = 8.6,
2.6 Hz, 1H, CeHs3), 6.96 (d, J = 3.4 Hz, 1H, furane), 6.63 (dd, J = 3.4, 1.8 Hz, 1H, furane), 4.65
(dd, J=9.9, 4.9 Hz, 1H, CH), 3.53 (dd, J = 14.2, 4.9 Hz, 1H, CH>), 3.15 (dd, J = 14.2, 9.9 Hz,
1H, CH2). Anal. Calcd. for C1sH11CI2N3O2S: C, 48.93; H, 3.01; N, 11.41. Found: C, 49.06; H,
3.9508; N, 11.35.

2-(Furan-2-ylmethylene-hydrazono)-5-(4-methoxy-benzyl)thiazolidin-4-one (6g).
Yield 81%, mp = 224-225°C. 'H-NMR (400 MHz, DMSO) § 11.93 (s, 1H, NH), 8.18 (s, 1H,
CH=),7.84 (d, J=1.7 Hz, 1H, furane), 7.18 (d, J = 11.8 Hz, 1H), 6.95-6.92 (m, 1H, furane),
6.87 (d, J = 11.7 Hz, 2H, CeH4), 6.63 (dd, J = 3.4, 1.8 Hz, 1H, furane), 4.56 (dd, J = 9.4, 4.3
Hz, 1H, CH), 3.73 (s, 1H, CH30), 3.32 — 3.27 (m, 1H, CH2), 2.95 (dd, J = 14.1, 9.4 Hz, 1H,
CH2). Anal. Calcd. for C16H1sN3OsS: C, 58.35; H, 4.59; N, 12.76. Found: C, 58.42; H, 4.64;
N, 12.69.

5-(2-Methylbenzyl)-2-(thiophen-2-ylmethylenehydrazono)thiazolidin-4-one (7a).
Yield 71%, mp = 263-264°C. 'H-NMR (400 MHz, DMSO) § 11.97 (s, 1H), 8.53 (s, 1H), 7.65
(d, J = 5.0 Hz, 1H, thiophene), 7.48 (d, J = 3.3 Hz, 1H, CeHa), 7.27 — 7.10 (m, 5H, CeHa4 +
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thiophene), 4.58 (dd, J = 10.7, 4.0 Hz, 1H, CH), 3.47 (dd, J = 14.6, 3.9 Hz, 1H, CH2), 2.97 (dd,
J=14.4,11.0 Hz, 1H, CH>), 2.31 (s, 3H, CHz3). Anal. Calcd. for C16H1sN30S2: C, 58.33; H,
4.59; N, 12.76. Found: C, 58.42; H, 4.64; N, 12.69.
5-(3-Methylbenzyl)-2-(thiophen-2-ylmethylenehydrazono)thiazolidin-4-one (7b).
Yield 78%, mp = 236-237°C. 'H-NMR (400 MHz, DMSO) § 11.92 (s, 1H, NH), 8.51 (s, 1H,
CH=), 7.65 (d, J = 5.0 Hz, 1H, thiophene), 7.47 (d, J = 3.4 Hz, 1H, thiophene), 7.21 (t, J=7.5
Hz, 1H, CeH4), 7.13 (dd, J = 4.9, 3.7 Hz, 1H, thiophene), 7.11 — 7.04 (m, 3H, CsHa), 4.60 (dd,
J=9.9,4.1Hz, 1H, CH), 3.37 (dd, J = 14.1, 4.1 Hz, 1H, CH), 2.96 (dd, J = 14.1, 10.0 Hz, 1H,
CH2), 2.29 (s, 3H, CHs). Anal. Calcd. for C16H1sN3OS2: C, 58.33; H, 4.59; N, 12.76. Found:
C,58.27; H, 4.51; N, 12.65.
5-(4-Ethylbenzyl)-2-(thiophen-2-ylmethylenehydrazono)thiazolidin-4-one  (7c).
Yield 83%, mp = 241-242°C. *H-NMR (400 MHz, DMSO) § 11.94 (s, 1H, NH), 8.51 (s, 1H,
CH=), 7.66 (d, J = 5.0 Hz, 1H, thiophene), 7.48 (d, J = 3.1 Hz, 1H, thiophene), 7.22 — 7.09 (m,
5H, CeHa4 + thiophene), 4.59 (dd, J = 9.7, 4.1 Hz, 1H, CH), 3.35 (dd, J = 14.2, 4.1 Hz, 1H,
CH2), 2.97 (dd, J = 14.1, 9.8 Hz, 1H, CH2), 2.58 (q, J = 7.6 Hz, 2H, CH3CH2), 1.17 (t, J=7.6
Hz, 3H, CH3CHz2). Anal. Calcd. for C17H17N30S2: C, 59.45; H, 4.99; N, 12.23. Found: C, 59.57;
H, 4.89; N, 12.31.
5-(4-1sopropylbenzyl)-2-(thiophen-2-ylmethylenehydrazono)thiazolidin-4-one
(7d). Yield 85%, mp = 225-226°C. 'H-NMR (400 MHz, DMSO) & 11.95 (s, 1H, NH), 8.52 (s,
1H, CH=), 7.66 (d, J = 5.0 Hz, 1H, thiophene), 7.48 (d, J = 3.4 Hz, 1H, thiophene), 7.20 (s, 4H,
CeH4), 7.16 — 7.11 (m, 1H, thiophene), 4.59 (dd, J = 9.9, 4.0 Hz, 1H, CH), 3.36 (dd, J = 14.2,
4.1 Hz, 1H, CH2), 3.01 — 2.82 (m, 1H CH2 + (CH3).CH), 1.19 (d, J = 6.9 Hz, 6H, (CH3)2CH).
Anal. Calcd. for C1sH19N30Sz2: C, 60.48; H, 5.36; N, 11.75. Found: C, 60.53; H, 5.29; N, 11.67.
5-(3-Chlorobenzyl)-2-(thiophen-2-ylmethylenehydrazono)thiazolidin-4-one (7e).
Yield 75%, mp = 224-225°C. *H-NMR (400 MHz, DMSO) § 12.01 (s, 1H, NH), 8.52 (s, 1H,
CH=), 7.48 (d, J = 2.8 Hz, 1H, thiophene), 7.40 — 7.31 (m, 4H, CeH4), 7.26 (d, J = 7.2 Hz, 1H,
thiophene), 7.14 (dd, J = 5.0, 3.6 Hz, 1H, thiophene), 4.67 (dd, J = 9.3, 4.5 Hz, 1H, CH), 3.38
(dd, J = 14.2, 45 Hz, 1H, CH), 3.06 (dd, J = 14.2, 9.4 Hz, 1H, CH2). Anal. Calcd. for
Ci1sH12CIN3OS2: C, 51.50; H, 3.46; N, 12.01. Found: C, 51.62; H, 3.51; N, 12.07.
5-(4-Chlorobenzyl)-2-(thiophen-2-yImethylenehydrazono)thiazolidin-4-one  (7f).
Yield 87%, mp = 257-258°C. H-NMR (400 MHz, DMSO) § 11.95 (s, 1H, NH), 8.51 (s, 1H,
CH=), 7.66 (d, J = 4.7 Hz, 1H, thiophene), 7.48 (d, J = 3.1 Hz, 1H, thiophene), 7.39 (d, J = 8.3
Hz, 2H, CeHa4), 7.31 (d, J = 8.3 Hz, 2H, CeHa4), 7.16 — 7.11 (m, 1H, thiophene), 4.62 (dd, J =
9.0, 4.3 Hz, 1H, CH), 3.36 (dd, J = 14.2, 4.4 Hz, 1H, CH2), 3.06 (dd, J = 14.1, 9.3 Hz, 1H,
CHp2). Anal. Calcd. for C1sH12CIN3OSz: C, 51.50; H, 3.46; N, 12.01. Found: C, 51.39; H, 3.53;
N, 12.09.
5-(3,4-Dichlorobenzyl)-2-(thiophen-2-ylmethylenehydrazono)thiazolidin-4-one
(79). Yield 74%, mp = 245-246°C. *H-NMR (400 MHz, DMSO) & 12.01 (s, 1H, NH), 8.52 (s,
1H, CH=), 7.67 (d, J = 5.0 Hz, 1H, Ce¢H3), 7.61 — 7.57 (m, 2H, CeH3), 7.50 — 7.47 (m, 1H,
thiophene), 7.29 (dd, J = 8.3, 2.0 Hz, 1H, thiophene), 7.14 (dd, J = 5.0, 3.6 Hz, 1H, thiophene),
4.67 (dd, J=8.9, 4.7 Hz, 1H, CH), 3.36 (dd, J = 14.2, 4.7 Hz, 1H, CH2), 3.09 (dd, J = 14.2, 9.0
Hz, 1H, CHz). Anal. Calcd. for C1sH11CI2N3OSz2: C, 46.88; H, 2.89; N, 10.93. Found: C, 46.97;
H, 2.81; N, 10.82.
5-(4-Methoxybenzyl)-2-(thiophen-2-ylmethylenehydrazono)thiazolidin-4-one
(7h). Yield 82%, mp = 221-222°C. *H-NMR (400 MHz, DMSO) § 11.90 (s, 1H, NH), 8.51 (s,
1H, CH=), 7.66 (d, J = 5.0 Hz, 1H, thiophene), 7.47 (d, J = 3.4 Hz, 1H, thiophene), 7.19 (d, J
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= 8.5 Hz, 2H, CeHa), 7.16 — 7.11 (m, 1H, thiophene), 6.88 (d, J = 8.5 Hz, 2H, CsHa4), 4.56 (dd,
J=9.4,4.2Hz, 1H, CH), 3.73 (s, 3H), 3.31 (dd, J = 13.9, 3.9 Hz, 1H, CH>), 2.96 (dd, J = 14.2,
9.4 Hz, 1H, CH2). Anal. Calcd. for Ci6HisN3O2S2: C, 55.63; H, 4.38; N, 12.16. Found: C,
55.6375; H, 4.45; N, 12.03.

2-(Thiophen-2-yImethylenehydrazono)-5-(3-trifluoromethyl-benzyl thiazolidin-4-
one (7i). Yield 77%, mp = 221-222°C. *H-NMR (400 MHz, DMSO) § 12.02 (s, 1H, NH), 8.52
(s, 1H, CH=), 7.69 — 7.54 (m, 5H, CeHa + thiophene), 7.50 — 7.46 (m, 1H, thiophene), 7.13 (dd,
J=5.0, 3.6 Hz, 1H, thiophene), 4.72 (dd, J = 9.0, 4.6 Hz, 1H, CH), 3.46 (dd, J = 14.2, 4.6 Hz,
1H, CH2), 3.19 (dd, J = 14.2, 9.1 Hz, 1H, CH2). Anal. Calcd. for C16H12F3N3OS2: C, 50.12; H,
3.15; N, 10.96. Found: C, 50.01; H, 3.1523; N, 10.87.

2.3. Molecular docking.

The molecular docking for the synthesized compounds (6a-g) and (7a-i) was performed
against the receptor GIcN-6P (PDB: 2VF5) to assess the extent of H-bonding and the binding
affinities. The software ChemDraw Ultral2.0 design the structures, Aautodock-tools 1.5.6 to
produce PDBQTs, Autodock-vina to produce a docked file, and Pymol to produce docked
images were employed in the study. The PDBs for the ligands were obtained from the online
smiles translator (https://cactus.nci.nih.gov/translate/).

2.4. Pharmacology.
2.4.1. Antibacterial data collection to signify bacterial strains and growth conditions.

Inhibition of bacterial growth was determined by measuring the absorbance at 600 nm
(OD600), using a Tecan M1000 Pro monochromator plate reader. The percentage of growth
inhibition was calculated for each of them, using the negative control (media only) and positive
control (bacteria without inhibitors) at the same time as references.

2.4.2. Antifungal data collection.

The growth inhibition of C. albicans was determined by measuring the absorbance at
530 nm (OD530), while the growth inhibition of C. neoformans was determined by measuring
the difference in absorbance between 600 and 570 nm (OD600-570), after the addition of
resazurin (0.001% final concentration) and incubation at 35 °C for additional 2 h. The
absorbance was measured using a Biotek Synergy HT X plate reader. The percentage of growth
inhibition was calculated for each of them, using the negative control (media only) and positive
control (fungal without inhibitors) at the same time as references.

2.4.3. Inhibition.

The percentage of growth inhibition of an individual sample was based on the negative
controls (media only) and positive controls (bacterial/fungal media without inhibitors).
Negative inhibition values indicated that the growth rate (or OD600) is higher than the negative
control (Bacteria/fungi only, set to 0% inhibition). The growth rates for all the bacteria and
fungi have a variation of -/+ 10%, which is within the reported normal distribution of
bacterial/fungal growth (https://www.co-add.org).

3. Results and Discussion
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3.1. Synthesis of 5-(4-substituted-benzyl)-2-(furan/thiophen-2-ylmethylene-hydrazono)
thiazolidin-4-ones.

The starting reagents for the preparation of target compounds were ethyl 2-bromo-3-
aryl propanates 3a-m, which were synthesized by bromarylation of ethyl acrylate 2 using
aryldiazonium salts 1 respective to the procedure described in [49]. It was found that on
refluxing 3a-m in ethanol with thiosemicarbazones of furfural 4 and thiophene-2-carbaldehyde
5 yielded the 5-(4-R-benzyl)-2-(furan / thiophen-2-ylmethylenehydrazono) thiazolidine-4 -
they are 6a-i and 7a-i (Scheme 1).

The structures of the obtained compounds were confirmed by *H-NMR spectroscopy
and elemental analysis. In *H-NMR spectra, signals for all the structural units' protons were
observed in their characteristic ranges. In the region of a strong magnetic field, we observed
three doublets of doublets, which is the characteristic of the ABX spin-spin system.

1 2
S
S %
M\ /N\N»\NHZ ‘CuBr I\ N~y” “NH,
o) H S H
4 COOEt 5
R
Br
3a-m

H
(0] N o) H
R >=N\ R@\/\]\: >=N\
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6: R = 3-CH,(a), 4-C,H(b), 2-Cl(c), 4-Cl(d), 2,4-Cl,(e), 2,5-Cl,(f), 4-CH,0(g)

7: R = 2-CH,(a), 3-CH4(b), 4-C,Hs(c), 4-(CH,),CH(d), 3-Cl(e), 4-CI(f), 3,4-Cl,(g), 4-CH;O(h), 3-CF4(i)

Scheme 1. Synthesis of 5-(4-substituted-benzyl)-2-(furan/thiophen-2-ylmethylene-hydrazono) thiazolidin-4-
ones.

3.2. Molecular docking.

The synthesized compounds (6a-g) and (7a-i) were subjected to molecular docking
assessment using Aautodock-tools 1.5.6 tools against GICN-6P as per the procedure mentioned
[50-51]. The molecular docking findings revealed that some ligands have been observed to
represent similar H-bonding with the amino acid residues like ASN522 (6a, 6b, 6e, 6), ASP474
(6a, 6b), SER316 (6d, 6e), ASN261 (7b, 7e, 7f, 7g, 7h) SER328 (7c, 7d). The ligands (6a-g)
and (7a-i) represented the significant binding affinities in the range -6.9 to -5.5 kcal/mole and
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-7.0 to -5.2 kcal/mole, respectively. While comparing the molecular docking findings and
antimicrobial assessment, it was observed that there is strong agreement in both the findings.

Figure 1. The docked images of the compounds (6a-g) against the receptor GIcN-6P (PDB: 2VFb5).

7a b 7c
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Figure 2. The docked images of the compouds (7a-i) against the receptor GIcN-6P (PDB: 2VF5).

Figure 3. The docked images of the compounds (6b & 7b) against the receptor GIcN-6P (PDB: 2VF5).
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The compounds 6e, 6f, 7g, and 7f have been found to exhibit significant antibacterial
effects against S. aureus; simultaneously, these compounds were reported to represent the
significant H-bonding. On the other hand, the compounds 6a, 6e, 6f, 7d, and 7g have been
observed to possess significant antifungal potential against C. albicans, and C. neoformans and
at the same time represented the significant H-bonding. The detailed docked images and the
binding affinities are represented in Figure 1, Figure 2, Figure 3 Table 1.

Table 1. Representing the Aminoacid residues of GIcN-6 involved in H-bonding, binding affinities, rmsd values
of the compounds (6a-g) and (7a-i).

S. No. Amino acid residues involved Binding Affinity (9 Distance from rmsd | Distance from rmsd
in H-bonding Modes of binding) (I.b) (u. b)
Kcal/mole
6a ASN522, ASP474 -6.6 10 -6.1 0to 27.861 010 29.449
6b ASN522 (2 Bonds), ASP474 -6.910 -6.1 010 29.795 0to 31.019
6¢ SER316 -6.4t0-5.5 0 to 29.953 0to 31.984
6d ASN522 (2 Bonds) -6.7t0-5.5 0 to 28.430 0 to 30.404
6e SER316 (3 Bonds) -6.41t0-5.8 0 to 32.950 0 to 34.903
6f ASN522 (2 Bonds) -6.41t0-5.8 0 to 29.383 010 31.961
69 TYR497 -6.210-5.7 010 29.921 0to 31.167
7a No Bonds -6.4t0-5.7 0to028.171 0 to 29.070
7b ASN261 -6.3t0-5.5 010 29.146 0to 32.788
7c SER328 (2 Bonds) -6.3t0-5.7 0 to 29.450 010 31.480
7d SER328 (2 Bonds) -6.7 t0 -5.6 0 to 30.289 010 31.125
Te ASN261 -6.1t0-5.5 0 to 32.683 0 to 34.644
7f ASN261 -6.2t0 -5.6 010 32.134 0to 33.710
79 ASN261 -6.3t0-5.6 0 to 31.959 0 to 33.609
7h ASN261 -6.1t0-5.2 0 to 34.427 010 36.129
7i ALA 520 -7.0t0-6.0 0to 26.824 0to 28.108
Table 2. Antimicrobial activity of compounds 6a-i and 7a-i.
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6a 25 9.1 11.3 8.2 15.4 33.7 14.5
6b 6.3 125 13.7 14.3 -4.7 24.5 17.9
6c 34.5 15.7 28.5 -5.7 11.8 6.5 11.4
6d 32.3 15.3 -5.6 14.5 14.4 135 13.3
6e 53.3 -11.1 10.4 -0.3 11.4 15.20 34.5
6f 72.4 13.9 15.4 14.5 23.7 11.6 414
69 23.1 4.7 0.5 6.7 -1.0 2.9 -0.8
7a 10.4; 13.2 14.5 15.3 13.3 24.3 25.1
7b 10.6 1.5 5.4 7.1 5.0 26.9 2.7
7c 7.5 -5.6 -4.3 -0.4 23.7 25.6 -5.7
7d 12.4 2.6 5.8 11.4 -11.2 313 7.5
7e 31.0 9.2 9.2 5.0 10.3 7.1 -4.7
7f 43.1 22.43 -6.1 5.5 7.3 7.5 12.4
79 64.4 215 11.3 12.4 31.2 7.5 33.7
7h 23.3 -10.5 -8.3 -23.5 5.6 3.7 21.4
7i -4.9 -5.1 5.2 -1.7 -34 4.0 -35
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3.3. Evaluation of the antimicrobial activities.

The antimicrobial screening was performed by CO-ADD
Antimicrobial Drug Discovery) funded by the Wellcome Trust (UK)

(the Community for
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Queensland (Australia) [52]. The growth inhibition was measured against five bacterial strains
(Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Staphylococcus aureus) and two fungal strains (Candida albicans and
Cryptococcus neoformans). The standard concentration employed for the screening was 32
mg/mL in DMSO. The observed in vitro antimicrobial activities of our synthesized products
6a-i and 7a-i are tabulated in Table 2.

Analysis of the antimicrobial data revealed that the bacteria Staphylococcus aureus
(ATCC 43300) were sensitive to a lesser extent than the fungi Candida albicans ATCC 90028
and Cryptococcus neoformans ATCC 208821 that were found to be more sensitive to the
compounds of the analyzed group. Compound 6a,b, 7b,c,d with methyl, ethyl, isopropyl groups
contribute to the emergence of activity against Candida albicans (ATCC 90028) (Gl in the
range of 24.5 - 33.7%), while electron-withdrawing substituents (chlorine and dichloro-,
compounds 6e, f, 7g) caused the enhancement in the sensitivity to fungus Cryptococcus
neoformans (ATCC 208821) to these substances (Gl in the range of 33.7 - 41.4%). More active
compounds and their higher activity were observed in relation to gram-positive bacteria
Staphylococcus aureus (ATCC 43300). This applied only to halogen-substituted benzyl
derivatives (compounds 6c¢, d, e, f, 7e, f, g with Gl values within 31.0 - 72.4%). Dichloro-
substituted 6e, f, 79, Gl = 53.3, 72.4, and 64.4%, respectively, differ especially against this
background. It should be noted that the substance 7g is also characterized by a broader spectrum
of activity, involving in its active action on E. Coli ATCC 25922 (Gl = 21.5%), A. Baumanii
ATCC 19606 (GI = 31.2%) C. neoformans ATCC 208821 (Gl = 33.7%), while the highest rates
were in compounds 6f (Gl = 72.4% relative to Staphylococcus aureus (ATCC 43300) and Gl
= 41.4% relative to Cryptococcus neoformans (ATCC 208821).

4. Conclusions

In conclusion, we have displayed that the suggested synthetic protocols provided the
opportunity to design of series of new 5-(4-substituted-benzyl)-2-(furan/thiophen-2-
ylmethylene hydrazono) thiazolidin-4-ones. The structures of aimed substances were
reaffirmed by using *H-NMR spectroscopy and elemental analysis. The molecular docking
study reported the significant H-bonding of the synthesized substances as ligands with the
amino acid residues of the receptor GIcN-6P. The performed biological activity evaluation
results suggested the synthesized compounds as a promising structure in antimicrobial drug
development. Further optimization of the structure to improve biological activity is currently
in progress.
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