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Abstract 

Thiazolidin-4-ones possess high biological effectiveness, we present various methods for one-pot three-
component synthesis. The thiazolidin-4-ones (4a-i) with sulfonamide bioactive moieties were synthesized in 
reasonable yields by reacting sulfadiazine (1) with various substituted benzaldehydes (2a-i) and mercaptoacetic 
acid (3). The spectral data all agreed on all titled compounds. Assessment of their in vitro antimicrobial activity 
was employed by a microdilution technique, the newly synthesized compounds screened significant growth 
suppression against resistant strains. All compounds exhibited acceptable DPPH Radical Scavenging Activity. To 
investigate possible binding mechanisms for the Staphylococcus aureus MurB protein (ID Code: 1HSK), in silico 
molecular docking was carried out. Furthermore, The Lipinski rule of five was observed in synthesized 
compounds with good ADME predictions. Lastly, the DFT/B3LYP principle and the 6-31 G (d, p) base set were 
used to compute HUMO, LUMO, MEP analysis, and quantum parameters.  

Keywords: Thiazolidin-4-ones; Antimicrobial; Antioxidant; Molecular docking; ADME and DFT prediction.  

1. Introduction 

Heterocyclic compounds are a sort of organic 

compounds in which some or all of the atoms within 

the molecule are linked together in rings that contain 

at least one atom of an element other than carbon, 

utilized as intermediates in the production of other 

important heterocyclic rings which are normally 

distributed in nature [1]. Many heterocyclic rings, 

including sulfur, and nitrogen, have long been 

significant in the pharmaceutical field due to their 

varied biological activities [2] for example, anti-

tumor, anti-inflammatory [3], and antibacterial [4]. 

4-Thiazolidinone, a five-member circle 

comprising sulfur and nitrogen with a carbonyl group 

on the fourth position, is one of the most important 

thiazolidine derivatives. It belongs to a key category 

of heterocyclic compounds [5]. Thiazolidin-4-one 

derivatives were synthesized from the reaction of 

Schiff bases with thioglycolic acid and some different 

techniques were used as conventional, sonication, and 

microwave techniques [6-10]. 4-Thiazolidinone 

derivatives possess a broad variety of biological and 

pharmaceutical properties, including antimicrobial 

[11], antioxidant, anti-candida [12],  anticancer effect 

[13], antiproliferative [14], antihyperglycemic [15], 

antitoxoplasmaa gondii [16], anti-urease [17], 

antischistosomal [18], cytotoxicity [19], antimalarial 

[20], herbicidal [21], antihyperlipidemic [22], 

antidiabetic [23], anti-HIV [24], anticonvulsant [25], 

analgesic [26], antiparasitic [27], and 

antihypertensive [28]. Thiazolidin-4-ones combined 

with other chemical compounds produce significant 

biologically potent derivatives like sulfadiazine and 

sulfamethazine, often known as sulfonamide moiety 

and sulfa drugs [29]. They have been found to 

possess anticancer [30], antibacterial [31], anti-

inflammatory [32], antiviral [33], and antifungal [34] 

activities. One-pot synthesis is becoming a more 

valuable and interesting field of research in organic 

synthesis because it provides high levels of efficiency 

by combining various operational steps, can comply 

with green chemistry protocols, delivers high levels 

of atom economy, is easy to handle, has short 

reaction time [35]. Because of the biological 

significance of thiazolidin-4-ones a bearing 

sulfonamide moiety, Herein, new series 4-

thiazolidinone derivatives were synthesized as 
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effective antimicrobial agents and antioxidant activity 

with computational studies. 

 

2. Experimental  

2.1. Materials 

Chemical materials were purchased and utilized 

without additional purification from Merck, and 

Fluka. The melting points were measured in open 

capillaries with digital electrothermal 9100, and were 

uncorrected. The reactions' progress was checked by 

a TLC aluminum plate (HF254, 200 mesh) with an 

eluent of diethyl ether: methanol: ethyl acetate 

(70:15:15). UV light (CSL-MDOCBASIC) was used 

to visualize the TLC plates. Sonication was carried 

out with the help of an intelligent ultrasonic processor 

(Drawell, serial number: 201805517, and a standard 

power of 950 W). Hot Sale Laboratory Microwave 

Chemical Reaction Oven was used (Model Number: 

WBFY-205). A Thermo Scientific spectrometer was 

used to record FT-IR spectra (Model: Nicolet iS 10). 

Bruckner (400 MHz) was used to record the 13C, and 
1H-NMR (DMSO-d6) spectrum. Electron impact 

ionization was used to measure mass spectra using a 

JEOL-SX-102 device. A Shimadzu FLASHEA 112 

analyzer was used to perform the elemental analysis. 

The chemical terms are abbreviated as written in the 

bracket (Hertz = Hz, coupling constant = J, broad = 

br, triplet = t, doublet = d, and singlet = s). The 

antimicrobial activity of the products was detected 

using a microplate reader (BioTek-ELx808). The 

absorbances were measured using a 

spectrophotometer (JENWAY Model: 6705). 

 

2.2. Synthetic Methods 

2.2.1. Synthesis of thiazolidin-4-ones (4a-i) using 

conventional in a one-pot three-component 

method 

An appropriate synthetic conventional pathway 

was used with minor modifications [6-8]. Equimolar 

quantities of Sulfadiazine (1) (1 mmol), a series of 

substituted benzaldehydes (2a–i) (1 mmol), and 

mercaptoacetic acid (3) (1 mmol) were refluxed 8.5–

14.5 hours, using 20 mL of DMF and 4–5 drops of 

acetic acid. TLC was utilized to monitor the 

reactions' progress. The solution was poured into 

chilled water, filtration of the precipitate. Column 

chromatography was used to purify the products 

using diethyl ether: methanol: ethyl acetate 

(70:15:15) as eluent.  

 

2.2.2. Synthesis of thiazolidin-4-ones (4a-i) using 

sonication in a one-pot three-component technique 

A proposed synthetic Ultrasound pathway was 

used with slight revisions [8, 9]. A mixture of an 

equimolar amount of Sulfadiazine (1) (1 mmol), a 

series of substituted benzaldehydes (2a–i) (1 mmol), 

and mercaptoacetic acid (3) (1 mmol) were irritated 

inside an ultrasonicator acoustic chamber at 80 ̊C for 

125-220 minutes, using 10 mL of DMF and 3–4 

drops of acetic acid. TLC was utilized to monitor the 

reactions' progress. The solution was poured to 

chilled water, filtration of precipitate. Column 

chromatography was used to purify the products 

using diethyl ether: methanol: ethyl acetate 

(70:15:15) as eluent.  

 

2.2.3. Synthesis of thiazolidin-4-ones (4a-i) using a 

microwave-assisted in a one-pot three-component 

technique 

plausible synthetic Microwave method was used 

with slight modifications [8, 10] Sulfadiazine (1) (1 

mmol), a series of substituted benzaldehydes (2a–i) 

(1 mmol), and mercaptoacetic acid (3) (1 mmol) were 

mixed inside an open container, 5 mL of DMF and 2–

3 drops of acetic acid were added, and irradiated in a 

domestic microwave oven at 700 W for 6.5-11 

minutes. TLC was utilized to monitor the reactions' 

progress. The solution was poured into chilled water, 

filtration of the precipitate.  Column chromatography 

was used to purify the products using diethyl ether: 

methanol: ethyl acetate (70:15:15) as eluent.  

 

2.3. Characterization of synthesized compounds 

4-(4-oxo-2-phenylthiazolidin-3-yl)-N-(pyrimidin-2-

yl)benzenesulfonamide (4a) 

Yellow color solid, MP=298-299 ̊C, FT-IR cm-1: 

3312 (N-H str.), 3041 (C-H Ar.), 2941, 2876 (C-H 

aliphatic), 1676 (C=O sy.str.), 1578 (C=C sy.str.), 1334 (SO2 

asy. str.), 1156 (SO2 sy. str.). 1H-NMR δ: 11.439 (s, 1H 

(N-H)), 8.516 (d, 2H (H4″, H6″), J= 8.4 Hz), 7.727 (d, 

2H (H2′, H6′), J= 8 Hz), 7.544 (d, 2H (H3′, H5′), J= 7.6 

Hz), 7.397 (d, 2H (H2, H6), J= 8 Hz), 7.341 (t, 2H 

(H3, H5) , J= 5.2, 5.2 Hz), 7.257 (t, 1H (H4) , J= 5.6, 

5.6 Hz), 7.068 (t, 1H (H5″), J= 4.8, 4.8 Hz), 6.384 (s, 

1H (C-Hthiazolidin-4-one)), 4.051 (d, 1H (CH2thiazolidin-4-one), 

J= 15.2 Hz), 3.937 (d, 1H (CH2thiazolidin-4-one), J= 15.2 

Hz). 13C-NMR δ: 170.39 (C=Othiazolidin-4-one), 168.95 

(C2″), 157.73 (C4″, C6″), 143.97 (C4′), 137.61 (C1), 

135.06 (C1′), 129.37 (C2′, C6′),  127.61 (C3, C5), 

126.81 (C4), 126.63 (C2, C6), 121.65 (C3′, C5′), 115.98 

(C5″), 74.03 (C-Hthiazolidin-4-one), 32.84 (CH2thiazolidin-4-

one). CHNS-analysis; Calculated (Found) for 

C19H16N4O3S2:  C, 55.33 (55.35); H, 3.91 (3.90); N, 

13.58 (13.60); S, 15.54 (15.56). EI-MS: m/z Found: 

412.53 [M]+. 

 

4-(2-(4-nitrophenyl)-4-oxothiazolidin-3-yl)-N-

(pyrimidin-2-yl)benzenesulfonamide (4b) 

Light-yellow color solid, MP= 352-353 ̊C, FT-

IR cm-1: 3315 (N-H str.), 3036 (C-H Ar.), 2938, 2865 

(C-H aliphatic), 1685 (C=O sy.str.), 1578 (C=C sy.str.), 1532 

(NO2 asy. str.), 1351 (NO2 sy. str.), 1331 (SO2 asy. str.), 1157 

(SO2 sy. str.). 1H-NMR δ: 11.236 (s, 1H (N-H)), 8.519 
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(d, 2H (H4″, H6″), J= 8 Hz), 8.300 (d, 2H (H3, H5), 

J=8.8 Hz),  7.767 (d, 2H (H2′, H6′), J= 7.6 Hz), 7.543 

(d, 2H (H2, H6), J=8 Hz), 7.479 (d, 2H (H3′, H5′), J= 

8.8 Hz), 7.030 (t, 1H (H5″), J= 4.8, 4.8 Hz), 6.318 (s, 

1H (C-Hthiazolidin-4-one)), 4.126 (d, 1H (CH2thiazolidin-4-one), 

J= 16.8 Hz), 4.042 (d, 1H (CH2thiazolidin-4-one), J= 16.8 

Hz). 13C-NMR δ: 170.45 (C=Othiazolidin-4-one), 167.91 

(C2″), 157.60 (C4″, C6″), 147.82 (C4), 146.94 (C1), 

145.80 (C4′), 136.40 (C1′), 129.96 (C2, C6), 129.54 

(C2′, C6′), 124.51 (C3, C5), 121.82 (C3′, C5′), 116.18 

(C5″), 73.41 (C-Hthiazolidin-4-one), 34.23 (CH2thiazolidin-4-

one). CHNS-analysis; Calculated (Found) for 

C19H15N5O5S2:  C, 49.88 (49.81); H, 3.31 (3.32); N, 

15.31 (15.34); S, 14.02 (14.03). MS (ESI): m/z 

Found: 457.20 [M]+.       

 

4-(2-(4-hydroxyphenyl)-4-oxothiazolidin-3-yl)-N-

(pyrimidin-2-yl)benzenesulfonamide (4c) 

Peach color solid, MP= 345-346 C̊, FT-IR cm-1: 

3407 (O-H str.), 3273 (N-H str.), 3041 (C-H Ar.), 2964, 

2873 (C-H aliphatic), 1692 (C=O sy.str.), 1577 (C=C 

sy.str.), 1359 (SO2 asy. str.), 1155 (SO2 sy. str.). 1H-NMR δ: 

11.821 (s, 1H (O-H)), 11.634 (s, 1H (N-H)), 8.551 (d, 

2H (H4″, H6″), J= 8.8 Hz), 7.721 (d, 2H (H2′, H6′), J= 

8 Hz), 7.585 (d, 2H (H2, H6), J= 8.4 Hz), 7.462 (d, 

2H (H3′, H5′) , J= 7.6 Hz), 7.063 (t, 1H (H5″), J= 4.8, 

4.8 Hz), 6.818 (d, 2H (H3, H5), J= 8 Hz), 6.312 (s, 1H 

(C-Hthiazolidin-4-one)), 4.071 (d, 1H (CH2thiazolidin-4-one), J= 

15.4 Hz), 3.963 (d, 1H (CH2 Thiazolidin-4-one), J= 15.4 

Hz). 13C-NMR δ: 171.52 (C=Othiazolidin-4-one), 169.73 

(C2″), 159.18 (C4″, C6″), 155.87 (C4), 143.69 (C4′), 

136.46 (C1′), 132.13 (C1), 131.27 (C2, C6), 130.05 

(C2′, C6′), 122.21 (C3′, C5′), 116.69 (C3, C5), 114.96 

(C5″), 74.07 (C-Hthiazolidin-4-one), 32.83 (CH2thiazolidin-4-

one).  CHNS-analysis; Calculated (Found) for 

C19H16N4O4S2:  C, 53.26 (53.25); H, 3.76 (3.77); N, 

13.08 (13.06); S, 14.96 (14.97). EI-MS: m/z Found: 

428.10 [M]+.        

 

4-(2-(2-hydroxy-3-methoxyphenyl)-4-

oxothiazolidin-3-yl)-N-(pyrimidin-2-

yl)benzenesulfonamide (4d) 

Brown color solid, MP= 327-328 ̊C, FT-IR cm-

1: 3417 (O-H str.), 3228 (N-H str.), 3039 (C-H Ar.), 

2940, 2834 (C-H aliphatic), 1689 (C=O sy.str.), 1584 

(C=C sy.str.), 1332 (SO2 asy. str.), 1153 (SO2 sy. str.). 1H-

NMR δ: 12.442 (s, 1H (O-H)), 11.739 (s, 1H (N-H)), 

8.544 (d, 2H (H4″, H6″), J= 8 Hz), 8.094 (d, 2H (H2′, 

H6′), J= 8.4 Hz), 7.560 (d, 2H (H3′, H5′), J= 7.6 Hz), 

7.138 (t, 1H (H5″), J= 4.4, 4.4 Hz), 7.069 (t, 1H (H5) , 

J= 5.2, J= 5.2 Hz), 6.931 (d, 1H (H6), J= 8 Hz), 6.845 

(d, 1H (H4), J= 7.6 Hz), 6.370 (s, 1H (C-Hthiazolidin-4-

one)), 4.171 (d, 1H (CH2thiazolidin-4-one), J= 15.2 Hz), 

4.033 (d, 1H (CH2thiazolidin-4-one), J= 15.2 Hz), 3.781 (s, 

3H (OCH3)). 13C-NMR δ: 170.74 (C=Othiazolidin-4-one), 

168.01 (C2″), 157.25 (C4″, C6″), 148.41 (C3), 146.08 

(C2), 145.89 (C4′), 136.16 (C1′), 130.43 (C2′, C6′), 

124.27 (C5), 122.20 (C3′, C5′),120.61 (C6), 119.68 

(C1),  115.98 (C5″), 112.64 (C4), 68.03 (C-Hthiazolidin-4-

one), 56.50 (OCH3), 34.37 (CH2thiazolidin-4-one).  CHNS-

analysis; Calculated (Found) for C20H18N4O5S2:  C, 

52.39 (52.40); H, 3.96 (3.97); N, 12.22 (12.21); S, 

13.98 (13.96). EI-MS: m/z Found: 458.32 [M]+.             

 

4-(2-(4-hydroxy-3-methoxyphenyl)-4-

oxothiazolidin-3-yl)-N-(pyrimidin-2-

yl)benzenesulfonamide (4e) 

Maroon color solid, MP= 317-318 ̊C, FT-IR cm-

1: 3423 (O-H str.), 3234 (N-H str.), 3035 (C-H Ar.), 

2943, 2831 (C-H aliphatic), 1693 (C=O sy.str.), 1581 

(C=C sy.str.), 1336 (SO2 asy. str.), 1161 (SO2 sy. str.). 1H-

NMR δ: 12.364 (s, 1H (O-H)), 11.780 (s, 1H (N-H)), 

8.495 (d, 2H (H4″, H6″), J= 8.4 Hz), 7.933 (d, 2H (H2′, 

H6′), J= 8 Hz), 7.468 (d, 2H (H3′, H5′), J= 8.8 Hz), 

7.391 (s, 1H (H2), 7.213 (d, 1H (H6), J= 7.6 Hz), 

7.083 (t, 1H (H5″), J= 4.8, 4.8 Hz), 6.847 (d, 1H (H5) , 

J= 8.4 Hz), 6.296 (s, 1H (C-Hthiazolidin-4-one)), 4.136 (d, 

1H (CH2thiazolidin-4-one), J= 15.6 Hz), 4.074 (d, 1H 

(CH2thiazolidin-4-one), J= 15.6 Hz), 3.803 (s, 3H (OCH3)). 
13C-NMR δ: 171.49 (C=Othiazolidin-4-one), 167.32 (C2″), 

158.84 (C4″, C6″), 147.09 (C3), 146.90 (C4), 145.42 

(C4′), 134.08 (C1′), 133.43 (C1), 130.16 (C2′, C6′), 

121.13 (C6), 120.74 (C3′, C5′), 116.34 (C5), 115.49 

(C5″), 113.17 (C2), 69.46 (C-Hthiazolidin-4-one), 57.76 

(OCH3), 32.86 (CH2thiazolidin-4-one). CHNS-analysis; 

Calculated for (Found) C20H18N4O5S2:  C, 52.39 

(52.41); H, 3.96 (3.96); N, 12.22 (12.19); S, 13.98 

(13.96). EI-MS: m/z Found: 458.47 [M]+.        

 

4-(2-(4-iodophenyl)-4-oxothiazolidin-3-yl)-N-

(pyrimidin-2-yl)benzenesulfonamide (4f) 

Yellow color solid, MP= 360-361 ̊C, FT-IR cm-

1: 3387 (N-H str.), 3036 (C-H Ar.), 2963, 2879 (C-H 

aliphatic), 1690 (C=O sy.str.), 1573 (C=C sy.str.), 1357 (SO2 

asy. str.), 1139 (SO2 sy. str.). 1H-NMR δ: 11.696 (s, 1H 

(N-H)), 8.473 (d, 2H (H4″, H6″), J= 8.4 Hz), 8.059 (d, 

2H (H3, H5), J=8 Hz),  7.771 (d, 2H (H2′, H6′), J= 7.6 

Hz), 7.534 (d, 2H (H3′, H5′), J= 8.4 Hz), 7.206 (d, 2H 

(H2, H6), J=7.2 Hz), 7.055 (t, 1H (H5″), J= 4.4, 4.4 

Hz), 5.991 (s, 1H (C-Hthiazolidin-4-one)), 3.838 (d, 1H 

(CH2thiazolidin-4-one), J= 15.2 Hz), 3.753 (d, 1H 

(CH2thiazolidin-4-one), J= 15.2 Hz). 13C-NMR δ: 169.15 

(C=Othiazolidin-4-one), 166.89 (C2″), 155.93 (C4″, C6″), 

143.81 (C4′), 139.36 (C1), 134.80 (C1′), 130.95 (C3, 

C5), 130.15 (C2, C6),  128.32 (C2′, C6′), 122.06 (C3′, 

C5′), 120.94 (C4), 114.87 (C5″), 69.91 (C-Hthiazolidin-4-

one), 31.75 (CH2thiazolidin-4-one). CHNS-analysis; 

Calculated (Found) for C19H15IN4O3S2:  C, 42.39 

(42.40); H, 2.81 (2.80); N, 10.41 (10.42); S, 11.91 

(11.90). EI-MS: m/z Found: 537.79 [M]+.          

        

4-(2-(4-chlorophenyl)-4-oxothiazolidin-3-yl)-N-

(pyrimidin-2-yl)benzenesulfonamide (4g)  

Moccasin color solid, MP= 276-277 ̊C, FT-IR 

cm-1: 3325 (N-H str.), 3033 (C-H Ar.), 2942, 2875 (C-H 

aliphatic), 1683 (C=O sy.str.), 1572 (C=C sy.str.), 1335 (SO2 
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asy. str.), 1162 (SO2 sy. str.). 1H-NMR δ: 11.435 (s, 1H 

(N-H)), 8.563 (d, 2H (H4″, H6″), J= 8 Hz), 7.836 (d, 

2H (H2′, H6′), J= 8 Hz), 7.561 (d, 2H (H3′, H5′), J= 7.2 

Hz),  8.426 (d, 2H (H3, H5), J=8.4 Hz),  7.343 (d, 2H 

(H2, H6), J=8 Hz), 7.091 (t, 1H (H5″), J= 4.8, 4.8 Hz), 

6.382 (s, 1H (C-Hthiazolidin-4-one)), 3.926 (d, 1H 

(CH2thiazolidin-4-one), J= 14.8 Hz), 3.837 (d, 1H 

(CH2thiazolidin-4-one), J= 14.8 Hz). 13C-NMR δ: (ppm) δ 

172.21 (C=Othiazolidin-4-one), 169.92 (C2″), 156.76 (C4″, 

C6″), 147.04 (C4′), 138.46 (C1), 136.74 (C1′), 131.79 

(C4), 130.87 (C2, C6),   130.08 (C2′, C6′), 129.31 (C3, 

C5), 120.84 (C3′, C5′), 115.76 (C5″), 68.59 (C-

Hthiazolidin-4-one), 32.99 (CH2thiazolidin-4-one). CHNS-

analysis; Calculated (Found) for C19H15ClN4O3S2:  C, 

51.06 (51.03); H, 3.38 (3.39); N, 12.54 (12.55); S, 

14.35 (14.34). EI-MS: m/z Found: 446.11[M]+. 

 

4-(2-(4-methoxyphenyl)-4-oxothiazolidin-3-yl)-N-

(pyrimidin-2-yl)benzenesulfonamide (4h) 

Wheat color solid, MP= 315-316 C̊, FT-IR cm-1: 

3268 (N-H str.), 3035 (C-H Ar.), 2944, 2870 (C-H 

aliphatic), 1673 (C=O sy.str.), 1581 (C=C sy.str.), 1332 (SO2 

asy. str.), 1156 (SO2 sy. str.). 1H-NMR δ: 11.476 (s, 1H 

(N-H)), 8.428 (d, 2H (H4″, H6″), J= 8.8 Hz), 7.985 (d, 

2H (H2′, H6′), J= 8.8 Hz), 7.765 (d, 2H (H3′, H5′), J= 8 

Hz), 7.326 (d, 2H (H2, H6), J=8.8 Hz), 7.076 (t, 1H 

(H5″), J= 4.8, 4.8 Hz), 6.797 (d, 2H (H3, H5), J=8 Hz),  

6.121 (s, 1H (C-Hthiazolidin-4-one)), 4.038 (d, 1H 

(CH2thiazolidin-4-one), J= 16.4 Hz), 3.961 (d, 1H 

(CH2thiazolidin-4-one), J= 16.4 Hz), 3.033 (s, 3H (OCH3)). 
13C-NMR δ: 170.90 (C=Othiazolidin-4-one), 168.89 (C2″), 

157.53 (C4″, C6″), 150.83 (C4), 144.14 (C4′), 136.35 

(C1′), 131.21 (C2′, C6′), 130.20 (C1), 129.53 (C2, C6), 

121.55 (C3′, C5′), 116.22 (C5″), 112.63 (C3, C5), 69.35 

(C-Hthiazolidin-4-one), 54.61 (OCH3), 35.41 (CH2thiazolidin-4-

one). CHNS-analysis; Calculated (Found) for 

C20H18N4O4S2:  C, 54.29 (54.30); H, 4.10 (4.11); N, 

12.66 (12.67); S, 14.49 (14.49). EI-MS: m/z Found: 

442.10 [M]+. 

 

4-(2-(4-fluorophenyl)-4-oxothiazolidin-3-yl)-N-

(pyrimidin-2-yl)benzenesulfonamide (4i) 

Golden color solid, 308-309 C̊, FT-IR (ʋ cm-1): 

3350 (NH str.), 3043 (CH Ar.), 2945, 2877 (C-H 

aliphatic), 1671 (C=O str.), 1579 (C=C str.), 1344 (SO2 asy. 

str.), 1152 (SO2 sy. str.). 1H-NMR δ: 11.813 (s, 1H (N-

H)), 8.523 (d, 2H (H4″, H6″), J= 8.4 Hz), 8.016 (d, 2H 

(H2′, H6′), J= 8 Hz), 7.543 (d, 2H (H3′, H5′), J= 8.4 

Hz), 7.377 (d, 2H (H2, H6), J=8.4 Hz), 7.215 (d, 2H 

(H3, H5), J=8 Hz),  7.076 (t, 1H (H5″), J= 4.4, 4.4 Hz), 

6.193 (s, 1H (C-Hthiazolidin-4-one)), 4.076 (d, 1H 

(CH2thiazolidin-4-one), J= 15.4 Hz), 3.959 (d, 1H 

(CH2thiazolidin-4-one), J= 15.4 Hz). 13C-NMR δ: 172.32 

(C=Othiazolidin-4-one), 166.07 (C2″), 162.13 (C4), 157.70 

(C4″, C6″), 143.94 (C4′), 136.25 (C1′),  134.98 (C1), 

130.38 (C2, C6), 129.94 (C2′, C6′), 121.66 (C3′, C5′), 

116.29 (C3, C5), 115.97 (C5″), 69.88 (C-Hthiazolidin-4-

one), 31.93 (CH2thiazolidin-4-one). CHNS-analysis; 

Calculated (Found) for C19H15FN4O3S2:  C, 

53.01(52.99); H, 3.51(3.52); N, 13.02 (13.01); S, 

14.90 (14.91). EI-MS: m/z Found: 430.01 [M]+. 

 

2.4. In vitro Antimicrobial assay 

Thiazolidin-4-ones (4a-i) were evaluated 

against Escherichia coli, and Staphylococcus aureus 

bacterial strains, Aspergillus niger, and Trichophyton 

mentagrophytes fungal strains. The two-fold 

microdilution technique was used to estimate the 

MIC as recommended by the CLSI, EUCAST, and 

NCCLS [12, 36-38]. The bacterial and fungal strains 

were inoculated in the nutrient broth media for 24 h 

at 37 °C, fungal and bacterial strains’ cultures 

medium were diluted to a final concentration of 106 

and 10-4 colony forming unit (CFU)/mL, respectively. 

For the preparation of stock solutions (50 μg/mL) of 

the products (4a-i), dimethylsulfoxide (DMSO) was 

used as the solvent. Nystatin and Penicillin G were 

used as references for antifungal and antibacterial 

drugs, respectively. In a 96-well microplate, series 

dilutions (25, 20, 15, 10, 5, 1, 0.5, and 0.1 μg/mL) 

from the stock solution were prepared to get of 100 

μL in all well, 100 μL of the strains were added and 

the microplate was incubated about 48 h at 24 °C and 

24 h at 37 ̊C for antifungal and antibacterial 

microorganisms, respectively. The medium was 

utilized as a negative control, whereas the culture 

without the chemicals was used as a positive control. 

MIC values were calculated by measuring the optical 

density at 600 and 530 nm for antifungal and 

antibacterial strains using a spectroscopic technique 

using a BioTek-ELx808 microplate reader [39, 40].  

 

2.5 Antioxidant Assay   

The antioxidant ability of the products (4a-i) 

was evaluated via utilizing the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) [41]. The serial 

concentrations (20, 40, 60, 80, 100, and 120 μg/mL) 

of the products (4a-i), Ascorbic acid (VIT C), and 

butylated hydroxytoluene (BHT) were prepared in 

ethanol [42-44]. An equal quantity of each of the 

abovementioned solutions was additional to an 

equivalent quantity of 0.1 mM methanolic DPPH 

solution, and vortexed extensively. The resulting 

mixtures were kept at room temperature for 30 

minutes in a dark place. After that, each mixture's 

absorbance value was observed at 517 nm. 

 

2.6. Molecular docking study 

Protein Data Bank (PDB) 

(https://www.rcsb.org) was utilized to download the 

Staphylococcus aureus’s crystal structure murb 

protein receptor (ID Code: 1HSK) [45]. Water 

molecules in the protein structure have been deleted 

during the docking process by using Discovery 

Studio 2020 Client. Later, the target protein was 

saved in PDB format, which was then imported into 

https://www.rcsb.org/
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Pyrx (https://pyrx.sourceforge.io) program and 

converted to macromolecules. Spartan software was 

used to prepare the ligands and save them in a PDB 

format. The PyRx program was utilized to carry out 

docking of ligand-receptor interactions. The docked 

results were visualized by using the Discovery Studio 

2020 Client [46].   

 

2.7. ADME prediction 

Parameters of bioavailability in conformity with 

Lipinski's rule of five, the absorption, distribution, 

metabolism, and excretion (ADME) prediction of 

biocompatibility has been calculated for all products 

(4a-i) using the http://www.swissadme.ch/index.php, 

https://www.molinspiration.com, and 

https://www.cbligand.org/BBB/predictor.php. 

Topological polar surface area (TPSA) was used to 

measure the absorption’s percentage by the following 

equation [47, 48]:  

 

% Abs =  109 −  [0.345 ×  TPSA]                     (1) 

 

2.8. DFT prediction 

The current study focuses on the application of 

DFT. DFT technique at the B3LYP/6-31G (d, p) has 

been used in the vast majority of computing 

investigations. The Gaussian 09W program and the 

Gauss-View molecular visualization software 

package were used in the DFT study [49]. Chem3D 

Professional 16.0 was used for the designed 3D input 

Gaussian file. 

 

3. Results and Discussion 

3.1. Chemistry 

According to scheme 1, the titled products 

(4a-i) were prepared through a one-pot synthesis 

between sulfadiazine (1), different substituted 

benzaldehyde (2a-i), and mercaptoacetic acid (3). 

Acetic acid has been utilized as a catalyst [8]. Herein 

three different synthetic methods were used 

(conventional, ultrasonic, and microwave), the yield 

of the products have been improved and the reactions 

time have been significantly reduced [50]. The 

reaction time required was 8.5-14.5 hours, 125-220 

minutes, and 6.5-11 minutes for conventional, 

ultrasonic, and microwave methods, respectively. The 

product yield of the microwave method is higher than 

the ultrasonic method and it is higher than the 

conventional method as illustrated in Table 1.   

FT-IR, 1H, 13C-NMR, Mass spectroscopy, and 

CHNS-analysis had been utilized to depict all of the 

synthesized scaffolds (4a-i). The presence of a strong 

band at around 1671-1693 cm-1, which was attributed 

to vibrations stretching of the 4-

thiazolidinone's carbonyl groups and the 

disappearance of NH2 vibration bands, confirmed the 

synthesis of the thiazolidin-4-ones (4a-i) [6, 51]. A 

broad single vibration band appeared for all 

synthesized compounds around 3387-3228 cm-1, 

which belong to the N-H stretching of sulfadiazine 

[52]. The absorption bands around 3407, 3417, and 

3423 cm-1 for compounds 4c-e, respectively, were 

assigned to stretching vibrations of the hydroxyl [53]. 

Two bands, related to (SO2) asymmetric stretching 

and (SO2) symmetric stretching, appear at around 

1331-1359 cm-1 and 1139-1162 cm-1, individually 

[54]. The NO2 asymmetric and symmetric stretching 

bands for compound 4b appeared at around 1532 and 

1351cm-1, respectively [55].  

 

 

Scheme 1. Plausible reaction synthesis of 4-Thiazolidinone derivatives (4a-i), i: DMF, AcOH, and refluxed 8.5-14.5 hours. ii: DMF, AcOH, 

and Ultrasonic for 125-220 minutes. iii: DMF, AcOH, and MW for 6.5-11 minutes 

 
Table 1. The time required and yield productions of thiazolidin-4-ones (4a-i). 

Compounds Conventional Ultrasonic Microwave 

Time (h) Yield (%) Time (min) Yield (%) Time (min) Yield (%) 

4a 11 68 160 70 8 75 

4b 8.5 75 125 79 6.5 84 

4c 14.5 67 220 74 11 78 

4d 12.5 66 190 73 9.5 76 

4e 12 62 180 65 9 69 

4f 9.5 68 145 75 7.5 78 

4g 10.5 64 155 75 8 78 
4h 13 66 195 69 10 74 

4i 11.5 61 170 65 8.5 69 

https://pyrx.sourceforge.io/
http://www.swissadme.ch/index.php
https://www.molinspiration.com/
https://www.cbligand.org/BBB/predictor.php
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The synthesis of thiazolidin-4-ones (4a–o) was 

confirmed by 1H-NMR spectral data. A single signal 

equivalent to one proton was observed at 6.384-5.991 

ppm for C-H of thiazolidin-4-one rings, and tow 

doublet signal for CH2 of thiazolidin-4-one rings has 

been observed at 4.171-3.838 ppm; 4.074-3.753 ppm, 

which were considered a strong confirmation for the 

formation of the thiazolidin-4-one ring closure [56]. 

The singlet signals appeared for NH protons of 

sulfadiazine around 11.813-11.236 ppm [43]. The 

signals of aromatic protons appeared around 𝛿 8.554-

6.797 ppm, single signals showed up for the proton of 

OH groups at 𝛿 11.821, 12.442, and 12.364 for 

compounds 4c, 4d, and 4e, respectively [57]. Single 

signals were appeared for the protons of CH3 groups 

at 𝛿 3.781, 3.803, and 3.033 for compounds 4d, 4e, 

and 4h, respectively [58]. 
13C-NMR spectrum confirmed the appearance 

of the deshielding signals for C=O of thiazolidin-4-

ones, which appeared at 𝛿 172.32-169.15 ppm [59]. 

The two shielding signal carbons of (CH thiazolidin-4-ones) 

and (CH2 thiazolidin-4-ones) showed up around 𝛿 74.07-

68.03 ppm and 𝛿 35.41-31.75 ppm, respectively [45]. 

The sp2 aromatic carbons signals showed up at 𝛿 

169.92-112.63 ppm and the signals’ carbons of 

methoxy (OCH3) groups appeared at 𝛿 56.50, 57.76, 

and 54.61 ppm for compounds 4d, 4e, and 4h, 

respectively [43]. Finally, mass spectroscopy and 

CHNS-analysis were performed to support the FT-IR, 
1H, and 13C-NMR spectrum. The mass spectrum and 

CHNS ratio agreed with thaiazolidin-4-ones (4a-i) 

scaffolds.  

 

3.2. In vitro Antimicrobial assay 

The synthesized compounds (4a-i) were 

assessed for their antimicrobial ability against E. coli, 

S. aureus, A. niger, and T. mentagrophytes resistant 

strains. The results are shown in Table 2, with 

Nystatin and Penicillin G standard drugs, the results 

revealed that the products exhibited varying 

inhibitory effects on resistant strains. Among all the 

derivatives screened, particularly compound 4e 

displayed promising activity (MIC value is equal to 

2.3 μg/mL), and against Staphylococcus aureus. 

Compound 4e also displayed 2.1 μg/mL against E. 

coli. Compounds 4e exhibited the best activity (MIC 

value is equal to 3.3 and 3.9 μg/mL) against A. niger 

and T. mentagrophytes, respectively. Compound 4f 

screened the lowest ability, the MIC value is equal to 

5.5, 4.0, 9.0, and 8.7 μg/mL against Staphylococcus 

aureus, Escherichia coli, Aspergillus niger, and 

Trichophyton mentagrophytes respectively. 

According to the results, the compounds possess 

antibacterial activity in descending order: 

4e>4d>4b>4c>4h>4a>4i>4g>4f against 

Staphylococcus aureus and 

4e>4d>4b>4c>4h>4a>4i>4g>4f against Escherichia 

coli. The antifungal activity of compounds in 

descending order were found to be:   4e>4d>4b>4h, 

4c>4a>4i>4g>4f against Aspergillus niger and 

4e>4d>4b>4c> 4h>4a>4i>4g>4f against 

Trichophyton mentagrophytes. 

 
Table 2. In vitro antimicrobial activity of thiazolidin-4-ones (4a-i). 

compounds MIC values (μg/mL) 

S.aure

us 

E.coli A. 

niger 

T. 

mentagrophytes 

4a 4.0 3.4 7.0 7.7 

4b 2.6 2.5 4.4 5.0 

4c 3.0 2.9 6.0 6.1 

4d 2.4 2.3 3.5 4.5 

4e 2.3 2.1 3.3 3.9 
4f 5.5 4.0 9.0 8.7 

4g 5.1 3.7 8.6 8.5 

4h 3.6 3.1 6.0 6.5 
4i 4.5 3.5 7.1 8.1 

Penicillin G 1.5 1.2 - - 

Nystatin - - 3.0 3.5 

 

3.3. Antioxidant Assay  

4-thiazolidinone derivatives (4a-i) were 

evaluated for their antioxidant activity with butylated 

hydroxytoluene (BHT) and Ascorbic acid as 

standards. The IC50 values for the products were 

determined and summarized in Table 3. DPPH has a 

nitrogen-centered free radical that quickly receives 

hydrogen radicals or an electron to form a stable 

diamagnetic compound. Whenever DPPH radicals 

interact with appropriate reducing agents, the 

electrons are coupled together, leading to the 

formation of the equivalent hydrazine. Depending on 

the number of electrons previously occupied, the 

solution changes color from purple to yellow. With 

increasing concentrations of the products, the radical 

scavenging activity increased, and lowering IC50 

values were observed. According to the results, 

synthesized compounds (4a-i) exhibited antioxidant 

activity in the descending order: 4e> 

4d>4c>4b>4h>4i>5g>4f>4a. Irrespective of the type 

of heterocyclic nucleus, it was observed that 

compound 4e exhibited the highest (IC50 value is 

equal to 27 μg/ml) and compound 4a screened the 

lowest (IC50 value is equal to 67 μg/ml) antioxidant 

activity among compounds in the respective series. 

The following expression has been utilized to 

measure the free radical scavenging of thiazolidin-4-

ones, BHT, and (VIT C) solutions: 

Radical Scavenging % =
Ac−As

Ac
∗ 100                  (2) 

Where: As= Absorbance of thiazolidin-4-ones, BHT, and Ascorbic 
acid solutions. Ac= control’s absorbance (including methanol and 

DPPH). 

 

3.4. Molecular docking study  

Theoretical studies are widespread. The interaction 

of the target protein with the ligands was studied 

using molecular docking predictions [60, 61]. The 

molecules with the strongest interaction with the 

protein are more stable. Up-to-date drug 

computational studies have significance role to the 
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screen of drug-drug and drug-receptor interaction 

[62]. All docked compounds (4a-i) and Penicillin G 

have been shown to have comparable binding 

orientations from around binding sites of the protease 

1HSK [45], with varied interacts with the residues 

within a binding affinity range of -6.50 to -

8.30 (Table 4). The binding affinity and the residues 

interactions are illustrated in fig. 1-6, and Table 4. 

The compounds 4e, and 4d displayed the maximum 

binding affinity value -8.30 and -8.20 kcal/mol, 

correspondingly. For results comparison, Penicillin G 

was used as a reference drug. It is worth noting that 

hydroxyl and methoxy group substitutions improve 

binding ability more than the other groups. The 

positions of methoxy moiety play a key role in the 

biological activities as well as binding interactions 

[17]. Furthermore, nitro and halogen groups exhibited 

a wide range of orientations and interacted with the 

active sites of key residues [63]. From results, the 

binding affinity of synthesized compounds 4a-i in the 

descending order: 4e>4d>4b>4c>4g>4b>4i>4f>4a. 

Lastly, in silico computational studies were used for 

further support, design, and analysis of all newly 

synthesized compounds, likewise theoretical results 

close to the experimental values with minimum 

differences. The reason for the differences between 

theoretical and experimental studies is that the 

theoretical studies are conducted in a pure and 

isolated environment [60]. 
 

Table 3: Antioxidant activity of thiazolidin-4-ones (4a-i)  
Compounds IC50 (µg/ml) 

4a 67 
4b 44 
4c 32 
4d 29 
4e 27 
4f 64 
4g 57 
4h 50 
4i 55 

A.Aa 15 

BHTb 25 
aAscorbic acid 

bButylated hydroxytoluene 

 

Table 4. Docking studies results of thiazolidin-4-ones docked into crystal the structure of Staphylococcus aureus murb protein receptor (ID 

Code: 1HSK) 

Comp B.A.a) Interactions type/ Active sites of the protein (amino acids): Residue Positions 

4a 

 

 

-6.50 

 

 

Conventional HB/ 2(ARG:A310), TYR:A149, GLN:A193, VAL:A199. Pi-sulfur/ HIS:A196, TYR:A149. Pi-Pi T-

shaped/ TYR:A77, ILE:A84, TYR:A149. Pi-alkyl/ ILE:A84. Carbon HB/ VAL:A198. vdW/ GLY:A79, LEU:A78, 

GLY:A146, GLY:A145, LEU:A98, LYS:A194 

4b 

 

 

-7.80 

 

 

Conventional HB/ TYR:A149, GLN:A193, GLU:A308, ARG:A242. Pi-anion/ 2(GLU:A308). Pi-sulfur/ TYR:A187, 

MET:A150. Carbon HB/ TYR:A187. Pi-sigma/ ARG:A310. Pi-alkyl/ ARG:A188. vdW/ ASN:A189, ASN:A83, 

VAL:A309, PHE:A240, GLN:A241 

4c 

 

 

-7.60 

 

 

Conventional HB/ PHE:A240, ARG:A188. Pi-sigma/ ALA:A248. Pi-alkyl/ ALA:A154, ILE:A140, ARG:A242. Pi-

cation/ ARG:A225. Carbon HB/ GLY:A249. Pi-Donor HB/ GLY:A153. vdW/ GLN:A241, PHE:A247, GLY:A237, 

GLY:A273, LYS:A250, HIS:A271, PHE:A274, GLN:A229, PRO:A141, SER:A238. 

4d 

 

 

-8.20 

 

 

Conventional HB/ ARG:A225, GLY:A153, SER:A238, TYR:A155. Pi-cation/ 2(ARG:A188). Unfavorable Donor-

Donor/ ARG:A188. Pi-alkyl/ ALA:A248, MET:A150. Pi-Donor HB/ GLY:A156. vdW/ GLY:A157, GLN:A229, 

PHE:A274, PRO:A141, GLY:A237, GLU:A308, ASN:A83, ILE:A140, ALA:A152. 

4e 

 

 

-8.30 

 

 

Conventional HB/ ASN:A83, SER:A82, ARG:A188, GLU:A308, GLN:A229. Unfavorable Donor-Donor/ 

ARG:A225. Pi-alkyl/ ARG:A188, PRO:A141. Carbon HB/ SER:A235, TYR:A187, SER:A238. vdW/ ARG:A242, 

GLN:A241, PHE:A240, GLY:A237, ILE:A140, MET:A150, TYR:A42, PHE:A274. 

4f 

 

 

-6.70 

 

 

Conventional HB/ ARG:A188, SER:A82. Pi-alkyl/ PHE:A274, PRO141, ALA:A152, TYR:A42. Alkyl/ LEU:A231, 

PRO:A141. vdW/ MET:A150, GLY:A146, ASN:A83, TYR:A149, GLY:A79, GLY:A381, ASN:A80, ILE:A84, ALA:A147, 

GLY:A142, SER:A143, GLY:A237, ILE:A140, SER:A235, GLN:A229, ARG:A225, SER:A238. 

4g 

 

-7.50 

 

Conventional HB/ ARG:A242, ALA:A248. Pi-Pi T-shaped/ PHE:A247. Pi-Pi Stacked/ HIS:A271. Pi-alkyl/ 

LYS:A228. Pi-Donor/ HB SER:A238. vdW/ PHE:A240, PHE:A274, ARG:A224,  TYR:A155,  LYS:A250, GLN:A229. 

4h 

 

-6.80 

 

Conventional/ HB 2(THR:A76). Pi-Pi T-shaped/ HIS:A196. Pi-alkyl/ ARG:A92. Carbon HB/ ARG:A92, 

GLU:A171, VAL:A65. Pi-sigma/ ILE:A91. vdW/ ALA:A68, TYR:A69, ILE:A73, TYR:A77, VAL:A75, PRO:A74, 

ARG:A310, ILE:A312, GLY:A313, GLU:A314. 

4i -7.30 

 

Conventional HB/ SER:A235, ARG:A188, GLN:A229, 2(TYR:A155). Pi-cation/ ARG:A188, ARG:A225. Pi-alkyl/ 

ALA:A154, PRO:A141. Pi-Donor/ HB TYR:A155. vdW/ SER:A82, GLY:A237, ASN:A83, MET:A150, ILE:A140, 

SER:A238, LYS:A228, ARG:A224, GLY:A153, PHE:A274, TYR:A42. 

Pen. 

G 

-7.60 Conventional HB/ 2(SER:A238), ARG:A188. Pi-Pi T-shaped/ PHE:A274. Pi-alkyl/ PRO:A141. Carbon HB/ 

ALA:A152. vdW/ ALA:A147, MET:A150, ILE:A140, ASN:A83, GLY:A237, SER:A82, TYR:A42, SER:A235, LEU:A231, 

GLN:A229, ARG:A225, GLY:A153 
aBinding Affinity (kcal/mol) 
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Fig. 1. 2D (left) and 3D (right) molecular interactions of compound 4i with Staphylococcus aureus murb 

protein receptor (ID Code: 1HSK). 

 

Fig. 2. 2D (left) and 3D (right) molecular interactions of compound 4a with Staphylococcus aureus murb protein 

receptor (ID Code: 1HSK). 

 

 
Fig. 3. 3D-molecular interactions of compounds 4a (left) and 4i (right) with Staphylococcus aureus murb protein 

receptor (ID Code: 1HSK), the active sites of the H-bond donor and acceptor are shown in different colors). 
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3.5. ADME prediction   

ADME was estimated for synthesized 

compounds (4a-i). The evaluation of drug-likeness 

properties for all compounds is performed using the 

SwissADME and Molinspiration web-based servers 

[64, 65]. As said by Lipinski’s rule of five should 

have an MW < 500, H-B donors ≤5, H-B acceptors 

≤10, Log P < 5, number of R. bonds ≤10, TPSA ≤160 

[47, 66]. The molecular weights of the products are 

less than 500 g/mole except for compound 4f. Oral 

absorption will be challenging for drug candidates 

that violation over than one [67, 68]. The GI 

absorption value is a measurement of how much a 

compound is absorbed from the intestine; if the score 

is high, the absorption might be excellent, 

Ciprofloxacin was used as a reference drug [69]. All 

of the tested compounds had BBB absorption scores 

that were close to the normal range (0.3 to 1) [70]. 

According to this overhead rule, all the synthesized 

compounds (4a-i) exhibited very good bioactivity 

scores (Table 4).  

 

 

Table 4. Parameters of the pharmacokinetics of thiazolidin-4-ones (4a-i) 

comp MWa) 

g/mol  

H-Bb) 

D. 

H-Bc)  

A. 

Viold) R.e) 

bond 

BBBf) 

permeant 

GIg) 

Absorp 

TPSAh) % Absi) LogPj)  

4a 410.5 1 5 0 5 0.143 High 66.48 86.06 3.26 

4b 455.5 1 8 0 6 0.112 High 112.30 70.25 2.70 

4c 426.5 2 6 0 5 0.066 High 86.71 79.08 2.82 

4d 456.5 2 7 0 6 0.044 High 95.94 75.90 2.97 

4e 456.5 2 7 0 6 0.043 High 95.94 75.90 2.91 
4f 536.4 1 5 2 5 0.094 High 66.48 86.06 3.95 

4g 444.9 1 5 0 5 0.093 High 66.48 86.06 3.82 

4h 440.5 1 6 0 6 0.095 High 75.71 82.88 3.31 
4i 428.5 1 5 0 5 0.107 High 66.48 86.06 3.60 

Cip. 331.3 2 6 0 3 -0.043 High 74.57 83.27 1.10 
a)molecular weight , b) hydrogen bond donor, c) hydrogen bond acceptor, d) violation , e) number of rotatable bonds f) Blood–brain barrier, g) 
Gastrointestinal, h)  Topological polar surface area, i) Absorbance, j) Octanol-water partition coefficient). 

 

3.6. DFT prediction 

To illustrate the theoretical-experimental 

correlation, quantum chemical measurements were 

done with comprehensive geometry optimizations 

using the Gaussian 09W and Gauss-View 

6.0 programs. DFT technique at B3LYP/6-31G (d, 

p) was employed in the computational investigations. 

The dipole moments of synthesized compounds (4a-i) 

were computed, which are mostly utilized to examine 

non-bonded type dipole-dipole interactions, 

compound 4d leads to strong intermolecular 

interactions [71]. The electronic states and energy 

gaps values of the synthesized compounds (4a-i) 

were demonstrated in Table 5. As illustrated in fig. 4, 

the decrease of the energy gaps indicates the charge 

transfer in the molecule. When the value of EHOMO is 

high, it indicates the ease of donating an electron to 

the unoccupied orbital of the receptor molecule such 

as compound 4a. When the value of ELUMO is small, 

this means that it has small resistance to accept 

electrons so it will be more able to accept electrons as 

compounds 4e and 4d [72]. It was discovered that 

LUMOs have an anti-bonding orbital, whereas 

HOMOs have both a bonding and a nonbonding 

orbital. The energy gap was calculated by the 

following equation [73]. 

Energy gap (∆E)  = |EHOMO −  ELUMO|           (3) 

The energy gap is a helpful characteristic for 

determining a molecule's chemical reactivity and 

kinetic stability. The lowest energy gaps were 

observed in compounds 4e and 4d, making them 

more reactive and less stable [74, 75]. The electron 

affinity is equal to − ELUMO and ionization potential is 

equal to − EHOMO. Within the framework of finite 

differences approximation, the following expressions 

are based on HOMO and LUMO energy values for 

complexes at DFT/B3LYP principle and the 6-31 G 

(d,p) level of calculation as follows [72, 76].  

 

η = (EHOMO − ELUMO)/2            (4) 

          μ = − (EHOMO +  ELUMO)/2            (5) 

                 ω = μ2/2η                                     (6) 

  χ = (EHOMO +  ELUMO)/2                      (7) 

               S = 1/2η =                                     (8) 

            The ionization Potential (I) of compound 4a is 

lower means that the molecule will be the better 

electron donor and the electron affinity (A) of 

compound 4d is larger the molecule will be the better 

electron acceptor [72]. The compound 4g has the 

highest chemical hardness (η) and lowest global 

softness, compound 4d has the lowest chemical 

hardness (η), highest global softness, and the lowest 

Chemical potential (μ) but has a highest Chemical 

potential (μ). Compound 4f shows the highest 

Electrophilicity Index (ω) value whereas compound 

4f screened the lowest Electrophilicity Index (ω) 

value. The compound 4d has the highest 

Electronegativity (χ) value and 4a has the lowest. All 

the results were presented in Table 5. 

  

https://www.molinspiration.com/services/psa.html
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Table 5. DFT calculated data of thiazolidin-4-ones (4a-i). 
Co

mp 

Electronic states ΔEga) 

(eV) 

Db) Ic) 

(eV) 

Ad) 

(eV) 

ηe) 

(eV) 

μf) 

(eV) 

ωg) 

(eV) 

χh)   

(eV) 

Si) 

(eV) HOMO LUMO 

4a -0.19922 -0.05681 0.14241 7.71 0.1992 0.056 0.0712 -0.2276 0.363 0.2276 7.02 

4b -0.27194 -0.23219 0.03975 10.35 0.2719 0.232 0.0198 -0.3880 3.787 0.3880 25.15 
4c -0.23175 -0.06543 0.16632 7.73 0.2317 0.065 0.0831 -0.2644 0.420 0.2644 6.01 

4d -0.33094 -0.30400 0.02694 8.40 0.2134 0.056 0.0784 -0.2416 0.372 0.2416 6.37 

4e -0.33777 -0.31351 0.02426 8.50 0.2748 0.182 0.0461 -0.3661 1.453 0.3661 10.83 
4f -0.21340 -0.05646 0.15694 8.67 0.3309 0.084 0.2077 -0.2887 0.200 0.2887 2.40 

4g -0.27489 -0.18261 0.09228 9.68 0.3377 0.084 0.2108 -0.2957 0.207 0.2957 2.37 

4h -0.27114 -0.18753 0.08361 6.80 0.2711 0.188 0.0418 -0.3649 1.592 0.3649 11.96 
4i -0.26586 -0.17646 0.08940 7.76 0.2658 0.176 0.0447 -0.3540 1.402 0.3540 11.18 
a) Energy gap, b) Dipolmoment (Unit= Debye), c) Ionization Potential, d) Electron Affinity, e) Chemical hardness,  f) Chemical potential,  g) 

Electrophilicity Index, h)  χ= Electronegativity and i) Global softness 

 

 
Fig. 4. The HOMO, LUMO orbitals, and MEP surfaces of thiazolidin-4-ones (4a-i). 

 

The molecular electrostatic potential (MEP) 

mapping has been widely utilized to study the 

electrophilic, and nucleophilic attack reactive sites in 

the reactions, as well as the study of specific 

biological activities and hydrogen bonding 

interactions. MEP provides information on molecular 

characteristics such as electronegativity, dipole 

moment, partial charges of molecules, and chemical 

reactivity because it is correlated to the overall 

electron density distribution of the molecule. Fig. 4 

demonstrates how different colors in MEP maps 

represent various values at the surface of electrostatic 

potential. The highest negative electrostatic potential 

zone is represented in red, the highest positive 

electrostatic potential zone is represented in blue, and 

the zero potential zone is represented in green color 

[77]. Potential of blue > green > yellow > orange > 

red [78]. The neutral electrostatic potential (green) 

envelopes over the π-system of the ring. The highest 

negative electric potential area was mostly found on 
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the N atoms on the pyridine rings, oxygen atoms of 

the NO2, OH, and OCH3 groups (attached to the 

benzene ring), oxygen atoms of SO2, carbonyl of 4-

thiazolidinone rings, and as a result this is the 

preferred site for the electrophilic attack [79]. The 

highest positive electric potential area surrounds all 

hydrogen atoms that are involved in nucleophilic 

reactivity [80]. The negative (-ve) and positive (+ve) 

potential values of each compound are listed in Table 

6. The minimal value was observed for compound 4c 

(-0.07726 a.u. to 0.07726 a.u), whereas the highest 

value was observed for compound 4e (-0.196 a.u. to 

0.196 a.u).  

Table 6. The MEP analysis of synthesized compounds (4a-i). 

 
Comp +ve potential -ve potential 

4a 0.0653 -0.0653 

4b 0.116 -0.116 

4c 0.07726 -0.09319 

4d 0.194 -0.07726 
4e 0.196 -0.194 

4f 0.09470 -0.196 

4g 0.09449 -0.09449 
4h 0.103 -0.103 

4i 0.126 -0.126 

 
4. Conclusion 

The thiazolidin-4-one derivatives (4a-i) bearing 

a sulfonamide moiety were synthesized in 

comparison with the conventional method, ultrasonic 

sonication, and microwave irradiation techniques. It 

was seen that microwave irradiation was better than 

other methods. Compound 4e was the most active 

compound against Trichophyton mentagrophytes, 

Aspergillus niger, Escherichia coli, and 

Staphylococcus aureus resistant strain, with MICs of 

3.9, 3.3, 2.1, and 2.3 g/mL, respectively. And also 

compound 4e displayed the highest antioxidant 

activity, with an IC50 of 27 µg/ml. Compound 4e was 

found to be the most effective ligand, with a binding 

score of -8.30 Kcal/mole. Most of the synthesized 

compounds have shown good bioactivity scores as 

well as drug-like properties, Lipinski's five-point rule 

applies. The compounds 4e and 4d displayed a highly 

chemical reactivity but less stability with the ΔE 

values 0.024 and 0.026 eV, respectively. Finally, 

compounds 4e and 4d have the highest electrostatic 

potential values (-0.196 a.u. to 0.196 a.u.) and (-0.194 

a.u. to 0.194 a.u.) respectively, making them more 

reactive. In conclusion, we understood that the 

synergistic effect of both the sulfonamide and the 

thaiazolidin-4-one ring could explain the targets’ 

superior bioactive profiles. 
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