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Abstract 

New 3-hydrazinecarbothioamide-N-benzylindol derivatives 3a,b have been synthesized by the reaction of N-benzyl-3-
acetylindol 1 with hydrazinecarbothioamide 2a/b. Then compounds 3a,b were cyclized with different α-halocarbonyl 
derivatives to produce thiazolidinone and thiazole compounds in moderate to excellent yields. The anti-microbial activities 
were screened for all the newly synthesized compounds.  The experimental results indicated that only 
hydrazinecarbothioamides 3a,b showed good anti-microbial activities toward all the studied microbes compared with the used 
references. Despite that, compound 12e had anti-bacterial efficacy versus E. coli, compound 12d had anti-microbial activity 
against C. albicans, and compounds 12c and 12d had anti-fungal action against A. niger. Also, compounds 3a and 3b 
exhibited higher MIC values than ciprofloxacin. A molecular docking study was conducted for the most potent compounds 
3a,b to assess theoretically the anti-microbial effect on the crystal structures of S. aureus and E. coli DNA gyrase B enzymes. 
The results of molecular docking proved that hydrazinecarbothioamides 3a,b had good binding energy and good binding 
mode actions towards the DNA gyrase B enzymes through their action with the main amino acids of the aimed enzymes in a 
similar way to the native inhibitor, consequently preventing cell division that leads to the death of bacteria. 
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1. Introduction 
The synthesis of nitrogen-containing heterocyclic 
compounds is of great interest to researchers as they 
can be used as essential structural components and 
useful functional materials to develop several 
bioactive compounds. Many of these compounds 
have been successfully used with high bioavailability, 
low toxicity, and curative effects in the prevention 
and treatment of numerous types of diseases and 
disorders. They represent a wide range of potential 
uses in drug discovery. Among different kinds of N-
heteroaromatics, the indole derivatives, 
thiazolidinone, and thiazole compounds represent key 
building blocks to developing several bioactive 
compounds [1-6].    
      Indole is a five-membered pyrrole ring fused to a 
six-membered benzene ring naturally formed by 

bacteria. Indole derivatives are a core structure in 
many synthetically and naturally bioactive 
compounds. Their diverse biological characteristics 
and potential properties in synthetic chemistry were 
well established in litterateurs [7-17]. The 
pharmacological properties of indole derivatives 
including analgesic [7], anti-malarial [8], anti-
microbial [9], anti-viral [10], anticonvulsant [11], 
anti-hypertensive [12], anti-HIV activities [13], anti-
asthmatic [14], anti-Alzheimer [15], anti-diabetic 
[16], and anti-depressant [17] were documented. 
     Furthermore, compounds bearing 
hydrazinecarbothioamide (thiosemicarbazide) moiety 
have a wide range of established biological potencies, 
including anti-bacterial [18], anti-fungal [19], anti-
oxidant [20], anti-tubercular [21], anti-cancer [22], 
and anti-convulsant [23]. In addition, 
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hydrazinecarbothioamide are significant core 
structure units of many bioactive compounds, 
including 4-thiazolidinones [24], 1,3,4-thiadiazoles 
[25], 1,3,4-oxadiazoles [25], and 1,2,4-triazole-3-
thiones [26, 27]. 
     On the other hand, many thiazolidinone and 
thiazole compounds are important classes in 
pharmacology due to their biological activities and 
therapeutic potential, making them noteworthy in 
drug discovery development and some are applied as 
drugs [28, 29]. Over the past four decades, much 
research work has been carried out to explore the 
diverse and potentially useful applications of 
thiazolidinone and thiazole compounds [30]. 
Thiazolidinones were classically discovered as 
hypoglycemic agents (blood sugar-lowering) [29]. 
Pioglitazone [31] which is one of the 
thiazolidinedione (TZD) family has been approved as 
a drug that is primarily used to treat type 2 diabetes 
mellitus [32]. The recent years have witnessed a wide 
diversity of their activities, starting from anti-
inflammatory [33,34], anti-hypertensive [35], anti-
proliferative [36] to anti-tumor [34]. Furthermore, the 
thiazole ring and its derivatives have established an 
identity as anti-infective [37], anti-inflammatory [38], 
and anti-cancer agents [39]. Furthermore, 
thiazolidinone and thiazole compounds have 
exhibited significant anti-microbial characteristics 
against an assortment of pathogens, such as viruses, 
bacteria, and fungi [40-43]. However, even though 
the arising of anti-biotic-resistant bacteria causes a 
great health issue, they were explored as potential 
agents in combating infectious diseases [44-45].  
    Considering the attributes mentioned above and in 
continuation of our trials to control this issue or 
reduce its effects [46-48], we herein present easy and 
efficient strategies for the synthesis of novel 
hydrazinecarbothioamide, thiazolidinone, and 
thiazole compounds bearing the N- benzyl indole 
moiety. The idea behind designing the new 
compounds is to combine two potential 
pharmacophore structures into one molecule. It was 
imagined that this molecular hybrid containing these 
moieties might be produced as lead anti-microbial 
agents [49-53]. 
    The potencies of the synthesized products as anti-
microbial agents were evaluated. Additionally, the 
study used a molecular docking strategy to evaluate 
the interactions between the prospective compounds 
and the DNA gyrase B enzymes responsible for 
regulating bacterial reproduction. 
      
2. Experimental 

General  

Melting points of synthesized compounds were 
measured using an open capillary tube on a digital 

Gallen-Kamp MFB-595 instrument; melting points 
were not corrected. FTIR spectra were recorded using 
KBr disc on a JASCO FT-IR 6100 (JASCO, Japan). 
Mass spectra were carried out at 70 eV on an MS-50 
Kratos (A.E.I.) spectrometer given with a data 
system. Using DMSO-d6 and TMS as an internal 
standard,13C NMR (75 MHz) and 1H NMR (300 
MHz) spectra were recorded on a Bruker model (300 
MHz) Ultra Shield NMR spectrometer. Units of 
measurement for chemical shifts are δ ppm. The 
elemental analysis of the new compounds was 
accomplished at Cairo University's Microanalysis 
Lab in Giza, Egypt, by using the basic elementar 
Analysensysteme GmbH - vario EL III Element 
Analyzer, Germany. Microchemical analysis (C/H/N) 
was used to measure the purity of all new products, 
and the observed values were agreed well (±0.2%) 
with the calculated values. Materials and reagents 
were purchased from Aldrich and standard techniques 
were used to dry the solvents. Thin-layer 
chromatography (TLC, silica gel F254 plates 
(Merck)) was used to monitor the progress of 
reactions and the homogeneity of the products. 
 
 
Synthesis 

 
General procedure for preparation of benzyl-1H-

indol-3-yl)ethylidene)-N-(aryl)hydrazine-1-

carbothioamides 3a,b 

 
10 mmol of aryl hydrazinecarbothioamide 2a/b (1.8 g 
for 2a, 2.0 g for 2b) was added to a solution of 1-(1-
benzyl-1H-indol-3-yl)ethenone (1) (2.5 g, l0 mmol) 
in ethanol (30 mL) containing a few drops of acetic 
acid. The mixture was heated under reflux 
temperature for ~2 h (TLC). The solid material was 
collected after cooling and then crystallized from 
ethanol to afford the target carbothioamides 3a,b. 
 
2-(1-(1-Benzyl-1H-indol-3-yl)ethylidene)-N-(p-

tolyl)hydrazine-1-carbothioamide (3a). Bright yellow 
needles; 82%; mp 179-181°C; IR (KBr): ν = 3440, 
3458 (2NH), 1615 (C=N), 1267 (C=S) cm-1; 1H NMR 
(300 MHz, DMSO): δ = 2.30, 2.44 (2s, 6H, 2Me), 
5.47 (s, 2H, CH2), 7.16–7.35 (m, 10H, Ar–H), 7.49-
7.51 (d, 1H, JHH = 6 Hz, Ar–H), 7.59-7.61 (d, 2H, JHH 
= 6 Hz, Ar-H), 8.21(s, 1H, pyrrole), 9.61, 10.51 (2br, 
2H, 2HN, D2O exch) ppm; 13C-NMR (75 MHz, 
DMSO): δ = 178.5, 137.6, 136.9, 135.6, 134.1, 133.3, 
130.4, 129.6, 128.6, 127.5, 126.4, 125.4, 123.2, 
121.6, 120.8, 119.9, 113.0, 110.1, 49.7, 22.7, 13.8 
ppm;  EI-MS (70 eV): m/z (%) = 412 (M+, 30). Anal. 
Calcd for C25H24N4S (412.56): C, 72.78; H, 5.86; N, 
13.58. Found: C, 72.99; H, 5.61; N, 13.80%. 
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2-(1-(1-Benzyl-1H-indol-3-yl)ethylidene)-N-(4-

chlorophenyl)hydrazine-1-carbothioamide (3b). 
Bright yellow needles; 80%; mp 195-197°C; IR 
(KBr): ν = 3442, 3455 (2NH), 1618 (C=N), 1270 
(C=S) cm-1; 1H NMR (300 MHz, DMSO): δ = 2.45 
(s, 3H, CH3), 5.48 (s, 2H, CH2), 7.18-7.19 (d, 1H, JHH 
= 3 Hz, Ar–H), 7.24–7.35 (m, 7H, Ar–H), 7.40-7.43 
(d, 2H, JHH = 9 Hz, Ar–H), 7.49-7.51 (d, 1H, JHH = 6 
Hz, Ar-H), 7.76-7.79 (d, 2H, JHH = 9 Hz, Ar-H), 
8.22(s, 1H, pyrrole),  9.75, 10.66 (2br, 2H, 2NH, D2O 
exch) ppm; 13C-NMR (75 MHz, DMSO): δ = 179.3, 
138.7, 136.9, 135.8, 134.1, 133.3, 132.5, 129.7, 
128.6, 128.1, 127.5, 127.1, 123.3, 122.5, 121.6, 
119.7, 112.8, 110.6, 50.2, 14.5 ppm; EI-MS (70 eV): 
m/z (%) = 434 (M+ + 2, 28), 432 (M+, 32). Anal. 
Calcd for C24H21ClN4S (432.97): C, 66.58; H, 4.89; 
N, 12.94. Found: C, 66.80; H, 4.64; N, 12.72%. 
 
General procedure for the synthesis of thiazolidine 

derivatives 6a,b 

 
Equimolar amounts of carbothioamides 3a/b (1 
mmol) (0.4 g for 3a, 0.4 g for 3b), ethyl 2-
bromoacetate (4) (0.17 g, 1 mmol), and fused sodium 
acetate (0.25 g, 3 mmol) in absolute ethanol (15 mL) 
were treated under reflux for 6–7 h (TLC). After 
cooling, The formed solid was filtered, washed with 
EtOH, dried, and crystallized from MeOH to give the 
corresponding products 6a,b. 
 
2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-3-(p-

tolyl)thiazolidin-4-one (6a). White solid; 81%; mp 
80-82 °C; IR (KBr): ν = 1655 (C=N), 1638 (C=O) 
cm-1; 1H NMR (300 MHz, DMSO): δ = 2.21, 2.38  
(2s, 6H,  2Me), 4.09 (s, 2H,  CH2/thiazolidine), 5.45 
(s, 2H,  CH2N), 7.16–7.32 (m, 11H,  Ar–H), 7.47-
7.49 (d, 1H,  JHH = 6 Hz, Ar–H) 8.10 (s, 1H,  
pyrrole), 8.47-8.50 (dd, 1H,  JHH = 6.3 Hz, Ar–H) 
ppm; 13C-NMR (75 MHz, DMSO): δ = 169.8, 163.1, 
158.9,  137.7, 136.9, 135.9, 135.7, 129.7, 129.3, 
128.6, 127.1, 126.7, 126.3, 125.4, 121.6, 120.5, 
119.1,110.6, 108.4, 48.7, 40.3, 22.1, 16.1 ppm; EI-
MS (70 eV): m/z (%) = 452 (M+, 30). Anal. Calcd for 
C27H24N4OS (452.58): C, 71.66; H, 5.35; N,12.38. 
Found: C, 71.91; H, 5.18; N, 12.16%. 
 
2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-3-(4-

chlorophenyl)thiazolidin-4-one (6b). White solid; 
85%; mp > 250 °C; IR (KBr): ν = 1660 (C=N), 1635 
(C=O) cm-1; 1H NMR (300 MHz, DMSO): δ = 2.22 
(s, 3H,  Me), 4.10 (s, 2H,  CH2/thiazolidine), 5.45 (s, 
2H,  CH2N), 7.17–7.31 (m, 7H,  Ar–H), 7.49-7.52 (d, 
3H,  JHH = 9 Hz, Ar–H) 7.59-7.62 (d, 2H,  JHH = 9 
Hz, Ar–H)  8.11 (s, 1H,  pyrrole), 8.50-8.52 (d, 1H,  
JHH = 6 Hz, Ar–H) ppm; 13C-NMR (75 MHz, 

DMSO): δ = 171.8, 160.0, 159.3, 137.6, 137.0, 134.2, 
133.0, 132.8, 130.0, 128.9, 128.6, 127.5, 127.1, 
123.3, 122.5, 121.0, 119.3, 112.9, 110.6, 49.4, 40.4, 
15.4 ppm;  EI-MS (70 eV): m/z (%) = 474 (M+ + 2, 
22), 472 (M+, 28). Anal. Calcd for C26H21ClN4OS 
(472.99): C, 66.02; H, 4.48; N, 11.85. Found: C, 
66.23; H, 4.25; N, 11.63%. 
 
General procedure for the synthesis of 

dihydrothiazole derivatives 9a,b 

 
Mixing equimolar amounts of hydrazine-1-
carbothioamides  3a,b (1 mmol) (0.4 g for 3a, 0.4 g 
for 3b) and chloroacetone (7) (0.1 g, 1 mmol) in 
EtOH (10 mL) containing TEA (~0.07 mL)  was 
treated under reflux for ~9 h (TLC). After cooling; 
the solid was collected, filtered, washed with EtOH, 
dried, and then crystallized from MeOH afforded the 
corresponding dihydrothiazole derivatives 9a,b. 
 

2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-4-methyl-3-(p-tolyl)-

2,3-dihydrothiazole (9a). Pale gray solid; 85%; mp 
195-197 °C; IR (KBr): ν = 1645 (C=N) cm-1; 1H 
NMR (300 MHz, DMSO): δ = 1.88, 2.14, 2.16 (3s, 
9H,  3Me), 5.43 (s, 2H,  CH2N), 6.18 (s, 1H, H-
thiazole) 7.13–7.23 (m, 2H,  Ar–H), 7.25-7.29 (m, 
7H,  Ar–H), 7.48-7.51 (dd, 2H,  JHH = 9.3 Hz, Ar–H), 
7.57, 7.60 (2d, 2H, JHH = 3.3, JHH = 2.1  Hz, Ar–H), 
7.90 (s, 1H,  pyrrole), 8.50-8.53 (dd, 1H,  JHH = 6, 3 
Hz, Ar–H) ppm; 13C-NMR (75 MHz, DMSO): δ = 
164.1, 157.7, 139.5, 137.7, 136.9, 136.2, 135.7, 
133.4, 130.8, 129.5, 128.6, 127.5, 127.1, 126.3, 
121.6, 120.5, 119.5, 110.6, 108.4, 95.1, 50.0, 21.7, 
15.1, 13.6 ppm;  EI-MS (70 eV): m/z (%) = 450 (M+, 
27). Anal. Calcd for C28H26N4S (450.60): C, 74.63; 
H, 5.82; N, 12.43. Found: C, 74.85; H, 5.60; N, 
12.21%. 
 
2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-3-(4-chlorophenyl)-

4-methyl-2,3-dihydrothiazole (9b). Bright green 
substance; 88%; mp 183-185 °C; IR (KBr): ν = 1640 
(C=N) cm-1; 1H NMR (300 MHz, DMSO): δ = 1.99, 
2.57 (s, 2H, Me), 5.58 (s, 2H,  CH2N), 6.12 (s, 1H, H-
thiazole), 7.16–7.34 (m, 8H, Ar–H), 7.49-7.53 (m, 
2H, Ar–H), 7.77-7.82 (q, 2H,  JHH = 6 Hz, Ar–H), 
8.24 (s, 1H, pyrrole), 8.68-8.69 (d, 1H, JHH = 3 Hz, 
Ar–H) ppm; 13C-NMR (75 MHz, DMSO): δ = 162.9, 
158.1, 139.1, 138.3, 137.0, 136.0, 135.1, 133.1, 
131.3, 130.6, 128.7, 128.2, 127.1, 125.6, 122.4, 
120.9, 119.2, 110.3, 108.1, 95.3, 49.5, 15.8, 12.7 
ppm;  EI-MS (70 eV): m/z (%) = 473 (M+ + 2, 20), 
471 (M+, 26). Anal. Calcd for C27H23ClN4S (471.02): 
C, 68.85; H, 4.92; N, 11.90. Found: C, 68.62; H, 
4.69; N, 11.67%. 
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General procedure for the synthesis of diazenyl-2,3-

dihydrothiazole derivatives 12a-f 

 

Mixing equimolar amounts of hydrazine-1-
carbothioamides  3a,b (1 mmol) (0.4 g for 3a, 0.4 g 
for 3b) and hydrazonoyl chloride derivatives 10a-c (1 
mmol); 2-oxo-N-phenylpropanehydrazonoyl chloride 
(10a, 0.2 g), 2-oxo-N-(p-tolyl)propanehydrazonoyl 
chloride (10b, 0.21 g), or N-(4-chlorophenyl)-2-
oxopropanehydrazonoyl chloride (10c, 0.23 g) in 
EtOH (20 mL) containing TEA (~0.07 mL)  was 
treated under reflux for 10–12 h (TLC). After cooling 
the reaction medium, the precipitate was collected, 
filtered, washed with ethanol, dried, and then 
crystallized from methanol to give the corresponding 
diazenyl derivatives 12a-f. 
 
 
2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-4-methyl-5-

(phenyldiazenyl)-3-(p-tolyl)-2,3-dihydrothiazole 

(12a).  Red solid; 82%; mp 98-100 °C; IR (KBr): ν = 
1629 (C=N), 1482 (N=N) cm-1; 1H NMR (300 MHz, 
DMSO): δ = 2.20, 2.39, 2.42 (3s, 9H,  3Me), 5.45 (s, 
2H, CH2N), 7.26–7.41 (m, 11H, Ar–H), 7.49-7.51 (d, 
2H, JHH = 6 Hz, Ar–H), 7.74-7.87 (m, 4H, Ar–H), 
8.05 (s, 1H, pyrrole), 8.55-8.58 (d, 1H, JHH = 9 Hz, 
Ar–H) ppm; 13C-NMR (75 MHz, DMSO): δ = 157.7, 
152.3, 147.7, 137.7, 136.9, 135.7, 133.4, 132.5, 
130.0, 129.7, 129.3, 128.6, 128.1, 127.5, 127.1, 
125.4, 123.3, 122.5, 121.6, 121.0, 120.5, 117.5, 
114.7, 110.6, 49.4, 20.9, 15.5, 13.1 ppm;  EI-MS (70 
eV): m/z (%) = 554 (M+, 29). Anal. Calcd for 
C34H30N6S (554.72): C, 73.62; H, 5.45; N, 15.15. 
Found: C, 73.84; H, 5.22; N, 14.97%.  
 

2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-4-methyl-3-(p-tolyl)-

5-(p-tolyldiazenyl)-2,3-dihydrothiazole (12b). Red 
powder; 84%; mp 130-132 °C; IR (KBr): ν = 1622 
(C=N), 1408 (N=N) cm-1; 1H NMR (300 MHz, 
DMSO): δ = 2.19, 2.36, 2.40, 2.42 (4s, 12H, 4CH3), 
5.45 (s, 2H, CH2N), 7.18–7.33 (m, 10H, Ar–H), 7.39-
7.41 (d, 2H, JHH = 6 Hz, Ar–H), 7.48-7.51 (d, 2H, JHH 
= 9 Hz, Ar–H), 7.65-7.67 (d, 2H, JHH = 6 Hz, Ar–H), 
8.05 (s, 1H, pyrrole), 8.54-8.56 (d, 1H, JHH = 6 Hz, 
Ar–H) ppm; 13C-NMR (75 MHz, DMSO): δ = 161.5, 
160.2, 154.7, 144.2, 139.5, 138.2, 137.4, 136.6, 
135.0, 131.2, 130.7, 130.0, 128.7, 128.5, 127.3, 
126.8, 126.1, 123.3, 121.9, 121.1, 119.9, 115.1, 
109.9, 92.7, 52.7, 21.5, 21.2, 15.9, 11.7 ppm; EI-MS 
(70 eV): m/z (%) = 568 (M+, 24). Anal. Calcd for 
C35H32N6S (568.74): C, 73.91; H, 5.67; N, 14.78. 
Found: C, 73.69; H, 5.44; N, 14.54%. 
 

2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-5-((4-

chlorophenyl)diazenyl)-4-methyl-3-(p-tolyl)-2,3-

dihydrothiazole (12c). Yellowish brown solid; 75%; 
mp > 250 °C; IR (KBr): ν = 1625 (C=N), 1465 
(N=N) cm-1; 1H NMR (300 MHz, DMSO): δ = 2.30, 
2.38, 2.44 (3s, 9H, 3CH3), 5.47 (s, 2H, CH2N), 7.16-
7.19 (d, 2H, JHH = 9 Hz, Ar–H), 7.25–7.31 (m, 11H, 
Ar–H), 7.49-7.50 (d, 1H, JHH = 6 Hz, Ar–H), 7.58-
7.61 (d, 2H, JHH = 9 Hz, Ar–H), 8.21 (s, 1H, pyrrole), 
8.51-8.53 (d, 1H, JHH = 6 Hz, Ar–H) ppm; 13C-NMR 
(75 MHz, DMSO): δ = 160.5, 158.9, 151.0, 145.4, 
139.1, 138.2, 137.3, 136.6, 135.0, 133.8, 131.6, 
130.1, 129.1, 128.6, 127.5, 126.8, 125.8, 123.4, 
121.7, 121.6, 119.8, 113.0, 109.7, 91.8, 52.5, 21.4, 
21.3, 10.2 ppm;  EI-MS (70 eV): m/z (%) = 591 (M+ 
+ 2, 19), 589 (M+, 23). Anal. Calcd for C34H29ClN6S 
(589.16): C, 69.31; H, 4.96; N, 14.26. Found: C, 
69.19; H, 4.74; N, 14.02%. 
 

2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-3-(4-chlorophenyl)-

4-methyl-5-(phenyldiazenyl)-2,3-dihydrothiazole 

(12d). Brownish red solid; 87%; mp 172-174 °C; IR 
(KBr): ν = 1620 (C=N), 1485 (N=N) cm-1; 1H NMR 
(300 MHz, DMSO): δ = 2.20, 2.45 (2s, 6H, 2CH3), 
5.46 (s, 2H, CH2N), 7.25–7.52 (m, 12H, Ar–H), 
7.66–7.77 (m, 5H, Ar–H), 8.08 (s, 1H, pyrrole), 8.52-
8.55 (d, 1H, JHH = 9 Hz, Ar–H) ppm;  13C-NMR (75 
MHz, DMSO): δ = 163.2, 160.4, 159.3, 151.3, 149.8, 
140.3, 137.4, 136.5, 136.0, 131.5, 130.7, 129.2, 
128.9, 128.6, 127.7, 127.5, 125.6, 122.7, 121.9, 
120.5, 119.1, 112.8, 109.5, 95.3, 51.7, 19.1, 11.0 
ppm; EI-MS (70 eV): m/z (%) = 577 (M+ + 2, 15), 
575 (M+, 24). Anal. Calcd for C33H27ClN6S (575.13): 
C, 68.92; H, 4.73; N, 14.61. Found: C, 69.11; H, 
4.54; N, 14.40%. 
 

2-((1-(1-Benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-3-(4-chlorophenyl)-

4-methyl-5-(p-tolyldiazenyl)-2,3-dihydrothiazole 

(12e). Pale green substances; 86%; mp 194-196 °C; 
IR (KBr): ν = 1617 (C=N), 1410 (N=N) cm-1; 1H 
NMR (300 MHz, DMSO): δ = 2.23, 2.44, 2.73 (3s, 
9H, 3CH3), 5.47 (s, 2H, CH2N), 7.16-7.19 (t, 2H, JHH 
= 6 Hz, Ar–H), 7.24–7.34 (m, 8H, Ar–H), 7.40, 7.51 
(2d, 4H, JHH = 8.7, JHH = 6.9 Hz, Ar–H), 7.76-7.79 
(d, 2H, JHH = 9 Hz, Ar–H), 8.22 (s, 1H, pyrrole), 
8.66-8.67 (d, 1H, JHH = 3 Hz, Ar–H) ppm;  13C-NMR 
(75 MHz, DMSO): δ = 160.6, 159.8, 150.0, 146.3, 
140.0, 137.9, 136.9, 136.4, 132.9, 130.0, 129.0, 
128.8, 128.4, 127.6, 127.4 126.8, 124.7, 123.9, 120.8, 
119.5, 117.6, 110.7, 109.0, 92.1, 51.9, 20.2, 19.8, 
10.1 ppm; EI-MS (70 eV): m/z (%) = 591 (M+ + 2, 
13), 589 (M+, 20). Anal. Calcd for C34H29ClN6S 
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(589.16): C, 69.31; H, 4.96; N, 14.26. Found: C, 
69.10; H, 4.74; N, 14.01%. 
 

2-((1-(1-benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-3-(4-chlorophenyl)-

5-((4-chlorophenyl)diazenyl)-4-methyl-2,3-

dihydrothiazole (12f). Gray solid; 83%; mp 206-208 
°C; IR (KBr): ν = 1623 (C=N), 1468 (N=N) cm-1; 1H 
NMR (300 MHz, DMSO): δ = 2.45, 2.84 (2s, 6H, 
2CH3), 5.48 (s, 2H, CH2N), 7.17-7.18 (t, 2H, JHH = 3 
Hz, Ar–H), 7.24–7.35 (m, 9H, Ar–H), 7.41-7.44 (d, 
2H, JHH = 9 Hz, Ar–H), 7.49-7.51 (d, 1H, JHH = 6 Hz, 
Ar–H), 7.76-7.79 (d, 2H, JHH = 9 Hz, Ar–H), 8.22 (s, 
1H, pyrrole), 8.62-8.64 (d, 1H, JHH = 6 Hz, Ar–H) 
ppm;  13C-NMR (75 MHz, DMSO): δ = 164.7, 162.0, 
158.3, 154.2, 142.5, 141.2, 139.4, 137.6, 135.0, 
134.2, 133.0, 130.0, 129.0, 128.6, 127.5, 127.1, 
126.7, 126.2, 125.5, 122.1, 120.8, 119.5, 109.9, 
108.2, 50.3, 14.6, 11.7 ppm;  EI-MS (70 eV): m/z 
(%) = 611 (M+ + 2, 10), 609 (M+, 21). Anal. Calcd 
for C33H26Cl2N6S (609.57): C, 65.02; H, 4.30; N, 
13.79. Found: C, 64.89; H, 4.09; N, 13.55%. 
 
Alternate synthesis of compound 12a from thiazole 

derivative 9a
 [54-57] 

2 mmol of sodium acetate trihydrate (0.27 g) was 
added to a solution of 2 mmol of compound 9a (0.9 
g) in ethanol (20 mL). After 15 minutes of stirring, 
the mixture was cooled to a temperature between 0 to 
5 ºC. A newly prepared cold solution of diazonium 
chloride was added to the recently prepared cold 
liquid [the diazonium chloride solution was prepared 
by treatment of 2 mmol of aniline 13 (0.19 g) with 
1.5 mL of 6 M HCl and 2 mmol sodium nitrite 
(NaNO2) (0.14 g) dissolved in 4 mL of H2O]. After 
adding the in situ prepared diazonium salt, the 
mixture was stirred for 30 minutes in the ice bath (0–
5 °C) and then left for 8 h in a fridge (4 °C).  The 
crude solid was filtered, washed with H2O, dried, and 
crystallized from ethanol to produce the 
corresponding product 12a. The product 12a was 
similar to that gained from the reaction of 3a with 
10a in all its aspects (mp, mixed mp, and IR spectra), 
but with a yield of 85%. 
 
Anti-microbial activity 
 

Anti-microbial behaviors of all newly synthesized 
compounds 3a,b, 6a,b, 9a,b, and 12a-f were tested in 
vitro by the cup diffusion agar method [58] versus a 
panel of bacteria, yeast, and fungi pathogens, such as 
Gram-positive- Staphylococcus aureus ATCC 6538-
P; Gram-negative- Escherichia coli ATCC 25933; 
yeast- Candida albicans ATCC 10231 and fungus- 
Aspergillus niger NRRL-A326. Regarding yeast and 
bacteria, agar plates of nutrients were inoculated 
heavily and regularly with 0.1mL of 105-106 

cells/mL. The anti-fungal properties were screened 
using Potato dextrose agar plates seeded by 0.1mL 
(106 cells/mL) of the fungal inoculum. In inoculated 
plates, 100 µl of tested compounds dissolved in 
DMSO (10 mg in 2 mL DMSO) were put into the 
initial holes. After that, plates remained for 2-4 hours 
at a temperature of 4°C to promote maximal 
diffusion. After that, in the case of bacteria, the plates 
were incubated for 24 hours at 37 °C while in the 
case of fungi, the plates were incubated for 48 hours 
at 30 °C in a vertical position to ensure maximum 
growth of the organisms. The anti-microbial 
properties of the tested samples were determined by 
measuring the diameter of the inhibition zone 
expressed in millimeters (mm). The test was repeated 
more than once, and the mean reading was listed. 
Cycloheximide and Neomycin were applied as anti-
fungal and anti-bacterial standards, respectively. 
 
Minimal inhibitory concentration measurement  
   
The anti-microbial behavior of the two active 
compounds 3a, 3b, and the reference drug 
Ciprofloxacin was then screened following the 
method described by Sarker et al., (2007) [59]. In 
some details three various microbes were used 
namely: S. aureus ATCC 6538 (G-ve bacterium), E. 

coli ATCC 25933 (G-ve bacterium), and C. albicans 
ATCC 10231 (yeast). Resazurin dye was prepared by 
dissolving 6.75mg in 10 mL distilled water. 96-well 
plates were used in which 100 µl of nutrient broth 
were distributed and 100 µl of each compound (in 
duplicates) were placed in the first cells and serial 
dilutions were done leaving the last cell in each raw 
as reference. In each well 10 µl of the microbial stock 
culture were added followed by 10 µl of resazurin. 
All steps had been performed under aseptic 
conditions. Any color change of the dye was 
considered a positive result.  
 
Molecular docking method 
 
The molecular docking screening of the two 
compounds under study with the X-ray 
crystallographic construction of S. aureus DNA 
gyrase B (PDB: 3U2D) and E. coli DNA gyrase B 
(PDB: 1S14) was accomplished by employing PyRx 
tools Autodock Vina (version 1.1.2) [60]. Original 
ligands alongside H2O molecules were extracted from 
the proteins using the VEGA ZZ 2.3.2 tool, then 
Kollman charges and polar hydrogen were added, 
followed by transformation to PDBQT format by 
Autodock Vina tools. The compounds under study 
are saved as a mol file, protonated, minimized, and 
then changed into a pdb file using Open Babel 
software. The formed pdb file was converted to 
Autodock Vina tools to establish some torsions and 
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pdbqt file creation. Auto Grid with a grid box was 
used to create the grid map. Taking the binding 
energy into account, many docked poses were 
established for each molecule. The lowest binding 
energy with 0 Å RMSD (root mean square deviation) 
was considered appropriate and most complex with 
the receptor for study. Engaging BIOVIA Discovery 
Studio 2021, the top poses' binding modes and 
binding interactions were visually studied.  
 
3. Results and Discussion 

Chemistry 

The new key compounds, 2-(1-(1-benzyl-1H-indol-3-
yl)ethylidene)-N-(aryl)hydrazine-1-carbothio-amides 
3a and 3b could be gained from the condensation 
reaction of N-benzyl-3-acetylindol 1 with the 
appropriate aryl hydrazinecarbothioamide 2a/b in an 
ethanol (EtOH) solution with few drops of acetic acid 
(AcOH) (Scheme 1). The reactions were completed 
under reflux giving the carbothioamides 3a/b in 
~81% yields and characterized according to standard 
methods. The IR spectrum of 3a exhibited absorption 
bands at 3440, 3458, 1615, and 1267 cm-1 owing to 
2NH, C=N, and C=S, respectively. 1H NMR 
spectrum disclosed two singlet signals at δ 2.30, and 
2.44 ppm owing to 2Me groups, one singlet signal at 
δ 5.47 ppm due to the methylene moiety (CH2), and 
two exchangeable signals at δ 9.61 and 10.51 ppm 
due to 2NH.  
  

 

     The carbothioamide derivatives 3a and 3b were 
subjected to cyclization with different halogenated 
compounds 4, 7, and 10a-c in the hope of obtaining 
the biologically active derivatives of the 
thiazolidinone and the thiazole moieties. Thus, when 
equimolar amounts of carbothioamide 3a/b and ethyl 
2-bromoacetate (4) were mixed in absolute ethanol 
(EtOH) in the presence of fused sodium acetate (3 
mmol) at reflux temperature for the proper time 
(TLC) the corresponding substituted thiazolidine 
derivatives 6a,b obtained in good yields (~83%). The 
formation of 6a,b involved an initial nucleophilic 
substitution with loss of HBr followed by cyclization 
through the extrusion of ethanol molecules from the 
resulting intermediates 5a,b to give the 
thiazolidinone 6a,b (Scheme 2). This mechanism was 
previously reported in similar cases [54, 55, 61].  

 
The structures of thiazolidinones 6 were 

delineated from their spectroscopic properties. As a 
representative example, the IR spectrum of 
compound 6a exhibited the disappearance of 2NH 
and C=S peaks at 3440, 3458, and 1267 Cm-1 

respectively, and the appearance of a new peak at 
1638 cm-1 according to C=O moiety. In its 1H NMR, 
the two methyl group protons were displayed at 2.21 
and 2.38 ppm, while the CH2 protons of the 
thiazolidine appeared at 4.09 ppm and the methylene 
protons of the CH2N signal were exhibited at 5.45 
ppm. Moreover, the 13C-NMR spectrum showed the 
lack of a C=S signal at 178.5 ppm and the appearance 
of a new carbon signal at 169.8 ppm belongs to C=O 
moiety.   

  Furthermore, treating compounds 3a,b with 
chloroacetone (7) in an ethanol solution has a 
catalytic quantity of triethylamine (TEA) at reflux 
temperature afforded the corresponding substituted 
thiazole derivatives 9a,b,  in high yields ~87%. As 
described in Scheme 3. Structures 9a and 9b were 
identified from their spectroscopic data. The 1H NMR 
spectrum of 9a showed the three methyl protons at 
1.88, 2.14, and 2.16 ppm while the methylene protons 
(CH2N) appeared at 5.43 ppm. 
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     Finally, treating the carbothioamides 3a,b with 
hydrazonyl chlorides 10a-c in ethanol/containing 
TEA (~3 drops) under thermal conditions afforded 
the dihydrothiazole derivatives 12a-f in high yields 
(75-87%) as displayed in Scheme 4. 1H- and 13C- 
NMR spectroscopy, mass spectroscopy (EI), and 
elemental analysis confirmed the purity and structure 
of compounds 12a-f. The IR spectrum of structure 
12a revealed bands at 1629 and 1482 cm-1 due to the 
(C=N), (N=N) groups, and the disappearance of NH 
and C=S peaks. Moreover, its 1H NMR spectrum 
displayed signals at δ = 2.20, 2.39, and 2.42 ppm 
because of the 9H of 3 methyl groups and signal at 
5.45 ppm due to 2H of CH2 protons (CH2N).  

 

 

 
On the other hand, 2-((1-(1-benzyl-1H-indol-3-

yl)ethylidene)hydrazineylidene)-4-methyl-5-
(phenyldiazenyl)-3-(p-tolyl)-2,3-dihydrothiazole 
(12a) could be synthesized by a different route from 
the reaction of compound 9a in ethanolic sodium 
acetate trihydrate (AcONa.3H2O) with diazonium 
chloride was prepared in situ from aniline 13 and 
sodium nitrite (NaNO2)/HCl  (Scheme 4) [54, 55]. 
The formed compound was found to be similar in all 
of its characters (spectra, mp, and mixed mp) with the 
dihydrothiazole derivative 12a produced from the 
reaction of carbothioamide 3a with hydrazonyl 
chloride 10a but the yield is higher. 
 

Anti-microbial evaluation 
A preparatory evaluation of all new compounds 3a,b, 
6a,b, 9a,b, and 12a-f in addition to the two reference 
drugs Neomycin and cycloheximide took place in 
vitro versus a panel of Gram-negative and Gram-
positive bacteria, yeast, and fungi pathogens applying 
the method of cup diffusion agar  [50, 58], and the 
results are presented in Table 1. 

     As listed in Table 1, the anti-microbial efficiency 
results of the evaluated compounds, a small number 
of compounds exhibited positive effects on the 
studied organisms. while the majority of the 
examined compounds offered no reaction on most of 
the tested organisms. The resulting data exposed that 
only compounds 3a and 3b showed anti-bacterial 
properties against the Gram-positive (G+ve) test 
strain (S. aureus) with inhibition values of 22 and 28 
mm, respectively. Compounds 3a, 3b, and 12e had 
anti-bacterial efficacy versus the Gram-negative (G-
ve) test strain (E. coli) with inhibition values of 23, 
26, and 14 mm, respectively. The inhibition values of 
compounds 3a, 3b, and 12d as anti-microbial agents 
against the yeast test strain (C. albicans) are 24, 29, 
and 15 mm, respectively. Compounds 12c and 12d 
had anti-fungal action against A. niger with values of 
inhibition are 39 and 16 mm, respectively. 
 
Table 1. Zone of growth inhibition (mm) of the new 3a,b; 6a,b; 
9a,b; and 12a-f against some microbial pathogens. 
compound Clear zone (mm) 

Strain 
Gram-

positive 
Gram-

negative 
yeast fungus 

S. 

aureus 
E. coli 

C. 

albicans 

A. 

niger 

3a 22 23 24 NA 
3b 28 26 29 NA 
6a NA NA NA NA 
6b NA NA NA NA 
9a NA NA NA NA 
9b NA NA NA NA 
12a NA NA NA NA 
12b NA NA NA NA 
12c NA NA NA 39 
12d NA NA 15 16 
12e NA 14 NA NA 
12f NA NA NA NA 

S. aureus, Staphylococcus aureus ATCC 6538-P; E. coli, 

Escherichia coli ATCC 25933; C. albicans, Candida albicans 
ATCC 10231 and A. niger, Aspergillus niger NRRL-A326; NA, 
not active. 
 

It is possible to recognize definite aspects of the 
structure-activity relationships for the samples under 
study. Relating the anti-microbial activity of 
hydrazinecarbothioamide derivatives 3a,b, just the 
two of them displayed good results toward the tested 
pathogens. On the contrary, the majority of the 
compounds studied like thiazolidinone and thiazole 
derivatives exhibited no action on the tested 
organisms. The main factor of these results is owing 
to the existence of the CH2-functional group and 
(NH-CS-NH) bridge of the N-benzyl-1H-indole 
hydrazinecarbothioamide scaffold.  Cyclization of 
hydrazinecarbothioamides 3a and 3b with 
halogenated derivatives, 4, 7, and 10a-c afforded the 
cyclic structure like thiazolidinone and thiazole 
derivatives containing the indole moiety. The results 
listed above mention that the cyclization of 
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b = 4-ClC6H4
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hydrazine-carbothioamides does not enhance the 
efficiency of anti-microbial properties. Cyclization of 
hydrazinecarbothioamides causes a bad impact on 
anti-microbial efficacy. Despite that, the cyclized 
structure, dihydrothiazole 12c showed good anti-
microbial activity only against the tested Aspergillus 

niger organisms. In the case of compound 12d 
resulted in moderate activities against Candida 

albicans and Aspergillus niger. While compound 12e 

gave reasonable efficacy against the examined 
Escherichia coli organisms only. These data reflect 
the importance of the presence of the N-benzyl-1H-
indole hydrazine-carbothioamide moiety in the 
molecule, which probably enhances the effectiveness. 

Subsequently, the minimum concentrations 
demanded to limit the growth [(MIC), minimum 
inhibitory concentration (µg/mL)] were studied for 
the lead hydrazinecarbothioamides 3a and 3b as well 
as for the reference drug ciprofloxacin applying the 
process mentioned by Sarker et al., (2007) [59]. The 
MIC values of the examined samples (3a and 3b) are 
represented in Table 2. Results indicated compound 
3a had MIC values of 625, 312.5, and 625 µg/mL 
versus S. aureus, E. coli, and C. albicans, 
respectively. Compound 3b exhibited MIC values of 
312.5, 312.5, and 312.5 µg/mL versus S. aureus, E. 

coli, and C. albicans, respectively. Both compounds 
3a and 3b exhibited higher MIC values as compared 
to the reference drug ciprofloxacin. 
 
Table 2. Minimum inhibitory concentrations (MIC) (µg/mL) of 3a, 
3b, and Ciprofloxacin against different pathological strains. 

Sample 

Strain 
Gram-

positive 
Gram-

negative 
yeast 

S. aureus E. coli 
C. 

albicans 

 

625 312.5 625 

 

312.5 312.5 312.5 

Cipro 19.53 39.06 78.13 
S. aureus, Staphylococcus aureus ATCC 6538-P; E. coli, 

Escherichia coli ATCC 25933; C. albicans, Candida albicans 
ATCC 10231 and Cipro, ciprofloxacin. 
 
Molecular docking 
Supported by the anti-microbial influence outcomes, 
compounds 3a and 3b were selected for the 
molecular docking study towards DNA gyrase B (a 

primary site of action for both Gram-positive and 
Gram-negative bacteria)[62] DNA gyrase plays an 
essential role in bacterial reproduction and 
compaction [63]. DNA gyrase inhibition prevents the 
relaxation of supercoiled DNA that is required for 
reproduction and so prevents cell division 
consequently causing the death of bacteria [64, 65]. 
     The X-ray crystallographic constructions of S. 

aureus DNA gyrase B (PDB: 3U2D) and E. coli 
DNA gyrase B (PDB: 1S14) were downloaded from 
the website https://www.rcsb.org (20-05-2024). The 
original ligands (08B) of S. aureus DNA gyrase B 
(PDB: 3U2D) and (NOV) of E. coli DNA gyrase B 
(PDB: 1S14) were re-docked in the enzyme's active 
cave of the original proteins to validate the 
authenticity of molecular docking analyze. 08B of S. 
aureus DNA gyrase B (PDB: 3U2D) showed a 
docking value of −8.0 kcal/mol with the formation of 
hydrogen bonds with the essential amino acids 
ARG144, THR173, and  ASP81 as before reported 
[66]. Regarding E. coli DNA gyrase B (PDB: 1S14), 
NOV exhibited a docking value of −8.3 kcal/mol and 
re-generated the connections with the main amino 
acids THR1163, ASP1069, Asp1077, ASN1042, and 
ARG1072 via hydrogen bonds as reported [67].  

The molecular docking assessment of the studied 

compounds 3a and 3b towards S. aureus DNA gyrase 

B, PDB: 3U2D 

Figure 1 displays the docking results of compounds 

3a and 3b towards the DNA gyrase B of S. aureus 

(PDB: 3U2D). Compound 3a presented a binding 
energy score of -7.9 kcal/mol. Additionally, it 
demonstrated good binding interactions with the 
active pocket of DNA gyrase B of S. aureus (PDB: 
3U2D) via three conventional hydrogen bonds with 
the residue amino acids ASP81, ASP57, and ASN54, 
in addition to π-π interactions with the residue amino 
acids ILE102, ILE86 (π-alkyl), THR173 (π-sigma), 
ASP57, GLU58 (π-anion), and ASN54 (amid-π-
stacked) (Figures 1a and 1c). On the other hand, 
compound 3b revealed a binding energy score of -7.7 
kcal/mol and established good binding interactions 
with the active pocket of DNA gyrase B of S. aureus 

(PDB: 3U2D). 3b showed four hydrophilic 
interactions with the residue amino acids ASP57, 
ASP81, PRO87, and ASN54. In addition, compound 
3b showed many π-π interactions with the residue 
amino acids THR173 (π-sigma), ILE86, ILE102 (π-
alkyl), and GLU58 (π-anion) (Figures 1b and 1d). 
       In sum, both 3a and 3b showed good 
superimposition toward the active pocket of DNA-
gyrase of S. aureus via the interaction with the key 
amino acids as the original ligand ASP81 and 
THR173 (Figure 1a-d). These results highlight the 
importance of the N-benzyl-1H-indole moiety, where 
the CH2-functional group of the benzyl core 
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interacted with the main amino acid (ASP81) besides 
the interaction of the phenyl moiety of the benzyl 
core with the main amino acid (THR173). 
 

 
 
Figure 1. (a & b): The 3D configuration of compounds 3a and 3b 
inside the active pocket of DNA gyrase B of S. aureus (PDB: 
3U2D); (c & d): The 2D representation of compounds 3a and 3b 
inside the active pocket of DNA gyrase B of S. aureus (PDB: 
3U2D). 
 
The molecular docking assessment of the studied 

compounds 3a and 3b towards E. coli DNA gyrase B, 

PDB: 1S14 

Figure 2 displays the docking results of compounds 
3a and 3b towards the DNA gyrase B of E. coli 

(PDB: 1S14). 3a showed a binding energy score of -
7.5 kcal/mol. Its binding mode inside the active 
pocket of the DNA gyrase B of E. coli (PDB: 1S14) 
demonstrated three hydrophilic interactions with the 
residue amino acids ASP1069, ASN1042, and 
THR1163 through two NH functional groups and the 
CS functional group. Also, it showed many π-π 
interactions with the residue amino acids VAL1165 
(π-sigma), ARG1072, GLU1046 (π-anion), 
VAL1039, MET1074, PRO1075, and ALA1086 (π-
alkyl) (Figure 2c). On the other hand, compound 3b 
showed a binding energy score equal to -7.5 
kcal/mol. The binding mode of 3a recreated the same 
interaction of compound 3a inside the active pocket 
of the DNA gyrase B of E. coli (PDB: 1S14) (Figure 
2d).  
     Finally, both 3a and 3b showed the same behavior 
towards the active pocket of the DNA gyrase B of E. 

coli (PDB: 1S14) and confirmed the potency of both 
compounds via their interaction with the main amino 
acids ARG1072, ASN1042, THR1163, and ASP1069 
as the original ligand. These results shads the 
importance of the (NH-CS-NH) bridge beside the 
indole moiety, where the NH-CS-NH interacted with 
three main amino acids (ASP1069, ASN1042, and 
THR1163) besides the interaction of the indole 
moiety with the main amino acid (ARG1072). 

 

 
Figure 2. (a & b): The 3D configuration of compounds 3a and 3b 
inside the active pocket of DNA gyrase B of E. coli (PDB: 1S14); 
(c & d): The 2D representation of compounds 3a and 3b inside the 
active pocket of DNA gyrase B of E. coli (PDB: 1S14). 

4. Conclusion 

In conclusion, the current study provided a 
convenient approach for the synthesis of a series of 
new hydrazinecarbothioamide, thiazolidinone, and 
thiazole derivatives bearing an N- benzyl indole-
based moiety. The new compounds have been 
designed and synthesized in good to excellent yields. 
In this investigation, we have also tried to establish 
connections between the bioactive indole moiety and 
other moieties that may have pharmacological 
activity to evaluate them as anti-microbial 
compounds. The biological assay results elucidated 
that both hydrazinecarbothioamides 3a and 3b are the 
most active anti-microbial biotics and only as they 
exhibited significant inhibition potency towards all 
the studied pathogens with high MIC values 
compared with the reference drug ciprofloxacin. The 
potencies of both compounds 3a and 3b could be 
attributed to the presence of the (NH-CS-NH) bridge, 
which could explain the dramatic lowering or even 
loss of activities when 3a/3b were cyclized. The 
experimental results showed that the dihydrothiazoles 

12c and 12d had moderate anti-fungal inhibition 
against A. niger. While compounds 12d and 12e 
showed mild potencies against the yeast test strain 
(C. albicans) and the Gram-negative test strain (E. 

coli), respectively. Except for compounds 3a, 3b, 

12c, 12d, and 12e, all the other synthesized 
compounds had no anti-microbial activity on the 
microbial test strains. 

   Molecular docking studies were conducted and 
the results confirmed that both 3a and 3b showed 
good binding energy and binding mode interactions 
with two aim DNA gyrase B enzymes, and recreating 
reactions with the key amino acids similar to the 
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native inhibitor. These results are interesting and 
highlight the potential of compounds 3a and 3b for 
further exploration as anti-microbial agents. 
 
5. Conflicts of interest 
There are no conflicts to declare. 
 
6. Formatting of funding sources 

This work was funded by the National Research 
Centre (NRC), Dokki, Cairo, Egypt, project code # 
13010106. 
 
7. Acknowledgments  

The authors of this research desire to thank the 
National Research Centre, Dokki (NRC), Cairo, 
Egypt for supplying the requirements and financial 
support. 
 
8.References 
[1]   Yamashita M, Horiguchi H, Hirano K, Satoh T, 

Miura M. Fused ring construction around pyrrole, 
indole, and related compounds via palladium-
catalyzed oxidative coupling with alkynes. The 
Journal of Organic Chemistry. 2009 Oct 
2;74(19):7481-8. doi.org/10.1021/jo9016698 

[2] Albalawi M. The recent outstanding medicinal activity 
of 2- (aryl/heteroaryl) thiazolidine-4-one derivatives 
as antituberculous agents. Egypt. J. Chem. 2024 (), -. 
doi: 10.21608/ejchem.2024.272058.9377 

[3] Abd El-Azim M, Assy M, Farid W, & Abdelhamid A. 
Heterocyclization of Thiourea Derivative to Novel 
Azines and Azoles: Antioxidant and Antimicrobial 
studies. Egypt. J. Chem. 2023. 66(1):169-174. doi: 
10.21608/ejchem.2022.132131.5814 

[4] Al-Khazragie ZK, Al-Fartosy AJ, & Al-Salamia B. 
Synthesis, characterization and biological activity of 
β-Lactam and Thiazolidinone Derivatives Based on 
Sulfonamide. Egypt. J. Chem. 2022. 65(6):621-645. 
doi: 10.21608/ejchem.2021.106965.4912 

[5] Zahran M, EL Kosey S, Mehany A, & Gebreil M. 
DESIGN, SYNTHESIS AND BIOLOGICAL 
EVALUATION OF NOVEL INDOLE-
THALIDOMIDE HYBRIDS ANALOGS. Egypt. J. 
Chem. 2020. 63(11):4175-4184. doi: 
10.21608/ejchem.2020.23685.2408 

[6] AboulMagd A, Eid N, Khorany A, Elgendy O, & 
Abdelrahman H. Synthesis, Antimicrobial and 
Molecular Modeling Studies of Some Benzophenone-
based Thiazole and 4-Thiazolidinone Derivatives. 
2020. Egypt. J. Chem. 63(11):4355-4367. doi: 
10.21608/ejchem.2020.25721.2503 

[7]   Radwan MA, Ragab EA, Sabry NM, El-Shenawy 
SM. Synthesis and biological evaluation of new 3-
substituted indole derivatives as potential anti-
inflammatory and analgesic agents. Bioorg Med 
Chem. 2007 Jun 1;15(11):3832-41.  

         doi: 10.1016/j.bmc.2007.03.024. Epub 2007 Mar 13. 
PMID: 17395469. 

[8]    Chiyanzu I, Clarkson C, Smith PJ, Lehman J, Gut J, 
Rosenthal PJ, Chibale K. Design, synthesis and anti-
plasmodial evaluation in vitro of new 4-

aminoquinoline isatin derivatives. Bioorg Med Chem. 
2005 May 2;13(9):3249-61. doi: 
10.1016/j.bmc.2005.02.037. PMID: 15809160. 

[9]    Abo-Ashour MF, Eldehna WM, George RF, Abdel-
Aziz MM, Elaasser MM, Abdel Gawad NM, Gupta 
A, Bhakta S, Abou-Seri SM. Novel indole-
thiazolidinone conjugates: Design, synthesis and 
whole-cell phenotypic evaluation as a novel class of 
antimicrobial agents. Eur J Med Chem. 2018 Dec 
5;160:49-60. doi: 10.1016/j.ejmech.2018.10.008. 
Epub 2018 Oct 4. PMID: 30317025. 

[10]    Zhang MZ, Chen Q, Yang GF. A review on recent 
developments of indole-containing antiviral agents. 
Eur J Med Chem. 2015 Jan 7;89:421-41. doi: 
10.1016/j.ejmech.2014.10.065. Epub 2014 Oct 23. 
PMID: 25462257; PMCID: PMC7115707. 

[11]    Ahuja P and Siddiqui N, Anticonvulsant evaluation 
of clubbed indole-1,2,4-triazine derivatives: A 
synthetic approach. Eur J Med Chem. 2014. 80:509-
22. https://doi.org/10.1016/j.ejmech.2014.04.043 

[12]    Danilenko AV, Volov AN, Volov N A, Platonova 
YB, & Savilov SV Design, synthesis and biological 
evaluation of novel indole-3-carboxylic acid 
derivatives with antihypertensive activity. Bioorg 
Med Chem Lett. 2023 90:129349. 
https://doi.org/10.1016/j.bmcl.2023.129349 

[13]    Chiummiento L, Funicello M, Lupattelli P, 
Tramutola F, & Campaner P. New indolic non-
peptidic HIV protease inhibitors from (S)-glycidol: 
Synthesis and preliminary biological activity. 
Tetrahedron 2009, 65(31):5984-89. 
https://doi.org/10.1016/j.tet.2009.05.089 

[14]    Velankar AD, Quintini G, Prabhu A, Weber A, 
Hunaeus G, Voland B, Wuest M, Orjeda C, Harel D, 
Varghese S, Gore V, Patil M, Gayke D, Herdemann 
M, Heit I, & Zaliani A. Synthesis and biological 
evaluation of novel (4 or 5-aryl)pyrazolyl-indoles as 
inhibitors of interleukin-2 inducible T-cell kinase 
(ITK). Bioorg Med Chem. 2010. 18(12):4547-59. 
https://doi.org/10.1016/j.bmc.2010.04.056 

[15]    Catto M, Aliano R, Carotti A, Cellamare S, Palluotto 
F, Purgatorio R, De Stradis A, & Campagna F. 
Design, synthesis and biological evaluation of 
indane-2-arylhydrazinylmethylene-1,3-diones and 
indol-2-aryldiazenylmethylene-3-ones as β-amyloid 
aggregation inhibitors. Eur J Med Chem.  2010. 
45(4):1359-66. 
https://doi.org/10.1016/j.ejmech.2009.12.029 

[16]    Hu, C, Liang, B, Sun, J, Li, J, Xiong, Z, Wang, S, & 
Xuetao, X. Synthesis and biological evaluation of 
indole derivatives containing thiazolidine-2,4-dione 
as α-glucosidase inhibitors with antidiabetic activity. 
Eur J Med Chem. 2024. 264, 115957. 
https://doi.org/10.1016/j.ejmech.2023.115957 

[17]    Zhou D, Zhou P, Evrard DA, Meagher K, Webb M, 
Harrison BL, Huryn D M, Golembieski J, Hornby 
GA, Schechter LE, Smith DL, Andree TH, & 
Mewshaw RE. Studies toward the discovery of the 
next generation of antidepressants. Part 6: Dual 5-
HT1A receptor and serotonin transporter affinity 
within a class of arylpiperazinyl-cyclohexyl indole 
derivatives. Bioorg Med Chem. 2008. 16(14): 6707-
23. https://doi.org/10.1016/j.bmc.2008.05.075 



 DESIGN, SYNTHESIS, ANTI-MICROBIAL EVALUATION, AND DOCKING.. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 11 (2024)  

 

67

[18] Dincel ED, Ulusoy-Güzeldemirci N, Şatana D, & 
Küçükbasmacı Ö. Design, synthesis, characterization 
and antimicrobial evaluation of some novel 
hydrazinecarbothioamide, 4-thiazolidinone and 1,2,4-
triazole-3-thione derivatives. J Heterocycl Chem. 
2020. 58(1):195-205. 
https://doi.org/10.1002/jhet.4159 

[19]    Palaska E, Şahin G, Kelicen P, Durlu N, & Altinok 
G. Synthesis and anti-inflammatory activity of 1-
acylthiosemicarbazides, 1,3,4-oxadiazoles, 1,3,4-
thiadiazoles and 1,2,4-triazole-3-thiones. Il Farmaco, 
2002. 57(2):101-7. https://doi.org/10.1016/S0014-
827X(01)01176-4 

[20]    Samadhiya P, Sharma R, Srivastava S, & Srivastava 
S. Synthesis and biological evaluation of 4-
thiazolidinone derivatives as antitubercular and 
antimicrobial agents. Arab. J. Chem. 2014. 7(5): 657-
665. https://doi.org/10.1016/j.arabjc.2010.11.015 

[21]    Plech T, Kaproń B, Łuszczki JJ, Paneth A, Siwek A, 
Kołaczkowski M, Żołnierek M, & Nowak G. Studies 
on the anticonvulsant activity of 4-alkyl-1,2,4-
triazole-3-thiones and their effect on GABAergic 
system. Eur. J. Med. Chem. 2014.  86: 690-
9. https://doi.org/10.1016/j.ejmech.2014.09.034 

[22]   Parker WB. Metabolism and antiviral activity of 
ribavirin. Virus Res. 2005. 107(2):165-171. 
https://doi.org/10.1016/j.virusres.2004.11.006 

[23]    Khan I, Ali S, Hameed S, Rama NH, Hussain MT, 
Wadood A, Uddin R, Ul-Haq Z, Khan A, Ali S, & 
Choudhary MI. Synthesis, antioxidant activities and 
urease inhibition of some new 1,2,4-triazole and 
1,3,4-thiadiazole derivatives. Eur. J. Med. Chem. 
2010. 45(11):5200-07. 
https://doi.org/10.1016/j.ejmech.2010.08.034 

[24]    Alamshany, ZM, Tashkandi, NY, & Othman, IMM, 
A versatile precursor for one-pot synthesis of novel 
azo-thiazole and thiazole scaffolds as prospective 
antimicrobial and antioxidant agents. J of the Chinese 
Chem. Society. Accessed August 18, 2024. 
https://doi.org/10.1002/jccs.202400173 

[25]    Bhutani R, Pathak DP, Kapoor G, Husain A, & Iqbal 
MA.  Novel hybrids of benzothiazole-1,3,4-
oxadiazole-4-thiazolidinone: Synthesis, in silico 
ADME study, molecular docking and in vivo anti-
diabetic assessment. Bioorg Chem. 2018. 83:6-19. 
https://doi.org/10.1016/j.bioorg. 10.025 

[26] Samadhiya P, Sharma R, Srivastava S, & Srivastava 
S. Synthesis and biological evaluation of 4-
thiazolidinone derivatives as antitubercular and 
antimicrobial agents. Arabian J. Chem. 2014. 
7(5):657-665. 
https://doi.org/10.1016/j.arabjc.2010.11.015P 

[27] Dincel ED, Akdağ Ç, Kayra T, Coşar ED, Aksoy 
MO, Akalın-Çiftçi G, & Ulusoy-Güzeldemirci N. 
Design, synthesis, characterization, molecular 
docking studies and anticancer activity evaluation of 
novel hydrazinecarbothioamide, 1,2,4-triazole-3-
thione, 4-thiazolidinone and 1,3,4-oxadiazole 
derivatives. J Molecular Structure 2022. 
1268:133710. 
https://doi.org/10.1016/j.molstruc.2022.133710 

[28] Rajalakshmi R, Ramkumar S. Synthesis and 
Biological Applications of Thiazolidinone [Internet]. 
Strategies for the Synthesis of Heterocycles and Their 

Applications. IntechOpen; 2023. Available from: 
http://dx.doi.org/10.5772/intechopen.109102 

[29] Jain AK, Vaidya A, Ravichandran V, Kashaw SK, & 
Agrawal RK. Recent developments and biological 
activities of thiazolidinone derivatives: a review. 
Bioorg Med Chem. 2012.  20(11):3378–3395. 
https://doi.org/10.1016/j.bmc.2012.03.069 

[30] Kaminskyy D, Kryshchyshyn A, Lesyk R. 5-Ene-4-
thiazolidinones - An efficient tool in medicinal 
chemistry. Eur J Med Chem. 2017. Nov 10; 140:542-
594. doi: 10.1016/j.ejmech.2017.09.031. Epub 2017 
Sep 20. PMID: 28987611; PMCID: PMC7111298. 

[31] Burant C, Medical Management of Type 2 Diabetes. 
American Diabetes Association. 2012. p. 63. ISBN 
9781580404570. Archived from the original on 28 
January 2021. Retrieved 23 September 2020 

[32]    Patel AD, Pasha TY, Lunagariya P, Shah U, 
Bhambharoliya T, Tripathi RK. A library of 
thiazolidin‐4‐one derivatives as protein tyrosine 
phosphatase 1B (PTP1B) inhibitors: an attempt to 
discover novel antidiabetic agents. ChemMedChem. 
2020 Jul 3;15(13):1229-42. 
https://doi.org/10.1002/cmdc.202000055 

[33] Atta-Allah SR, Ismail NS, Nassar IF. Synthesis, 
Design and Anti-inflammatory Activity of Novel 5-
(Indol-3-yl) thiazolidinone Derivatives as COX-2 
Inhibitors. Letters in Drug Design & Discovery. 2021 
Jun 1;18(6):525-41. 
https://doi.org/10.2174/157018081799920112316420
1 

[34] Archna, Chawla PA, Teli G, Pathania S, Singh S, 
Srivastava V. Exploration of antioxidant, anti-
inflammatory and anticancer potential of substituted 
4-thiazolidinone derivatives: Synthesis, biological 
evaluation and docking studies. Polycyclic Aromatic 
Compounds. 2023 Jan 2;43(1):597-618. 
https://doi.org/10.1080/10406638.2021.2019796 

[35] Asgaonkar K, Patil S, Daga Y, Gupta M, Sagar A, 
Shevate K, Mahadik I, Randive V. In silico 
Exploration of Phytochemical based Thiazolidinone-
Caffeic Acid-Indole New Chemical Entities for 
Simultaneous Management of Diabetes and 
Hypertension-A Fascinating Study. Cardiovascular & 
Haematological Disorders-Drug Targets (Formerly 
Current Drug Targets-Cardiovascular & 
Hematological Disorders). 2023 Mar 1;23(1):21-30. 
https://doi.org/10.2174/1871529X236662304140849
18 

[36] Alshammari MB, Aly AA, Youssif BGM, Bräse S, 
Ahmad A, Brown AB, Ibrahim MAA and Mohamed 
AH. Design and synthesis of new 
thiazolidinone/uracil derivatives as antiproliferative 
agents targeting EGFR and/or BRAFV600E. Front. 
Chem. 2022 Dec 
12;10:1076383.  https://doi.org/10.3389/fchem.2022.
1076383 

[37] Tratrat C. Novel thiazole-based thiazolidinones as 
potent anti-infective Agents: In silico PASS and 
toxicity prediction, Synthesis, Biological Evaluation 
and Molecular Modelling. Combinatorial Chemistry 
& High Throughput Screening. 2020 Feb 
1;23(2):126-40.        
https://doi.org/10.2174/138620732366620012711523
8 



 Ashraf A. Sediek et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 11 (2024)  
 
 

68

[38] Modrić M, Božičević M, Faraho I, Bosnar M, & 
Škorić I. Design, synthesis and biological evaluation 
of new 1,3-thiazole derivatives as potential anti-
inflammatory agents. J Molecular Structure. 2021. 
1239:130526. 
https://doi.org/10.1016/j.molstruc.2021.130526 

[39] Sayed AR, Gomha SM, Taher EA, Muhammad ZA, 
El-Seedi HR, Gaber HM, Ahmed MM. One-Pot 
Synthesis of Novel Thiazoles as Potential Anti-
Cancer Agents. Drug Des Devel Ther. 2020; 
14:1363-1375 
https://doi.org/10.2147/DDDT.S221263 

[40] Al-Harbi, RAK. Synthesis of thiazolidinone and 
methylthiazole derivatives incorporating 
benzodioxole moiety and evaluation of their 
antimicrobial activity. Synthetic Communications, 
2024; 54(16):1366–1375. 
https://doi.org/10.1080/00397911.2024.2387118 

[41] Patel JJ, Morja MI, & Chikhalia KH.  An efficient 
synthesis of designed 4-thiazolidinone fused 
pyrimidine derivatives as potent antimicrobial agents. 
J Heterocycl Chem. 2020; 57(10):3531-43. 
https://doi.org/10.1002/jhet.4070 

[42] Thakur S, Sharma R, Yadav R, Sardana S. The 
Potential of Thiazole Derivatives as Antimicrobial 
Agents. Chemistry Proceedings. 2022; 12(1):36.  

          https://doi.org/10.3390/ecsoc-26-13673 
[43] Jagadeesan S & Karpagam S. Novel series of N-acyl 

substituted indole based piperazine, thiazole and 
tetrazoles as potential antibacterial, antifungal, 
antioxidant and cytotoxic agents, and their docking 
investigation as potential Mcl-1 inhibitors. J 
Molecular Structure. 2023; 1271:134013.  
https://doi.org/10.1016/j.molstruc.2022.134013 

[44] Younis MH, Mohammed ER, Mohamed AR, Abdel-
Aziz MM, Georgey HH, & Abdel Gawad NM. 
Design, synthesis and anti-Mycobacterium 
tuberculosis evaluation of new thiazolidin-4-one and 
thiazolo[3,2-a][1,3,5]triazine derivatives. Bioorganic 
Chemistry. 2022; 124:105807. 
https://doi.org/10.1016/j.bioorg.2022.105807 

[45] Cascioferro S, Parrino B, Carbone D, Schillaci D, 
Giovannetti E, Cirrincione G, Diana P. Thiazoles, 
their benzofused systems, and thiazolidinone 
derivatives: versatile and promising tools to combat 
antibiotic resistance. J med. chem. 2020 Mar 25; 
63(15):792356. DOI: 
10.1021/acs.jmedchem.9b01245 

[46] Abdou WM, Shaddy AA. Novel microwave-assisted 
one-pot synthesis of heterocycle phosphor esters and 
cyclic oxophospholes with antibiotic activity. Letters 
in Organic Chemistry. 2008 Oct 1; 5(7):569-75. 
DOI: https://doi.org/10.2174/157017808785982220 

[47] Abdou WM, Shaddy AA, Sediek AA. Antimicrobial 
activity of novel fused nitrogen, sulfur and 
phosphorus containing-heterocycles and relevant 
phosphonates with difurylpyridazine species. Journal 
of Chemical Research. 2009 Jan; 2009(1):8-13.  

          https://doi.org/10.3184/030823409X393646 
[48] Abdou WM, Shaddy AA, Khidre RE, Awad GE. 

Synthesis and Antimicrobial Evaluation of Newly 
Synthesized N, S‐Bisphosphonate Derivatives. J 
Heterocycl Chem. 2016 Mar;53(2):525-32. 
https://doi.org/10.1002/jhet.2306 

[49]    Ramírez-Prada J, Robledo SM, Vélez ID, Crespo 
MDP, Quiroga J, Abonia R, Montoya A, Svetaz L, 
Zacchino S, Insuasty B. Synthesis of novel quinoline-
based 4,5-dihydro-1H-pyrazoles as potential 
anticancer, antifungal, antibacterial and antiprotozoal 
agents. Eur J Med Chem. 2017 May 5;131:237-254. 
doi: 10.1016/j.ejmech.2017.03.016. Epub 2017 Mar 
16. PMID: 28329730. 

[50]    Eissa SI, Farrag AM, Abbas SY, El Shehry MF, 
Ragab A, Fayed EA, Ammar YA. Novel structural 
hybrids of quinoline and thiazole moieties: Synthesis 
and evaluation of antibacterial and antifungal 
activities with molecular modeling studies. Bioorg. 
Chem. 2021 May 1; 110:104803. DOI: 
10.1016/j.bioorg.2021.104803. 

[51] El Shehry MF, Ghorab MM, Abbas SY, Fayed EA, 
Shedid SA, Ammar YA. Quinoline derivatives 
bearing pyrazole moiety: Synthesis and biological 
evaluation as possible antibacterial and antifungal 
agents. Eur. J. Med. Chem. 2018 Jan 1; 143:1463-73. 
https://doi.org/10.1016/j.ejmech.2017.10.04. 

[52]    El Shehry MF, Abbas SY, Farrag AM, Eissa SI, 
Fouad SA, Ammar YA. Design, synthesis and 
biological evaluation of quinoxaline N-propionic and 
O-propionic hydrazide derivatives as antibacterial 
and antifungal agents. Med. Chem. Res. 2018 Oct; 
27:2287-96. https://doi.org/10.1007/s00044-018-
2235-4 

[53]   Li Z, Tangadanchu V K R, Battini N, Bheemanaboina 
R R Y, Zang Z, Zhang S, & Zhou C. Indole-
nitroimidazole conjugates as efficient manipulators to 
decrease the genes expression of methicillin-resistant 
Staphylococcus aureus. Eur J Med Chem. 2019; 179, 
723-735. 
https://doi.org/10.1016/j.ejmech.2019.06.093 

[54] Agili F. Novel Thiazole Derivatives Containing 
Imidazole and Furan Scaffold: Design, Synthesis, 
Molecular Docking, Antibacterial, and Antioxidant 
Evaluation. Molecules. 2024; 29(7):1491. 
https://doi.org/10.3390/molecules29071491 

[55]   Abdelhamid AO, Gomha SM, & Kandeel SM. 
Synthesis of Certain New Thiazole and 1,3,4-
Thiadiazole Derivatives via the Utility of 3-
Acetylindole. J. Heterocycl. Chem. 2017, 
54(2):1529-1536. https://doi.org/10.1002/jhet.2740 

[56]    Ragab SS, Sweed AMK, Hamza ZK et al. Design, 
Synthesis, and Antibacterial Activity of 
Spiropyrimidinone Derivatives Incorporated Azo 
Sulfonamide Chromophore for Polyester Printing 
Application. Fibers Polym. 2022. 23, 2114–2122. 
https://doi.org/10.1007/s12221-022-4032-4 

[57] Abd El Salam HA, Abdel-Aziz MS, El-Sawy ER. et 
al. Synthesis and Antibacterial Activity of Azo-Sulfa-
Based Disperse Dyes and Their Application in 
Polyester Printing. Fibers Polym. 2023. 24, 2751–
2760.  
https://doi.org/10.1007/s12221-023-00255-z 

[58]    Perez C, Pauli M, Bazerque P. An antibiotic assay by 
the agar well diffusion method. Acta Biol Med Exp. 
1990 May;15:113-5. 

[59]    Sarker SD, Nahar L, Kumarasamy Y. Microtitre 
plate-based antibacterial assay incorporating 
resazurin as an indicator of cell growth, and its 
application in the in vitro antibacterial screening of 



 DESIGN, SYNTHESIS, ANTI-MICROBIAL EVALUATION, AND DOCKING.. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 11 (2024)  

 

69

phytochemicals. Methods. 2007 Aug 1; 42(4):321-4. 
https://doi.org/10.1016/j.ymeth.2007.01.006 

[60]   Dallakyan S, Olson AJ. Small-molecule library 
screening by docking with PyRx. In: Hempel, J., 
Williams, C., Hong, C. (eds) Chemical Biology. 
Methods in Molecular Biology. vol 1263. Humana 
Press, New York, NY. 2015:243-50. 
https://doi:10.1007/978-1-4939-2269-7_19 

[61]    Khidre RE, Radini IA. Design, synthesis and docking 
studies of novel thiazole derivatives incorporating 
pyridine moiety and assessment as antimicrobial 
agents. Sci Rep. 2021 Apr 12;11(1):7846. 
https://doi.org/10.1038/s41598-021-86424-7 

[62]    Collin F, Karkare S, Maxwell A. Exploiting Bacterial 
DNA Gyrase as a Drug Target: Current State and 
Perspectives. Appl Microbiol Biotechnol. 2011, 
92:479–497. https://doi:10.1007/s00253-011-3557-z. 

[63]    Alfonso EE, Deng Z, Boaretto D, Hood BL, Vasile S, 
Smith LH, Chambers JW, Chapagain P, Leng 
F.  Novel and Structurally Diversified Bacterial DNA 
Gyrase Inhibitors Discovered through a 
Fluorescence-Based High-Throughput Screening 
Assay. ACS Pharmacol. Transl. Sci 2022, 5:932–944. 
https://doi:10.1021/acsptsci.2c00113 

[64]    Marchese A, Debbia EA. The role of gyrA, gyrB, and 
dnaA functions in bacterial conjugation. Ann 
Microbiol 2016. Mar; 66:223-8. 
https://doi.org/10.1007/s13213-015-1098-x  

[65]    Dighe SN, Collet TA. Recent advances in DNA 
gyrase-targeted antimicrobial agents. European J Med 
Chem. 2020 Aug 1; 199:112326. 
https://doi:10.1016/j.ejmech.2020.112326 

[66]    Eakin AE, Green O, Hales N, Walkup GK, Bist S, 
Singh A, Mullen G, Bryant J, Embrey K, Gao N, 
Breeze A. Pyrrolamide DNA gyrase inhibitors: 
fragment-based nuclear magnetic resonance 
screening to identify antibacterial agents. Antimicrob 
Agents Chemother. 2012 Mar; 56(3):1240-6. 
https://doi:10.1128/aac.05485-11 

[67]    Hashem HE, Amr AE, Nossier ES, Elsayed EA, 
Azmy EM. Synthesis, antimicrobial activity and 
molecular docking of novel thiourea derivatives 
tagged with thiadiazole, imidazole and triazine 
moieties as potential DNA gyrase and topoisomerase 
IV inhibitors. Molecules. 2020 Jun 15; 25(12):2766. 
https://doi:10.3390/molecules25122766 

 


