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ABSTRACT: In the present research worked aims to increase the antimicrobial 

activity of quinoxaline thiosemicarbazide derivatives by substitution of some 

acetophenones and their antimicrobial evaluation against various antimicrobial 

strains with molecular docking studies. Lead molecule (1E, 4E)-1-(7-chloro-3-

isopropylquinoxalin-2(1H)-ylidene) thiosemicarbazide was synthesized and 

condensed with various substituted acetophenones to synthesize derivatives. All 

derivatives were characterized by IR., NMR & Mass spectroscopy. The 

synthesized derivatives were evaluated in-vitro for antibacterial and antifungal 

activities against various strains using the agar dilution method. Molecular 

docking studies of the derivatives (Va – Vg) were performed against E. coli 
DNA gyrase B and Topoisomerase IV to find out essential binding sites against 

target protein PDB: 1AJ6 and 1S14, respectively. Among all these 

compounds,Vf and Vg were found to exhibit more potent activity against Gram 

–Ve, Gram +Ve bacterial and fungal strains at MIC 0.19 µg/ml, 0.39µg/ml, and 

0.78 µg/ml, respectively. The docking studies of all the compounds exhibit 

potent binding energy, but the compound Vg exhibit interactive binding energy -

8.1 and -7.5 kcal/mol to the active pockets of E.coli DNA gyrase B and 

Topoisomerase IV against target protein PDB: 1AJ6 and 1S14, respectively. The 

compound Vg interacting with various active sites of amino acids of DNA 

gyrase B like ASN 46, ILE 94, ILE 78, PRO 79, ARG 76, THR 165, ASP 73 & 

VAL 71, and Topoisomerase IV like ASP 1133, ASP 1070, ARG 1159, ARG 

1072, THR 1161 & HIST 1051.In terms of structure-activity relationship study, 

it is revealed that the activity profile against bacterial and fungal strains was 

altered by the formation of acetophenones substituted (1E, 4E)-1-(7-chloro-3-

isopro-pylquinoxalin-2(1H)-ylidene) thiosemicarbazide derivatives. 

INTRODUCTION: The emergence of new 

antimicrobial infections and antimicrobial 

resistance is a serious commination to public health 

globally due to widely disseminated and careless 

use of antimicrobials 
1
.  
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The pathogens can develop resistance to mono drug 

therapy, multiple drug (MDR) therapies, and 

extensively used drug (XDR) therapy, which leads 

to the risk of developing pandemic illness 
2
. Hence 

the demands a continuous effort to develop an 

effective and potent antimicrobial agent, effective 

against resistant pathogenic microorganisms 
3-5

.  

Quinoxaline is an important nitrogen-containing 

benzo heterocyclic compound that has been used 

for the synthesis of a wide range of potent 

derivatives, and various investigation groups have 
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established their potential use in medical as well as 

in pharmacological applications 
6
. Quinoxaline and 

its derivatives exhibit broad spectrum 

pharmacological activities such as antibacterial 
7-9

, 

antiviral 
10

, antifungal 
11, 12, 

anticancer 
13, 14, 

antitubercular 
15

, antileishmanial 
16,

 antimalarial 
17, 

18
, and antidepressant 

19, 20 
activities. Furthermore, 

quinoxaline-2-ones and quinoxaline-2, 3-diones 

were reported for their antimicrobial 
21, 22

, 

antithrombotics 
23

, analgesic, anti-inflammatory 
24, 

25
 and SR protein-specific kinase-1 

26
. 

Thiosemicarbazide nucleus is the potent 

intermediate for the synthesis of pharmaceutically 

active compounds. Hence, it is widely used in 

pharmaceutical chemistry. The imine linkage 
(R1R2C=N-NH-CS-NHR3), in the thiosemi-carbazide 

nucleus is useful for the synthesis of various potent 

derivatives 
27

. Thiosemicarbazide derivatives 

exhibit a wide variety of pharmacological activities 

such as antiviral 
28

, anticancer 
29

, antitumor 
30-32

, 

anti-inflammatory, and antiamoebic 
33-35

, anti-

tubercular activities 
36

. Recently in continuation of 

our search, it was found that some thiosemi-

carbazide derivatives significantly inhibit the 

activity of Staphylococcus aureus DNA gyrase and 

topoisomerase IV 
37, 38

. 

On the rationality of these above facts and 

structure-activity relationship study, in the present 

research work aims to increase the antimicrobial 
activity of quinoxaline thiosemicarbazide derivatives 

by introducing a hydrophobic alkyl chain, electron 

releasing group, thiosemicarbazide nucleus in the 

quinoxaline ring, and substitution by various 

substituted acetophenones. In this present research 
work, we synthesized a series of novel acetophenones 
substituted quinoxaline thiosemicarbazide derivatives 
and evaluated in-vitro for antibacterial and 

antifungal activities against various strains. 

Furthermore, to understand the mechanism of 

action and binding activity, molecular docking 

studies were performed against two kinases, E.coli 

DNA gyrase B and E. coli Topoisomerase IV, 

against target protein PDB: 1AJ6 and 1S14 

respectively 
39, 40

. Computational studies were 

performed to analyze orientation patterns of the 

ligands with amino acids against target protein 

(PDB: 1AJ6 and 1S14). 

EXPERIMENTAL: Materials and methods: All 

the reagents and the solvents used in the research 

work were of LR grade, but few were also of AR 

grade and obtained from Qualigens Ltd. (Fisher 

Scientific), Ranbaxy, and Fine Chemicals Ltd. 

India. Muller-Hinton and Sabouraud dextrose agar 

were obtained from Hi-Media Ltd. India. The 

bacterial and fungal strains were provided by the 

Department of Biotechnology of Saroj Institute of 

Technology & Management, Lucknow, India. 

A series of derivatives were synthesized according 

to the respective scheme. Progress of reactions and 

purity of derivatives were monitored by ascending 

thin layer chromatography on precoated silica gel-

G sheets (E. Merck and Co.). The spot was 

visualized by iodine vapors, and the purity of 

compounds was confirmed by a single spot on TLC 

plates. Column chromatography was performed 

over silica gel (60-120 Mesh) obtained from 

QualigensTM (India). The percentage of yield, Rf 

values, melting points, and spectral analysis are 

given for various purified compounds. Yields are 

presented for crude products. Log P values for 

synthesized compounds were calculated by using 

Chem Draw Ultra 10.0. 

Melting points were determined by using the 

Digital Elico melting point apparatus. Infra-red 

spectra were measured on a Perkin-Elmer FT-IR 

RXI Spectrophotometer. 1HNMR spectra were 

reported on a Bruker DPX-300 Spectrometer (300 

MHz) using DMSO-D6 as a solvent and 

tetramethylsilane (TMS) as an internal reference 

standard. Electron Spinning Ionization Mass 

spectra (ESI-MS) were obtained on the JEOL SX 

102 spectrometer. Elemental analysis was 

determined on an Elemental Vario EL-III elemental 

analyzer. 

Synthesis of 7-Chloro-3-isopropyl-1H-quino-

xaline-2-one(III): 4-Chlorobenzene-1, 2-diamine 

(I) (21.3 g, 0.15 M) was dissolved in n-butanol 

(300 ml) and warmed. Ethyl dimethyl pyruvate (II) 

(21.6 g, 0.15 M) was solubilized separately in n-

butanol (150 ml) and added to the former solution 

with constant stirring. The reaction mixture was 

refluxed for about 1 hour 30 minutes on the water 

bath. The reaction mixture was allowed to cool, 

obtained crystals, which were allowed for filtration, 

washed and purified by recrystallization from 

ethanol to obtain the white crystals of 7-chloro-3-

isopropyl-1H-quinoxaline-2-one (III).  
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The completion of the reaction and purity of the 

compound was checked by a single spot 

TLC.Yield: 89.5%; m.p. 225-228 ˚C; Mol. 

Formula: C11H11ClN2O; Mol. Wt: 222.67; IR (KBr, 

cm
-1

): 3465 (NH str.), 3102 (C-H sp2 str.), 1659 

(C=N str.), 1605 (C=C aromatic str.), 1372 (CH 

(CH3)2str.), 1042 (C-Cl str.), 1690 (C=O str.);1H- 

NMR (300 MHz, DMSO-d6) δ (ppm): 10.15 (S, 

1H, NH), 8.06 (S, 1H, Ar. H), 7.25 -7.28 (d, 1H, 

Ar. H), 6.97-7.05 (d, 1H, Ar. H), 2.25-2.43 (m, 1H, 

CH, i-pr.), 1.63 (s, 6H, -(CH3)2).ESI-MASS: m/z 

[M+1]
+
 223.19 Anal. Calculation for (:C11H11 

ClN2O): C, 59.33; H, 4.98; N, 12.58. Found: C, 

59.29; H, 5.02; N, 12.52. 

Synthesis of (1E, 4E)-1-(7-chloro-3-

isopropylquinoxalin -2(1H)-ylidene) thiosemi-

carbazide(IV): 7-Chloro-3- isopropyl- 1H-

quinoxaline-2-one (III) (22 g, 0.10 M) was 

dissolved in ethanol (350 ml) and added 

thiosemicarbazide (9 g, 0.10 M). The reaction 

mixture was stirred and refluxed for 4 hours. The 

reaction mixture was allowed to cool at room 

temperature, obtained crystals. The crystals were 

collected by filtration, washed and purified by 

recrystallization from ethanol to yield white 

crystals of (1E, 4E)-1-(7-chloro-3-isopro-

pylquinoxalin -2(1H)-ylidene) thiosemicarbazide 

(IV). The completion of the reaction and purity of 

the compound was checked by a single 

spotTLC.Yield: 85.5 %; m.p. 218--222 ˚C; Mol. 

Formula: C12H14ClN5S; Mol. Wt: 295.79; IR (KBr, 

cm
-1

): 3442 (NH str.), 3066 (C-H sp2 str.), 3002 

(N-H2 str.), 1654 (C=N str.), 1602 (C=C aromatic 

str.), 1361 (CH (CH3)2str.). 1037 (C-Cl str.);1H- 

NMR (300MHz, DMSO-d6)δ (ppm): 10.02 

(S,1H,NH), 9.62(S,1H,NH),8.09(S,1H,Ar.H),7.26-

7.34 (d,1H,Ar.H), 6.96-6.98(d,1H,Ar.H), 4.99 

(S,2H,NH2), 2.18-2.64(m,1H,CH,i-pr.),1.59(d,6H,-

(CH3)2); ESI-MASS:m/z[M+1]+ 296.09; Anal. 

Calcd for C12H14ClN5S:C,48.73; H, 4.77; N, 23.68; 

S,10.84.Found: C,48.69;H,4.72;N,23.74;S, 10.15. 

General procedure for the synthesis of a series 

of different acetophenones substituted quino-

xaline thiosemicarbazide derivatives- (Va-Vg): 

A typical procedure is described here for the 

synthesis of a series of different acetophenone 

substituted quinoxaline thiosemicarbazide deri-

vatives. The synthesized intermediate compound 

1E,4E)-1-(7-chloro-3-isopro-pylquinoxalin- 2(1H)-

ylidene) thiosemi-carbazide (IV) (0.01 mol) was 

refluxed with different substituted acetophenones 

(acetophenone Va, 4-methoxyacetophenone Vb, 4-

bromo-acetophenone Vc, 2-bromoacetophenone Vd, 

2, 4-dibromo-acetophenone Ve, 4- fluroaceto-

phenone Vf and 4-nitroacetophenone Vg), (0.01 

mol), in methanol (50 ml) and added glacial acetic 

acid (6-8 drops) for 5-8 h. The progress of the 

reaction was monitored at different time intervals 

by TLC on silica-gel 60 plates, until a distinct spot 

of the product was obtained. At the end of the 

reaction, the crude precipitate was filtered and 

recrystallized with methanol. The final product thus 

obtained was chromatographed on silica gel (60-

120 mesh), using solvent system chloroform: 

methanol (3:1) as eluent to furnish pure compounds 

Va-Vg. 

Spectral Data of Synthesized Derivatives(Va-

Vg): (1E, 4E)-1-(7-chloro-3-isopropylquinoxalin-

2(1H)-ylidene)-4-(1-phenyl ethylidene)   thiosemi-

carbazide (Va):Yield: 67.5 %; m.p.187-190 ˚C; 

Mol. Formula:C20H20ClN5S; Mol. Wt: 397.92; IR 

(KBr, cm
-1

): 3375(N-H str.), 3023 (C-H sp2 str. 

aromatic), 1618 (C=N str.), 1599 (C=C aromatic 

str.), 1331 (CH (CH3)2 str.), 1251 (C=S str.), 757 

(C-Cl str.), 1022,961,918 (aromatic C-H in plane 

bending), 839, 697,639,597 (aromatic C-H out of 

plane bending); 1H NMR (300 MHz,DMSO-d6): δ 

10.55 (s,1H, N-NH), 10.16 (s,1H, NH), 7.95-7.99 

(m,5H, Ar-H), 7.86-7.87(d, 1H, ArH-8), 7.23-7.27 

(d, 1H, ArH-6), 6.75-6.78 (d, 1H, ArH-5), 2.52-

2.58 (m, 1H, CH, i-pr.), 1.95 (s, 3H, -CH3), 1.22 (s, 

6H, -CH3); ESI-MASS : m/z [M+1]+ 399.09; Anal. 

Calculated for C20H20ClN5S: C, 60.37; H, 5.07; Cl, 

8.91; N, 17.60; S, 8.06; Found: C, 60.42; H, 5.10; 

N, 17.56. 

(1E, 4E)- 1- (7- chloro- 3-isopropylquinoxalin-

2(1H)- ylidene)-4- (1- (4- methoxyphenyl): 

ethylidene) thiosemicarbazide (Vb):Yield: 64.5 %; 

m.p.195-198 ˚C; Mol. Formula:C21H22ClN5OS; 

Mol.Wt: 427.95; IR (KBr, cm
-1

): 3273(N-H str.), 

2977 (C-H sp2 str. aromatic), 2875 (C-H sp2 str. 

alkyl), 1602 (C=N str.), 1505 (C=C aromatic str.), 

1373 (CH (CH3)2 str.), 1229 (C=S str.), 899 (C-Cl 

str.), 1143,1061,1005 (aromatic C-H in plane 

bending), 852,755,609 (aromatic C-H out plane 

bending); 1H NMR (300 MHz, DMSO-d6): δ 10.67 

(s,1H, N-NH), 10.14 (s,1H, NH), 7.31-7.35 (m,4H, 

ArH), 7.26-7.30 (d, 1H, ArH-8), 6.94-6.96 (d, 1H, 
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ArH-6), 6.92-6.93 (d, 1H, ArH-5), 2.65-2.72 (m, 

1H, CH, i-pr.), 2.17 (s,3H, -CH3), 2.06 (s, 3H, -
CH3), 1.28 (s,6H,-(CH3)2); ESI-MASS : m/z [M+1]+ 
429.15; Anal. Calculated. for C21H22ClN5OS : C, 

58.94; H, 5.18; Cl, 8.28; N, 16.36; S, 7.49; Found: 

C, 58.89; H, 5.21; N, 16.32. 

(1E,4E)-1-(7-chloro-3-isopropylquinoxalin-

2(1H)-ylidene)-4-(1-(4-bromophenyl)   

ethylidene) thiosemicarbazide (Vc): Yield: 67.5 

%; m.p.205-207°C; Mol. Formula: C20H19BrClN5S; 

Mol. Wt: 476.82; IR (KBr, cm
-1

): 3362(N-H str.), 

3010 (C-H sp2 str. aromatic), 2913 (C-H sp2 str. 

alkyl), 1644 (C=N str.), 1603 (C=C aromatic str.), 

1378 (CH (CH3)2 str.), 1217 (C=S str.), 768 (C-Cl 

str.), 1098,1001, (aromatic C-H in plane bending), 

878,818,668 (aromatic C-H out plane bending); 1H 

NMR (300 MHz, DMSO-d6): δ 10.79 (s,1H, N-

NH), 10.48 (s,1H, NH), 7.99 (s,2H, ArH), 7.79 

(s,2H, ArH), 7.56-7.59 (d, 1H, ArH-8), 7.25-7.27 

(d, 1H, ArH-6), 6.97-6.99 (d, 1H, ArH-5), 2.55-

2.61 (m, 1H, CH, i-pr.), 2.25 (s,3H, -CH3), 1.95 

(s,6H,-(CH3)2 ); ESI-MASS : m/z [M+1]+ 478.05 

Anal. Calculated for C20H19BrClN5S : C, 50.38; H, 

4.02; Cl, 7.44; N, 14.69; S, 6.72; Found: C, 50.42; 

H, 4.06; N, 14.65. 

(1E, 4E)-1-(7-chloro-3-isopropylquinoxalin-2(1H)- 
ylidene) -4-(1- (2-bromophenyl): ethylidene) 

thiosemicarbazide (Vd):Yield: 66 %; m.p; 208-210 

˚C; Mol. Formula: C20H19BrClN5S; Mol. Wt: 

476.82;IR (KBr, cm-1): 3354(N-H str.), 3015 (C-H 

sp2 str. aromatic), 2920 (C-H sp2 str. alkyl), 1649 

(C=N str.), 1598 (C=C aromatic str.), 1372 (CH 

(CH3)2 str.), 1223 (C=S str.), 774 (C-Cl str.), 1088, 

1010,988 (aromatic C-H in plane bending), 

874,809,658 (aromatic C-H out plane bending);1H 

NMR (300 MHz, DMSO-d6): δ 10.87 (s,1H, N-

NH), 10.54 (s,1H, NH), 7.87-7.99 (m,4H, ArH), 

7.53-7.56 (d, 1H, ArH-8), 7.34-7.37 (d, 1H, ArH-

6), 6.91-6.95 (d, 1H, ArH-5), 2.45-2.49 (m, 1H, 

CH, i-pr.), 2.15 (s,3H, -CH3), 1.98 (s,6H,-

(CH3)2);ESI-MASS: m/z [M+1]+ 478.10; Anal. 

Calculated for C20H19BrClN5S : C, 50.38; H, 4.02; 

Cl, 7.44; N, 14.69; S, 6.72; Found: C, 50.35; H, 

4.05; N, 14.66. 

(1E, 4E)-1-(7-chloro-3-isopropylquinoxalin-2(1H) -

ylidene) -4-(1-(2, 4-dibromophenyl): ethylidene) 

thiosemicarbazide (Ve): Yield: 64.5 %; m.p. 215-

218 ˚C; Mol. Formula: C20H18Br2ClN5S; Mol. Wt: 

555.72; IR (KBr, cm-1): 3406 (N-H str.), 3019 (C-

H sp2 str. aromatic), 2984 (C-H sp2 str. alkyl), 

1637 (C=N str.), 1557 (C=C aromatic str.), 1362 

(CH (CH3)2 str.), 1339 (C-N str.), 1256 (C=S str.), 

878 (C-Cl str.), 1179,1096,1042 (aromatic C-H in 

plane bending), 821,758,668 (aromatic C-H out 

plane bending);1H NMR (300 MHz, DMSO-d6): δ 

10.69 (s,1H, N-NH), 10.40 (s,1H, NH), 7.42-7.46 

(d,2H, ArH), 7.26 (s,1H, ArH), 6.99-7.01 (d, 1H, 

ArH-8), 6.94-6.97 (d, 1H, ArH-6), 6.74-6.76 (d, 

1H, ArH-5), 2.49-2.56 (m, 1H, CH, i-pr.), 2.15 

(s,3H, -CH3), 1.59 (s,6H,-(CH3)2); ESI-MASS: m/z 

[M+2]+ 557.89 Anal. Calculated for 

C20H18Br2ClN5: C, 43.23; H, 3.26; Cl, 6.38; Br, 

28.76; N, 12.60; S, 5.77; Found: C, 43.28; H, 3.30; 

N, 12.56. 

(1E, 4E)-1-(7-chloro-3-isopropylquinoxalin-2(1H) -

ylidene)- 4- (1- (4-fluorophenyl): ethylidene) 

thiosemicarbazide (Vf): Yield: 66.5 %; m.p.197-

199 ˚C; Mol. Formula: C20H19ClFN5S; Mol. Wt: 

415.91; IR (KBr, cm
-1

): 3342(N-H str.), 3016 (C-H 

sp2 str. aromatic), 2903 (C-H sp2 str. alkyl), 1625 

(C=N str.), 1599 (C=C aromatic str.), 1371 (CH 

(CH3)2 str.), 1211 (C=S str.), 758 (C-Cl str.), 1088, 

1011, (aromatic C-H in plane bending), 868, 812, 

662 (aromatic C-H out plane bending); 1H NMR 

(300 MHz, DMSO-d6): δ 11.28 (s,1H, N-NH), 

10.83 (s,1H, NH), 7.47-7.50 (d,2H, ArH), 7.32-

7.34 (d,2H, ArH), 7.11-7.13 (d, 1H, ArH-8), 6.95-

6.98 (d, 1H, ArH-6), 6.82-6.86 (d, 1H, ArH-5), 

2.75-2.80 (m, 1H, CH, i-pr.), 1.72 (s,3H, -CH3), 

1.28 (s,6H,-(CH3)2);ESI-MASS: m/z [M+1]+ 

417.09; Anal. Calculated for C20H19ClFN5S: C, 

57.76; H, 4.60; Cl, 8.52; N, 16.84; S, 7.71; F, 4.57; 

Found: C, 57.72; H, 4.64; N, 16.81. 

(1E, 4E)-1-(7-chloro-3-isopropylquinoxalin-2(1H)-

ylidene)- 4- (1- (4- nitrophenyl): ethylidene) 

thiosemicarbazide (Vg):Yield: 68 %; m.p.192-195 

oC; Mol. Formula: C20H19ClN6O2S; Mol. Wt: 

442.92; IR (KBr, cm
-1

): 3379(N-H str.), 3028 (C-H 

sp2 str. aromatic), 2923 (C-H sp2 str. alkyl), 1651 

(C=N str.), 1610 (C=C aromatic str.), 1382 (CH 

(CH3)2 str.), 1219 (C=S str.), 768 (C-Cl str.), 

1087,1011, (aromatic C-H in plane bending), 

880,823,678 (aromatic C-H out plane bending); 1H 

NMR (300 MHz, DMSO-d6): δ 11.28 (s,1H, N-

NH), 10.98 (s,1H, NH), 7.58-7.61 (d,2H, ArH), 

7.42-7.46 (d,2H, ArH), 7.25-7.28 (d, 1H, ArH-8), 

6.99-7.13 (d, 1H, ArH-6), 6.85-6.89 (d, 1H, ArH-
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5), 2.45-2.51 (m, 1H, CH,i-pr.), 1.79 (s,3H, -CH3), 

1.34 (s,6H,-(CH3)2); ESI-MASS: m/z [M+1]+ 

443.02; Anal. Calculated for C20H19ClN6O2S: C, 

54.23; H, 4.32; Cl, 8.00; N, 18.97; O, 7.922; S, 

7.24; Found: C, 54.27; H, 4.37; N, 18.94. 

Antimicrobial Evaluation:  

Microbial Strains: In the present research work, 

the synthesized derivatives (Va-Vg), were evaluated 

in-vitro for their antibacterial activity against 

Gram-negative bacterial strains such as Klebsiela 

pneumonie (ATCC 15380), Escherichia coli 

(ATCC 25922), Pseudomonas aeruginosa (ATCC 

27893), Salmonella typhi (MTCC 3216), 

Helicobacter pylori (ATCC 26695) and Gram-

positive bacterial strains such as Bacillus subtilis 

(ATCC 6633), Bacillus thuringiensis (MTCC 714), 

Staphylococcus aureus (ATCC 25323), methicillin-

resistant Staphylococcus aureus (ATCC 3591). 

Fungal strains used were Penicillium chrysogenum 

(ATCC 11709), Aspergillus niger (ATCC 9029), 

Candida albicans (ATCC 90028). 

Antimicrobial Assay Methodology: Anti-

microbial (Antibacterial and antifungal) activities 

of all the synthesized derivatives (Va-Vg), were 

assayed by using the agar dilution method to 

determine the minimum inhibitory concentrations 

(MICs) 
41

. Ciprofloxacin (CFX) and Fluconazole 

(FCZ) were used as antibacterial and antifungal 

reference standards, respectively. The range of 

concentrations of synthesized agents being tested 

based on the two-fold dilution series (1 mg/L). The 

dilutions of the synthesized agents (Va-Vg) and 

reference drugs (CFX and FCZ) were prepared in 

Mueller-Hinton (MH) agar for bacteria and in 

Sabouraud dextrose agar for fungi. Each test 

derivatives (10 mg) were dissolved in 1mL of 

dimethylsulfoxide (DMSO) and the solution was 

diluted with water (9 ml). Twofold dilutions were 

made with melted Mueller-Hinton and Sabouraud 

dextrose agar to obtained the necessary 

concentrations of 100, 50, 25, 12.5, 6.25, 3.13, 

1.56, 0.78, 0.39, 0.19, 0.098, 0.049,.0.025, 0.013 

and 0.006 µg/ml. The microbial inoculums were 

prepared by emulsifying overnight colonies from 

Mueller-Hinton and Sabouraud dextrose agar 

media in 0.85% saline. The prepared inoculums 

suspension photometrically adjusted at 600 nm for 

a cell density comparable to approximately 0.5 

McFarland standards (1.5 × 10
8
 CFU/mL).  

The suspensions of microorganisms were diluted in 

0.85% saline to give 10
7 

CFU/mL for bacteria and 

105 CFU/mL for fungi. The plate spot was 

inoculated with microbial suspensions about 1 µl 

each and incubated at 35-37 ˚C for 18-19 h for 

bacteria and 28-30 ˚C for 50-72 h for fungi. The 

minimum inhibitory concentration was observed 

and determined. 

Antibacterial and Antifungal Study: The 

synthesized acetophenones substituted quinoxaline 

thiosemicarbazide derivatives (Va-Vg) were 

evaluated for their antibacterial and antifungal 

activity. Most of the derivatives showed excellent 

to significant activity towards Gram-negative and 

Gram-positive bacterial and fungal strains. The 

minimum inhibitory concentration of derivatives 

along with Ciprofloxacin ranges from 0.19 – 0.78 

µg/ mL for bacteria and with Fluconazole ranges 

1.56 – 3.12 µg/ mL for fungal strains Table 2. 

Molecular Docking Studies: In today’s world, the 

structure based drug design, molecular docking 

study is the most important tool which has been 

widely used ever since the early 1980s 
42

. In this 

research work, docking studies were performed of 

all the synthesized derivatives and elucidate the 

mode of binding between the enzyme active 

binding site and the novelbioactive compounds, in 

addition also find out possible interactions between 

ligand and receptor with docking score. 

To understand the interaction of all the synthesized 

derivatives (Va- Vg) were docked into active site of 

E. coli DNA gyrase B kinase and E. coli 

Topoisomerase IV. Crystal structure model of the 

target (PDB: 1AJ6 and 1S14) were downloaded 

from worldwide protein data bank 

(http://www.rcsb.org) and molecular docking 

studies were performed using the AutoDock Tool 

1.5.6 (ADT) 2011 software (Molecular Graphic 

Laboratory, The Script Research Institute, U. S. 

A.),  To analyze the docking result and execute the 

protocol, The Discovery Studio® v17.2.0.16349 

software (Client, U. S. A) was employed. 

Protein Preparation: The Crystal structure model 

of the target E.coli DNA gyrase B (PDB code: 

1AJ6) and E. coli Topoisomerase IV ( PDB code: 

1S14), with their native ligand Novobiocin were 

downloaded from Protein Data  Bank and prepared 
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by the multistep process through the protein 

preparation menu of the AutoDock (version 1.5.6). 

The protocol was especially used to obtain the 

optimized and minimized energy conformation of 

the protein. Firstly, the bond order in the protein 

was assigned; hydrogen atoms were added, and the 

water molecules which did not participate in 

interactions were removed. Following the above 

steps of preparation, the protein was subjected to 

assign AD4 and Kollman charges. 

Ligand Preparation: The ChemDraw® Ultra 8.0 

(Cambridgesoft, USA) software was used to draw 

the various chemical structures of the ligand 

molecules, while the Chem3D® Ultra 8.0 

(Cambridgesoft, U. S. A.) was used to convert the 

sketched two-dimensional structures to three 

dimensional (3D) structures. 

Active Site Prediction: The Sitemap applies 

theoretical methods and predicts the most accurate 

binding site. The grid was generated via a selection 

of grid box force fields as center on ligand, possible 

for ligand interaction within the protein. The 

binding site was recognized by specifying the 

atoms of a co-crystallized ligand (Novobiocin) 

presented in the pocket while the native ligand 

atoms were ignored by the software during the 

docking procedure. The scores were then calculated 

as free energy of binding (ΔGb), and the final ten 

highest-scoring poses (conformations) for each 

molecule along with their scores and binding 

energies (ΔGb) were collated into a database. The 

database file generated from the docking procedure 

was further analyzed, with the binding mode 

(interactions) of the highest ten conformations for 

each docked molecule in the active site visualized 

and studied with the help of the Discovery studio 

visualization window. Among the visualization of 

the conformation generated from the docking for 

each molecule, the conformation with the best 

binding mode (interactions) with the lowest binding 

energy(ΔGb) was selected for further analysis. 

As described earlier that native ligand novobiocin 

was shown to have antibacterial activity. The native 

ligand novobiocin binds to E. coli DNA gyrase B 

kinase through two hydrogen bonds with the 

essential amino acids Asp 46 and Asp 73 and 

arene-cation interaction with Arg 7643,44. All 

derivatives synthesized in this research work 

consist of large no. of functional groups like NH2, 

C=S and phenyl ring, which exhibit promising 

binding interactions with receptors like native 

ligand novobiocin. Based on these facts, we choose 

the target E. coli DNA gyrase B (PDB code: 1AJ6) 

and E. coli Topoisomerase IV (PDB code: 1S14) 

for docking study.  

RESULTS AND DISCUSSION: 

Chemistry: A series of various acetophenones 
substituted quinoxaline thiosemicarbazide derivatives 
(Va-Vg) were synthesized with a good percentage 

yield as per scheme Fig. 1. Structure and 

physicochemical data of the final compounds are 

represented in Table 1. The chemical structures of 

the compounds were confirmed by elemental 

analysis, IR, NMR & Mass spectroscopy. 

 
FIG. 1: SYNTHETIC SCHEME 

The IR spectra of the compounds exhibit 

absorption bands due to N-H, C-H, C=C, C=N, 

(CH (CH3)2, C=S, and C-Cl stretching. The IR of 

synthesized compounds showed absorption bands 

near ranges 3406-3273, 3023-2977 and 2920- 2875 

correlated with N-H stretching, C-H sp2 aromatic 

stretching and C-H sp2 aliphatic stretching 

respectively. Also the stretching absorption bands 

near ranges 1649-1602 , 1378-1331, and 1256-1217 

correlated C=N, -CH(CH3)2, and C=S groups, 

respectively. A sharp stretching absorption band 

ranges between 899-757 indicated C-Cl group. 
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The1H-NMR at 300 MHz, solvent used DMSO-d6 

of all the derivatives showed sharp singlet peak 

near about δ 1.34-1.98 ppm indicated isopropyl 

CH3 protons and δ 1.72-2.13 ppm indicated protons 

of acetophenone CH3. Multiple peaks ranges 

between δ 2.54-2.98 due to protons of isopropyl C-

H. A broad set of singlet and doublet peak ranges δ 

6.00-8.00 correlated to aromatic hydrogens and 

sharp singlet peak range between δ10.40-11.28 

indicatedhydrogens of N-H group. The mass 

spectrum analysis of the compounds displayed 

characteristic peaks normally with [M+1]+ value. 

The elemental analysis outcomes of the compounds 

almost ranged within ± 0.4% of the calculated 

values. 

TABLE 1: STRUCTURE AND PHYSICO-CHEMICAL DATA OF THE SYNTHESIZED COMPOUNDS VA-VG 

Comp. 

Code 

Structure Mol. Formula Mol. Wt. MP (
0
C) % Yield Rf Value 

R1 R2 

Va H H C20H20ClN5S 397.92 187-190 67.5 0.53 

Vb H OCH3 C21H22ClN5OS 427.95 195-198 64.5 0.48 

Vc H Br C20H19BrClNS 476.82 205-207 67.5 0.55 

Vd Br H C20H19BrClNS 476.82 208-210 66 0.54 

Ve Br Br C19H16Br2ClN5S 555.72 215-218 64.5 0.56 

Vf H F C20H19ClFN5S 415.91 197-199 66.5 0.54 

Vg H NO2 C20H19ClN6O2S 442.92 192-195 68.5 0.47 
 

Antimicrobial Activity: The synthesized 

derivatives exhibited significant activity against 

Gram-negative and Gram-positive bacteria, when 

compared with standard Ciprofloxacin antibacterial 

drug Table 2. It was found that compound Vg 

exhibits an equipotent activity against K. 

pneumoniae (0.19 µg/ mL), E. coli (0.19 µg / mL), 

P. aeruginosa (0.0.78 µg/ mL) and less active 

against S. typhi (0.19 µg/ mL).  The compound Ve 

and Vf also showed good activity against these 

species but less active when compare to Vg, 

Whereas no other compounds showed significant 

activity against S. typhi. Compounds Vf and Vg also  

displayed very good two fold activity against H. 

Pylori (0.39 µg / mL).On the study of Gram-

positive strains a more excellent twofold activity 

was observed of compound Vg against B. subtilis 

(0.39 µg / mL) and MRSA (0.78 µg / mL) and 

equipotent activity against B. thuringiensis (0.39 

µg / mL)andS. aureus (0.39 µg / mL).  The 

compound Vf also showed equipotent activity 

against B. subtilis (0.78 µg / mL), S. aureus (0.39 

µg / mL), and MRSA (1.56 µg / mL). The 

compound Vb was less potent against Gram-

negative strains but showed good activity against 

Gram-positive strains, equipotent against B. subtilis 

(0.78 µg / mL) and MRSA (1.56 µg / mL). The two 

compounds Vf and Vg exhibit equipotent activity 

against E. coli (0.19 µg / mL). Thus the compound 

Vf and Vg were more active against both Gram-

negative as well as Gram-positive strains, and 

compound Ve, was also showed good activity 

against both strains but less active when compared 

to Vf and Vg. The compound Vb was less potent 

against Gram-negative strains but showed good 

activity against Gram-positive strains. 

TABLE 2: IN-VITRO ANTIMICROBIAL EVALUATION OF COMPOUNDS (Va-Vg) EXPRESSED*MIC (µg/ml) 

Comp. 

Code 

Antibacterial Activity Antifungal Activity 

Gram-negative strains Gram-positive strains 

K.p E.c P.a S.t H.p B.s B.t S.a MRSA P.c A.n C.a 

Va 1.56 1.56 6.25 0.78 1.56 3.12 6.25 3.12 3.12 3.12 6.25 12.5 

Vb 1.56 0.78 3.12 0.39 0.78 0.78 0.78 0.78 1.56 0.78 6.25 3.12 

Vc 0.78 0.78 3.12 1.56 0.78 1.56 3.12 1.56 1.56 1.56 12.5 6.25 

Vd 0.78 0.78 3.12 1.56 0.78 1.56 3.12 1.56 1.56 1.56 6.26 6.25 

Ve 0.38 0.38 1.56 0.39 0.78 0.78 1.56 0.78 1.56 1.56 6.25 6.26 

Vf 0.19 0.38 0.78 0.19 0.39 0.78 0.78 0.39 1.56 0.78 6.25 3.12 

Vg 0.19 0.19 0.78 0.19 0.39 0.39 0.39 0.39 0.78 1.56 3.12 3.12 

CFX 0.19 0.19 0.78 0.09 0.78 0.78 0.39 0.39 1.56 - - - 

FCZ - - - - - - - - - 0.78 6.25 3.12 

K.p = Klebsiela pneumonie; E.c = Escherichia coli; P.a = Pseudomonas aeruginosa, S.t = Salmonella typhi, H.p = Helicobacter pylori, 

B.s = Bacillus subtilis, B.t = Bacillus thuringiensis, S.a = Staphylococcus aureus, P.c = Penicillium chrysogenum, A.s = Aspergillus 

niger, C.a = Candida albicans, MRSA = Methicillin-resistant Staphylococcus aureu *MIC: Minimum inhibitory concentration of an 

antimicrobial agent that significantly inhibits the visible growth of microorganism after a period ofincubation 
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The study of antifungal activity was tested against 

strains such as P. chrysogenum, A. niger and C. 

albicans using fluconazole as a standard drug 

Table 2. Compound Vg exhibits a twofold 

amplified activity against A. niger (3.12 µg / mL) 

and equipotent activity against C. albicans (3.12 µg 

/ mL), but less active against P. chrysogenum (1.56 

µg / mL). The compound Vb and Vf also exhibit 

equipotent activity against C. albicans (3.12 µg / 

mL), P. chrysogenum (1.56 µg / mL) and A. niger 

(6.25 µg / mL).  Other compounds exhibited less 

potentactivity against all fungal strains.Overall 

study revealed that compound Vg and Vf explored 

the best potential activity in comparison with that 

of the standard compounds, followed by Ve, Vb, Vd, 

Vc and Va in decreasing order exhibit excellent to 

good activity against various bacterial and fungal 

strains. 

Molecular Docking Results: The in-vitro 

antimicrobial results of the synthesized compounds 

in hand which prompted to do in-silico studies to 

support the in-vitro activity. To correlate the 

observed potencies and structure-activity 

relationship of our newly synthesized compounds, 

automated docking was used to determine the 

possible binding modes and interactions with in the 

active site of E. coli DNA gyrase B (PDB code: 

1AJ6) and E. coli Topoisomerase IV (PDB code: 

1S14).  

The docking of ligand molecules within the active 

pocket site of E. coli DNA gyrase B reveals that all 

the inhibitor compounds are exhibiting the bonding 

with no. of amino acids which is shown in Fig. 2. 

Theoretically, all the seven molecules showed very 

good binding energy ranging from -7.3 to -8.1 

kcal/mol Table 3. To understand the atomistic level 

details of chemical moieties and their binding mode 

(interactions) within the active site of E. coli DNA 

gyrase B, they were visualized in two (2D) and 

three dimensions (3D) and analyzed with the help 

of PyMOL (Schrodinger) and Discovery studio. 

We focused our attention on the more potent 

compound Vg 43 embedded nicely within the 

active pocket of E. coli DNA gyrase B with a 

binding energy of -8.1 Kcal/mol. The interactions 

of the compound Vg revealed that the methyl 

groups of isopropyl present on quinoxaline ring 

were involved in hydrophobic interaction with 

ILE94 that may explain the observation that 

isopropyl substitution on the quinoxaline enhances 

E. coli DNA gyrase B inhibitory potency. The 

quinoxaline ring displayed hydrophobic interaction 

(arene-cation interaction) with ASN46, THR165, 

and ILE78. The substituted phenyl ring was 

involved in cation-arene interactions with PRO79. 

Moreover, the nitrogen of the thiosemicarbazide 

moiety showed linkage with ARG76 and chlorine 

atom substituted at position 7 on quinoxaline ring 

exhibited hydrophobic interactions with VAL43, 

VAL71 and VAL167. Similarly, the second Vf ( 

Docking score -7.5) and third Ve (Docking score -

7.5) potent compound also displayed binding as 

compound Vg such as hydrophobic interaction with 

ILE94, ASN46, THR165, cation-arene interaction 

with ILE78, PRO79, and hydrophobic interactions 

of chlorine atom with VAL43, VAL71 and 

VAL167 Fig. 2. 

The docking study of the synthesized compounds 

against E. coli TopoisomeraseIV using PDB code: 

1S14 reveals that all the compounds exhibited good 

binding energy ranging from -6.7 to -7.5 Table 4. 

The more potent compound Vg showed good 

docking energy (-7.5) and docked effectively in the 

active pocket site of E. coli Topoisomerase IV. The 

ligand-protein complexes showed that the 

quinoxaline ring bind through hydrophobic 

interactions with ASP1070 and ARG1054. The NH 

of the quinoxaline ring displayed hydrogen bond 

linkage with ARG1159, THR1161, and ASP1070.  

The NH and C=S of thiosemicarbazide moiety 

exhibit hydrogen bond linkage with HIS1051. 

Furthermore, the phenyl ring showed hydrophobic 

interactions with ARG1072 through an arene-

cation interaction. The NO2 substituted on the para 

position of phenyl ring showed hydrogen bonding 

with ASP1133.  

Similarly, the other active compound but lees than 

Vg like Vf (docking score: -7.2) and Vb (docking 

score: -7.3), also displayed hydrophobic interaction 

with ASP 1070, ARG1054, arene-cation interaction 

with ARG 1072, and Hydrogen bonding with 

ARG1159, THR1161, ASP 1133, HIS 1051 and 

ASP1070 Fig. 3. The molecular docking study of 

all the seven compounds (Va-Vg) reveals that all the 

compounds occupied nicely in the active pocket 

site of the E. coli DNA gyrase B (PDB code: 1AJ6) 

and E. coli Topoisomerase IV (PDB code: 1S14) 
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and bonded with the variety of amino acid residues. 

The compounds were stabilized in the pocket of 

proteins by hydrogen bond interactions, hydro-

phobic bond interactions, arene-cation interactions, 

and π-π interactions. 

TABLE 3: MOLECULAR DOCKING BINDING ENERGY OF SYNTHESIZED COMPOUNDS (Va-Vg) 

Comp. Code Target site: PDB: 1AJ6 Target site: PDB: 1S14 

Binding energy (Kcal/mol) Binding energy (Kcal/mol) 

Va -7.4 -7.2 

Vb -7.3 -7.3 

Vc -7.4 -6.7 

Vd -7.4 -7.3 

Ve -7.5 -6.9 

Vf -7.5 -7.2 

Vg -8.1 -7.5 

 

Ligand 3D Struct. of ligand recept. complex 2D Struct. of ligand receptor complex 

Vf 

  

Vf 

  
FIG. 2: TWO & THREE DIMENSIONAL BINDING INTERACTIONS OF MOST ACTIVE COMPOUNDS VF AND VG IN 

THE ACTIVE SITE OF E. COLI DNA GYRASE B (PDB ID: 1AJ6) 

Ligand 3D Struct. of the ligand receptor complex 2D Struct. of ligand recept. complex 

Vf 

  

Vf 

  

FIG. 3: TWO & THREE DIMENSIONAL BINDING INTERACTIONS OF MOST ACTIVE COMPOUNDS Vf AND Vg IN 

THE ACTIVE SITE OF E. Coli DNA TOPOISOMERASE IV (PDB ID: 1S14) 
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CONCLUSION: In order to find out of new 

structural design and looking promising as 

powerful antibacterial and antifungal agents, we 

have demonstrated the multistep synthesis of seven 

new acetophenones substituted (1E, 4E)-1-(7-

chloro-3-isopropylquinoxalin- 2(1H)-ylidene) thio-

semicarbazide derivatives bearing a quinoxaline 

thiosemicarbazide nucleus. In terms of structural 

activity relationship study revealed that the activity 

profile against bacterial and fungal strains were 

altered by the formation of acetophenones 

substituted (1E, 4E)-1- (7-chloro-3-isopro-

pylquinoxalin-2(1H)-ylidene) thiosemicarbazide 

derivatives. The substitution by 4- nitroaceto-

phenone and 4-fluoroacetophenone as in compound 

Vg and Vf respectively, enhance the spectrum of 

activity for Gram- negative to Gram-positive 

bacterial strains and fungal strains as well as 

substitution by 4-methoxyacetophenone as in 

compound Vb enhance the spectrum of activity 

against Gram-positive bacterial and fungal strains. 

Substitution by chlorine and isopropyl group in 

quinoxaline also enhances the activity. 

The molecular docking studies also showed that all 

the compounds exhibit good docking energy to 

bind and inhibit the E. coli DNA gyrase B kinase 

and E. coli Topoisomerase IV. Based on the 

biological evaluation and molecular docking study, 

we conclude that the compound Vg, Vf, and Vb 

exhibit good activity against microbial strains and 

good docking energy. The most active compound 

Vg; 4-nitrocetophenone substituted quinoxaline 

thiosemicarbazide derivative showed the 

interactions (hydrogen bond acceptor, donor, 

hydrophobic bond interactions, arene-cation 

interactions, and π-π interactions) with amino acids 

ILE94, ASN46, THR165, ILE78. PRO79. 

ARG76VAL43, VAL71, and VAL167 in the 

binding pocket of E. coli DNA gyrase B. On the 

other hand, compound Vg displayed interactions 

with amino acids ASP1070, ARG1054. ARG1159, 

THR1161. HIS1051. ASP1133 in the binding 

pocket of E.coli Topoisomerase IV. 

Thus by in-vitro and docking studies, it is revealed 

that the compound Vg and Vf are potent 

antimicrobial molecules. In accordance with this 

research, lead molecules could be considered as 

candidates for more clinically relevant researches 

in the future to overcome this type of antimicrobial 

resistance. 

ACKNOWLEDGEMENT: The authors are 

thankful to the authorities, Department of 

Pharmacy, Bhagwant University Ajmer, Rajasthan, 

India, and Goel institute of pharmacy and Sciences, 

Lucknow, U.P., India, for providing facilities to 

perform the research work and also thankful to the 

Department of Biotechnology of Saroj Institute of 

Technology & Management, Lucknow, India for 

providing bacterial and fungal strains. 

HUMAN AND ANIMAL RIGHTS: No humans 

and animals were used for studies in the present 

research work. 

CONFLICTS OF INTEREST: The authors 

declare no conflict of interest, financial or 

otherwise. 

REFERENCES: 

1. Frost I, Van Boeckle TP, Piers J, Craig J and 

Laxminarayan R: Global geographic trends in 

antimicrobial resistance: the role of international travel. 

Journal of Travel Medicine 2019; 26(8): 1-13. 

2. Mehul MP, Laxman JP and Sakata G: Design, synthesis, 

molecular docking, and antibacterial evaluation of some 

novel flouroquinolone derivatives as potent antibacterial 

agent. The ScientificWorld Journal 2014; 8(9): 71-87. 

3. Patidar AK, Jeyakandan M, Mobiya AK and Selvam G: 

Exploring potential of quinoxaline moiety. Int J pharm 

Tech Research 2011; 3(1): 386-92. 

4. Belete TM: Novel targets to develop new antibacterial 

agents and novel alternatives to antibacterial agents. 

Human Microbiome J 2019; 11: 100052. 

5. Husain A and Madhesia D: Recent advances in 

pharmacological activities of quinoxaline derivatives.  J 

Pharm Res 2011; 4(3): 924-29. 

6. Neri JM, Cavalcanti LN, Araújo RM and Menezes FG: 

2,3-Dichloroquinoxaline as a versatile building block for 

heteroaromaticnucleophilic substitution: A review of the 

last decade. Arab J of Chemistry 2020; 3(1): 721-739. 

7. Ganapaty S, Ramalingam P and Rao CB: Antibacterial, 

antifungal and antitubercular screening of some novel 

condensed bridgehead nitrogen heterocycles of 

quinoxalines. Indian J Heterocycl Chem 2007; 16 (3):283-

286. 

8. Refaat HM, Moneer AA and Khalil OM: Synthesis and 

antimicrobial activity of certain novel quinoxalines. Arch 

Pharm. Res 2004; 27(11): 1093-98. 

9. El Shehry  MF,  Abbas SY,  Farrag AM, Eissa SI, Fouad 

SA and Amma YA: Design, synthesis and biological 

evaluation of quinoxaline N-propionic and O-propionic 

hydrazide derivatives as antibacterial and antifungal 

agents. Med Chem Res 2018; 27: 2287-96. 

10. Montana M, Montero V, Khoumeri O and Vanelle P: 

Quinoxaline Derivatives as Antiviral Agents: A Systematic 

Review. Molecules 2020; 25(12): 2784. 

 



Bihari et al., IJPSR, 2021; Vol. 12(7): 3906-3917.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3916 

11. Tandon VK, Yadav DB, Maurya HK, Chaturvedi AK and 

Shukla PK: Design, synthesis and biological evaluation of 

1,2,3-trisubstituted-1,4-dihydrobenzo[g] quinoxaline-5,10-

diones and related compounds as antifungal and 

antibacterial agents. Bioorg Med Chem 2006; 14(17): 

6120-26. 

12. Sanna P, Carta A, Loriga M, Zanetti S and Sechi L: 

Preparation and biological evaluation of 6/7- 

trifluoromethyl(nitro)-6,7-difluoro-3-alkyl(aryl)-

substituted-quinoxalin-2-ones. Part 3. Farmaco 1999; 

54(3): 169-77. 

13. Carta A, Sanna P, Gherardini L, Usai D and Zanetti S: 

Novel functionalized pyrido [2,3-9]- quinoxalinones as 

antibacterial, antifungal and anticancer agents. II Farmaco 

2001; 56(12): 933-38. 

14. El Newahie AMS, Nissan YM, Ismail NSM, El Ella AAD, 

Khojah SM and Abouzid KAM: Design and Synthesis of 

New Quinoxaline Derivatives as Anticancer Agents and 

Apoptotic Inducers. Molecules 2019; 24(6): 1175. 

15. Santivañez-Veliz M, Pérez-Silanes S, Torres E and 

Moreno-Viguria E: Design and synthesis of novel 

quinoxaline derivatives as potential candidates for 

treatment of multidrug-resistant and latent tuberculosis. 

Bioorg Med Chem Lett 2016; 26(9): 2188-93. 

16. Guillon J, Forfar I, Matsuda MM, Desplat V, Saliege M 

and Thiolat D: Synthesis, analytical behavior and 

biological evaluation of new 4-substituted pyrrolo [1,2 a] 

quinoxalines as antileishmanial agents. Bioorg Med Chem 

Lett 2007; 15(1): 194-10. 

17. RangisettyJB, Gupta CNVHB, Prasad AL, Srinivas P, 

Sridhar N, Parimoo P and Veeranjaneyulu A: Synthesis of 

new arylaminoquinoxalines and their antimalarial activity 

in mice. J Pharmacy and Pharmacology 2001; 53(10): 

1409-13. 

18. Crowther AF, Curd FHS, Davey DG and Stacey GJ: 

Synthetic antimalarial, Part XXIX Dialkylaminoalkyl-

aminoquinoxalines. J. Chem. Soc., 1949; 1260-62. 

19. Hassan SY, Khattab SN, Bekhit AA and Amer A: 

Synthesis of 3-benzyl-2 substituted quinoxalines as novel 

monoamine oxidase A inhibitors. Bioorg Med Chem Lett 

2006; 16(6): 1753-1756. 

20. Sarges R, Howard HR, Browne RG, Lebel LA, Seymour 

PA and Koe BK: 4- Amino[1,2,4]triazolo[4,3-

a]quinoxalines. A novel class of potent adenosine receptor 

antagonists and potential rapid-onset antidepressants. J 

Med Chem 1990; 33(8): 2240-54. 

21. Ali MM, Ismail MMF, El-Gaby MSA, Zahran MA and 

Ammar YA: Synthesis and antimicrobial activities of some 

novel quinoxalinones derivatives. Molecules 2000; 5(6): 

864-73. 

22. Obafemi CA and Akinpelu DA: Synthesis and 

antimicrobial activity of some2(1H)-Quinoxalinone-6-

sulfonyl derivatives. Phosphorus Sulfur Silicon Relat Elem 

2005; 180(8): 1795-07.  

23. Ries UJ, Priekpe HW, Havel NH, Handschuh S, Mihm G, 

Stassen JM, Wienen W and Nar H: Heterocyclic thrombin 

inhibitors. Part 2: quinoxalinones derivatives as novel, 

potent antithrombotic agents. Bioorg Med Chem Lett 

2003; 13: 2297-02. 

24. Wendt GR and Ledig KW: 6, 7-Dihydroxy-1Hpyrazolo 

[3,4-6] quinoxaline-5,8-diones.U.S.Patent, 3,431,262. 

ChemAbstr 1969; 70: 106512. 

25. Su DS and Bock MG: 2-Quinoxalinone derivatives as 

bradykinin antagonists and novel Compounds, US Patent. 

Appl., 20050020591, 2005. 

26. Zsolt Sze´kelyhidi, Ja´nos Pato, Frigyes Wa´czek, Pe´ter 

Ba´nhegyi, Ba´lint Hegymegi-Barakonyi, Da´niel Er}os, 

Gyo¨rgy  Me´sza´ros, Ferenc Hollo´sy, Doris  Hafenbradl,  

Sabine  Obert,  Bert  Klebl,  Gyo¨rgy Ke´ria and La´szlo´ 

Orfia: Synthesis of selective SRPK-1 inhibitors:Novel 

tricyclic quinoxaline derivatives Received 21 March 2005; 

accepted 28 April 2005 Available online 31 May 2005.  

27. Plech T, Wujec M, Siwek A, Kosikowska U and Malm A: 

Synthesis and antimicrobial activity of hiosemicarbazides, 

s-triazoles and their Mannich bases bearing 3-chlorophenyl 

moiety. Eur J Med Chem 2011;46 (1): 241-48.  

28. Quenelle DC, Keith KA and Kern ER: In-vitro and in-vivo 

evaluation of isatin-β-thiosemicarbazone and marboran 

against vaccinia and cowpox virus infections. Antiviral 

Res 2006;71(1): 24-30. 

29. Afrasiabi Z, Sinn E and Padhye S: Transition metal 

complexes of phenanthrenequinone thiosemicarbazone as 

potential anticancer agents: synthesis, structure, 

spectroscopy, electrochemistry and in-vitro anticancer 

activity against human breast cancer cell-line, T47D. J 

Inorg Biochem 2003; 95(4): 306-14.  

30. Afrasiabi Z, Sinn E and Chen J: Appended 1, 2-

naphthoquinones as anticancer agents 1: synthesis, 

structural, spectral and antitumor activities of ortho-

naphthaquinone thiosemicarbazone and its transition metal 

complexes. Inorg Chim Acta 2004; 357(1): 271-78. 

31. Singh N, Srivastava A, Sodhi A and Ranjan P: In- vitro 

and in-vivo antitumour studies of a new thiosemicarbazide 

derivative and its complexes with 3d-metal ions. Trans 

Met Chem 2000; 25: 133-40. 

32. Yousef TA, Badria FA, Ghazy SE, El-Gammal OA and 

Abu El-Reash GM: In-vitro and in-vivo antitumor activity 

of some synthesized 4-(2-pyridyl)-3-Thiosemicarbazides 

derivatives. Inter J Med Sci 2011; 3(2): 37-46.  

33. Singh S, Bharti N, Naqvi F and Azam A: Synthesis, 

characterization and in-vitro antiamoebic activity of 5 

nitrothiophene-2-carboxaldehyde thiosemicarbazones and 

their Palladium(II) and Ruthenium(II) complexes. Eur J 

Med Chem 2004; 39(5): 459-65.  

34. Sharma S, Athar F, Maurya MR, Naqvi F and Azam A: 

Novel bidentate complexes of Cu (II) derived from 5-

nitrofuran-2-carboxaldehyde thiosemicarbazones with 

antiamoebic activity against E. histolytica. Eur J Med 

Chem 2005; 40(6): 557-62.  

35. Bharti N, Athar F, Maurya MR and Azam A: Synthesis, 

characterization and in- vitro anti-amoebic activity of new 

palladium (II) complexes with 5-nitrothiophene-2-

carboxaldehyde N(4)-substituted thiosemicarbazones. Bio 

Org Med Chem 2004; 12(17): 4679-84.  

36. Ukrainets IV, Tkach AA,Grinevich LA, Turov AV and 

Bevz OV: 4-Hydroxy-2-quinolones 165*.1-R-4-hydroxy-

2-oxo-1,2-dihydro-quinoline-3-carbaldehydes and their 

thiosemicarbazones. Synthesis, structure, and biological 

properties. Chem Hetero Comp 2009; 45: 705-14.  

37. Paneth A, Staczek P, Plech T, Dzitko K, Wujec M, 

Kusmierz E, Kosikowska U,Grzegorczyk A and Paneth P: 

Biological evaluation and molecular modeling study of 

thiosemicarbazide derivatives as bacterial type IIA 

topoisomerase inhibitors. Journal of Enzyme Inhibition 

and Medicinal Chemistry 2016; 31(1): 14-22.  

38. Siwek A, Staczek P, Wujec M, Stefanska J, Kosikowska 

U, Malm A, Jankowski S and Paneth P: Biological and 

docking studies of topoisomerase IV inhibition of 

thiosemicarbazides. Journal of Molecular Modeling 2011; 

17: 2297-03. 

39. Mohi El-Deen EM, Abd El-Meguid EA, Hasabelnaby S, 

Karam EA and Nossier ES: Synthesis, docking studies and 

in-vitro evaluation of some novel theinopyridines and 



Bihari et al., IJPSR, 2021; Vol. 12(7): 3906-3917.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3917 

fused theinopyridine-quinolines as antibacterial agents and 

DNA gyrase inhibitors. Molecules 2019; 24(20): 36-50. 

40. Bellon S, Parsons JD, Wei Y, Hayakawa K, Swenson LL, 

Charifson PS, Lippke JA, Aldape R and Gross CH: Crystal 

structutre of E. coli topoisomerase IV ParE subunit (24 and 

43 kilodalton): A single residue decates differences in 

novobiocin in potency against topoisomerase IV and DNA 

gyrase. Antimicrob Agents Chemother 2004; 48(5): 1856-

64. 

41. European committee for antimicrobial susceptibility 

testing (EUCAST) of the European Society of Clinical 

Microbiology and Infectious Diseases (ESCMID). 

Determination of minimum inhibitory concentrations 

(MICs) of antibacterial agents by agar dilution. Clinical 

microbiology and Infection 2000;6(9): 509-515. 

42. Kuntz ID, Blaney JM, Oatley SJ, Langridge R and Ferrin 

TE: A geometric approach to macromolecule-ligand 

interactions. J Mol Biol 1982; 161(2): 269-88. 

43. Hashem HE, Amr A El-G,Nossier ES, Elsayed A and 

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; 25(12): 2766. 

44. Bellon S, Parsons JD, Wei Y and Hayakawa K: Crystal 

Structures of Escherichia coli Topoisomerase IV ParE 

Subunit (24 and 43 Kilodaltons): A Single Residue 

Dictates Differences in Novobiocin Potency against 

Topoisomerase IV and DNA Gyrase.Antimicrobial Agents 

and Chemotherapy 2004; 48(5): 1856-64. 

 

 

 

 

 

All © 2013 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Bihari B, Gautam GK and Ved A: Synthesis, in-vitro antimicrobial evaluation and molecular docking studies of some novel 

acetophenones substituted quinoxaline thiosemicarbazide derivatives. Int J Pharm Sci & Res 2021; 12(7): 3906-17. doi: 10.13040/IJPSR. 

0975-8232.12(7).3906-17. 

 


