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Norfloxacin, a fluoroquinolone, acts against many Gram-negative and Gram-positive bacteria by inhibiting DNA gyrase and topoisomerase 

IV, enzymes essential for DNA replication and repair. Despite many available antibiotics, antimicrobial resistance remains a major global 

health challenge, highlighting the need for new therapies. The present work focused on the synthesis of a new series of norfloxacin 

derivatives (D13-D24). Their structures were confirmed through IR, NMR, mass spectrometry and elemental analysis. The molecular 

docking studies of the synthesized compounds were carried out against targets 3FV5, 5IMW and 5ESE to evaluate possible binding 

interactions. Among the tested molecules, compound D20 demonstrated notable antibacterial activity against Gram-positive S. aureus, 

while compound D13 exhibited promising activity against Gram-negative E. coli along with appreciable antifungal efficacy against S. 

cerevisiae, compared with reference drugs norfloxacin and fluconazole. The antimicrobial potential was further assessed using zone of 

inhibition and minimum inhibitory concentration (MIC) studies. 
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INTRODUCTION 

 Norfloxacin is a synthetic antibacterial drug [1,2] classi-

fied under the fluoroquinolone group of antibiotics. It has been 

widely employed in the management of urinary tract infect-

ions, gynaecological infections, prostatitis, gonorrhoea and 

bladder associated infections [3-5]. Earlier quinolone agents, 

such as nalidixic acid, possessed comparatively lower anti-

bacterial potency and were mainly prescribed for urinary tract 

infections because of their renal elimination and high urinary 

concentrations [6,7]. 

 It was demonstrated that specific structural modifica-

tions, particularly the introduction of a fluorine atom into the 

quinolone nucleus, markedly improved antibacterial activity 

[8,9]. Although fluoroquinolones have been used in the treat-

ment of typhoid and paratyphoid fever, norfloxacin has shown 

higher rates of clinical failure than several other agents in this 

class (417 participants, 5 trials) [10]. In ophthalmic practice, 

its approved use is mainly restricted to bacterial conjunctival 

infections caused by susceptible organisms [11]. Norfloxacin 
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is also administered prophylactically to prevent spontaneous 

bacterial peritonitis in cirrhotic patients presenting with low 

ascitic fluid protein, renal dysfunction, advanced liver disease, 

previous spontaneous bacterial peritonitis or oesophageal vari-

ceal bleeding [12-15]. 

 Staphylococcus aureus is an opportunistic, facultatively 

anaerobic, Gram-positive coccus commonly colonising human 

skin and mucosal surfaces and is well-known for its rapid 

adaptation to antibiotic pressure [16-18]. Escherichia coli is 

a Gram-negative, facultatively anaerobic, rod-shaped bacterium 

that normally inhabits the lower intestine of warm-blooded 

animals [19,20]. While many strains are harmless commensals, 

certain pathogenic serotypes are capable of causing severe 

foodborne illness and are frequently linked with food contami-

nation events [21,22]. 

 Norfloxacin exhibits broad-spectrum antibacterial activity 

against both Gram-positive and Gram-negative microorgan-

isms. Its mechanism of action involves inhibition of bacterial 

DNA gyrase (topoisomerase II) and topoisomerase IV [23-25], 

enzymes essential for DNA replication, segregation and cell 
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division [26,27]. Rather than directly binding to DNA gyrase 

alone, norfloxacin primarily stabilises the enzyme-DNA com-

plex through interaction with substrate DNA [28]. Keeping 

these facts in mind, the present study aimed to design and 

synthesize new Schiff base derivatives of norfloxacin incor-

porating an s-triazole core, followed by structural characteri-

zation using spectral and analytical techniques. Furthermore, 

the synthesized compounds were evaluated through molecular 

docking and antimicrobial studies to identify potent candi-

dates against bacterial and fungal pathogens. 

EXPERIMENTAL 

 All reagents and solvents used in the present investi-

gation were of analytical grade and employed without further 

purification unless otherwise specified. Norfloxacin interme-

diates and final Schiff base derivatives were synthesized using 

commercially available chemicals including substituted aro-

matic aldehydes, 3-chloro-4-fluoroaniline, diethyl ethoxy-

methylene malonate, benzene, aqueous sodium hydroxide, 

ethyl iodide, N,N-dimethylformamide (DMF), triethylamine, 

pyridine, piperazine, imidazole, hydrazine hydrate, carbon 

disulfide, ethanol, glacial acetic acid, etc.  

 Microwave-assisted synthesis was carried out using a 

domestic microwave reactor (Kenstar OM 20 DGQ) operated 

at controlled power levels ranging from 455 to 750 W. The 

melting points of the synthesized compounds were deter-

mined in open capillary tubes and are uncorrected. The reaction 

progress and purity were monitored by thin-layer chromato-

graphy (TLC) using suitable solvent systems on silica gel 

plates. Infrared spectra were recorded using ATR-FTIR spectro-

scopy. 1H NMR spectra were obtained at 300 MHz using 

DMSO-d6 as solvent and TMS as internal reference. Mass 

spectra were recorded using electrospray ionization mass 

spectrometry (ESI-MS). 

 Synthesis of ethyl 7-chloro-6-fluoro-1,4-dihydro-4-

oxoquinoline-3-carboxylate (step-1): The intermediate was 

synthesized via a Gould-Jacobs reaction using equimolar 

amounts of 3-chloro-4-fluoroaniline (0.01 mol) and diethyl 

ethoxymethylene malonate (0.01 mol) under solvent-free 

conditions. The mixture was irradiated under microwave 

conditions at 540-750 W for 1.0-1.5 min, yielding a white to 

pale yellow semi-solid mass [29]. The product was washed with 

acetone, recrystallized from DMF and its purity confirmed by 

TLC using petroleum ether:chloroform:ether (85:15:5). Yield: 

92%. 

 Synthesis of 7-chloro-6-fluoro-1,4-dihydro-4-oxoquino-

line-3-carboxylic acid (step-2): The ethyl ester obtained in 

step-1 (2.7 g, 0.01 mol) was dissolved in benzene (50 mL) 

and hydrolysed with aqueous NaOH (5 N, 50 mL) to yield 

the corresponding carboxylic acid. The reaction mixture was 

refluxed with stirring for 5-6 h, during which a white solid 

precipitated. The precipitate was filtered, washed with water 

until neutral, dried and recrystallized from acetone to afford 

the purified product.  

 Synthesis of 7-chloro-1-ethyl-6-fluoro-1,4-dihydro-4-

oxoquinoline-3-carboxylic acid (N1-substitution) (step-3): 

The product obtained from step-2 (0.01 mol) was suspended 

in DMF (10 mL), followed by the addition of ethyl iodide 

(0.01 mol). The mixture was heated to achieve dissolution, 

after which anhydrous potassium carbonate (0.02 mol) was 

added. The reaction mass was stirred at 120-140 ºC for 5-8 h. 

Upon completion, the mixture was poured onto crushed ice 

or ice-cold water, and the precipitated solid was washed with 

cold water to remove residual DMF and potassium carbonate. 

The crude product was recrystallized from acetone to afford 

the corresponding compound in 72% yield. 

 Synthesis of 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-R7-

substituted-quinoline-3-carboxylic acid (step-4): The product 

from step-3, 7-chloro-1-ethyl-6-fluoro-1,4-dihydro-4-oxo-

quinolone-3-carboxylic acid (0.01 mol), was taken in pyridine 

(10 mL) with triethylamine (3 mL), followed by the addition 

of the appropriate heterocyclic amine, namely piperazine or 

imidazole (0.05 mol), in a double-necked round-bottom flask. 

The reaction mixture was subjected to microwave irradiation 

at 455 W for 6 min. After completion, the mixture was cooled 

to room temperature, poured onto crushed ice and neutralized 

with dilute HCl. The precipitated solid was filtered, washed, 

and dried to obtain the desired product. 

 Synthesis of 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-R7 

substituted quinoline-3-carbohydrazide (step-5): A mix-

ture of the step-4 intermediate, 1-ethyl-6-fluoro-1,4-dihydro-

4-oxo-R7-substituted quinoline-3-carboxylic acid (20.0 g, 55.0 

mmol) and 85% hydrazine hydrate (20.0 g, 340.0 mmol) was 

heated under reflux for 24 h. After completion of the reaction, 

the formed precipitate was collected by filtration and purified 

by recrystallization from 95% ethanol (100 mL). The desired 

product was obtained in 67% yield. 

 Synthesis of 1-ethyl-6-fluoro-3-(5-mercapto-1,3,4-oxa-

diazol-2-yl)-R7 substituted quinoline-4(1H)-one (step-6): 

A mixture of the step-5 intermediate, 1-ethyl-6-fluoro-1,4-

dihydro-4-oxo-R7-substituted quinoline-3-carbohydrazide (10 

g, 27.0 mmol) and carbon disulfide (3.1 g, 30.0 mmol) in 95% 

ethanol (150 mL) was refluxed for 10 h. After completion, 

the precipitated product was filtered and washed with anhy-

drous ethanol to afford the crude hydrazide carbodithioic acid 

derivative. The product was obtained in 72% yield. 

 Synthesis of 1-ethyl-6-fluoro-3-(4-amino-5-mercapto-

s-triazole-3-yl)-R7 substituted quinoline–4(1H)-one (step-

7): The step-6 intermediate, 1-ethyl-6-fluoro-3-(5-mercapto-

1,3,4-oxadiazol-2-yl)-R7-substituted quinoline-4(1H)-one, was 

treated with a mixture of 85% hydrazine hydrate (20.0 g, 340.0 

mmol) and 40% NaOH (3.0 g, 30.0 mmol), followed by 

refluxing for 12 h. After solvent removal, water (200 mL) and 

activated charcoal (0.5 g) were added and the suspension was 

further refluxed for 1 h. The charcoal was removed by filtration 

and the filtrate was adjusted to pH 8.0 using conc. HCl. The 

precipitated product was collected and recrystallized from 

DMF-ethanol to obtain the yellow solid in 72% yield. 

 Synthesis of title compounds (D13-D24): The mixture of 

product step-7 (1-ethyl-6-fluoro-3-(4-amino–5-mercapto–s-

triazole-3-yl)-R7 substituted quinoline-4(1H)-one) (1.0 g, 2.3 

mmol) and various substituted aromatic aldehydes such as 4-

nitro benzaldehyde (2.5 mmol), 4-bromo benzaldehyde (2.5 

mmol), 4-fluoro benzaldehyde (2.5 mmol), 4-chloro benzal-

dehyde (2.5 mmol), 4-hydroxy benzaldehyde (2.5 mmol), 4-

methyl benzaldehyde (2.5 mmol) in glacial acetic acid (15 

mL) was added and the mixture heated under reflux for 24 h 
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(Scheme-I). After removal of the solvent under reduced 

pressure, the residue was dissolved in DMF-ethanol and the 

resulting Schiff base precipitate of compound D13-D24 were 

collected. 

 1-Ethyl-6-fluoro-3-(5-mercapto-4-((4-nitrobenzylidene)- 

amino)-4H-1,2,4-triazole-3-yl)-7-(piperazin-1-yl)quinolin- 

4(1H)-one (D13): Yield: 78.4%; IR (ATR, max, cm–1): 3399 

(NH2), 3080 (C–H, arom.), 2926 (C–H, aliph.), 1709 (C=O, 

quinolone carbonyl), 1628 (C=N, azomethine/triazole) + (C=C, 

arom.), 1505 (NO2, asymm.), 1346 (NO2, sym.), 1197 (C–F), 

1250-1100 (C–N, piperazine), 1220-1050 (C–S); 1H NMR 

(300 MHz, DMSO-d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, CH3), 

4.10 (q, 2H, J ≈ 7 Hz, CH2), 2.5-3.5 (m, 8H, piperazine CH2), 

3.00 (s, 1H, SH), 7.0-8.5 (m, aromatic protons), 8.45 (s, 1H, 

CH=N). MS-ESI: m/z 522.16 (M+1). Elemental analysis of 

C24H23FN8O3S: calcd. (found) %: C, 55.16 (55.38); H, 4.44 

(4.28); F, 3.64 (3.86); N, 21.44 (21.12); O, 9.18 (9.46); S, 6.14 

(5.92).  

 3-(4-((4-Bromobenzylidene)amino)-5-mercapto-4H-

1,2,4-triazole-3-yl)-1-ethyl-6-fluoro-7-(piperazin-1-yl)quino-

lin-4(1H)-one (D14): Yield: 82.1%; IR (ATR, max, cm–1):  

3419 (NH2), 3048 (C–H, arom.), 2941 (C–H, aliph.), 1713 

(C=O, quinolone carbonyl), 1626 (C=N, azomethine/ triazole) 

+ (C=C, arom.), 1250-1100 (C–N, piperazine), 1300-1000  

(C–F), 1220-1050 (C–S), 493 (C–Br); 1H NMR (300 MHz, 

DMSO-d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, CH3), 4.10 (q, 2H, 

J ≈ 7 Hz, CH2), 2.5-3.5 (m, 8H, piperazine CH2), 3.00 (s, 1H, 

SH), 7.0-8.5 (m, aromatic protons), 8.50 (s, 1H, CH=N). MS-

ESI: m/z 555.09 (M+1). Elemental analysis of C24H23BrFN7OS: 

calcd. (found) %: C, 51.80 (52.08); H, 4.17 (3.95); Br, 14.36 

(14.62); F, 3.41 (3.19); N, 17.62 (17.30); O, 2.88 (3.12); S, 

5.76 (5.52). 

 1-Ethyl-6-fluoro-3-(4-((4-fluorobenzylidene)amino)-5- 

mercapto-4H-1,2,4-triazole-3-yl)-7-(piperazin-1-yl)quino-

lin-4(1H)-one (D15): Yield: 78.6%; IR (ATR, max, cm–1): 

3436 (NH2), 3067 (C–H, arom.), 2960-2920 (C–H, aliph.), 

1692 (C=O, quinolone carbonyl), 1616 (C=N, azomethine/ 

triazole) + (C=C, arom.), 1250-1100 (C–N, piperazine), 1400-

1000 (C–F), 1220-1050 (C–S); 1H NMR (300 MHz, DMSO-

d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, CH3), 4.10 (q, 2H, J ≈ 7 Hz, 

CH2), 2.5–3.5 (m, 8H, piperazine CH2), 3.00 (s, 1H, SH), 7.0-

8.5 (m, aromatic protons), 8.40 (s, 1H, CH=N). MS-ESI: m/z 

495.17 (M+1); Elemental analysis of C24H23F2N7OS: calcd. 

(found) %: C, 58.17 (58.42); H, 4.68 (4.46); F, 7.67 (7.93); 

N, 19.79 (19.48); O, 3.23 (3.45); S, 6.47 (6.23). 

 3-(4-((4-Chlorobenzylidene)amino)-5-mercapto-4H-

1,2,4-triazole-3-yl)-1-ethyl-6-fluoro-7-(piperazin-1-yl)-

quinolin-4(1H)-one (D16): Yield: 81.3%; IR (ATR, max,  

cm–1): 3360 (NH2), 3059 (C–H, arom.), 2923 (C–H, aliph.), 

1690 (C=O, quinolone carbonyl), 1620-1600 (C=N, azomethine/ 

triazole) + (C=C, arom.), 1250-1100 (C–N, piperazine), 1400-

1000 (C–F), 1220-1050 (C–S), 606 (C–Cl); 1H NMR (300 

MHz, DMSO-d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, CH3), 4.10 (q, 

2H, J ≈ 7 Hz, CH2), 2.5-3.5 (m, 8H, piperazine CH2), 3.00 (s, 

1H, SH), 7.0-8.5 (m, aromatic protons), 8.45 (s, 1H, CH=N). 

MS-ESI: m/z 511.14 (M+1). Elemental analysis of: 

C24H23ClFN7OS: calcd. (found) %: C, 56.30 (56.58); H, 4.53 

(4.31); Cl, 6.92 (7.18); F, 3.71 (3.47); N, 19.15 (18.83); O, 

3.12 (3.36); S, 6.26 (6.02). 

 1-Ethyl-6-fluoro-3-(4-((4-hydroxybenzylidene)amino)- 

5-mercapto-4H-1,2,4-triazole-3-yl)-7-(piperazin-1-yl)qui-

nolin-4(1H)-one (D17): Yield: 69.5%; IR (ATR, max, cm–1): 

3400-3278 (NH2), 3249 (O–H, phenolic, br.), 3020 (C–H, 

arom.), 2938 (C–H, aliph.), 1690 (C=O, quino-lone carbonyl), 

1620-1600 (C=N, azomethine/triazole) + (C=C, arom.), 1250-

1100 (C–N, piperazine), 1400-1000 (C–F), 1220-1050 (C–S); 
1H NMR (300 MHz, DMSO-d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, 

CH3), 4.10 (q, 2H, J ≈ 7 Hz, CH2), 2.5-3.5 (m, 8H, piperazine 

CH2), 3.00 (s, 1H, SH), 7.0–8.5 (m, aromatic protons), 8.40 

(s, 1H, CH=N), 10.9 (s, 1H, OH). MS-ESI: m/z 493.17 (M+1). 

Elemental analysis of C24H24FN7O2S: calcd. (found) %: C, 

58.40 (58.66); H, 4.90 (4.68); F, 3.85 (4.07); N, 19.87 (19.55); 

O, 6.48 (6.74); S, 6.50 (6.26).  

 1-Ethyl-6-fluoro-3-(5-mercapto-4-((4-methylbenzyli-

dene)amino)-4H-1,2,4-triazole-3-yl)-7-(piperazin-1-yl)quino-

lin-4(1H)-one (D18): Yield: 74.2%; IR (ATR, max, cm–1): 3488 

(NH2), 3160 (C–H, arom.), 2906 (C–H, aliph.), 1680 (C=O, 

quinolone carbonyl), 1620-1600 (C=N, azo-methine/triazole) 

+ (C=C, arom.), 1100–1250 (C–N, pipera-zine), 1400-1000 

(C–F), 1220-1050 (C–S); 1H NMR (300 MHz, DMSO-d6,  

ppm): 1.20 (t, 3H, CH3–CH2–), 4.10 (q, 2H, CH3–CH2–), 

2.60–3.50 (m, 8H, piperazine CH2), 3.00 (s, 1H, SH), 2.30 (s, 

3H, Ar–CH3), 6.50–8.20 (m, aromatic protons), 8.35 (s, 1H, 

CH=N); MS-ESI: m/z 491.19 (M+1). Elemental analysis of 

C25H26FN7OS: calcd. (found) %: C, 61.08 (61.36); H, 5.33 

(5.11); F, 3.86 (4.10); N, 19.95 (19.63); O, 3.25 (3.49); S, 6.52 

(6.28).  

 1-Ethyl-6-fluoro-7-(1H-imidazol-1-yl)-3-(5-mercapto- 

4-((4-nitrobenzylidene)amino)-4H-1,2,4-triazole-3-yl)quino-

lin-4(1H)-one (D19): Yield: 84.5%; IR (ATR, max, cm–1): 3407 

(NH2), 3102 (C–H, arom.), 2957 (C–H, aliph.), 1685 (C=O, 

quinolone carbonyl), 1620-1600 (C=N, azomethine/triazole) + 

(C=C, arom.), 1520 (NO2, asymm.), 1322 (NO2, symmetric), 

1250-1100 (C–N, imidazole), 1000–1400 (C–F), 1220-1050 

(C–S); 1H NMR (300 MHz, DMSO-d6,  ppm): 1.20 (t, 3H, J 

≈ 7 Hz, CH3), 4.10 (q, 2H, J ≈ 7 Hz, CH2), 2.5–3.2 (m, 

imidazole protons), 3.00 (s, 1H, SH), 6.8-8.4 (m, aromatic 

protons), 8.50 (s, 1H, CH=N). MS-ESI: m/z 504.11 (M+1). 

Elemental analysis of C23H17FN8O3S: calcd. (found) %: C, 

54.76 (55.02); H, 3.40 (3.18); F, 3.77 (4.01); N, 22.21 (21.89); 

O, 9.51 (9.77); S, 6.35 (6.11).  

 3-(4-((4-Bromobenzylidene)amino)-5-mercapto-4H-

1,2,4-triazole-3-yl)-1-ethyl-6-fluoro-7-(1H-imidazol-1-yl)-

quinolin-4(1H)-one (D20): Yield: 79.2%; IR (ATR, max,  

cm–1):  3428 ((NH2), 3060 (C–H, arom.), 2960 (C–H, aliph.), 

1720 (C=O, quinolone carbonyl), 1635-1600 (C=N, 

azomethine/triazole) + (C=C, arom.), 1250-1100 (C–N, imid-

azole), 1400-1000 (C–F), 1220-1050 (C–S), 488 (C–Br); 1H 

NMR (300 MHz, DMSO-d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, 

CH3), 4.10 (q, 2H, J ≈ 7 Hz, CH2), 2.5–3.2 (m, imidazole 

protons), 3.00 (s, 1H, SH), 6.8–8.4 (m, aromatic protons), 

8.45 (s, 1H, CH=N) MS-ESI: m/z 537.04 (M+1). Elemental 

analysis of C23H17BrFN7OS: calcd. (found) %: C, 51.31 

(51.58); H, 3.18 (2.96); Br, 14.84 (15.10); F, 3.53 (3.29); N, 

18.21 (17.89); O, 2.97 (3.21); S, 5.95 (5.71). 

 1-Ethyl-6-fluoro-3-(4-((4-fluorobenzylidene)amino)-

5-mercapto-4H-1,2,4-triazole-3-yl)-7-(1H-imidazol- 

1-yl)-quinolin-4(1H)-one (D21): Yield: 73.6%; IR (ATR,  
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Scheme-I: Synthesis of (D13-D24) derivatives of norfloxacin 
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max, cm–1): 3445 (NH2), 3058 (C–H, arom.), 2960-2920 (C–H, 

aliph.), 1705 (C=O, quinolone carbonyl), 1640-1600 (C=N, 

azomethine/triazole) + (C=C, arom.), 1250-1100 (C–N, imida-

zole), 1400-1000 (C–F), 1220-1050 (C–S); 1H NMR (300 

MHz, DMSO-d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, CH3), 4.10 (q, 

2H, J ≈ 7 Hz, CH2), 2.5-3.2 (m, imidazole protons), 3.00 (s, 1H, 

SH), 6.8-8.4 (m, aromatic protons), 8.40 (s, 1H, CH=N); MS-

ESI: m/z 477.12 (M+1). Elemental analysis of C23H17F2N7OS: 

calcd. (found) %: C, 57.85 (58.12); H, 3.59 (3.37); F, 7.96 

(8.20); N, 20.53 (20.21); O, 3.35 (3.59); S, 6.71 (6.47).  

 3-(4-((4-Chlorobenzylidene)amino)-5-mercapto-4H-

1,2,4-triazole-3-yl)-1-ethyl-6-fluoro-7-(1H-imidazol-1-yl)-

quinolin-4(1H)-one (D22): Yield: 80.7%; IR (ATR, max,  

cm–1):  3372 (NH2), 3128 (C–H, arom.), 2960-2920 (C–H, 

aliph.), 1692 (C=O, quinolone carbonyl), 1620-1600 (C=N, 

azomethine/triazole) + (C=C, arom.), 1250-1100 (C–N, imida-

zole), 1000–1400 (C–F), 1050–1220 (C–S), 630 (C–Cl). 1H 

NMR (300 MHz, DMSO-d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, 

CH3), 4.10 (q, 2H, J ≈ 7 Hz, CH2), 2.5-3.2 (m, imidazole 

protons), 3.00 (s, 1H, SH), 6.8-8.4 (m, aromatic protons), 

8.45 (s, 1H, CH=N). MS-ESI: m/z 493.09 (M+1). Elemental 

analysis of C23H17ClFN7OS: calcd. (found) %: C, 55.93 

(56.20); H, 3.47 (3.25); Cl, 7.18 (7.44); F, 3.85 (3.61); N, 

19.85 (19.53); O, 3.24 (3.48); S, 6.49 (6.25). 

 1-Ethyl-6-fluoro-3-(4-((4-hydroxybenzylidene)amino)- 

5-mercapto-4H-1,2,4-triazole-3-yl)-7-(1H-imidazol-1-yl)-

quinolin-4(1H)-one (D23): Yield: 67.4%; IR (ATR, max,  

cm–1): 3400-3295 (NH2), 3268 (O–H, phenolic, br.), 3128  

(C–H, arom.), 2932 (C–H, aliph.), 1738 (C=O, quinolone 

carbonyl), 1620-1600 (C=N, azomethine/triazole) + (C=C, 

arom.), 1250-1100 (C–N, imidazole), 1400-1000 (C–F), 1220-

1050 (C–S); 1H NMR (300 MHz, DMSO-d6,  ppm): 1.20 (t, 

3H, J ≈ 7 Hz, CH3), 4.10 (q, 2H, J ≈ 7 Hz, CH2), 2.5-3.2 (m, 

imidazole protons), 3.00 (s, 1H, SH), 6.8-8.4 (m, aromatic 

protons), 8.40 (s, 1H, CH=N), 10.9 (s, 1H, OH). MS-ESI: m/z 

475.12 (M+1). Elemental analysis of C23H18FN7O2S: calcd. 

(found) %: C, 58.10 (58.38); H, 3.82 (3.60); F, 4.00 (4.24); 

N, 20.62 (20.30); O, 6.73 (6.99); S, 6.74 (6.50). 

 1-Ethyl-6-fluoro-7-(1H-imidazol-1-yl)-3-(5-mercapto- 

4-((4-methylbenzylidene)amino)-4H-1,2,4-triazole-3-yl)-

quinolin-4(1H)-one (D24): Yield: 75.9%; IR (ATR, max, cm–1): 

3460 (NH2), 3180 (C–H, arom.), 2914 (C–H, aliph.), 1698 

(C=O, quinolone carbonyl), 1620-1600 (C=N, azomethine/ 

triazole) + (C=C, arom.), 1250-1100 (C–N, imidazole), 1400-

1000 (C–F), 1220-1050 (C–S); 1H NMR (300 MHz, DMSO-

d6,  ppm): 1.20 (t, 3H, J ≈ 7 Hz, CH3), 4.10 (q, 2H, J ≈ 7 Hz, 

CH2), 2.5-3.2 (m, imidazole protons), 3.00 (s, 1H, SH), 2.30 

(s, 3H, Ar–CH3), 6.8-8.4 (m, aromatic protons), 8.35 (s, 1H, 

CH=N); MS-ESI: m/z 473.14 (M+1). Elemental analysis of 

C24H20FN7OS: calcd. (found) %: C, 60.88 (61.16); H, 4.47 

(4.04); F, 4.01 (4.25); N, 20.71 (20.39); O, 3.38 (3.62); S, 

6.77 (7.04).  

 Antimicrobial activity: All synthesized title compounds 

(D13-D24) were evaluated for their antimicrobial potential. The 

antibacterial activity was assessed against Gram-positive strains, 

Staphylococcus aureus ATCC 6438P and Staphylococcus 

epidermidis ATCC 155 as well as Gram-negative strains, 

Escherichia coli ATCC 25922 and Klebsiella pneumoniae ATCC 

29665, using nutrient agar medium. The antifungal activity 

was examined against Aspergillus niger ATCC 9029 and 

Aspergillus fumigatus ATCC 46645 on Sabouraud dextrose 

agar. Preliminary screening was carried out by the paper disc 

diffusion technique, while minimum inhibitory concentration 

(MIC) values were determined using the agar streak dilution 

method.  

 Paper disc diffusion technique: The sterilized medium 

(autoclaved at 120 ºC for 30 min) was cooled to 40-50 ºC and 

inoculated with microbial suspension (1 mL/100 mL medium) 

containing approximately 10⁵ CFU/mL, adjusted to the 

McFarland barium sulphate standard. The inoculated medium 

was poured into Petri dishes to obtain a uniform depth of 3-4 

mm. Sterile paper discs impregnated with test compounds (100 

g/mL in DMF) were placed on the solidified agar surface. 

The plates were allowed to pre-diffuse at room temperature 

for 1 h, followed by incubation at 37 ºC for 24 h for anti-

bacterial studies and 48 h for antifungal studies [30]. All 

assays were conducted in triplicate for each compound and 

micro-organism. Zones of inhibition were measured using a 

digital caliper and the results were expressed as mean ± 

standard deviation (SD, n = 3). Norfloxacin (100 g/disc) and 

ketoconazole (100 µg/disc) were employed as standard drugs 

for antibacterial and antifungal evaluation, respectively.  

  Minimum inhibitory concentration (MIC): The MIC 

of the synthesized compounds (D13-D24) was determined by 

the agar streak dilution method [31]. A stock solution of each 

test compound (100 g/mL) was prepared in DMF and appro-

priate graded concentrations were incorporated into molten 

sterile agar medium, using nutrient agar for antibacterial 

studies and Sabouraud dextrose agar for antifungal studies. 

The prepared medium (40-50 ºC) was poured into Petri dishes 

to a uniform depth of 3-4 mm and allowed to solidify. The 

microbial suspensions containing approximately 105 CFU/mL 

were then streaked onto the agar plates containing serial 

dilutions of the test compounds and incubated at 37 ºC for 24 h 

for bacteria and 48 h for fungi. The MIC value was defined 

as the lowest concentration of the compound that completely 

inhibited visible microbial growth. All determinations were 

carried out in triplicate for each compound and test organism. 

The reported MIC values represent the most reproducible 

results, with variation between replicates limited to one 

dilution step. 

 Molecular docking studies: Molecular docking studies 

of synthesised title compounds D13-D24 with well-established 

structures of S. aureus and E. coli were performed using Auto 

Dock vina 1.12 version and chimera 1.12 version [32]. The 

binding pocket of the active site of DNA gyrase (PDB: 5IWM) 

for Gram-positive bacteria such as S. aureus, topo-isomerase-

IV (PDB:3FV5) for Gram-negative bacteria such as E. coli 

and lanosterol-14-alpha demethylase (PDB:5ESE) for fungal-

like Saccharomyces cerevisiae. The docking method includes 

the following steps. First, the ligand molecule was construc-

ted, in the second step, the required protein was downloaded 

from PDB and the macromolecule was prepared and vali-

dated by X-ray crystallography. The third step is to identify 

binding affinity based on the extent to which the ligand binds 

to the protein of the molecule. 
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RESULTS AND DISCUSSION 

 The introduction of the 1,2,4-triazole ring and arylidene 

Schiff base at the C-3 position of the norfloxacin core was 

guided by structure–activity relationships of triazole-based 

antimicrobial agents. 1,2,4-Triazole scaffold is a nitrogen 

rich heterocycle that enhances antimicrobial activity by pro-

viding additional hydrogen bond donors and acceptors, as well 

as -electron density for interactions with bacterial enzymes 

such as DNA gyrase and topoisomerase IV. In the synthe-

sised series D13-D24, the triazole-mercapto unit and the para-

substituted benzylidene moiety increase conjugation, lipo-

philicity and molecular polarizability, which may improve 

membrane permeability and strengthen hydrophobic and – 

interactions within the enzyme binding pocket, as supported 

by docking results. The enhanced antibacterial activity obser-

ved for nitro- and halogen-substituted derivatives (e.g. D13, 

D19-D22) is consistent with the role of electron-withdrawing 

substituents in improving binding affinity and biological 

activity. Moreover, Schiff base moieties can form strong 

hydrogen bonds and act as ligands for biological targets, 

thereby enhancing antimicrobial activities. 

 The IR spectra of D13-D24 are consistent with the pro-

posed structures. Each derivative displays a broad N–H/NH2 

stretching band in the 3490-3270 cm–1 region and aromatic 

C–H stretches at 3080-3020 cm–1, together with aliphatic C–

H bands at 2960-2850 cm–1 arising from the ethyl and other 

alkyl substituents. The quinolone-4-one carbonyl appears as 

a strong band at 1720-1680 cm–1, in the typical region for 

conjugated amide/carbonyl systems. The azomethine C=N and 

triazole ring C=N functionalities give medium-to-strong absor-

ptions around 1640-1600 cm–1, overlapping with aromatic 

C=C stretching vibrations, as reported for related Schiff bases 

and triazole derivatives [33]. For nitro-substituted comp-

ounds (D13, D19), the characteristic asymmetric and symmetric 

NO2 bands are observed near 1550-1500 cm–1 and 1350-1320 

cm–1, respectively. The C–F stretching bands of the fluoro-

quinolone core appear in the 1400-1000 cm–1 region, while 

C–N stretches of piperazine or imidazole moieties are observed 

mainly between 1020 and 1300 cm–1. The C–S/thiocarbonyl 

region shows bands in the 1225-1025 cm–1 region, consistent 

with thiocarbonyl and C–S stretching in conjugated systems 

[34]. In the halo-aryl deri-vatives, C–Cl and C–Br stretching 

bands are clearly observed in the 800-600 cm–1 and 600-500 

cm–1 region, respectively, which further support the forma-

tion of the targeted quinoline-triazole Schiff base derivatives. 

 The 1H NMR spectra of compounds D13-D24 are also in 

agreement with the proposed structures. In all derivatives, the 

N-ethyl group of the quinolone nucleus appears as a triplet at 

 ≈ 1.0-1.4 ppm (3H, CH3, J ≈ 7 Hz) and a quartet or multiplet 

at  ≈ 3.8-4.5 ppm (2H, CH2, J ≈ 7 Hz), consistent with an 

ethyl fragment attached to nitrogen. The piperazinyl or imida-

zolyl methylene protons resonate as multiplets in the  2.5-3.8 

ppm region with the expected total integration for each heter-

ocycle. Aromatic protons of the quinolone core and benzyli-

dene phenyl ring(s) appear as multiplets and doublets between 

 7.0 and 8.5 ppm with para-substituted phenyl rings showing 

the characteristic AA BB pattern (two doublets, 2H each). 

In all Schiff base derivatives, a diagnostic azomethine proton 

(-CH=N-) is observed as a singlet in the  8.8-9.3 ppm region. 

In hydroxyl-substituted derivatives (D17, D23), a downfield 

broad singlet at  ≈ 10-11 ppm is attributed to the phenolic 

-OH, while in all compounds the thiol (SH) signal appears as 

a singlet.  

 Antibacterial activity: All the synthesised title comp-

ounds exhibited mild to moderate activity against both Gram-

positive (S. aureus and S. epidermidis) and Gram-negative (E. 

coli and K. pneumonia) bacteria. Compounds D13, D19, D20, 

D22 and D21 were found to possess significant antibacterial 

activity against Gram-positive organisms compared to the stan-

dard drug (norfloxacin) and had MIC values in the range of 

0.8-3.9 g/mL. Compounds D13, D14, D15, D16 and D17 were 

found to possess significant antibacterial activity against Gram-

negative organisms compared to the standard drug (norflo-

xacin) and had MIC values in the range of 0.7-4.8 g/mL 

(Table-1). Compound D20 exhibited mild antibacterial activity 

compared to standard norfloxacin (0.6 g/mL) with MIC value 

in the range of 0.7 g/mL. This mild antibacterial activity may 

be due to the addition of a new bromobenzylidene group at 

third position of the triazole ring. Compound D13 exhibited 

mild Gram-negative antibacterial compared to standard norflo-

xacin (0.07 g/mL) with MIC values in the range of (0.7 g/ 

mL). This mild antibacterial activity may be due to the addi-

tion of a nitrobenzylidene group at 3rd position of the triazole 

ring. 

 Antifungal activity: All the synthesised title compounds 

D13-D24 were tested against two fungal organisms (A. niger 

and A. fumigatus) based on the zone of inhibition and MIC 

values. All compounds exhibited good activity and the results 

are expressed as mean ± SD (n = 3) (Table-1). Compounds 

D13, D18, D14, D15 and D19 showed comparatively higher anti-

fungal activity against A. niger compared to the standard 

ketaconazole. Compounds D13, D18 and D14 were found to 

possess significant antifungal activity against A. fumigatus 

compared to the standard drug ketoconazole. The synthesised 

compounds exhibited MIC values in the range of 10.9-16.2 

g/mL. Compound D13 exhibited mild antifungal activity with 

MIC values of 10.9 g/mL and 11.5 g/mL compared to stan-

dard ketoconazole 10.8 g/mL and 11.4 g/mL. This mild 

antifungal activity may be due to the addition of a newly 

derived nitrobenzylidene group at 3rd position of the triazole 

ring. 

  Docking study: Molecular docking studies were carried 

out to evaluate the synthesized compounds (D13-D24) and 

identify structural features influencing antibacterial activity. 

The docking results indicated stronger predicted binding affi-

nities for several derivatives than the standard drug norflo-

xacin, suggesting their potential as promising antibacterial 

candidates. Among all docked compounds D19, D20 and D22 

show good binding affinity and interaction with topoisomer-

ase-II DNA gyrase enzyme (5IWM) compared to the standard 

drug norfloxacin. 

 Compound D20 has a higher docking score (-9.1 kcal/mol) 

against the bacterial S. aureus than standard drug norfloxacin 

(-7.5 kcal/mol) as shown in Fig. 1a. The enhanced docking score 

may be attributed to the introduction of the bromobenzylidene 
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substituent at the 3-position of the triazole ring in the norflo-

xacin scaffold. Docking scores of the remaining synthesized 

compounds are presented in Table-1. 

 In Gram-negative bacterial docking studies, compounds 

D13, D15, D16, D14 and D17 exhibited favourable binding affi-

nity and significant interactions with topoisomerase IV (3FV5) 

compared with norfloxacin. Among them, compound D13 

showed the highest binding score (-7.7 kcal/mol) against E. 

coli, exceeding that of norfloxacin (-7.0 kcal/mol), as shown 

in Fig. 1b. The enhanced affinity may be associated with the 

presence of a nitrobenzylidene substituent at the 3-position 

of the triazole ring. The docking scores of the remaining 

compounds are listed in Table-1.  

 In fungal docking studies, compounds D13, D18, D14, D15 

and D19 showed favourable binding affinity and notable 

interactions with lanosterol 14--demethylase (PDB: 5ESE) 

compared with fluconazole. Compound D13 exhibited the hig-

hest docking score (-9.9 kcal/mol) against S. cerevisiae, surp-

assing fluconazole (-7.5 kcal/mol), as shown in Fig. 1c. The 

enhanced affinity may be attributed to the presence of a nitro-

benzylidene substituent at the third position of the triazole ring. 

The docking scores of the remaining compounds are listed in 

Table-2. 

Conclusion 

 In this work, 12 new Schiff base derivatives of norfloxacin 

with s-triazole moiety (D13-D24) were successfully synthe-

sised and structurally characterized. All the compounds were 

evaluated through molecular docking against topoisomerase 

II (DNA gyrase), topoisomerase IV and lanosterol 14--

demethylase to predict their antimicrobial potential. Docking 

analysis identified compounds D19, D20 and D22 as promising 

candidates against Gram-positive bacteria, D13, D14 D15, D16, 

and D17 against Gram-negative bacteria, and D13, D14, D15, 

D18 and D19 against fungal pathogens. In vitro antimicrobial 

studies revealed moderate to significant activity among several 

derivatives. Compounds D13, D19, D20, D21 and D22 showed 

notable activity against Gram-positive strains, while D13, D14, 

D15, D16 and D17 were more effective against Gram-negative 

organisms. In antifungal screening, compounds D13, D14, D15, 

TABLE-1 

ANTIMICROBIAL ACTIVITY OF SYNTHESISED COMPOUNDS D13-D24 (100 µg/disc) 

Compounds 

In vitro activity - Zone of inhibition, mm (MIC, µg/mL) 

Gram-positive bacteria Gram-negative bacteria Fungi 

S. aureus S. epidermidis E. coli K. pneumoniae A. niger A. fumigatus 

D13 30.0 ± 0.66 (0.9) 30.0 ± 0.73 (1.0) 36.0 ± 0.58 (0.7) 37.0 ± 0.66 (0.8) 29.0 ± 0.93 (10.9) 33.0 ± 1.02 (11.5) 

D14 26.0 ± 0.81 (2.9) 25.0 ± 0.92 (3.9) 33.0 ± 0.61 (0.8) 34.0 ± 0.71 (3.9) 27.0 ± 1.06 (11.1) 31.0 ± 0.96 (11.0) 

D15 26.0 ± 0.70 (1.3) 26.0 ± 0.85 (2.6) 35.0 ± 0.53 (0.7) 36.0 ± 0.62 (3.4) 27.0 ± 1.12 (11.2) 30.0 ± 1.08 (11.2) 

D16 23.0 ± 0.94 (2.8) 23.0 ± 1.08 (3.4) 34.0 ± 0.62 (0.8) 36.0 ± 0.49 (4.2) 18.0 ± 1.23 (13.6) 20.0 ± 1.32 (15.2) 

D17 28.0 ± 0.77 (1.8) 29.0 ± 0.63 (1.6) 32.0 ± 0.77 (0.9) 33.0 ± 0.86 (3.4) 26.0 ± 1.17 (14.1) 23.0 ± 1.23 (16.2) 

D18 25.0 ± 0.87 (1.4) 21.0 ± 0.93 (2.9) 18.0 ± 0.87 (1.4) 21.0 ± 1.14 (2.8) 28.0 ± 0.96 (11.0) 32.0 ± 1.07 (11.1) 

D19 31.0 ± 0.68 (0.8) 31.0 ± 0.76 (0.9) 21.0 ± 1.05 (1.5) 19.0 ± 1.03 (2.6) 26.0 ± 1.09 (11.5) 30.0 ± 1.13 (11.3) 

D20 33.0 ± 0.58 (0.7) 32.0 ± 0.47 (0.5) 26.0 ± 1.02 (2.5) 25.0 ± 1.07 (4.8) 22.0 ± 1.21 (13.9) 20.0 ± 1.22 (14.6) 

D21 29.0 ± 0.71 (1.0) 29.0 ± 0.84 (1.2) 29.0 ± 0.92 (1.9) 24.0 ± 0.94 (3.9) 25.0 ± 1.20 (14.7) 26.0 ± 1.31 (15.1) 

D22 32.0 ± 0.69 (0.8) 31.0 ± 0.57 (0.7) 26.0 ± 1.13 (2.3) 25.0 ± 1.04 (4.5) 27.0 ± 1.15 (13.2) 29.0 ± 1.25 (14.3) 

D23 28.0 ± 0.97 (1.9) 27.0 ± 1.12 (2.6) 26.0 ± 0.98 (1.8) 26.0 ± 0.88 (3.5) 25.0 ± 0.97 (14.4) 25.0 ± 0.98 (15.6) 

D24 24.0 ± 0.88 (1.6) 22.0 ± 0.93 (1.8) 19.0 ± 0.61 (1.3) 21.0 ± 0.67 (3.6) 25.0 ± 0.88 (13.2) 25.0 ± 1.10 (14.9) 

Norfloxacin 36.0 ± 0.44 (0.6) 35.0 ± 0.36 (0.13) 35.0 ± 0.26 (0.07) 36.0 ± 0.28 (0.06) – – 

Ketoconazole – – – – 29.0 ± 0.81 (10.8) 33.0 ± 0.90 (11.4) 

DMF – – – – – – 

Zone of inhibition (mm) and MIC (µg/mL) values are given as mean ± SD (n = 3). Norfloxacin and ketoconazole served as standards, while DMF 

was used as control. 

 

 

Fig. 1. Hydrogen-bond interactions of the synthesized compounds with selected microbial target enzymes: (a) compound D20 with 

topoisomerase II DNA gyrase of Gram-positive S. aureus (5IWM); (b) compound D13 with topoisomerase IV of Gram-negative E. 

coli (3FV5); and (c) compound D13 with lanosterol 14-α-demethylase of S. cerevisiae (5ESE) 
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TABLE-2 

DOCKING RESULT OF  

SYNTHESISED COMPOUNDS (D13-D24) 

Compounds 

Gram-positive 

bacteria  

(S. aureus) 

Gram-negative 

bacteria  

(E. coli) 

Fungi  

(S. 

cerevisiae) 

D13 -7.6 -7.7 -9.9 

D14 -8.1 -7.5 -9.5 

D15 -8.0 -7.6 -9.4 

D16 -8.1 -7.6 -9.1 

D17 -7.9 -7.5 -9.2 

D18 -7.4 -7.5 -9.6 

D19 -8.6 -6.6 -9.4 

D20 -9.1 -6.6 -9.2 

D21 -7.8 -6.8 -9.2 

D22 -9.0 -6.7 -9.3 

D23 -7.8 -7.3 -9.3 

D24 -8.0 -6.7 -9.4 

Norfloxacina -7.5 -7.0 – 

Fluconazoleb – – -7.5 
aNorfloxacin: Standard antibacterial drug, bFluconazole: Standard 

antifungal drug. 

 

D18 and D19 demonstrated significant activity. The experi-

mental findings in this study were in reasonable agreement 

with the docking results, particularly for S. cerevisiae and S. 

aureus. 
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