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Figure 1: Structure of fluoroquinolone(Rusu et al., 2023)
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Figure 2: Ciprofloxacin structure: Ciprofloxacin is 1-cyclopropyl-6-fluoro-4-oxo-7- Piperazine -1-ylquinoline-

3-carboxylic acid. The piperazine ring is highlighted in green (Sharma et al, 2010)
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Figure 3: Synthesis pathway of S1,52,S3 Compounds (Drawn by ChemBioDraw Software)
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Figure 4: Synthesis pathway of S4,S5, S6 Compounds (Drawn by ChemBioDraw Software)
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Figure 5: The structures of compounds. from left to right. S1, S2, S3 (Drawn by ChemBioDraw Software)

(S1):1-cyclopropyl-6-fluoro-4-oxo-7-(4-(phenylcarbamothioyl) Piperazine -1-yl)-1,4-dihydroquinoline-3-

carboxylic acid

IR (KBr): 1631, 1715, 2899, 3381 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.21-1.37 (4H, m, 2CHj,
cylopropyl), 3.45 (4H, m, 2CHa, piperazine), 3.81 (1H, m, CH, cyclopropyl), 7.12-7.56 (6H, m, arom), 7.83 (1H,
d, 3Jur = 13.2 Hz, arom), 8.61 (1H, s, CH-vinyl), 9.53 (1H, s, NH), 15.09 (1H, s, OH).

(S2): 1-cyclopropyl-6-fluoro-7-(4-(methylcarbamothioyl) Piperazine -1-yl)-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid

IR (KBr): 1631, 1719, 2918, 3441 cm™. 'H NMR (300 MHz, DMSO-dg) & (ppm): 1.20-1.35 (4H, m, 2CH,,
cylopropyl), 2.97 (3H, d, J = 3.9 Hz, CHs), 3.41-3.43 (4H, m, 2CHy, piperazine), 3.84 (1H, m, CH, cyclopropyl),
4.01-4.05 (4H, m, 2CH,, piperazine), 7.58 (1H, d, J = 7.4 Hz, arom), 7.88 (1H, m, NH),7.95 (1H, d, %Ju.r = 13.3
Hz, arom), 8.61 (1H, s, CH-vinyl), 15.19 (1H, s, OH).

(S3): 7-(4-(benzylcarbamothioyl) Piperazine -1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid

IR (KBr): 1631, 1714, 2904, 3407 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.20-1.35 (4H, m, 2CHj,
cylopropyl), 3.46 (4H, m, 2CHy, piperazine), 4.11 (4H, m, 2CHy, piperazine), 4.85 (2H, d, J = 5.4 Hz, CH; benyl),
4.96 (1H, m, CH, cyclopropyl), 7.23-7.45 (5H, m, arom and NH), 7.59 (1H, d, J = 7.4 Hz, arom), 7.95 (1H, d, 3Ju.
r=13.3 Hz, arom), 8.41 (1H, t, J = 5.7 Hz, arom), 8.69 (1H, s, CH-vinyl), 15.19 (1H, s, OH).
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Figure 6: The structure of compounds, from left to right, S4,S5,S6 structure (Drawn by ChemBioDraw
Software)

(S4):1-cyclopropyl-7-(4-(((2-ethoxy-2-oxoethyl)thio)carbonothioyl) Piperazine -1-yl)-6-fluoro-4-oxo-1,4

dihydroquinoline-3-carboxylic acid

IR (KBr): 1629, 1728, 2916, 3437 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.20-1.37 (7H, m, 2CHj,
cylopropyl and CHjs ethyl), 3.56 (4H, m, 2CHy, piperazine), 3.82 (1H, m, CH, cyclopropyl), 4.14 (2H, d,J=7.1
Hz, OCH,), 4.25 (4H, m, 2CHp, piperazine), 4.47 (2H, s, S-CH,), 7.59 (1H, s, arom), 7.93 (1H, d, 3Ju.r = 13.2 Hz,
arom), 8.66 (1H, s, CH-vinyl), 14.97 (1H, s, OH).

(S5): 7-(4-(((2-(benzyloxy)-2-oxoethyl)thio)carbonothioyl) Piperazine -1-yl)-1-cyclopropyl-6-fluoro-4-oxo-

1,4-dihydroquinoline-3-carboxylic acid

IR (KBr): 1627, 1748, 2925, 3438 cm™. 'H NMR (300 MHz, DMSO-ds) & (ppm): 1.17-1.37 (4H, m, 2CHj,
cylopropyl), 3.53-3.57 (4H, m, 2CH,, piperazine), 3.80 (1H, m, CH, cyclopropyl), 4.22-4.27 (2H, m, 2CH
piperazine), 4.34 (2H, s, S-CHy), 4.40-4.47 (2H, m, 2CH, piperazine), 5.17 (2H, s, O-CH,), 7.32-7.43 (5H, m,
arom), 7.54 (1H, d, J = 6.6 Hz, arom), 7.86 (1H, d, 3Ju.r = 13.2 Hz, arom), 8.62 (1H, s, CH-vinyl), 15.15 (1H, s,
OH).

(S6):7-(4-((benzylthio)carbonothioyl) Piperazine -1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid

IR (KBr): 1631, 1713, 2865 cm™™. *H NMR (300 MHz, DMSO-ds) & (ppm): 1.19-1.37 (4H, m, 2CH,,
cylopropyl), 3.54 (4H, m, 2CHy, piperazine), 3.80 (1H, m, CH, cyclopropyl), 4.19 (2H, m, 2CH piperazine),
4.50 (2H, m, 2CH, piperazine), 4.40-4.47 (2H, s, S-CHy), 7.29-7.45 (5H, m, arom), 7.54 (1H, m, arom), 7.88
(1H, d, 3Ju.e = 13.2 Hz, arom), 8.63 (1H, s, CH-vinyl), 15.16 (1H, s, OH).
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Table 1 Antimicrobial activity of ciprofloxacin derivatives by disc diffusion method on standard and clinical

bacteria (zone of inhibition in mm). S1 - S6 are synthetic compounds and ciprofloxacin (Cip) is considered as a
positive control.

strain s1 $2 S3 sS4 S5 6 Cip*
K.pneumoniae
STeC 185 206002 26:005  13:008 274005  19:0.19 0 19+0.02
S a“;‘;‘gszém 24+0.08  25:0.06  25:002  2040.05 284005  18+0.03  2040.05
E. coli ATCC
o500 2140.02 214005  11£0.05  19:009 174008  1140.02  19:0.06

P. aeruginosa
ATCC 27853 29+0.05 31+0.01 25+0.12 38+0.08 32+0.02 29+0.18 27+0.11

P. aeruginosa 1™  15+0.19 21+0.05 0 17+0.15 10+0.03 0 12+0.09
P.aeruginosa 2  12+0.05  23+0.08 13+0.07 14+0.02 0 21+0.05 0
P.aeruginosa 3™  25+0.11  13+0.09 0 0 0 18+0.15 0

S. aureus 1 30+0.03  21+0.19 17+0.11 0 0 34+0.08 0

S. aureus 2™ 0 9+0.05 0 9:+0.06 0 0 0
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Figure 7-Comparison of the antibacterial effect of the synthetic compounds S1-S6 by disk diffusion method on
clinical and standard bacteria
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Table 2: Determination of Minimum inhibitory concentration (MIC) and Minimum Bactericidal Concentration

(MBC) of compounds against different bacteria (values are in pg/ml). S1 - S6 are synthetic compounds and

ciprofloxacin (Cip) is considered as a positive control.

. S1 S2 S3 S4 S5 S6 Cip**
strain

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

K.pneumoniae PTCC

1859 25 100 125 100 6.25 100 12.5 100 0.78 100 - - 125 100
S. aureus ATCC 25923
6.25 100 0.78 100 3.125 100 6.25 25 1.56 - 25 - 3.125 25
E. coli ATCC 25922
3.125 100 125 100 25 100 25 100 25 - 0.39 - 50 100
P. aeruginosa ATCC
27853 0.78 1.56 25 100 125 100 12.5 25 12.5 100 50 - 0.39 1.56
P. aeruginosa 1"
50 - 25 - - - 25 100 25 100 - - 25 100
P. aeruginosa 2"
0.78 - 50 100 25 100 1.56 125 - - - 125 125 100
P. aeruginosa 3"
12.5 100 0.39 100 - - - - - - 3125 125 6.25 50
S. aureus 1
12.5 100 25 100 1.56 - - - - - - 1.56 125 -
5. aureus 2 625 100 25 100 125 50 25 100 - - ; ; 25 100
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Abstract

Introduction: Antibiotic resistance has been a known fact since the discovery of antibiotics, but in recent years,
with the increase of resistant species and the decrease of effective and available antibiotics, it has become a
worrying issue. Therefore, discovering or synthesizing new antibacterial agents plays a key role in solving the
antibiotic resistance crisis. This study aimed to synthesize new derivatives of ciprofloxacin antibiotics to be more
effective on ciprofloxacin-resistant bacteria. Method: A new series of thiourea and thiocarbamate derivatives of
ciprofloxacin were synthesized and then the antibiogram test was performed by disk diffusion method on standard
bacteria and clinically resistant bacteria. Also, the minimum inhibitory concentration and minimum bactericidal
concentration of synthetic compounds were determined. Results and discussion: The results showed that all
compounds S1-6 had antibacterial activity, and compound S4 was the most effective compound with an inhibition
zone of 38 mm on P. aeruginosa ATCC 27853. The minimum inhibitory concentration of ciprofloxacin on E. coli
ATCC 25922 is 50 pg/ml, while all the synthesized compounds have a minimum inhibitory concentration of less
than 50 ug/ml, which indicates the high antibacterial activity of the synthetic compounds. In general, based on the
obtained results, by adding different substituents and functional groups to ciprofloxacin, it is possible to synthesize
new derivatives that are effective on resistant bacteria.
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