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Abstract

Series of ciprofloxacin derivatives (1Vb1 -1Vba) were designed and synthesized by incorporation of thiazole ring (which has an
antibacterial activity) and some of its derivatives into the secondary amine of piperazine ring at the C-7 position of ciprofloxacin
nucleus. The chemical structures of the synthesized compounds were confirmed by spectral analysis, such as FT-IR and 'HNMR,
and some of their physicochemical properties were recorded. An in-vitro study was conducted to evaluate their antibacterial activity
by using the agar-well diffusion method (AWD). It was found that the topmost inhibition zone was for the compounds I\VVb: and
1Vbs against S. aureus and the lowest inhibition zone for compound I11b against E. coli. In Silico study was performed by Molecular
Operating Environment (MOE) program and showed that all the target compounds have an affinity toward topoisomerase enzyme,
and these results were consistent with the in vitro study, as the compound 1Vbs has the highest docking score value.
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INTRODUCTION

The word” antibiosis” means any biological relationship in which one living microorganism kills another to ensure its
existence since most antibiotics currently used in humans are natural secretions of bacteria or fungi [1]. Bacterial
resistance is considered a global security threat that affects global health. Resistant bacteria are responsible for
infections that are more difficult to treat, requiring the use of drugs that are more toxic and more expensive. In some
cases, bacteria have become resistant to all known antibiotics. The massive scale of antibiotic misuse accelerates the
evolution of antibiotic resistance and antibiotic-resistant genes in the environment. This threat has higher morbidity
and mortality rates [2,3]. Quinolones represent a large group of important antimicrobial agents that made a major
impact in the field of antimicrobial therapy. Some key changes were made to the quinolone nucleus with the aim to
enhance potency or spectrum of activity especially the addition of a fluorine atom on the C-6 position to enhance the
bacterial cell penetration hence, the name fluorogquinolones, for example, ciprofloxacin is a second-generation
fluoroquinolone which has an improved spectrum of activity. They have a wider clinical use and a broad antibacterial
spectrum [4,5]. Fluoroquinolones affect both gram-positive and gram-negative bacteria by binding to DNA gyrase
and topoisomerase IV by the formation of a stable complex that traps the enzyme in place [6,7]. One of the main
mechanisms of resistance to fluoroquinolones is the efflux pumps that extrude the fluoroquinolones from the bacterial
cell [8]. The most adaptable position for chemical changes and an area that greatly influences the fluoroquinolone
potency is the C-7 position, therefore, the research is focusing on the basic groups that can be attached to it, earlier
researchers have proven that large substituents placed on this position significantly modify the strength of action [9],
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since, it protects the antibiotic from efflux pumps thereby decreasing bacterial resistance by different species [10,11].
Depending on this principle, new types of ciprofloxacin derivatives were synthesized by linking different thiazole
derivatives on a secondary amine of piperazine ring to increase bulkiness at this position and decrease the effect of
efflux pumps.

MATERIALS AND METHODS
EXPERIMENTAL

All chemicals and anhydrous solvents were of analytical grade and supplied by (Sigma-Aldrich, Central Drug House,
and Merck). Melting points were recorded by using the Thomas Hover apparatus. Retention factor values were
measured by using TLC to ensure the purity and progression of the reaction using (Acetone: Methanol) (1:1) as a
mobile phase [12]. FT-IR was recorded at the faculty of pharmacy, the university of Kufa by using Shimadzu- Japan
spectrophotometer, and determination of the spectra was performed by using KBr discs. HINMR recorded on Bruker
500 MHz, University of Tehran.

CHEMICAL SYNTHESIS

In the first step, ciprofloxacin was converted into methyl ester, then the secondary amine of the piperazine ring reacted
with chloroacetyl chloride and then with thiourea to form a thiazole ring in which the primary amine will react with
four different aromatic aldehydes to give Schiff base derivatives of ciprofloxacin, as illustrated in Scheme 1.

Synthesis of Methyl 1- cyclopropyl-6- fluoro-4- oxo- 7-(piperazin-1-yl)-1,4- dihydroquinoline-3- carboxylate
Hydrochloride (Ib) [13]:

A Suspension of ciprofloxacin (5g, 15.1 mmol), in absolute methanol (50 ml), was cooled down to -15 C°, then thionyl
chloride (1.1 ml, 15.1 mmol) was added in dropwise, (the temperature was kept at -15 C°). Then, the reaction mixture
was kept at 40 C° for three hours, followed by refluxing for 45 hours (until HCI gas was ceased), and left at room
temperature overnight. The solvent was evaporated to dryness under a vacuum, and the residue was re-dissolved in
methanol and evaporated. The process was repeated several times until the complete removal of thionyl chloride. The
residue was crystallized from methanol chloroform and collected as white-yellowish powder. Yield 91%. m.p. 280
°C. Rfvalue 0.35. FT-IR (cm™): (3236) (N-H) stretching vibration of secondary amine, 3024 (C-H) stretching vibration
of aromatic, 2951-2927 (C-H) stretching vibration of alkane,1732 (C=0) stretching vibration of ester, 1627 (C=0)
stretching vibration of quinolone, 1039 (C-F) stretching vibration.

Synthesis of Methyl 7-(4-(2-Chloroacetyl) piperazin-1-yl)-1-Cyclopropyl-6-Fluoro-4-Oxo-1,4-
Dihydroquinoline-3-Carboxylate (11b) [14]:

This compound was synthesized by a reaction of compound (Ib) with chloroacetyl chloride. Compound (Ib) (59,
14.4mmol), was dissolved in a mixture of DMF: Chloroform (1:4) mixture (50 ml), then, TEA (1.9ml,14.4 mmol) was
added, chloroacetyl chloride (1.14 ml, 14.4 mmol in 10 ml chloroform) was added in a dropwise with continuous
stirring for a period of one hour, followed by refluxing the reaction mixture for five hours. the precipitate was filtered,
dried, and re-crystallized from ethanol and collected as white-yellowish powder. Yield 81%. m.p. 211-213 °C. Rs
value= 0.8. FT-IR (cm™): 3057 (C-H) stretching vibration of aromatic, 2970-2937 (C-H) stretching vibration of
alkane, 1732 (C=0) stretching vibration of ester, 1656 (C=0) stretching vibration of amide, 1624 (C=0) stretching
vibration of quinolone, 658 (C-CI) stretching vibration.

Synthesis of Methyl 7-(4-(2-aminothiazol-4-yl) piperazine-1-yl)-1-Cyclopropyl-6-Fluoro-4-Oxo-1,4-
Dihydroquinoline-3-Carboxylate (I111b) [15]:

The compound I1b (5g, 11.85 mmol) was dissolved in 50 ml of absolute ethanol 99%, and thiourea (0.9 g, 11.85 mmol)
was added with continuous shaking until dissolved. The reaction mixture was refluxed for four hours, the solvent was
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evaporated and the product was recrystallized by diethyl ether and collected as white-yellowish powder. Yield 86%.
m.p 126-128 °C. R¢ value 0.6. FT-IR (cm™): 3348, 3269 (N-H) stretching vibration of primary amine, 3170 (C-H)
stretching vibration of aromatic, 2980 (C-H) stretching vibration of alkane, 1732 (C=0) stretching vibration of ester,
1608 (C=0) stretching vibration of quinolone.

SYNTHESIS OF SCHIFF BASE DERIVATIVES (IVB1-1VB4):

These compounds were synthesized by an aldehyde-amine condensation reaction to form imine [16]:

Into a mixture of compound 111 (5 g, 11.3 mmol) and (11.3 mmol) of a suitable aldehyde (their quantities mentioned
in table number 1) dissolved in 50 ml of absolute ethanol, a few drops of glacial acetic acid were added, then the
reaction mixture was refluxed for 24 hours, then the solvent was evaporated by using a rotary evaporator and the
residue was collected and washed by using diethyl ether and ethanol. Four types of aromatic aldehydes were used
which are 4-hydroxy benzaldehyde, 4-bromo benzaldehyde, 4- methyl benzaldehyde, 4- nitro benzaldehyde.

Methyl 1-cyclopropyl-6-fluoro-7-(4-(2-((4-hydroxybenzylidene) amino) thiazol-4-yl) piperazin-1-yl)-4-oxo-1,4-
dihydroquinoline-3-carboxylate (1Vba):

Yellow powder. Yield 61%. m.p. 246-248. R¢value 0.7. FT-IR (cm™) (KBr): 3404 (O-H) Broad stretching vibration
of -OH, 3184 (C-H) stretching vibration of aromatic, 2951 (C-H) stretching vibration of alkane, 1722 (C=0) stretching
vibration of ester, 1625 (C=0) stretching vibration of quinolone,1496-1462 (C=C) stretching vibration of aromatic
overlap with (C=N) of imine. M.p= 248 °C d .HNMR (CzsH2sFN504S) (500MHz, DMS0):1.33 (m, 4H, CHyof
cyclopropyl), 2.8-3.7 (m, 8H, CH.of piperazine), 3.9 (s, 3H, CH3 of ester), 4.2 (m, 1H, CH of cyclopropyl), 7 (s, 1H,
H of aromatic), 7.3-7.7 (t, 3H, H of aromatic overlap with H of thiazole ), 7.8 (d, 2H, H of aromatic), 8.4(s, 1H, H of
aromatic), 8.7 (s,1H, H of imine), 8.9 (s, 1H, H of alkene ), 9.5 (s, 1H, H of OH).

Methyl 7-(4-(2-((4-bromobenzylidene) amino) thiazol-4-yl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydroquinoline-3-carboxylate (1Vbz):

Yellow powder. Yield 55%. m.p. 212-214. R¢ value 0.5. FT-IR (cm™) (KBr): 3182 (C-H) stretching vibration of
aromatic, 2949 (C-H) stretching vibration of alkane,1722 (C=0) stretching vibration of ester, 1624 (C=0) stretching
vibration of quinolone, 1498-1463 (C=C)stretching vibration of aromatic overlap with (C=N) of imine. M.p=212-214
°C. 'HNMR (C2sH2sBrFNsO3S) (500MHz, DMSO):1.4 (m, 4H, CHof cyclopropyl), 2.8-3.4 (m, 8H, CH.of
piperazine), 3.9 (s, 3H, CHsof ester), 4.3 (m, 1H, CH of cyclopropyl), 7.1 (s, 1H, H of aromatic), 7.6 (s, 1H, CH of
thiazole), 7.7(d, 2H, H of aromatic), 7.9 (d, 2H, H of aromatic), 8.7 (s, 2H, H of aromatic overlap with CH of imine),
9.5 (s, 1H, CH of alkene).

Methyl 1-cyclopropyl-6-fluoro-7-(4-(2-((4-nitrobenzylidene) amino)thiazol-4-yl) piperazin-1-yl)-4-oxo-1,4-
dihydroquinoline-3-carboxylate (1Vhbz ):

Yellow powder. Yield 58%. m.p. 242-244. R¢value 0.6. FT-IR (cm™) (KBr): 3178 (C-H) stretching vibration of
aromatic, 2953 (C-H) stretching vibration of alkane, 1728 (C=0) stretching vibration of ester, 1624 (C=0) stretching
vibration of quinolone, 1502-1463 (C=C)stretching vibration of aromatic overlap with (C=N) of imine. M.p= 244 °C
d. 'HNMR (C2sH25FNsOsS) (500MHz, DMSO): 1.4 (m, 4H, CH; of cyclopropyl), 2.9-3.5 (m, 8H, CH; of piperazine),
3.9 (s, 3H, CHsof ester), 4.2 (m, 1H, CH of cyclopropyl), 7 (s, 1H, H of aromatic), 7.5 (s, 1H, CH of thiazole), 7.8(s,
1H, H of aromatic), 8.3(d, 2H, H of aromatic), 8.6(d, 2H, H of aromatic), 8.8 (s, 1H, CH of imine), 9.4(s, 1H, CH of
alkene).

Methyl 1-cyclopropyl-6-fluoro-7-(4-(2-((4-methylbenzylidene) amino) thiazol-4-yl) piperazin-1-yl)-4-oxo-1,4-
dihydroquinoline-3-carboxylate (1Vba):
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White-yellowish powder. Yield 67%. m.p. 201-203. R¢ value 0.5. FT-IR (cm) (KBr): 3030 (C-H) stretching vibration
of aromatic, 2943 (C-H) stretching vibration of alkane, 1726 (C=0) stretching vibration of ester, 1622 (C=0)
stretching vibration of quinolone, 1502-1463(C=C) stretching vibration overlap with (C=N) of imine. M.p= 201-203
°C.'HNMR (500MHz, DMSO): 1.4 (m, 4H, CH, of cyclopropyl),2.3(s, 3H,aromatic CH3), 2.8-3.5 (m, 8H, CH, of
piperazine), 3.9 (s, 3H, CHj; of ester), 4.2 (m, 1H, CH of cyclopropyl), 7 (s, 1H, H of aromatic),7.3- 7.6 (t, 1H, CH of
thiazole overlap with H of aromatic ), 7.8(d, 2H, H of aromatic), 8.5(s, 2H, H of aromatic), 9 (s, 1H, H of imine),
9.5(s, 1H, CH alkene).

ANTIBACTERIAL STUDY

In vitro antibacterial activities of the synthesized target compounds were evaluated against both gram-positive and
gram-negative bacteria S. aureus and E. coli respectively, by using agar- well diffusion method. this method involves
the use of Brain Heart Infusion Agar (BHIA). The antimicrobial agents were dissolved in dimethyl sulfoxide,
afterward, 1ml of spore suspension of each bacterium was spread evenly on the sterile solid media. Wells of 6mm
were made in the plates filled with 0.1 ml of each concentration. The plates were incubated at 37 for 24 hours. The
zones of inhibition were observed and measured to determine the antibacterial activity [17,18]. The antibacterial study
was performed at Al- Ameen center for advanced research and biotechnologies. The calculated doses are shown in
table (1).

Table (1): Calculated doses of ciprofloxacin derivatives

Compound Molecular weight (g/mol) Dose (ug/ml)
b 443.49 4.43
Vb, 547.6 5.47
Vb, 610.5 6.11
IVbs 576.6 5.76
IVby 545.6 5.45
Ciprofloxacin 331.3 331

DOCKING STUDY

The molecular docking study was conducted by using the Molecular Operating Environme (MOE) software program
2015.10. The process of docking involves protein preparation and ligand preparation. Ligand preparation involves the
protonation of a three-dimensional structure in MOE software program, partial charge addition, and energy
minimization. The protein 2xct was retrieved from the PDB website (www.rcsb.org) and prepared by removing the
solvent molecules (water) and other sites on topoisomerase enzyme Il (DNA gyrase) to facilitate the interaction of
only ligands and the selected receptor, followed by the addition of protons that were deleted to facilitate the upload
and download of the protein from PDB, then the addition of broken bond and fixation of the potential of the protein
molecule. Finally, the active site of the topoisomerase was selected in MOE software program, and the amino acids
of this site were determined [19].

RESULTS AND DISCUSSION
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The target compounds were synthesized according to scheme 1:
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Scheme (1): Synthesis of the final target compounds and their intermediates

CHEMISTRY
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The broadband above 3000 cm disappeared and a sharp band of C=0 was shifted from (1708 cm™) to (1732 cm™),
this is considered evidence for the conversion of the carboxyl group in ciprofloxacin to methyl ester derivative. N-
acetylation of the secondary amine of the piperazine ring of ciprofloxacin was achieved by using chloroacetyl chloride
to get 2- chloro- acetamide derivative. In this reaction, the chloroacetyl chloride was converted to amide involving the
tetrahedral intermediate via nucleophilic acyl substitution reaction [20]. Selectivity via excessive nucleophilic
reactivity toward acid chlorides of nucleophilic substitution was induced at the a- carbon atom of chloroacetyl
chloride. Differences in the electrophilicity between the two carbon atoms in chloroacetyl chloride led to this
selectivity. Differences in electronic factors and steric factors act in this selection [21]. The thiazole ring was
synthesized by a reaction of the acyl derivative of ciprofloxacin ester with thiourea. The hydrogen bond with the
carbonyl oxygen of the acetyl chloride enhances the electrophilicity of this group leading to the formation of a thiazole
ring via attack of the amino nitrogen of thiourea and the sulfur of chloromethyl carbon and subsequently via removing
of an HCI molecule [22], as described in scheme 2.

NH, H s
H->0 |

Ar=Ciprofloxacin methyl ester

Scheme (2): Mechanism of thiazole ring synthesis

Finally, the primary aromatic amine of the thiazole ring was reacted with different aromatic aldehydes by condensation
reactions to form the target imines which was confirmed by the disappearance of N-H bands above 3000 cm™* and the
appearance of imine bands around 1624 cm™in FT-IR. In the *H NMR spectra, the C-H peak of the imine appeared
(above 8.6 deltas), and the aromatic protons area (6.5-8 delta) was broadened. The observations from FT-IR and
'HNMR spectra provided us with a strong confirmation for the synthesized compounds.

ANTIBACTERIAL STUDY

In vitro antibacterial activity of the target compounds were evaluated by using agar- well diffusion method. The
antibacterial activity was shown to be with the topmost inhibition zone for the compounds 1VVby and IVVbs against
staphylococcus aureus and the lowest inhibition zone with compound I11b against E. coli as shown in the table (2):

Table (2): The antibacterial Activity of synthesized compounds

Inhibition zone of bacterial growth (average in mm)

Compound Staphylococcus aureus E. coli

(G+ve) (G-ve)
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Ciprofloxacin 30 16
Vb, 32 16
Vb, 28 16
1Vbs 32 16
1Vay 30 16

DOCKING STUDY

Docking study was performed by using Molecular operating environment program (MOE 2015.10) to study the
docking process of the target synthesized compounds with topoisomerase enzyme Il (DNA gyrase) which has the
symbol (2xct) which was obtained from the PDB website. The synthesized compounds showed high affinity toward
the enzyme in which the compounds IVVb; and IVVbs showed high docking scores which is compatible with antibacterial
study results against S. aureus. Ciprofloxacin displayed high affinity toward DNA gyrase through its oxygen atom
present in the carboxyl group which forms hydrogen bond with Ser. amino acid and phenyl ring which forms Vander
Waals bonds with Arg. and Phe. amino acids. Interestingly, the target compounds (IVbi-1Vhbs) have different
interaction patterns compared to ciprofloxacin with higher docking scores in AG (Kcal/mol). This finding can be
explained by the higher number of interactions of each derivative with the active site of the enzyme and comparable
pose of these compounds with ciprofloxacin which was indicated by RMSD values of the target compounds compared
with ciprofloxacin (all of the target compounds have RMSD value less than that of ciprofloxacin). Additionally, the
presence of thiazole ring seems to play an important role in the interaction with the active site of enzyme by orienting
the bulky imine moieties and consequently, the inhibitory activity of these derivatives. The results of docking study
are shown in table 3 and figures 1-10.

Table (3): Docking results of the target compounds and ciprofloxacin

Docking-scores in No. of binding . .
| RMSD . A
‘ Glu. B435, Ala. B439,

‘ Phe. A1123, Met. A1121,
| Arg. B471, Asn. B476,
‘ Gly. B584, Ala B439, Ser.
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Figure (1): 2D image representing ciprofloxacin interaction with the amino acid residues of the active site of DNA
gyrase (PDB ID: 2xct)

Figure (2): 3D image representing ciprofloxacin interaction with the amino acid residues of the active site of
DNAgyrase (PDB ID: 2xct)

- Journal of Pharmaceutical Negative Results | Volume 14 | Regular Issue 02 | 2023 ﬂ




Figure (3): 2D image representing 1Vb; interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)

Figure (4): 3D image representing 1Vb; interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)
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Figure (5): 2D image representing 1Vb; interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)

Figure (6): 3D image representing 1Vb, interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)
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Figure (7): 2D image representing 1Vbs interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)

Figure (8): 3D image representing 1Vbs interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)
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Figure (9): 2D image representing 1VVb, interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)

Figure (10): 3D image representing 1Vbs interaction with the amino acid residues of the active site of DNAgyrase
(PDB ID: 2xct)

CONCLUSION

Series of ciprofloxacin derivatives were designed, synthesized, characterized and evaluated by in silico and in vitro
studies compared with ciprofloxacin. The antibacterial study showed higher zones of inhibition of the target
compounds than ciprofloxacin. These findings were achieved by the incorporation of thiazole ring into a secondary
amine of ciprofloxacin piperazine ring which improves the antibacterial activity of the synthesized compounds. These
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findings were consistent with the results of the in-silico study of the synthesized compounds which showed higher
affinity of the target compounds (1Vb1.4) than ciprofloxacin toward DNA gyrase (PDB ID:2xct).
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