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A B S T R A C T

New N-4-piperazinyl ciprofloxacin-triazole hybrids 6a-o were prepared and characterized. The in vitro anti-
mycobacterial activity revealed that compound 6a experienced promising antimycobacterial activity against
Mycobactrium smegmatis compared with the reference isoniazide (INH). Additionally, compound 6a exhibited
broad spectrum antibacterial activity against all the tested strains either Gram-positive or Gram-negative bac-
teria compared with the reference ciprofloxacin. Also, compounds 6g and 6i displayed considerable antifungal
activity compared with the reference ketoconazole. DNA cleavage assay of the highly active compounds 6c and
6h showed a good correlation between the Mycobactrium cleaved DNA gyrase assay and their in vitro anti-
mycobactrial activity. Moreover, molecular modeling studies were done for the designed ciprofloxacin deriva-
tives to predict their binding modes towards Topoisomerase II enzyme (PDB: 5bs8).

1. Introduction

Fluoroquinolones are considered one of the most widely prescribed
antimicrobial agents for treatment of bacterial infections. In addition to
their broad antibacterial spectrum, fluoroquinolones are well tolerated
with excellent safety profile and favorable pharmacokinetic properties
[1–3].The antibacterial activity of fluoroquinolones is achieved through
the inhibition of type II bacterial topoisomerase enzymes, DNA gyrase
(subunits encoded by gyrA and gyrB), an enzyme involved in DNA re-
plication, recombination and repair. They can also bind to topoisome-
rase IV (subunits encoded by par C and par E). Cell death is caused by
trapping topoisomerase protein–DNA complex in order to disrupt
normal DNA replication, inducing DNA damage, and triggering cell
death mechanisms [4–6]. Furthermore, many research studies showed
other biological activities for fluoroquinolones such as antifungal [7,8],
antitubercular [9,10], antitumor [11–13], Urease inhibitory activity
[14], anti-HIV-1 integrase and anti-HCV-NS3 helicase [15]. Fluor-
oquinolones like ciprofloxacin, ofloxacin and levofloxacin were

approved by WHO as second line agents for the treatment of tubercu-
losis (TB) mainly in cases involving resistance to first-line anti-TB drugs
[16]. DNA gyrase is considered to be the main drug target of fluor-
oquinolones in Mycobacterium tuberculosis [17]. However, increasing
bacterial resistance to ciprofloxacin due to some extent of misuse has
put enormous pressure on the researchers all over the world to find
newer derivatives of fluoroquinolones to combat such resistance.

According to structure activity relationship (SAR) of fluor-
oquinolones, the side chain substitution at C-7 position is so essential
where it affects the physicochemical properties, bioavailability, lipo-
philicity and safety of fluoroquinolones [12,18–24]. Mycobacteria have
lipid rich cell wall, and lipophilicity is an important consideration in
the design of newer antitubercular agents [25]. Current research on
fluoroquinolones revealed that increasing the lipophilicity at C-7 was
found to have more potent antibacterial or antimycobaterial activity
than the corresponding parent fluoroquinolones [26]. Furthermore,
introduction of triazole moiety into N-1 position of fluoroquinolones
was found to have a great potential to compete the drug-resistant
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bacterial infections. Moreover, previous research studies indicated that
incorporation of a triazolyl ethanol moiety in the C-7 side chain of ci-
profloxacin showed a marked growth inhibition of all the tested strains
of bacteria and fungi. A research study illustrated that incorporation of
the antibacterial quinolones with the triazole moiety couldn't only en-
hance the antimicrobial activities, but also remarkably broaden the
antimicrobial spectrum [27]. Meanwhile, combination of fluor-
oquinolones with other antibiotics or known bioactive entities is one
measure to introduce potent antimicrobial molecules effective against
resistant and anaerobic bacterial strains [28].

Due to the promising perspective of fluoroquinolones in treatment
of TB, as well as the urgent need of newer analogues in order to
overcome the problem of bacterial resistance, the aim of this work is to

synthesize new N-4-piperazinyl ciprofloxacin-triazole hybrids (Fig. 1)
with different substituents on the triazole moiety and to evaluate their
antimycobacterial, antibacterial and antifungal activities. Moreover,
molecular docking studies and DNA cleavage assay have been carried
out to investigate the binding modes and mechanism of action of the
target compounds.

2. Results and discussion

2.1. Chemistry

The target compounds 6a–o were synthesized as outlined in Scheme
1. 5-Aryl-4H-1,2,4-triazole-3-thione intermediates 4a–o were prepared
as reported [29]. Acylation of ciprofloxacin with bromoacetyl bromide
using K2CO3 as a base afforded the intermediate acylated ciprofloxacin
5 [30]. Coupling of 1,2,4-triazole-3-thione derivatives 4a–o with acy-
lated ciprofloxacin 5 was achieved in acetonitrile in the presence of
TEA as a base to afford the target compounds 6a-o using a reported
procedure [31,32]. The newly synthesized compounds 6a-o were
identified by IR, 1H NMR, 13C NMR and HRMS spectral techniques. The
1H NMR spectra for compounds 6a-o showed the known characteristic
pattern for the parent ciprofloxacin in addition to a singlet at δ
4.36–4.67 ppm related to (SeCH2eCO) of the linker. Also, 13C NMR
spectra revealed a signal at δ 166.72–166.25 ppm related to carbonyl of
the (SeCH2eCO) linker. IR spectrum shows intense strong sharp peak
at 1680–1690 cm−1 corresponding to C]O of the (SeCH2eCO) linker.
HRMS (ESI) data for compounds 6a-o confirmed their assigned struc-
tures.
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Fig. 1. Design of the target compounds.

Scheme 1. Synthesis of the target compounds 6a–o.
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compound R Ar compound R Ar

1a, 2a — C6H5 3f, 4f, 6f Et C6H5

1b, 2b — 4-Cl-C6H4 3g, 4g, 6g Et 4-Cl-C6H4

1c, 2c — 4-OCH3-C6H4 3h, 4h, 6h Et 4-OCH3-C6H4

1d, 2d — 3,4-di-OCH3-C6H3 3i, 4i, 6i Et 3,4-di-OCH3-C6H3

1e, 2e — 3,4,5-tri-OCH3-
C6H2

3j, 4j, 6j Et 3,4,5-tri-OCH3-
C6H2

3a, 4a, 6a Allyl C6H5 3k, 4k, 6k Ph C6H5

3b, 4b, 6b Allyl 4-Cl-C6H4 3l, 4l, 6l Ph 4-Cl-C6H4

3c, 4c, 6c Allyl 4-OCH3-C6H4 3m, 4m, 6m Ph 4-OCH3-C6H4

3d, 4d, 6d Allyl 3,4-di-OCH3-C6H3 3n, 4n, 6n Ph 3,4-di-OCH3-C6H3

3e, 4e, 6e Allyl 3,4,5-tri-OCH3-
C6H2

3o, 4o, 6o Ph 3,4,5-tri-OCH3-
C6H2

2.2. Biological investigations

2.2.1. Screening of antimycobactrial activity
The in vitro antimycobacterial activity of compounds 6a-l, and 6n-o

was initially evaluated against the non-pathogenic M. smegmatis using
MTT assay method [33] under aerobic conditions using isonicotinic
acid hydrazide (INH) as a reference. The obtained MICs (µg/mL) of the
target compounds against M. smegmatis are outlined in Table 1.

From the results in Table 1, it is clear that the triazole derivative 6a
displayed potent antimycobacterial activity with MIC of 3.25 μg/mL
compared to the reference INH. In addition, both compounds 6c and 6 h
showed a comparable activity to that of the reference INH with MIC of
6.25 μg/mL. Compounds 6b, 6f and 6n exhibited lower activity with
MIC of 6.25 μg/mL. Furthermore, the triazole derivatives 6e, 6g, 6i, 6j,
6k, 6l, 6n and 6n showed very weak activity compared with the re-
ference INH. In this study, the higher activity of compounds 6a, 6c and
6h clearly indicates that the N-allyl derivatives are more potent than
the N-ethyl derivatives which, in turn, are more active than the N-
phenyl derivatives. Moreover, the best aryl substituent is the p-OCH3

seen in compounds 6c and 6h. The N-allyl derivative 6a with un-
substituted phenyl moiety displayed the highest antimycobacterial ac-
tivity against Mycobacterium smegmatis. Motivated by these results, we
next evaluated the inhibitory activity of compounds 6a-c, 6f, 6h-j, 6n
and 6o towards pathogenic drug-resistant and drug-susceptible strains

of M. tuberculosis (Table 2).
The results in Table 2 revealed that the target compounds 6a, 6b,

6c, 6f, 6h, 6i, 6n and 6o have potential activity against the pathogenic
drug-resistant and drug-susceptible strains of M. tuberculosis (MICs:
4–32 µg/mL). However, they are generally less active than the reference
drugs LVFX and MFLX (MICs:0.03–8 µg/mL). Among them, compounds
6a and 6h displayed the highest activity (MICs: 4 µg/mL) against the
drug resistant strain R-2012–59 (MDR). Similarly, ciprofloxacin deri-
vatives 6b, 6c and 6f exhibited activity against R-2012–59 (MDR) strain
(MIC: 8 µg/mL). Also, the triazole derivatives 6a and 6h showed ac-
tivity against H37Rv ATCC27294 strain (MIC: 8 µg/mL). Compounds 6c
and 6o showed lower activity against R-2012-97 (XDR) strain (MIC:
16 µg/mL).

2.2.2. Screening of antibacterial and antifungal activities
The antibacterial and antifungal activities of 6a-6b, 6e-g, 6i, 6k-6l

and 6o were evaluated in vitro against Gram-positive bacteria
Staphylococcus aureus (ATCC 6538), and Gram-negative bacteria such as
Klebsiella pneumoniae (ATCC 10031), Pseudomonas aeruginosa (ATCC
10145), Escherichia coli (ATCC 8739) and Candida albicans (ATCC
10231) using standard agar cup diffusion method [34]. The synthesized
compounds were tested using ciprofloxacin and ketoconazole as anti-
bacterial and antifungal references; respectively. Results of the anti-
bacterial and antifungal screening are listed in Table 3.

Given the MICs in Table 3, it can be deduced that compounds 6a
and 6o displayed potent activity against S. aureus compared with the
reference ciprofloxacin with MICs of 1.90, 1.70 and 2.12 µg/mL, re-
spectively. Meanwhile, ciprofloxacin derivatives 6a, 6b, 6i, 6l and 6o
displayed remarkable antibacterial activity against E. coli compared
with the reference with MICs of 2.60, 1.59, 1.95, 1.47 and 3.50 µg/mL,
respectively. On the other hand, compounds 6e, 6f and 6k exhibited
weak activity against E. coli. Moreover, compounds 6a, 6f, 6i and 6l
displayed a high potency against Klebsiella pneumonia with MIC of 1.70,
1.87, 2.98 and 1.42 µg/mL, respectively. In contrast, other compounds

Table 1
The MICs of the tested compounds and their reference INH against M. smegmatis
(µg/mL).

Compound # MIC against M.
smegmatis (μg/mL)

Compound # MIC against M.
smegmatis (μg/mL)

6a 3.25 6i 100
6b 25 6j 200
6c 6.25 6k 100
6d ND 6l >200
6e 200 6m ND
6f 25 6n 25
6g > 200 6o 200
6h 6.25 INH 5

ND: not determined.

Table 2
The MICs of the tested compounds 6a-c, 6f, 6h-j, 6n, 6o and the references levofloxacin (LVFX) and moxifloxacin (MFLX) against pathogenic drug-resistant and drug-
susceptible strains of M. tuberculosis.

6a 6b 6c 6f 6h 6i 6j 6n 6o LVFX MFLX

H37Rv ATCC27294 8 >32 16 16 8 >32 >32 >32 >32 0.5 0.125
M. tuberculosis R2012-123 (pansensetive) 8 8 8 8 8 32 >32 16 16 0.25 0.06
R-2012–59 (MDR) 4 8 8 8 4 >32 >32 16 >32 0.25 ≤0.03
R-2012–97 (XDR) 32 >32 16 >32 >32 >32 >32 >32 16 8 2
M. abscessus ATCC19977 >32 >32 >32 >32 >32 >32 >32 >32 >32 >32 >32
M.chelonae ATCC35752 >32 >32 >32 >32 >32 >32 >32 >32 >32 0.5 0.25
M.fortuitum ATCC06841 >32 >32 >32 >32 >32 >32 >32 >32 >32 0.125 0.06

Table 3
The MICs of antibacterial and antifungal activities of the tested compounds 6a-
6b, 6e-g, 6i, 6k-6l and 6o, ciprofloxacin and ketoconazole (µg/mL).

MIC(µg/mL)

# S.aureus E. coli Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Candida
albicans

6a 1.90 2.60 1.70 15.09 NA
6b 4.50 1.59 24.29 41.16 NA
6e 14.8 23.20 33.2 10.40 NA
6f 11.40 19.09 1.87 33.34 10.57
6g 13.40 9.85 12.80 67.90 3.80
6i 9.40 1.95 2.98 29.85 NA
6k 180.70 615.30 6.98 722.20 NA
6l NA 1.47 1.42 NA 6.13
6o 1.70 6.98 71.09 1.04 NA
Ciprofloxacin 2.12 3.50 1.9 2.82 –
Ketoconazole – – – – 2.60

NA: no activity, –: Not determined.
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displayed moderate to weak activity against Klebsiella pneumonia.
Compound 6o is the only triazole derivative which showed potent ac-
tivity against ps. aeruginosa with MICs of 1.04 µg/mL compared with the
reference. Concerning the antifungal results shown in Table 3, it is clear
that the phenyl triazole derivatives 6g and 6l showed considerable
antifungal activity compared with the reference ketoconazole with
MICs of 3.8, 6.13 and 2.60, respectively while compound 6f exhibited
weak activity compared the ketoconazole with MICs of 10.57 and 2.60,
respectively. The antifungal results clearly illustrated that the presence
of p-chlorophenyl moiety on the triazole ring seems to enhance the
antifungal activity. Replacement of p-chlorophenyl moiety with p-
methoxyphenyl moiety, 3,4-dimethoxyphenyl or 3,4,5-trimethox-
yphenyl moiety diminishes the antifungal activity. Introduction of allyl
moiety in place of the ethyl or phenyl moiety eliminates the antifungal
activity.

2.3. Cleavable complex DNA gyrase assay

As previously mentioned, the antimicrobial activity of fluor-
oquinolones is achieved through the inhibition of type II bacterial to-
poisomerase enzymes (DNA gyrase subunits encoded by gyrA and
gyrB), a heterotetrameric enzyme that transiently catalyzes double
strand DNA breaks as it negatively supercoils DNA. Fluoroquinolones
inhibit the resealing of the double strand breaks that normally follows
DNA strand passage; generating persistent covalent enzyme–DNA ad-
ducts called cleaved complexes. Cleaved-complex formation in turn
disrupts normal DNA replication, inducing DNA damage, and triggering
cell death mechanisms. It is generally accepted that in vitro cleavable
DNA gyrase complex assay is an excellent indictor for 4-quinolone in-
hibition of DNA gyrase. The ability of the newly designed derivatives to
generate cleaved DNA complex was monitored by the formation of the
linear DNA from a starting supercoiled plasmid using ciprofloxacin as a
reference compound. The highly active antimycobacterial compounds
6c and 6h were selected to investigate their ability to inhibit DNA
gyrase. Inhibition of DNA gyrase activity by test compounds was
measured by the ability of DNA gyrase to facilitate the formation of the
cleavable complex [35,36]. The results of cleavable complex DNA
gyrase assay of compounds 6c and 6h showed their ability to poison
gyrase and stimulate the formation of cleavage products; however,
concentrations of these compounds to stimulate cleavage are still higher
than the equivalent amount of ciprofloxacin or moxifloxacin needed to
produce similar levels of cleavage Fig. 2.

2.4. Docking studies

All the synthesized ciprofloxacin derivatives 6a-o were docked on
Topoisomerase II (gyrase) (PDB: 5bs8) to predict the possible binding
interactions between these compounds and the enzyme active site.
Docking experiments were carried out using MOE 2014 software.

Target compounds have been constructed into the builder interface of
MOE program, the energy was minimized until a RMSD (root mean
square deviations) gradient of 0.01 Kcal/mol and RMS (Root Mean
Square) distance of 0.1 Å with MMFF94X (Merck molecular force field
94x) force-field and the partial charges were automatically calculated.
The optimized geometries were used for the docking study. The R value
was used to inspect the quality of the PDB file. R is a measure of error
between the observed intensities from the diffraction pattern and the
predicted intensities that are calculated from the model. R values of
0.20 or less are taken as evidence that the model is reliable. The R value
of 5bs8 was 0.196, which revealed the quality of this PDB file [37,38 ].
X-ray crystallographic structure of the ligand-enzyme complex were
downloaded from protein data bank (www.rcsb.org); Topoisomerase II
(gyrase) (PDB: 5bs8) [39]. Enzyme was prepared for docking process by
automatic protein correction and adding hydrogens to the 3D structure
of protein. Then, validation of the docking process was done by re-
docking of the co-crystalized ligand and RMS (Root Mean Square)
distance with MMFF94X force-field and the partial charges were auto-
matically calculated and it was found of 1.59 Å. Then, the designed
compounds were docked instead. Docking was carried out with the
default settings of MOE-DOCK. The binding free energies from the
major docked poses are listed in Table 4.

2.4.1. Binding modes of tested compounds with Topoisomerase II enzyme
active site

Concerning the docking results of the reference compound, the 2D
diagram showed the crucial chelation with magnesium ion (Mg 12:101)
through the C-3 carboxylic group and C-4 carbonyl functionality which
is mediated via water molecules. Such chelation is completely con-
sistent with the mode of action of flouroquinolones [40,41]. Moreover,
the reference moxifloxacin was observed to be stabilized within the
active site through strong van der Waals interactions with the nucleo-
tide bases of DNA (DG H11, DA F11, DA E15, DA G15, DT F10 and DT
H10). Also, it displayed anther type of interaction via pi-cationic bonds
with the nucleotide bases of DNA (DT F10 and DT H10). Furthermore, it
forms additional Hydrogen bond with the amino acid residue Arg A

Fig. 2. DNA cleavage of MTB gyrase induced by compounds 6c and 6h.

Table 4
Approximated binding free energies of tested compounds with Topoisomerase II
enzyme (PDB: 5bs8) active site.

Compound Kcal/mol Compound Kcal/mol

6a −13.17 6i −13.03
6b −15.13 6j −13.83
6c −12.63 6k −11.59
6d −6.31 6l −16.11
6e −13.22 6m −13.22
6f −14.87 6n −10.03
6g −12.36 6o −11.25
6h −10.61 Moxifloxacin −28.36
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128. In addition, several hydrophobic interactions observed with active
site of the enzyme, Fig. 3.

Successful docking results indicated that all designed compounds
were of research significance. All synthesized compounds showed
binding energy scores (−6.31 to −16.11 Kcal/mol) and moderate
binding interactions with the target enzyme compared with the re-
ference moxifloxacin. Compound 6a exhibited Van der Waals interac-
tions with the nucleotide bases of DNA (DA H11 and DG E11). Also, it
displayed anther type of interaction via pi-cationic bonds with the
nucleotide bases of DNA (DA F15 and DA H15) and additional hydrogen
bond interaction with the amino acid residue Arg D 182 and a pi-ca-
tionic interaction with amino acid residue Gly D 440. Moreover, the
triazole derivative 6c displayed Van der Waals interactions with the

nucleotide bases of DNA (DG D11, DA F11, DA G15 and DA E15) and
additional binding with amino acids residues Arg A 482 and THR B 500
Fig. 4. The docking studies of compound 6f displayed comparable
binding score and similar binding interactions as that of ciprofloxacin
derivative 6c. The triazole derivative 6h displayed van der Waals in-
teractions with the nucleotide bases of DNA (DA F11 and DG F11),
Fig. 5. From the docking studies, it was found that some active com-
pounds showed additional binding interactions with certain amino acid
residues at the enzyme active site for example; compounds 6a and 6c
displayed extra hydrogen bond interaction with the amino acid residues
Arg D 182 and Arg A 482, respectively which may explain their en-
hanced activity against M. smegmatis. Furthermore, to find if there is
any correlation between docking scores and their corresponding MICs,

Fig. 3. 3D and 2D diagrams illustrate the binding modes of the reference moxifloxacin interacted with the active site of Mycobacterium gyrase enzyme.

Fig. 4. 2D diagrams illustrate the binding modes of compounds 6a and 6c interacted with the active site of Mycobacterium gyrase enzyme.
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Pearson correlation coefficient was calculated for docking scores and
their corresponding MICs. It was found that the correlation coefficient
equals (r=−0.17). A small negative value of correlation means that an
increase of energy score will lead to small decrease in MICs.

3. Conclusions

New N-4-piperazinyl ciprofloxacin triazole hybrids were prepared
and identified by different spectroscopic techniques. Biological
screening results indicated that compounds 6a, 6c and 2h exhibited
promising antimycobacterial activity compared to the reference iso-
niazid against M. smegmatis. Also, compound 6a displayed broad
spectrum antibacterial activity against all the tested bacterial strains
either Gram-positive or Gram-negative. Moreover, compounds 6g and
6l showed good antifungal activity compared with the reference keto-
conazole. It is obvious that the unsubstituted phenyl moiety on the
triazole ring improves both the antibacterial and the antimycobaterial
activities as in compound 6a. Replacement of the allyl moiety on the
triazole ring by ethyl or phenyl reduces or diminishes the anti-
mycobacterial activity as in compounds 6f, 6h, 6n and 6o, respectively.
On the other hand, the presence of p-chlorophenyl moiety on the tria-
zole ring seems to enhance the antifungal activity. Molecular docking
studies illustrated that the newly designed ciprofloxacin derivatives
have comparable energy scores and moderate binding interactions with
the target enzyme compared with the reference moxifloxacin and this
may explain the weak activity of the newly synthesized ciprofloxacin
derivatives against pathogenic drug-resistant and drug-susceptible
strains of M. tuberculosis. Compounds 6a, 6i and 6o showed promising
broad spectrum activity against the tested Gram-positive and Gram-
negative strains. Moreover, it is obvious that the phenyl triazole deri-
vatives 6g and 6l showed considerable antifungal activity compared
with the reference ketoconazole with MICs of 3.8, 6.13 and 2.60, re-
spectively. Based on the above findings, it can be concluded that, there
is no specific substituent on the N-4-piperazine moiety of tested com-
pounds that can determine the activity. So, the enhanced activity of
some of the tested compounds may be due to improvement of the
physicochemical properties and consequently enhancing permeability
to microbial cells. However, N-4- Piperazinyl substitutions may hamper

the interaction of the molecule with essential residues in the target
proteins within microbial cells.

4. Experimental

4.1. Chemistry

Reactions were monitored by TLC, using Merck 9385 pre-coated
aluminum plate silica gel (Kieselgel 60) 5 cm×20 cm plates with a
layer thickness of 0.2 mm. The spots were detected by exposure to UV-
lamp at λ=254 nm. Melting points were determined on Stuart elec-
trothermal melting point apparatus and were uncorrected. IR spectra
were recorded as KBr disks on a Brukar Vector 22 IR spectro-
photometer. NMR spectra (400MHz for 1H, 100MHz for 13C) were
observed in DMSO-d6 on Bruker AM400 spectrometer with tetra-
methylsilane as the internal standard. Chemical shifts (δ) values are
given in parts per million (ppm) using DMSO-d6 as solvent and coupling
constants are designated as (J) in Hz. Splitting patterns are designated
as follows: s, singlet; d, doublet; dd, doublet of doublet; t, triplet; q,
quartet; m, multiplet; brs, broad singlet. High-resolution mass spectra
(HRMS) were recorded on Thermo Scientific Q Exactive™ Orbitrap mass
spectrometer and reported as mass/charge (m/z) with percent relative
abundance. The intermediates 1a-e, 2a-e, 3a-o and 4a-o were prepared
according to reported procedures [29,42].

4.1.1. General procedure for synthesis of compounds 6a-o
An equimolar mixture of 4a-o (0. 9 mmol) and compound 5 (0.40 g,

0.9 mmol) in acetonitrile (50mL) and TEA (0.48 g, 0.25mL, 1.8mmol)
was added. The reaction mixture was heated at reflux for 6–8 h. The
reaction mixture was evaporated to dryness. The residue was crystal-
lized from acetonitrile to afford the target compounds 6a-o.

4.1.1.1. 7-(4-(2-((4-Allyl-5-phenyl-4H-1,2,4-triazol-3-yl)thio)acetyl)
piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid 6a. Yellow crystals; 0.43 g, 82.76% yield; mp:
281–282 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H, m,
cyclopropyl-H), 1.33–1.35 (2H, m, cyclopropyl-H), 3.39–3.45 (4H, m,
piperazinyl-H), 3.75–3.77 (4H, m, piperazinyl-H), 3.81–3.84 (1H, m,

Fig. 5. 2D diagrams illustrate the binding modes of compounds 6f and 6h interacted with the active site of Mycobacterium gyrase enzyme.
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cyclopropyl-H), 4.38 (2H, s, SeCH2), 4.71 (2H, d, J=4Hz,
NeCH2eCH]CH2), 4.88 (1H, d, Jtrans= 16Hz, NeCH2eCH]CH2),
5.25 (1H, d, Jcis= 8Hz, NeCH2eCH]CH2), 5.95–6.02 (1H, m,
NeCH2eCH]CH2), 7.55–7.56 (3H, m, AreH), 7.59 (1H, d, J=8Hz,
H-8), 7.63–7.65 (2H, m, AreH), 7.93 (1H, d, J=12Hz, H-5), 8.68 (1H,
s, H-2), 15.08 (1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ 8.05,
36.30, 37.13, 41.85, 45.64, 47.01, 49.84, 107.00, 107.44, 111.68,
117.70, 119.41, 127.54, 128.64, 129.38, 130.54, 133.03, 139.68,
145.20, 148.46, 150.95, 152.50, 155.63, 166.15, 166.27, 176.89; ESI-
MS (m/z): calcd. For C30H29FN6O4S 587.18823, found 587.18903
[M−H]−.

4.1.1.2. 7-(4-(2-((4-Allyl-5-(4-chlorophenyl)-4H-1,2,4-triazol-3-yl)thio)
acetyl) piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid 6b. Yellow crystals; 0.44 g, 79.94% yield; mp:
200–201 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H, m,
cyclopropyl-H), 1.33–1.35 (2H, m, cyclopropyl-H), 3.39–3.45 (4H, m,
piperazinyl-H), 3.75–3.77 (4H, m, piperazinyl-H), 3.81–3.83 (1H, m,
cyclopropyl-H), 4.38 (2H, s, SeCH2), 4.71 (2H, d, J=4Hz,
NeCH2eH]CH2), 4.89 (1H, d, Jtrans = 20Hz, NeCH2eCH]CH2),
5.25 (1H, d, Jcis = 8Hz, NeCH2eCH]CH2), 5.95–6.01(1H, m,
NeCH2eCH]CH2), 7.57–7.62 (3H, m, 2AreH and H-8), 7.67 (2H, d,
J=8Hz, AreH), 7.92 (1H, d, J=13Hz, H-5), 8.67 (1H, s, H-2), 15.07
(1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ 8.05, 36.29, 37.15,
41.86, 45.61, 47.06, 49.53, 49.85, 106.96, 107.43, 111.66, 117.81,
119.39, 126.37, 129.53, 130.40, 132.91, 135.50, 139.65, 145.28,
148.43, 151.33, 152.14, 154.66, 166.10, 166.26, 176.86; ESI-MS (m/
z): calcd. For C30H28ClFN6O4S 621.14925, found 621.14984 [M−H]−.

4.1.1.3. 7-(4-(2-((4-Allyl-5-(4-methoxyphenyl)-4H-1,2,4-triazol-3-yl)thio)
acetyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid 6c. Yellow crystals; 0.42 g, 74.96% yield; mp:
276–277 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H, m,
cyclopropyl-H), 1.33–1.34 (2H, m, cyclopropyl-H), 3.38–3.44 (4H, m,
piperazinyl-H), 3.73–3.77 (4H, m, piperazinyl-H), 3.78–3.81 (1H, m,
cyclopropyl-H), 3.84 (3H, s, OCH3), 4.35 (2H, s, SeCH2), 4.68 (2H, d,
J=4Hz, NeCH2eH]CH2), 4.87 (1H, d, Jtrans= 20Hz,
NeCH2eCH]CH2), 5.25 (1H, d, Jcis= 8Hz, NeCH2eCH]CH2),
5.94–6.03 (1H, m, NeCH2eCH]CH2), 7.09 (2H, d, J=8Hz, AreH),
7.55–7.59 (3H, m, 2AreH and H-8), 7.93 (1H, d, J=13Hz, H-5), 8.67
(1H, s, H-2), 15.08 (1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ
8.06, 36.34, 37.27, 41.76, 45.54, 46.93, 49.50, 49.83, 55.79, 107.08,
107.23, 111.62, 114.87, 117.45, 119.58, 130.09, 133.20, 139.59,
145.23, 148.54, 150.57, 152.15, 154.63, 155.47, 161.02, 166.10,
166.38, 176.78; ESI-MS (m/z): calcd. For C31H31FN6O5S 617.19879,
found 617.19934 [M−H]−.

4.1.1.4. 7-(4-(2-((4-Allyl-5-(3,4-dimethoxyphenyl)-4H-1,2,4-triazol-3-yl)
thio) acetyl) piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid 6d. Yellow crystals; 0.46 g, 80.22%
yield; mp: 223–224 °C; 1H NMR (400MHz, DMSO-d6) δ 1.20–1.22 (2H,
m, cyclopropyl-H), 1.33–1.35 (2H, m, cyclopropyl-H), 3.39–3.44 (4H,
m, piperazinyl-H), 3.74–3.77 (4H, m, piperazinyl-H), 3.79 (3H, s,
OCH3), 3.80–3.82 (1H, m, cyclopropyl-1H), 3.84 (3H, s, OCH3), 4.35
(2H, s, SeCH2), 4.70 (2H, d, J=4Hz, NeCH2eH]CH2), 4.91 (1H, d,
Jtrans= 16Hz, NeCH2eCH]CH2), 5.27 (1H, d, Jcis = 8Hz,
NeCH2eCH]CH2), 5.97–6.04 (1H, m, NeCH2eCH]CH2), 7.11 (1H,
d, J=8Hz, AreH), 7.17–7.18 (2H, m, AreH), 7.59 (1H, d, J=8Hz, H-
8) 7.92 (1H, d, J=12Hz, H-5), 8.67 (1H, s, H-2), 15.05 (1H, brs,
COOH); 13C NMR (100MHz, DMSO-d6) δ 8.06, 9.10, 36.34, 37.26,
41.77, 45.55, 46.22, 47.04, 49.52, 49.85, 56.04, 107.07, 107.23,
111.38, 111.95, 112.28, 117.43, 119.60, 121.31, 133.34, 139.59,
145.32, 148.52, 149.20, 150.60, 150.69, 152.14, 154.62, 155.58,
166.10, 166.36, 176.81; ESI-MS (m/z): calcd. For C32H33N6O6S
647.20935, found 647.21008 [M−H]−.

4.1.1.5. 7-(4-(2-((4-Allyl-5-(3,4,5-trimethoxyphenyl)-4H-1,2,4-triazol-3-
yl) thio)acetyl) piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid 6e. Yellow crystals; 0.43 g, 71.66%
yield; mp: 297–298 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H,
m, cyclopropyl-H), 1.31–1.34 (2H, m, cyclopropyl-H), 3.38–3.42 (4H,
m, piperazinyl- H), 3.72 (3H, s, OCH3), 3.73–3.79 (4H, m, piperazinyl-
H), 3.80 (6H, s, 2OCH3), 4.12–4.13 (1H, m, cyclopropyl-H), 4.41 (2H, s,
SeCH2), 4.72 (2H, d, J=4Hz, NeCH2eH]CH2), 4.91 (1H, d,
Jtrans= 17.2 Hz, NeCH2eCH]CH2), 5.29 (1H, d, Jcis = 10.4 Hz,
NeCH2eCH]CH2), 6.02–6.09 (1H, m, NH-CH2eCH]CH2), 6.89 (2H,
s, AreH), 7.59 (1H, d, J=7.2 Hz, H-8), 7.96 (1H,d, J=13.2 Hz, H-5),
8.68 (1H, s, H-2), 15.21 (1H, brs, COOH); 13C NMR (100MHz, DMSO-
d6) δ 8.07, 36.37, 37.27, 41.78, 47.16, 49.06, 49.52, 49.80, 56.49,
60.60, 106.06, 107.23, 111.39, 117.46, 119.58, 122.61, 125.23,
133.42, 134.17, 138.60, 139.63, 145.40, 148.52, 150.99, 153.56,
155.56, 166.05, 166.41, 176.81; ESI-MS (m/z): calcd. For
C33H35FN6O7S 677.21992, found 677.22070 [M−H]−

4.1.1.6. 1-Cyclopropyl-7-(4-(2-((4-ethyl-5-phenyl-4H-1,2,4-triazol-3-yl)
thio) acetyl) piperazin-1-yl)-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid 6f. Yellow crystals; 0.40 g, 78.47% yield; mp:
246–247 °C; 1H NMR (400 MHz, DMSO-d6) δ 1.20–1.21 (2H, m,
cyclopropyl-H), 1.25 (3H, t, J=8Hz, NeCH2eCH3) 1.33–1.35 (2H,
m, cyclopropyl-H), 3.39–3.45 (4H, m, piperazinyl-H), 3.75–3.84 (5H,
m, piperazinyl-4H and cyclopropyl-H), 4.07 (2H, q, J=8Hz,
NeCH2eH3) 4.40 (2H, s, SeCH2), 7.56–7.60 (4H, m, 3AreH and H-
8), 7.64–7.66 (2H, m, AreH), 7.93 (1H, d, J=13 Hz, H-5), 8.67 (1H,
s, H-2), 15.08 (1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ
8.06, 9.11, 15.60, 36.64, 37.14, 41.78, 45.56, 49.52, 49.85, 107.23,
111.62, 119.27, 127.71, 128.81, 129.50, 130.54, 139.60, 145.33,
148.54, 150.25, 152.15, 154.63, 155.28, 166.08, 166.38, 176.83;
ESI-MS (m/z): calcd. For C29H29FN6O4S 575.18823, found 575.18860
[M−H]−.

4.1.1.7. 7-(4-(2-((5-(4-Chlorophenyl)-4-ethyl-4H-1,2,4-triazol-3-yl)thio)
acetyl) piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid 6g. Yellow crystal; 0.39 g, 72.37% yield; mp:
239–240 °C; 1H NMR (400MHz, DMSO-d6) δ 1.17–1.21 (2H, m,
cyclopropyl-H), 1.25 (3H, t, J=7.2 Hz, NeCH2eCH3), 1.29–1.33
(2H, m, cyclopropyl-H), 3.39–3.44 (4H, m, piperazinyl-H), 3.72–3.80
(4H, m, piperazinyl-H), 3.81–3.84 (1H, m, cyclopropyl-H), 4.06 (2H, q,
J=7.2 Hz, NeCH2eH3), 4.44 (2H, s, SeCH2), 7.59 (1H, d, J=7.2 Hz,
H-8), 7.64 (2H, d, J=7.2 Hz, AreH), 7.69 (2H, d, J=7.2 Hz, AreH),
7.93 (1H, d, J=13.2 Hz, H-5), 8.67 (1H, s, H-2), 15.18 (1H, brs,
COOH); 13C NMR (100MHz, DMSO-d6) δ 8.07, 15.56, 36.35, 37.18,
41.79, 45.55, 49.50, 49.85, 107.25, 111.64, 119.50, 126.55, 129.63,
130.61, 135.41, 139.61, 145.23, 148.57, 150.65, 152.20, 154.29,
155.10, 166.04, 166.37, 176.85; ESI-MS (m/z): calcd. For
C29H28ClFN6O4S 609.14925, found 609.14838 [M−H]−.

4.1.1.8. 1-Cyclopropyl-7-(4-(2-((4-ethyl-5-(4-methoxyphenyl)-4H-1,2,4-
triazol-3-yl)thio) acetyl)piperazin-1-yl)-6-fluoro-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid 6h. Yellow crystals; 0.41 g, 76.59% yield; mp:
212–213 °C; 1H NMR (400MHz, DMSO-d6) δ 1.20–1.22 (2H, m,
cyclopropyl-H), 1.24 (3H, t, J=8Hz, NeCH2eCH3), 1.33–1.34 (2H,
m, cyclopropyl-H), 3.39–3.44 (4H, m, piperazinyl-H), 3.75–3.78 (4H, m,
piperazinyl-H), 3.80–3.83 (1H, m, cyclopropyl-H), 3.85 (3H, s, OCH3),
4.04 (2H, q, J=8Hz, NeCH2eH3) 4.37 (2H, s, SeCH2), 7.11 (2H, d,
J=8Hz, AreH), 7.57–7.60 (3H, m, 2AreH and H-8), 7.93 (1H, d,
J=12Hz, H-5), 8.67 (1H, s, H-2), 15.08 (1H, brs, COOH); 13C NMR
(100MHz, DMSO-d6) δ 8.05, 15.55, 36.30, 36.95, 41.85, 45.62, 49.55,
49.86, 55.84, 106.99, 107.44, 111.44, 114.95, 119.33, 120.05, 130.29,
139.66, 145.29, 148.45, 149.68, 152.15, 154.63, 155.19, 161.03,
166.72, 176.87; ESI-MS (m/z): calcd. For C30H31FN6O5S 605.19879,
found 605.19916 [M−H]−.
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4.1.1.9. 1-Cyclopropyl-7-(4-(2-((5-(3,4-dimethoxyphenyl)-4-ethyl-4H-1,2,4-
triazol-3-yl)thio) acetyl)piperazin-1-yl)-6-fluoro-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid 6i. Yellow crystals; 0.45 g, 80.05% yield; mp:
229–230 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H, m,
cyclopropyl-H), 1.22 (3H, t, J=7.2Hz, NeCH2eCH3), 1.31–1.33 (2H,
m, cyclopropyl-H), 3.39–3.43 (4H, m, piperazinyl-H), 3.72–3.76 (4H, m,
piperazinyl-H), 3.77–3.79 (1H, m, cyclopropyl-H), 3.80 (3H, s, OCH3),
3.83 (3H, s, OCH3), 4.05 (2H, q, J=7.2Hz, NeCH2eH3), 4.42 (2H, s,
SeCH2), 7.10–7.17 (3H, m, AreH), 7.58 (1H, d, J=7.2Hz, H-8), 7.94
(1H, d, J=12.8Hz, H-5), 8.67 (1H, s, H-2), 15.20 (1H, brs, COOH); 13C
NMR (100MHz, DMSO-d6) δ 5.94, 13.51, 34.23, 35.00, 39.64, 43.43,
46.94, 47.41, 47.74, 53.91, 105.10, 109.28, 110.06, 117.16, 117.23,
117.78, 119.31, 137.48, 143.21, 146.46, 147.12, 147.66, 148.46, 150.04,
152.51, 153.15, 163.98, 164.26, 174.72; ESI-MS (m/z): calcd. For
C31H33FN6O6S 635.20935, found 635.20966 [M−H]−.

4.1.1.10. 1-Cyclopropyl-7-(4-(2-((4-ethyl-5-(3,4,5-trimethoxyphenyl)-4H-
1,2,4-triazol-3-yl)thio)acetyl)piperazin-1-yl)-6-fluoro-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid 6j. Yellow crystals; 0.42 g, 71.27%
yield; mp: 260–261 °C; 1H NMR (400MHz, DMSO-d6) δ 1.21–1.22 (2H,
m, cyclopropyl-H), 1.27 (3H, t, J=8Hz, NeCH2eCH3) 1.33–1.34 (2H,
m, cyclopropyl-H), 3.40–3.46 (4H, m, piperazinyl-H), 3.73–3.75 (4H,
m, piperazinyl-H), 3.76 (3H, s, OCH3), 3.79–3.83 (1H, m, cyclopropyl-
H), 3.84 (6H, s, 2OCH3), 4.10 (2H, q, J=8Hz, NeCH2eH3) 4.39 (2H,
s, SeCH2), 6.89 (2H, s, AreH), 7.60 (1H, d, J=8Hz, H-8), 7.94 (1H, d,
J=13Hz, H-5), 8.68 (1H, s, H-2), 15.09 (1H, brs, COOH); 13C NMR
(100MHz, DMSO-d6) δ 8.05, 15.59, 36.30, 36.92, 41.87, 45.64, 49.57,
49.87, 56.73, 60.64, 106.81, 106.98, 107.44, 111.45, 119.41, 123.04,
139.68, 145.29, 148.46, 149.99, 152.15, 153.69, 154.63, 155.31,
166.16, 166.25, 176.87; ESI-MS (m/z): calcd. For C32H35FN6O7S
665.21992, found 665.22064 [M−H]−.

4.1.1.11. 1-Cyclopropyl-7-(4-(2-((4,5-diphenyl-4H-1,2,4-triazol-3-yl)thio)
acetyl)piperazin-1-yl)-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid
6k. Yellow crystals; 0.39 g, 70.62% yield; mp: 271–272 °C; 1H NMR
(400MHz, DMSO-d6) δ 1.19–1.21 (2H, m, cyclopropyl-H), 1.33–1.35
(2H, m, cyclopropyl-H), 3.37–3.45 (4H, m, piperazinyl-H), 3.72–3.75
(4H, m, piperazinyl-H), 3.81–3.84 (1H, m, cyclopropyl-H), 4.36 (2H, s,
SeCH2), 7.33–7.38 (4H, m, AreH), 7.39–7.43 (3H, m, AreH), 7.58–7.60
(4H, m, 3AreH and H-8), 7.93 (1H, d, J=12Hz, H-5), 8.68 (1H, s, H-2),
15.08 (1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ 8.06, 36.30,
36.52, 41.82, 45.62, 49.47, 49.81, 106.97, 107.44, 111.44, 119.33,
127.16, 128.16, 128.35, 129.00, 130.20, 130.41, 130.51, 134.43,
139.67, 145.28, 148.45, 151.84, 152.15, 154.83, 165.96, 166.26,
176.88; ESI-MS (m/z): calcd. For C33H29FN6O4S 623.18823, found
623.18878 [M−H]−.

4.1.1.12. 7-(4-(2-((5-(4-Chlorophenyl)-4-phenyl-4H-1,2,4-triazol-3-yl)thio)
acetyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid 6l. Yellow crystals; 0.45 g, 77.27% yield; mp: 283–284 °C;
1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H, m, cyclopropyl-H),
1.32–1.34 (2H, m, cyclopropyl-H), 3.53–3.56 (4H, m, piperazinyl-H),
3.72–3.75 (4H, m, piperazinyl-H), 3.80–3.83 (1H, m, cyclopropyl-H), 4.41
(2H, s, SeCH2), 7.36 (2H, d, J=8.4Hz, AreH), 7.44–7.46 (4H, m, AreH),
7.58–7.60 (4H, m, 3AreH and H-8), 7.94 (1H,d, J=13.2Hz, H-5), 8.68
(1H, s, H-2), 15.19 (1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ
8.07, 36.36, 36.52, 41.82, 45.56, 49.06, 106.85, 107.25, 112.01, 119.56,
126.56, 128.10, 129.25, 130.07, 130.57, 130.71, 134.12, 135.13, 138.87,
145.18, 148.45, 152.15, 154.83, 157.89, 163.10, 165.85, 176.88; ESI-MS
(m/z): calcd. For C33H28ClFN6O4S 657.14925, found 657.14984
[M−H]−.

4.1.1.13. 1-Cyclopropyl-6-fluoro-7-(4-(2-((5-(4-methoxyphenyl)-4-
phenyl-4H-1,2,4-triazol-3-yl)thio)acetyl)piperazin-1-yl)-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid 6 m. Yellow crystals; 0.45 g, 70.83%
yield; mp: 270–271 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H,

m, cyclopropyl-H), 1.32–1.33 (2H, m, cyclopropyl-H), 3.16–3.18 (2H,
m, piperazinyl-H), 3.41–3.43 (2H, m, piperazinyl-H), 3.69–3.73 (4H, m,
piperazinyl-H), 3.75 (3H, s, OCH3), 3.81–3.83 (1H, m, cyclopropyl-H),
4.37 (2H, s, SeCH2), 6.90 (2H, d, J=7.2 Hz, AreH), 7.28 (2H, d,
J=7.2. Hz, AreH), 7.41–7.43 (2H, m, AreH), 7.56–7.59 (4H, m,
3AreH and H-8), 7.93 (1H, d, J=13.2 Hz, H-5), 8.67 (1H, s, H-2),
15.18 (1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ 8.07, 36.35,
36.69, 41.73, 45.57, 49.07, 49.84, 55.70, 107.07, 107.24, 111.63,
114.53, 119.34, 128.20, 129.81, 130.48, 130.52, 134.49, 139.61,
145.22, 145.32, 148.56, 151.37, 152.15, 154.63, 160.71, 165.91,
166.38, 176.84; ESI-MS (m/z): calcd. For C34H31FN6O5S 653.19879,
found 653.19928 [M−H]−.

4.1.1.14. 1-Cyclopropyl-7-(4-(2-((5-(3,4-dimethoxyphenyl)-4-phenyl-4H-
1,2,4-triazol-3-yl)thio)acetyl)piperazin-1-yl)-6-fluoro-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid 6n. Yellow crystals; 0.39 g, 64.43%
yield; mp: 276–277 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.21 (2H,
m, cyclopropyl-H), 1.33–1.35 (2H, m, cyclopropyl-H), 3.36–3.44 (4H,
m, piperazinyl-H), 3.53 (3H, s, OCH3) 3.71–3.74 (4H, m, piperazinyl-
H), 3.75 (3H, s, OCH3), 3.81–3.85 (1H, m, cyclopropyl-H), 4.33 (2H, s,
SeCH2), 6.89–6.93 (3H, m, AreH), 7.42–7.45 (2H, m, AreH),
7.58–7.61 (4H, m, 3AreH and H-8), 7.94 (1H, d, J=13Hz, H-5),
8.68 (1H, s, H-2), 15.11 (1H, brs, COOH); ESI-MS (m/z): calcd. For
C35H33FN6O6S 683.20935, found 683.20996 [M−H]−.

4.1.1.15. 1-Cyclopropyl-6-fluoro-4-oxo-7-(4-(2-((4-phenyl-5-(3,4,5-
trimethoxyphenyl)-4H-1,2,4-triazol-3-yl)thio)acetyl)piperazin-1-yl)-1,4-
dihydroquinoline-3-carboxylic acid 6o. Yellow crystals; 0.45 g, 71.21%
yield; mp 237–238 °C; 1H NMR (400MHz, DMSO-d6) δ 1.19–1.20 (2H,
m, cyclopropyl-H), 1.34–1.35 (2H, m, cyclopropyl-H), 3.37–3.44 (4H,
m, piperazinyl-H), 3.57 (6H, s, OCH3) 3.67 (3H, s, OCH3), 3.72–3.75
(4H, m, piperazinyl-H), 3.82–3.84 (1H, m, cyclopropyl-H), 4.34 (2H, s,
SeCH2), 6.65 (2H, s, AreH), 7.46–7.48 (2H, m, AreH), 7.58–7.61 (4H,
m, 3AreH & H-8), 7.93 (1H, d, J=12Hz, H-5), 8.67 (1H, s, H-2), 15.08
(1H, brs, COOH); 13C NMR (100MHz, DMSO-d6) δ 8.05, 36.30, 36.41,
41.84, 45.62, 49.51, 49.81, 56.26, 60.56, 106.18, 106.95, 107.43,
111.44, 111.67, 119.32, 122.11, 128.39, 130.46, 134.69, 139.41,
139.66, 145.27, 148.45, 151.65, 152.14, 153.19, 154.49, 165.96,
166.26, 176.86; ESI-MS (m/z): calcd. For C36H35FN6O7S 713.21992,
found 713.22076 [M−H]−.

4.2. Biological investigations

4.2.1. Screening of antimycobactrial activity
4.2.1.1. Materials. Middlebrook 7H9 broth, Middlebrook 7H10 agar,
Middlebrook 7H11 agar, and Luria-Bertani (LB) broth were obtained
from BD (Franklin Lakes, NJ or Sparks, MD). Isoniazid was purchased
from Sigma (St. Louis, MO).

4.2.1.2. Methods. Mycobacterium smegmatis was grown in LB (Luria-
Bertani) liquid medium with 0.05% Tween 80 for competent cell
preparation at faculty of pharmaceutical sciences, Osaka University,
Japan. The determination of MIC against M. smegmatis was performed
by the established MTT method.[33] Briefly, M. smegmatis in the mid-
logarithmic phase (1×104 CFU per 0.1mL) was inoculated into each
well of a 96-well plate, and then the serially diluted sample was added
to each well. After 48 h incubation at 37 °C, 50mL of MTT solution
(0.5mg/mL) was added into each well and incubation was carried out
at 37 °C for an additional 6 h. The optical density (OD) at 560 nm was
measured to determine MICs.

4.2.2. Screening of antibacterial activity
The antibacterial activity of compounds 6a-6b, 6e-g, 6i, 6k-6l and

6o and ciprofloxacin were determined according to the standard agar
cup diffusion method at Department of Microbiology, Faculty of
Pharmacy, Minia University, Minia, Egypt.
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4.2.2.1. Microbial strains and culture conditions. Four bacterial species
representing both Gram-positive and Gram-negative strains and were
used to test the antibacterial activity of the new compounds. Standard
strains of Staphylococcus aureus (ATCC 6538), Klebsiella pneumoniae
(ATCC 10031), Pseudomonas aeruginosa (ATCC 10145), Escherichia coli
(ATCC 8739) were obtained from microbiological resource center,
Faculty of Agriculture, Ain Shams University, Cairo, Egypt. All
isolates were maintained at −70 °C in Trypticase Soya Broth (TSB,
Becton and Dickinson) with 10% glycerol. Prior to inoculation, all
isolates were subcultured at 37 °C for 24 h on Trypticase Soya Agar
(TSA, Becton and Dickinson) and TSB, respectively.

4.2.2.2. Determination of the minimum inhibitory concentration
(MIC). From all the tested bacteria 0.5mL of 1×108 CFU/mL (0.5
McFarland turbidity) were plated in sterile petri dishes, then 20mL of
Mueller Hinton Agar media (Oxoid) was added to each petri dish. The
plates were rotated slowly to ensure uniform distribution of the
microorganisms and then allowed to solidify on a flat surface. After
solidification, four equidistant and circular wells of 10mm diameter
were carefully punched using a sterile cork bore. Two fold serial
dilutions of the tested compounds using DMSO were performed. An
equal volume of 100 µL of each dilution was applied separately to each
well in three replicates using a micropipette. All plates were incubated
at 37 °C for 24 h. The inhibition zones were measured and their average
was calculated. The MIC was calculated by plotting the natural
logarithm of the concentration of each dilution of the tested
compounds against the square of zones of inhibition and a regression
line was drawn through the points then the antilogarithm of the
intercept on the logarithm of concentration axis gave the MIC value
[34].

4.2.3. Screening of antifungal activity
The antifungal activity of compounds 2b, 2d, 2e, 5b, 5d, 5e, 10a,

10b, 10d, 13a, 13b, 13e, 13f, 13g, 13i, 13k, 13l and 13o and keto-
conazole were determined according to the agar cup diffusion method
[34] at Department of Microbiology, Faculty of Pharmacy, Minia Uni-
versity, Minia, Egypt.

4.2.3.1. Fungal strains and culture conditions. Candida albicans was used
to test the antifungal activity of the new compounds. Standard strain of
Candida albicans (ATCC 10231) was obtained from microbiological
resource center, Faculty of Agriculture, Ain Shams University, Cairo,
Egypt. The isolate was maintained at −70 °C in Trypticase Soya Broth
(TSB, Becton and Dickinson) with 10% glycerol. Prior to inoculation,
the isolate were subcultured at 37 °C for 24 h on Trypticase Soya Agar
(TSA, Becton and Dickinson) and TSB, respectively.

4.2.3.2. Determination of the minimum inhibitory concentration
(MIC). From the tested Candida albicans 0.5 mL of 1×108 CFU/mL
(0.5 McFarland turbidity) was plated in sterile petri dishes, then 20mL
of Sabouraud agar was added to each petri dish. The plates were rotated
slowly to ensure uniform distribution of the microorganisms and then
allowed to solidify on a flat surface. After solidification, four
equidistant and circular wells of 10mm diameter were carefully
punched using a sterile cork bore. Two fold serial dilutions of the
tested compounds using DMSO were performed. An equal volume of
100 µL of each dilution was applied separately to each well in three
replicates using a micropipette. All plates were incubated at 37 °C for
24 h. The inhibition zones were measured and their average was
calculated. The MIC was calculated by plotting the natural logarithm
of the concentration of each dilution of the tested compounds against
the square of zones of inhibition and a regression line was drawn
through the points then the antilogarithm of the intercept on the
logarithm of concentration axis gave the MIC value [34].

4.3. Cleavable complex DNA gyrase assay

4.3.1. Protein purification
M. tuberculosis GyrA and GyrB proteins were purified separately, as

described previously (Blower, et. al. PNAS 2016). Briefly, proteins were
expressed from a pET28b derivative expression plasmid, producing a
TEV-cleavable hexahistadine tag at the amino-terminus. Proteins were
expressed in BL21[DE3] E. coli cells containing the Rosetta 2 pLysS
plasmid. Cells were grown to mid-log phase at 30° C and induced with
1mM IPTG for 3 h. Cells were then harvested by centrifugation and
resuspended in A800 buffer [30mM Tris-HCl, pH 7.8; 800mM NaCl;
10mM imidazole, pH 8.0; 10% glycerol; 0.5 mM TCEP; 1µg/mL leu-
peptin; 1µg/mL pepstatin; 1 mM PMSF]. Cells were lysed by sonication
and lysate was clarified by centrifugation. The soluble fraction was
applied to 5mL HisTrap HP columns and washed with 25 column vo-
lumes of A800. Captured, His6-tagged GyrA or GyrB was eluted from
the resin with B800 [30mM Tris-HCl, pH 7.8; 800mM NaCl; 500mM
imidazole, pH 8.0; 10% glycerol; 0.5mM TCEP; 1µg/mL leupeptin;
1µg/mL pepstatin; 1 mM PMSF]. Proteins were dialyzed separately
against C500 buffer [30mM Tris-HCl, pH 7.8; 500mM NaCl; 10mM
imidazole; 10% glycerol; 0.25mM TCEP] in the presence of His6-tagged
TEV protease; uncleaved His6-tagged tagged protein and TEV protease
were removed by a second passage over a 5mL HisTrap HP column.
Cleaved proteins were concentrated and further purified by gel filtra-
tion over a sephacryl S-300HR column pre-equilibrated in A500 buffer
[50mM Tris pH 7.8; 500mM KCl; 10% glycerol; 0.5 mM TCEP].
Fractions containing purified protein, as assessed by SDS-PAGE, were
collected and concentrated. For storage, concentrated protein was
mixed 1:1 with storage buffer [50mM Tris 7.8; 500mM KCl; 50%
glycerol; 0.5 mM TCEP], then flash frozen as aliquots in liquid nitrogen
and stored at −80 °C.

4.3.2. Cleavage assays
Fluoroquinolone compounds were resuspended in DMSO and stored

at −80 °C as 2.5–10mM stocks. Purified M. tuberculosis GyrA and GyrB
were combined 1:1 to form the gyrase heterotetramer at a concentra-
tion of 40 µM; for assays, the holoenzyme was serially diluted in two-
fold steps to a final working concentration of 1.25 µM using gyrase
dilution buffer [50mM Tris pH 7.8; 150mMmonopotassium glutamate;
5 mM MgOAc; 10% glycerol]. Cleavage assays were prepared by mixing
the following on ice: 4 µL 10X supercoiled plasmid DNA (125 nM); 4 µL
10X M. tuberculosis gyrase heterotetramer (1.25 µM); 10 µL 4X reaction
buffer [120mM Tris pH 7.8; 38mM MgOAc; 340mM monopotassium
glutamate; 36% glycerol; 0.4mg/mL BSA; 4mM TCEP]; 20 µL distilled
water; 2 µL 20X fluoroquinolone compound dilutions. The final reaction
conditions are as follows: 12.5 nM supercoiled DNA; 125 nMM. tu-
berculosis gyrase heterotetramer; 35mM Tris pH 7.8; 100mM mono-
potassium glutamate; 10mM MgOAc; 10% glycerol; 100 µg/mL BSA;
1mM TCEP; 0–500 µM fluoroquinolone compound. Cleavage reactions
were conducted by incubating reactions at 37 °C in the absence of ATP
for 30min. Reactions were stopped by the addition of 2 µL 12% SDS,
followed immediately by the addition of 2 µL 500mM EDTA. Stopped
reactions were then mixed with 4 µL proteinase K (3mg/mL) and di-
gested at 37 °C for 25min. Stopped and digested reaction products were
then mixed with 10 µL DNA loading dye, and products were resolved by
running 20 µL of the reaction-dye mix on 1.5% TAE agarose gels con-
taining either with or without 1 µg/mL ethidium bromide (EtBr). Gels
were run at 35 V for 16.5 h to resolve products and post-stained by
soaking for 1 h in 1 µg/mL ethidium bromide followed by 2 h destaining
in water. Gels were imaged by UV transillumination using a Gel Doc EZ
gel imaging system (Bio-rad) [35,36].

4.3.3. Docking study
The synthesized ciprofloxacin derivatives 6a-o were docked on

Topoisomerase II (gyrase) to predict the possible binding interactions
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between these compounds and the enzyme active site. Docking ex-
periments were carried out using MOE 2014 software. Target com-
pounds have been constructed into the builder interface of MOE pro-
gram, the energy was minimized until a RMSD (root mean square
deviations) gradient of 0.01 Kcal/mol and RMS (Root Mean Square)
distance of 0.1 Å with MMFF94X (Merck molecular force field 94x)
force-field and the partial charges were automatically calculated. X-ray
crystallographic structure of the ligand-enzyme complex were down-
loaded from protein data bank (www.rcsb.org); Topoisomerase II
(gyrase) (PDB: 5bs8). Enzyme was prepared for docking process by
automatic protein correction and adding hydrogens to the 3D structure
of protein. Then, validation of the docking process was done by re-
docking of the co-crystalized ligand and RMS (Root Mean Square)
distance with MMFF94X force-field and the partial charges were auto-
matically calculated and it was found of 1.59 Å. Then, the designed
compounds were docked instead. Docking was carried out with the
default settings of MOE-DOCK. The obtained poses were studied and the
poses showed best ligand-enzyme interactions were selected and stored
for energy calculations.
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