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Abstract

A new series of nitric oxide-donating fluoroquinolone/oximes was prepared in this
study. The nitric oxide release from the prepared compounds was measured using a
modified Griess colorimetric method. The antitubercular evaluation of the synthe-
sized compounds indicated that ketone derivatives 2b and 2e and oximes 3b and 3d
exhibited somewhat higher activity than their respective parent fluoroquinolones.
Mycobacterial DNA cleavage studies and molecular modeling of Mycobacterium tu-
berculosis DNA gyrase were pursued to explain the observed bioactivity. More im-
portant, antibacterial evaluation showed that oximes 3c-e are highly potent against
Klebsiella pneumoniae, with minimum inhibitory concentration (MIC) values of 0.06,
0.08, and 0.034 uM, respectively, whereas ketone 2c and oxime 4c are more active
against Staphylococcus aureus than ciprofloxacin (MIC values: 0.7, 0.38, and 1.6 uM,
respectively). Notably, the antipseudomonal activities of compounds 2a and 4c were
much higher than those of their respective parent fluoroquinolones.
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1 | INTRODUCTION

Tuberculosis is an infectious disease caused by the bacillus Myco-
bacterium tuberculosis (MTB).'"! It is considered one of the top 10
causes of deaths globally; approximately 1.7 billion people were in-
fected with latent M. tuberculosis worldwide, according to the 2019
WHO report, who are, thus, at the risk of developing active tu-
berculosis disease during their lifetime.[" The widespread increase of
multidrug-resistant TB (MDR-TB), extensively drug-resistant TB
(XDR-TB), and totally drug-resistant TB (TDR-TB) is another serious
concern that poses a huge financial burden on a global level. In ad-
dition, the current long-term TB treatment regimens using expensive
and toxic drugs continue, for obvious economic and safety issues, to
complicate the worldwide control of TB.”! The eradication of re-
sistant tuberculosis requires treatment for up to 2 years in some

cases and, unfortunately, death is the end of many cases of drug-

antibacterial, antitubercular, cleavable DNA complex, fluoroquinolones, nitric oxide

resistant tuberculosis.”! Therefore, there is an urgent need to de-
velop novel anti-TB agents with a shorter treatment duration, which,
at the same time, are more active against MTB in both active and
latent phases.!

DNA gyrase is an ATP-dependent enzyme that plays a crucial
role in all bacteria. It is necessary for the transcription, replication of
DNA, and chromosome segregation processes. Therefore, DNA gyr-
ase has been a classical target for the evolution of new antibacterial
agents.[51 The only DNA gyrase and/or topoisomerase |V inhibitors
used in clinical practice as antibacterial agents are fluor-
oquinolones.[S] The unique mechanism of quinolones provides a
broad antibacterial spectrum benefit for their use over other anti-
biotics, because the DNA replication process is universal to all bac-
teria.l’! Fluoroquinolones are, thus, active against a wide spectrum of
aerobic Gram-positive organisms such as staphylococci, Streptococcus

pneumoniae, Enterococcus faecalis, and Nocardia species, as well as
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Gram-negative organisms like Haemophilus influenzae, Neisseria me-
ningitides and N. gonorrhoeae, and Pseudomonas aeruginosa.”®’ More-
over, fluoroquinolones have an excellent safety profile and
appropriate pharmacokinetic properties.®”! Among the second-line
fluoroquinolones approved for the treatment of tuberculosis by
WHO are moxifloxacin, gatifloxacin, and levofloxacin.”! However,
their therapeutic use was associated with the appearance of more
dangerous and resistant strains of bacteria as a result of their
misusage.l”! This poses a significant challenge all over the world to-
day to discover newer derivatives of fluoroquinolones to fight such
resistance.

Nitric oxide (NO) is established as an important mediator formed
by macrophages during bacterial infections, which have a critical role
to eradicate the causative pathogens. Additionally, it can disrupt
bacterial DNA, proteins, and signaling mediators, and interfere with
macrophage apoptosis pathways.'” For instance, a significant anti-
microbial effect of NO on the uropathogenic Escherichia coli isolates
has been demonstrated. The host defense function in salmonella in-
fections was also reported to be boosted by NO. Moreover, it was
reported that the antimycobacterial activity of the known first-line
isoniazid (INH) is directly attributed to the released NO during INH
activation by the catalase-peroxidase KatG."" It has also been proved
that NO has an antibiofilm activity and renders the biofilm cells sus-
ceptible to antibiotics.*?"'* Therefore, NO has received great atten-
tion to confront biofilm-associated bacterial infections."®! As such,
many approaches to develop new anti-TB agents via hybridization of
TB drugs with NO-releasing moieties were developed (Figure 1).[15-20]

Given the aforementioned reports, we herein examine the im-
pact of introducing the NO-donating oxime moieties on the anti-

microbial potential of selected fluoroquinolones. The design includes
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the synthesis of a new series of N-4-piperazinyl quinolone oxime
derivatives, in which the unsubstituted or O-methyl-substituted
oxime moieties are linked by an arylcarbamoylalkyl tether to the
quinolone scaffold. The antibacterial activity of the new compounds
against MTB and a range of Gram-positive and Gram-negative bac-
teria were evaluated. The release of nitric oxide from the prepared
compounds as well as mycobacterial DNA cleavage stimulation was
measured. Molecular docking into the active site of MTB DNA gyrase
was carried out to study the impact of the introduced substitutions at
the piperazinyl N-4 nitrogen on the overall binding with DNA gyrase.
In addition, we looked at the relationship between the anti-
mycobacterial activity and the lipophilicity (cLogP) of the compounds,
which is often a fundamental issue to consider in the quinolones'
ability to penetrate the waxy cell wall of mycobacteria.

2 | RESULTS AND DISCUSSION
2.1 | Chemistry

2.1.1 | Synthesis of the target compounds 3a-f
and 4a-f

The target compounds were synthesized as outlined in Scheme 1.
Acylated derivatives of 4-aminoacetophenonela,b were synthesized
via reaction of p-aminoacetophenone with bromoacetyl bromide or
3-bromopropionyl chloride in dichloromethane in the presence of

potassium carbonates.?*??

Preparation of compound 1c was
achieved through the addition of 4-aminoacetophenone to a mixed

anhydride formed in situ via the treatment of 2-bromopropionic acid
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A FIGURE 1 Examples of active

antitubercular compounds containing
NO-releasing moiety
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2d, 3d, 4d: x = CH,, R = ethyl
2e, 3e, 4e: x = CH,CH,, R = ethyl
2f, 3f, 4f: x = CHCHj3, R = ethyl

SCHEME 1 The synthesis of the intermediates 2a-f, oximes 3a-f, and O-methyl oximes 4a-f. Reagents and conditions: (a) CH3CH(Br)
COOH, CICOOE, TEA, CH,Cly; (b) BrC(O)CH,Br/BrCH,CH,C(O)CI, K,COa, H,0, CH,Cly; (c) ciprofloxacin/norfloxacin, CH3CN, EtsN;

(d) NH,OH.HCI, EtOH; (e) NH,OCH3.HCI, EtOH

with ethyl chloroformate in the presence of triethylamine (TEA).*®!
Alkylation of ciprofloxacin or norfloxacin with haloamides 1a-c was
achieved in acetonitrile in the presence of TEA to afford ketones
2a-f.?" The reaction of ketones 2a-f with hydroxylamine hydro-
chloride or methoxyamine hydrochloride in ethanol afforded the
target oximes 3a—f and O-methyl oximes 4a-f, respectively.?*?* The
synthesized compounds were characterized by infrared (IR), nuclear
magnetic resonance (NMR), high-resolution mass spectrometry
(HRMS), and elemental microanalyses.

The IR spectra of oximes 3a-f showed the disappearance of ketonic
carbonyl (COCHj) due to its conversion to the ketoxime group
(C=N-OH). *H-NMR spectra of compounds 3a-f are characterized by
the appearance of a new singlet signal at § 10.91-10.96 ppm, assigned
to OH of the oxime. The methyl protons in (CH3C=NOH) appeared to
be upfield shifted by 0.38 ppm than the methyl of the precursor ketones
due to the lower electronegativity of N than that of the O atom.
13C_NMR spectra of compounds 3a-f showed the disappearance of the
ketonic carbonyl (COCH3) due to its conversion to the ketoxime group
(CH3C=NOH), which appeared at § 152.91-152.94 ppm. Furthermore,
the carbon of (CHz;C=NOH) appeared at § 11.81-11.82 ppm, with a

significant upfield shift by a value of 15 ppm in comparison to the
precursor (§H3CO). However, *H-NMR spectra of compounds 4a-f
were characterized by the appearance of a new singlet signal at about
§ 3.91-3.92 ppm, assigned to (CH3C=NOCHSg); the methyl protons of
(CH3C=NOCHS,) appeared to be upfield shifted by 0.35 ppm than those
of the precursor ketones. **C-NMR spectra of compounds 4a-f showed
the disappearance of the ketonic carbonyl due to its conversion to
(CH3C=NOCHj3), which appeared at § 152.92-154.02 ppm, and the
appearance of the O-methyl oxime carbon (CH3;C=NOCH;) at
5 61.91-61.97 ppm. Additionally, the methyl carbon of (CHz;C=NOCHj)
appeared at § 12.53-12.57 ppm, with an upfield shift by a value of
~14 ppm in comparison to the precursor (CH3C=0).

2.1.2 | Measurement of nitric oxide release using a
modified Griess method

NO release from the target oximes 3a-f was measured by a modified
Griess method” NO release from the tested compounds was measured

at 100 uM concentration and assessed in the stable nitrite curve, relative
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TABLE 1 The amount of NO released from compounds 3a-f in a
phosphate buffer of pH 7.4 (n=3)

Compound Amount of NO released % (mol/mol)
3a 6.78 +0.02

3b 7.76 +0.01

3c 6.39+0.00

3d 8.34+£0.03

3e 9.09 +0.02

3f 5.92+0.04

NaNO, 77.61+0.03

to that of a standard sodium nitrite solution, and calculated as the
amount of NO released (mol/mol) %. As shown in Table 1, some de-
tectable amounts of NO in the range of 6-9% (mol of NO/mol of the
tested compound) were observed, albeit in much lower amounts than
those obtained from the reference NaNO, (positive control), which could
be basically explained by the solubility issues of the tested compounds in
the aqueous buffer system. We have not tested the NO release from
O-methyl oximes 4a-f, as they normally require in vivo O-demethylation

to the free oximes before NO release.

2.2 | Biological evaluation
2.2.1 | Evaluation of antimycobacterial activity

In vitro screening of against M. tuberculosis

The in vitro antimycobacterial activity for compounds 2a-f, 3a-f, and
4a-f was evaluated against M. tuberculosis H37Rv strains. To study
the effect of lipophilicity on the antitubercular activity, the cLogP
values of the target compounds were calculated by ChemDraw

Professional 15.1 (Table 2). The correlation coefficient between

cLogP and biological activity against MTB H37Rv showed that the
R value is 0.3988. Therefore, there is a slow correlation between
calculated cLogP and the bioactivity, which means that the activity
would only increase slightly if logP increases. This implies that lipo-
philicity is not the sole parameter affecting the biological activity.
As noticed in Table 2, ciprofloxacin ketone derivative 2b and its
corresponding oxime 3b exhibited higher potency against M. tu-
berculosis H37Rv (MIC 1.5uM) than ciprofloxacin (MIC 2.4 uM).
Norfloxacin ketone derivative 2e (MIC = 3.1 uM) exhibited a three-
fold increase in the activity than norfloxacin (MIC = 9.8 uM). More-
over, norfloxacin oxime derivative 3d is more potent against
M. tuberculosis H37Rv (MIC = 6.2 uM) than norfloxacin (MIC = 9.8 uM).
Despite their higher lipophilicity, O-methyl oxime derivatives 4a-f
showed lower potency than their parent compounds. Such reduction in
the antimycobacterial activity revealed that lipophilicity of the mole-
cule, and hence penetration into the mycobacteria, is not the sole
factor that can affect the bioactivity. Indeed, other physiochemical
parameters like electronic factors and molecular mass must be con-
sidered. Moreover, the structural changes should have an impact on
the affinity of the compounds for their target DNA gyrase. Overall, the
prepared ciprofloxacin derivatives are more potent than their corre-
sponding norfloxacin derivatives. In other words, through a simple
structure-activity relationship (SAR) analysis, we found that hybrids
containing (-CH,CH,-) tethers were more active than those containing
(-CH»-) or (-CH(CHa3)-). Also, the replacement of unsubstituted oxime
(C=N-OH) with O-methyl oximes (C=N-OMe) reduces the activity.

DNA cleavage assay

Fluoroquinolones act by inhibition of DNA gyrase, a heterotetrameric
(GyrA2GyrB2) enzyme that transiently produces double-stranded
DNA breaks as it negatively supercoils DNA.!**! The break-resealing
process after the DNA strand passage is prevented by fluor-
oquinolones. This leads to the creation of persistent covalent
enzyme-DNA adducts called cleaved complexes. The formed cleaved

complex can sequentially cause disturbance in normal DNA

TABLE 2 The minimum inhibitory

MIC against M. MIC against M.
Compound tuberculosis (uM) cLogP  Compound tuberculosis (uM) cLogP concentration (MIC) values of the tested
compounds against Mycobacterium

2a 6.2 0883 2d 127 0.764 tuberculosis (UM) and their cLogP values
2b 15 1.078 2e 3.1 0.943

2c 6 1192  2f 12.3 1.073

3a 6 1.180 3d 6.2 1.060

3b 15 1375 3e 47.9 1.240

3c 5.9 1489  3f 12 1.709

4a 5.9 1520 4d 48 1.400

4b 48 1715 4e 48 1.580

4c 229 1.829  4f 46.7 1.709

Ciprofloxacin 2.4 -0.725 Norfloxacin 9.8 -0.780

Note: The bold values indicate the compounds exhibiting high potency.
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FIGURE 2 DNA cleavage by Mycobacterium
tuberculosis gyrase induced by ciprofloxacin, 2a,
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replication, induction of DNA damage, and cell death mechanisms.?”!
An excellent acceptable indicator for fluoroquinolones inhibition of
DNA gyrase is the in vitro cleavable DNA gyrase complex assay. The
ability of the target compounds to form cleaved complexes was
studied by measuring the formation of linear DNA from a starting su-
percoiled plasmid, and data were compared to that of ciprofloxacin. The
inhibition of DNA supercoil relaxation and the promotion of DNA clea-
vage were monitored by running gels in the absence or presence of
ethidium bromide (a DNA-intercalating agent). The addition of ethidium
bromide results in positive supercoiling of closed circular DNA species.
This permits easy resolvation of relaxed DNA from nicked and linear
species. Compounds 2a, 2b, 3b, and 3c were selected to investigate their
ability to promote DNA cleavage by M. tuberculosis gyrase. All the tested
compounds induced DNA cleavage and nicked DNA (at 50-500 uM
concentration), as shown in Figure 2.

Results showed that although some of the new compounds have
improved MICs against M. tuberculosis H37Rv as compared with the
parent fluoroquinolones, none of the new compounds were superior to
the parent fluoroquinolones in terms of DNA cleavage stimulation. Thus,
the new compounds may have an additional growth inhibition effect that
is distinct from gyrase poisoning. This may be due to the alteration of

physicochemical properties and/or release of nitric oxide.

In vitro cytotoxicity screening

Compounds 2a-d, 2f, 3a-f, 4a, 4c, 4d, and 4f were tested at a single
concentration of 10 uM against 60 cancer cell lines at the National
Cancer Institute. All tested compounds showed no significant cyto-
toxic activity against the tested cell lines (see Supporting Information
Data), which is an indication of a selective antimicrobial activity with
minimal toxicity to the mammalian cells.

2.3 | Docking studies

The most potent compounds, 2b, 2e, and 3b, and the least potent com-
pound, 4b, were docked on topoisomerase |l (gyrase) (PDB: 5bs8) to
explore the possible binding interactions, imposed by the new structural
modifications, on the active site of gyrase. Docking experiments were
carried out using MOE 2014 software. The quality of the PDB file was
examined by the R value. R is a measure of error between the observed
intensities from the diffraction pattern and the predicted intensities that
are calculated from the model, where R values of 0.20 or less make the

model valid?®?”! The X-ray crystallographic structure of the

ligand-enzyme complex was downloaded from Protein Data Bank (www.
resh.org); topoisomerase Il (gyrase) (PDB: 5bs8).”%! The enzyme was
prepared for the docking process by automatic protein correction and
adding hydrogens to the three-dimensional (3D) structure of protein.
Then, validation of the docking process was done by redocking of the
cocrystalized ligand, and the RMS (root mean square) distance with
MMFF94X force field, and the partial charges were automatically cal-
culated. Then, the designed compounds were docked in a similar manner.
Docking was carried out with the default settings of MOE-DOCK. The

binding free energies from the major docked poses are listed in Table 3.

2.3.1 | Binding modes of tested compounds with
topoisomerase Il enzyme active site

The docking results indicated that all of the tested compounds appear to
have an affinity for the enzyme, with binding free energy (AG) values
ranging from -21.58 to -31.27 kcal/mol, which is comparable to moxi-
floxacin (AG =-25.13 kcal/mol) and ciprofloxacin (AG = -21.58 kcal/mol;
Table 3).

The binding-score energies have negative values, suggesting
that the binding of quinolone derivatives to the active site of the
gyrase enzyme is spontaneous. Moreover, the docked compounds,
parent quinolones (ciprofloxacin and norfloxacin), and the reference
compound (moxifloxacin) form water-mediated chelation with
magnesium ion through the C-3 carboxylic group and C-4 carbonyl
functionality, hydrophobic interaction with the active site of the
gyrase enzyme, hydrogen bonding with amino acid residue Arg128,
water-mediated hydrogen bond with amino acid residues Asp C94

TABLE 3 AG values (kcal/mol) of the tested compounds 2b, 2e, 3b,
4b, ciprofloxacin, norfloxacin, and moxifloxacin

Compound AG values (kcal/mol)
Moxifloxacin -25.13
Ciprofloxacin -21.58
Norfloxacin -23.68
2b -31.27
2e -26.79
3b -27.18
4b -30.36
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FIGURE 3 Two-dimensional and three-dimensional diagrams of moxifloxacin docked into the active site of Mycobacterium tuberculosis DNA

gyrase

and Ser C91, and van der Waals interaction with nucleotide bases
through quinolone moiety or the introduced N-4 piperazinyl moiety
(Figures 3-8). In addition, oxime derivative 3b forms extra hydrogen
bonding with gyrase nucleotide bases (e.g., DT H14 and DC F14), as
shown in Figure 7. Despite the low binding free energy of O-methyl
oxime 4b (AG=-30.36 kcal/mol), it displayed the weakest anti-
mycobacterial activity. This lower potency may be attributed to
other physiochemical parameters. In general, all the docked com-
pounds did not exert additional significant bindings over the parent
fluoroquinolones (ciprofloxacin, norfloxacin, and moxifloxacin),
which is also supported by the in vitro DNA cleavable complex
formation shown in Figure 2, thus again supporting the conclusion
that the biological activity does not solely rely on additional binding
to the active site, but also on the changes in physicochemical

properties and/or donation of nitric oxide.

2.4 | Screening of antibacterial activities

The in vitro antibacterial activities of compounds 2a-f, 3a-f, and 4a-f
were evaluated against Gram-positive strains, Staphylococcus aureus
(ATCC 6538), Bacillus cereus (AUMC No B-52), and Micrococcus luteus
(AUMC No B-112), and against Gram-negative strains, Klebsiella
pneumoniae (AUMC No B-77), P. aeruginosa (AUMC No B-73), E. coli
(ATCC 8739), and Serratia marcescens (AUMC No B-54). The tested
compounds were assayed in comparison to ciprofloxacin and nor-
floxacin as antibacterial references using the standard agar cup dif-
fusion method®”! and the MICs are shown in Table 4.

As shown in Table 4, ciprofloxacin derivatives 2a, 2c, and 4c
showed higher potency against S. aureus as compared with the parent
ciprofloxacin, with MICs of 3.4, 0.7, 0.38, and 1.4 uM, respectively.

Ketone 2c and O-methyl oxime 4c were more active than their

£l

N
945 .

, Thr500

Glus01

FIGURE 4 Two-dimensional and three-dimensional diagrams of ciprofloxacin docked into active site of Mycobacterium tuberculosis DNA

gyrase
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FIGURE 5 Two-dimensional and three-dimensional diagrams of compound 2b docked into the active site of Mycobacterium tuberculosis DNA

gyrase

corresponding oxime 3c against S. aureus. O-Methyl oxime 4c was
four times more potent than ciprofloxacin against S. aureus. However,
all the tested norfloxacin derivatives showed no pronounced activity
against all the tested Gram-positive strains. Most of the tested
compounds displayed a moderate-to-weak activity against B. cereus
and M. luteus. The ciprofloxacin derivatives 2b, 2¢, 3c, and 4c were
highly active against E. coli, with MICs of 2.6,1.1,7.8, and 1.5uM,
respectively, whereas E. coli was resistant to all tested norfloxacin
derivatives except 2f, which exhibited a significant activity with an
MIC value of 2.7 uM. In addition, it was found that compounds 2b and
4b displayed a potent activity against S. marcescens, with MICs of
17.7 and 5.5 uM, respectively. Meanwhile, compounds 2b, 3c, 3d, and
3e were highly potent against K. pneumoniae, with MICs of 1.4, 0.06,
0.08, and 0.034 uM, respectively. Notably, compounds 2b, 2d, and 4c
were more potent against P. aeruginosa as compared with
ciprofloxacin with MICs of 1, 0.7, 0.2, and 1.6 uM, respectively.

Glancing at the abovementioned results, it was found that ci-
profloxacin derivatives, in general, are more potent than the cor-
responding norfloxacin derivatives. It is worth mentioning that the
N-(4-acetylphenyl)-2-(4-piperazinyl)propanamide moiety linked to
the C-7 of the quinolone ring generally enhanced the antibacterial
activity against both Gram-positive and Gram-negative bacteria.
This observation is obvious in the following compounds: 2c, which
is highly active against B. cereus (MIC = 6.6 uM), 3¢, which exhibits
a remarkable activity against K. pneumoniae, with MIC = 0.06 uM,
and compound 4c, which exhibited a potent activity against
S. aureus and P. aeruginosa, with MICs of 0.38 and 0.2 uM, re-
spectively. Additionally, it was found that oximation of the ketone
intermediates resulted in enhancement of activity against
K. pneumoniae, as seen with oximes 3c, 3d, and 3e, which may arise
from either the improvement of physiochemical properties and/or

the release of nitric oxide.

FIGURE 6 Two-dimensional diagram of compound 2e docked into the active site of Mycobacterium tuberculosis DNA gyrase
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FIGURE 7 Two-dimensional diagram of compound 3b docked into the active site of Mycobacterium tuberculosis DNA gyrase

3 | CONCLUSION

New nitric oxide-donating fluoroquinolones/oxime hybrids were synthe-
sized and characterized by various spectroscopic techniques. In
vitro antitubercular activity against M. tuberculosis H37Rv showed that
the ketones and oxime derivatives of norfloxacin were generally less
active than their parent fluoroquinolone. Inversely, ciprofloxacin analogs
(the ketone derivative 2b and its corresponding oxime 3b) showed an
enhanced activity than the parent ciprofloxacin. The lack of systemic
correlation between the MICs and clogP values of the synthesized
compounds confirms the fact that the antimycobacterial activity is not
only dependent on lipophilicity and penetration issues but also on dif-
ferent physiochemical parameters like electronic factors and molecular
mass.?®! The levels of cleaved DNA formed by the prepared compounds
were lower than those of ciprofloxacin, which is not in agreement with
the observed antimycobacterial activity. This potentially implies the ex-
istence of another mechanism besides DNA gyrase inhibition, such as NO

release and/or improvement in cell wall penetration. Also, screening of

antibacterial activity showed that some of the tested compounds showed
high potency against both Gram-positive and Gram-negative bacteria
than their parent fluoroquinolones, especially compounds having N-(4-
acetylphenyl)-2-(4-piperazinyl)propanamide moiety linked to the C-7 of
quinolone ring. More important, compounds 3c, 3d, and 3e are highly
active against K. pneumoniae (MIC = 0.06, 0.08, and 0.034 uM), whereas
compounds 2a, 2d, and 4c were highly potent against the clinically im-

portant P. aeruginosa, with MICs of 0.7, 1.0, and 0.2 uM, respectively.

4 | EXPERIMENTAL
4.1 | Chemistry
41.1 | General

The reactions were monitored by thin-layer chromatography (TLC)

using methylene chloride/methanol (19: 1 v/v). Melting points were

FIGURE 8 Two-dimensional diagram of compound 4b docked into the active site of Mycobacterium tuberculosis DNA gyrase
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Bacillus Staphylococcus Micrococcus

Compound cereus aureus luteus
2a 7.60 3.40 >50
2b 9.60 >50 27

2c 6.60 0.70 >50
2d >50 >50 >50
2e >50 >50 >50
2f >50 >50 >50
3a >50 >50 6.14
3b 24.30 >50 >50
3c >50 >50 >50
3d >50 >50 >50
3e >50 >50 >50
3f >50 >50 >50
4a >50 >50 >50
4b >50 >50 32.60
4c >50 0.38 10
4d >50 >50 >50
de >50 >50 >50
4f >50 >50 >50
Ciprofloxacin  4.40 1.40 3.40
Norfloxacin 1.90 1.60 8.20

Escherichia Serratia Klebsiella Pseudomonas
coli marcescens pneumoniae aeruginosa
>50 47.40 55 0.7
2.60 17.70 1.4 73.1
11 >50 6.6 25.40
>50 >50 >50 1

>50 >50 11.8 47.20
2.70 >50 >50 >50
10.20 >50 >50 >50
10.30 >50 >50 >50
7.8 >50 0.06 >50
>50 >50 0.08 >50
>50 >50 0.03 >50
>50 >50 3.50 >50
>50 >50 >50 >50
>50 5.50 >50 >50
150 >50 >50 0.20
>50 >50 >50 >50
>50 >50 >50 >50
>50 >50 >50 >50
0.10 10 3.60 1.6
0.35 49.50 0.50 16

determined on an electrothermal melting point apparatus (Stuart
Scientific Co.) and were uncorrected. IR spectra are recorded as KBr
disks on a Shimadzu 408 instrument spectrophotometer at the
Faculty of Science, Sohag University. NMR spectra were measured on
a Bruker AM NMR (400 MHz) spectrometer at the Faculty of Science,
Sohag University. All numbers referring to NMR data obtained are
expressed in parts per million (ppm). Elemental microanalyses for
carbon, hydrogen, and nitrogen were performed at The Regional
Center for Mycology and Biotechnology, Al-Azhar University, Cairo,
Egypt. For TLC, the DC Alufolien, Kieselgel 60 F254 precoated plates
were used (Merck, Darmstadt, Germany). HRMS spectra were col-
lected via Thermo Scientific Q Exactive™ Orbitrap mass spectro-
meter and reported as mass/charge (m/z) with percent relative
abundance at the Faculty of Pharmaceutical Sciences, University of
British Columbia, Vancouver Campus, Canada.

The InChl codes of the investigated compounds, together
with some biological activity data, are provided as Supporting
Information.

4.1.2 | General procedure for the synthesis of
compounds 1a,b!?!

A potassium carbonate solution (0.690g, 5mmol) in water (30 ml)
was added to a stirred solution of p-aminoacetophenone (0.675g,
5mmol) in DCM (30 ml) at 0-5°C. Then, bromoacetyl bromide (or
3-bromopropionyl chloride; 5.5 mmol) in DCM (30 ml) was slowly
added over a period of 30 min. Stirring was continued for 2 hr at
0-5°C and then at room temperature for an additional 12 hr. The
whole mixture was extracted with DCM (2 x 25 ml) and washed with
water (2 x 25 ml). The combined organic layer was separated, dried
over anhydrous sodium sulfate, and filtered off, and then the solvent
was evaporated under reduced pressure. The residue was re-
crystallized from 95% ethanol to give compounds 1a or 1b as white
crystalline solids.

N-(4-Acetylphenyl)-2-bromoacetamide (1a)"*”!
White crystals (94% vyield); mp: 159-161°C (reported mp: 157°C).



10 of 14 ARCH

AZIZ ET AL

DPhG

N-(4-Acetylphenyl)-3-bromopropanamide (1b)?!
White crystals (93% yield); mp: 175-176°C, as reported.
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4.1.3 | Synthesis of N-(4-acetylphenyl)-2-
bromopropanamide (1c)

To a stirred solution of 2-bromopropionic acid (0.153 g, 1 mmol) in
DCM (30 ml), triethylamine (0.152 g, 1.5 mmol) was added at 0-5°C.
Ethyl chloroformate (0.119 g, 1.1 mmol) was then added slowly and
stirring was continued at the same temperature for an additional
40 min. Then, 4-aminoacetophenone (0.135g, 1 mmol) was added
portion-wise and the mixture was stirred for an additional 12 hr at
room temperature. The whole mixture was then transferred to a
separating funnel, where it was washed successively with 5% NaH-
CO3 (2x25ml) and water (2 x 25 ml). The organic layer was sepa-
rated, dried over anhydrous sodium sulfate, and filtered off, and then
the solvent was evaporated under reduced pressure,m] The residue
was crystallized from 95% ethanol to give compound 1c. White
crystals (90% yield); mp: 129-131°C. IR (KBr) s (cm™%): 3,275 (NH),
1,702 (NHCOCH,), and 1,661 (COCH3); *H-NMR (400 MHz, CDCl5)
& ppm: 1.98 (3H, d, J = 7.6 Hz, CHCHy), 2.59 (3H, s, COCH3), 4.58 (1H,
q, J=7.6Hz, CHCHj3), 7.67 (2H, d, J=8.8Hz, Ar-H), 7.97 (2H, d,
J=8.8Hz, Ar-H), and 10.7 (1H, s, NHCO). MS (ESI) calcd for
C11H13BrNO, [M+H]*: 270.01, found: 269.90.

4.1.4 | General procedure for the synthesis of
ketone derivatives 2a-f

To a stirred solution of the N-acyl-4-aminoacetophenone derivatives
1a-c (1.1 mmol) in acetonitrile (10 ml), ciprofloxacin hydrochloride or
norfloxacin was added (1 mmol). TEA (0.202g, 2 mmol) was then
added and the mixture was heated under reflux for 12-18 hr. The
formed precipitate was filtered off while hot, washed with acetoni-

trile, and dried under vacuum to give compounds 2a-f.[*"!

7-{4-[(4-Acetylphenylcarbamoyl)methyl)piperazin-1-yl)}-1-
cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic

acid (2a)

White crystals (0.330g, 62.5% vyield); mp: 240-241°C; IR (KBr)
# (cm™): 3,258 (NH), 1,730 (carboxylic C=0), 1,693 (amidic C=0),
1,678 (COCHs), and 1,625 (4-keto); H-NMR (400 MHz, dimethyl
sulfoxide [DMSO]-dg¢) 6§ ppm: 1.15-1.23 (2H, m, cyclopropyl-H),
1.29-1.38 (2H, m, cyclopropyl-H), 2.53 (3H, s, COCHg), 2.75-2.83
(4H, m, piperazinyl-H), 3.31 (2H, s, NHCOCH,), 3.38-3.46 (4H, m,
piperazinyl-H), 3.78-3.88 (1H, m, cyclopropyl-H), 7.57 (1H, d,
Jy-F=7.6Hz, H8), 7.80 (2H, d, J=8.8 Hz, Ar-H), 7.87 (1H, d, Jy_f=
13.6 Hz, H5), 7.94 (2H, d, J = 8.8 Hz, Ar-H), 8.65 (H, s, H2), 10.14 (1H,
s, NHCO), and 15.16 (1H, brs, COOH); 13C-NMR (100 MHz, DMSO-
dg) 6 ppm: 8.04, 26.82, 36.30, 49.83, 52.75, 61.90, 106.75, 107.36,
11146 (d, J=23Hz), 119.23, 129.79, 13250, 139.71, 143.39,
145.56, 148.38, 152.25, 154.21, 166.32, 169.23, 176.85, and 196.90;

HRMS (ESI) caled for Cy7H27FN4Os [M-H]: 505.1892, found:
505.1892.

7-{4-[2-(4-Acetylphenylcarbamoyl)ethyl)piperazin-1-yl]}-1-
cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic

acid (2b)

White powder (0.315g, 61.4% vyield); mp: 241-242°C; IR (KBr)
o (em™): 3,273 (NH), 1,731 (carboxylic C=0), 1,674 (amidic C=0),
1,654 (COCHg), and 1,616 (4-keto); *H-NMR (400 MHz, DMSO-dy)
§ ppm: 1.15-1.23 (2H, m, cyclopropyl-H), 1.29-1.38 (2H, m,
cyclopropyl-H), 2.52 (3H, s, COCHs3), 2.59 (2H, t, J=7.6Hz
COCH,CH3N-), 2.65-2.73 (4H, m, piperazinyl-H), 2.78 (2H, t,
J=7.6Hz, COCH,CH,N-), 3.32-340 (4H, m, piperazinyl-H),
3.77-3.87 (1H, m, cyclopropyl-H), 7.57 (1H, d, Jy_g=7.6 Hz, H8),
7.73 (2H, d, J=8.8 Hz, Ar-H), 7.90 (1H, d, Jy_f = 13.6 Hz, H5), 7.90
(2H, d, J = 8.8, Ar-H), 8.66 (1H, s, H2), 10.27 (1H, s, NHCO), and 15.09
(1H, s, COOH); *3C-NMR (100 MHz, DMSO-d,) & ppm: 8.02, 26.75,
34.81, 36.27, 49.96, 52.59, 53.92, 106.77, 107.38, 111.42
(d, J=23Hz), 118.85, 119.06, 129.84, 132.23, 139.70, 143.98,
145.66, 148.34, 153.49 (J=248Hz), 166.29, 171.14, 176.85, and
196.81; HRMS (ESI) calcd for CygH9FN4Os [M-H]™: 519.2049,
found: 519.2053.

7-{4-[1-(4-Acetylphenylcarbamoyl)ethyllpiperazin-1-yl}-1-
cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic

acid (2c)

Yellow powder (0.295g, 57% yield); mp: 253-255°C; IR (KBr)
s (cm™): 3,280 (NH), 1,731 (carboxylic C=0), 1,691 (amidic C=0),
1,669 (COCHj), and 1,623 (4-keto); *H-NMR (400 MHz, DMSO-d,)
§ ppm: 1.16-1.21 (2H, m, cyclopropyl-H), 1.28 (3H, d, J=7.6 Hz,
CHCHg), 1.30-1.39 (2H, m, cyclopropyl-H), 2.53 (3H, s, COCHj),
2.78-289 (4H, m, piperazinyl-H), 3.38-349 (5H, m,
piperazinyl-4H + CHCH3), 3.77-3.86 (1H, m, cyclopropyl-H), 7.57
(1H, d, J4_r=7.6 Hz, H8), 7.82 (2H, d, J=8.8 Hz, Ar-H), 7.90 (1H, d,
Jy_r=7.6Hz, H5), 7.94 (2H, d, J=8.8Hz, Ar-H), 8.66 (1H, s, H2),
10.08 (1H, s, NHCO), and 15.11 (1H, s, COOH); 13C_.NMR (100 MHz,
DMSO-dg) 6 ppm: 8.02, 12.83, 26.82, 36.28, 49.22, 50.17, 63.77,
106.72, 107.35, 11143 (d, J=23Hz), 119.26, 119.74, 129.77,
13248, 139.69, 143.49, 145.65, 148.35, 153.48 (d, J=247 Hz),
166.30, 172.18, 176.84, and 196.89; HRMS (ESI) calcd for
CagHo9FN4Os [M-H]™: 519.2049, found: 519.2053.

7-{4-[(4-Acetylphenylcarbamoyl)methyl]piperazin-1-yl}- 1-ethyl-6-
fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (2d)

White crystals (0.250g, 52.5% yield); mp: 261-262°C; H-NMR
(400 MHz, DMSO-dg) § ppm: 1.45 (3H, t, J = 7.6 Hz, NCH,CH3), 2.54
(3H, s, COCHg), 2.76-2.84 (4H, m, piperazinyl-H), 3.31 (2H, s,
NHCOCH,), 3.40-3.48 (4H, m, piperazinyl-H), 4.58 (2H, q, J = 7.6 Hz,
NCH,CHj3), 7.20 (1H, d, Jy_g=7.6Hz, H8), 7.79 (2H, d, J=8.8 Hz,
Ar-H), 7.92 (1H, d, Jy_f = 13.6 Hz, H5), 7.94 (2H, d, J = 8.8 Hz, Ar-H),
8.92 (1H, s, Ar-H), 10.03 (1H, s, NHCO), and 15.25 (1H, s, COOH);
13C.NMR (100 MHz, DMSO-dy) & ppm: 14.77, 26.79, 49.50, 49.91,
52.79, 61.91, 106.19, 107.70, 111.70 (d, J =23 Hz), 119.24, 119.74,
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129.77,132.54, 137.76, 143.37, 145.89 (d, J = 10 Hz), 148.84, 153.35
(d, J=248 Hz), 166.47, 169.21, 176.66, and 196.87; HRMS (ESI) calcd
for Co6H27FN4Os [M-H]™: 493.1892, found: 493.1897.

7-{4-[2-(4-Acetylphenylcarbamoyl)ethyl]piperazin-1-yl}-1-ethyl-6-
fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (2e)?!

White powder (0.270 g, 54% vyield); mp: 275-276°C as reported.

7-{4-[1-(4-Acetylphenylcarbamoyl)ethylpiperazin-1-yl}- 1-ethyl-6-
fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (2f)

White powder (0.335g, 68% yield); mp: 278-279°C; H-NMR
(400 MHz, DMSO-ds) § ppm: 1.28 (3H, d, J=7.6 Hz, CHCH3), 1.44
(8H, t, J=7.6 Hz NCH,CH3), 2.53 (3H, s, COCHj3), 2.74-2.84 (4H, m,
piperazinyl-H), 3.38-3.44 (4H, m, piperazinyl-H), 3.46 (1H, q, J = 7.6,
CHCHa), 4.57 (2H, q, J = 7.6 Hz, NCH,CH3), 7.18 (1H, d, Jy_g = 7.6 Hz,
H8), 7.80 (2H, d, J=8.8 Hz, Ar-H), 7.91 (1H, d, J4_r= 13.6 Hz, H5),
7.92 (2H, d, J=8.8 Hz, Ar-H), 8.92 (1H, s, H2), 10.08 (1H, s, NHCO),
and 15.23 (1H, s,COOH); 3C-NMR (100 MHz, DMSO-d;) & ppm:
12.80, 14.75, 26.80, 49.25, 49.49, 50.29, 63.78, 106.18, 107.69,
111.68 (d, J=23Hz), 119.27, 119.70, 129.76, 132.51, 137.75,
143.48, 145.85, 148.84, and 153.35 (d, J =248 Hz), 166.47, 172.18,
176.66, 196.87; HRMS (ESI) caled for CyyHygFN,Os [M-HI™:
507.2049, found: 507.2053.

415 | General procedure for the synthesis of oxime
derivatives 3a-f and 4a-f

To a stirred mixture of the appropriate ketone 2a-f (1 mmol) in
absolute ethanol (10 ml) were added hydroxylamine hydrochloride or
O-methyl hydroxylamine hydrochloride (3 mmol) and anhydrous so-
dium acetate (0.246 g, 3 mmol). The mixture was heated under reflux
for 12-30 hr. The formed precipitate was filtered off while hot, wa-
shed with ethanol (2 x 5ml), dried, and recrystallized from acetoni-

trile to give oximes 3a-f or O-methyl oximes 4a-f.?%2°]

1-Cyclopropyl-6-fluoro-7-{4-(2-[(4-(1-(hydroxyimino)ethyl)phenyl)-
amino)-2-oxoethyl]piperazin-1-yl}-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid (3a)

White crystals (0.298¢g, 55.8% yield); mp: 260-261°C; H-NMR
(400 MHz, DMSO-dy) § ppm: 1.17-1.22 (2H, m, cyclopropyl-H),
1.30-1.37 (2H, m, cyclopropyl-H), 2.14 (3H, s, CH3C=NOH),
2.77-2.84 (4H, m, piperazinyl-H), 3.27 (2H, s, NHCOCH,), 3.40-3.50
(4H, m, piperazinyl-H), 3.80-3.88 (1H, m, cyclopropyl-H), 7.56-7.70
(5H, m, 4 Ar-H+H8), 7.90 (1H, d, Jy_r = 13.6 Hz, H5), 8.66 (1H, s,
Ar-H), 9.78 (1H, s, NHCO), 10.93 (1H, s, C=NOH), and 15.09 (1H, s,
COOHY); **C-NMR (100 MHz, DMSO-d,) § ppm: 8.03, 11.81, 36.29,
49.85, 52.78, 61.91, 106.73, 107.35, 111.45 (d, J=23 Hz), 119.68,
126.39, 129.78, 132.58, 139.41, 139.70, 145.61 (d, J=10Hz),
148.36, 152.91, 153.49 (d, J= 248 Hz), 166.32, 169.32, and 176.84;
HRMS (ESI) caled for CoyHogFNsOs [M-H]™: 520.20017, found:
520.20056.
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1-Cyclopropyl-6-fluoro-7-{4-[3-((4-(1-(hydroxyimino)ethyl)phenyl)-
amino)-3-oxopropyl]piperazin-1-yl}-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid (3b)
White crystals (0.348g, 63.4% vyield); mp: 275-277°C; IR (KBr)
s (em™): 1,699 (carboxylic C=0), 1,680 (amidic C=0), 1,628 (4-keto),
and 1,601 (C=N), H-NMR (400 MHz, DMSO-d¢) & ppm: 1.17-1.23
(2H, m, cyclopropyl-H), 1.29-1.35 (2H, m, cyclopropyl-H), 2.13 (3H,
s, CH3C=NOH), 2.56 (2H, t, J= 7.6 Hz, COCH,CH>N), 2.67-2.71 (4H,
m, piperazinyl-H), 2.77 (2H, t, J=7.6Hz, COCH,CH,N),
3.35-3.45 (4H, m, piperazinyl-H), 3.80-3.84 (1H, m,
cyclopropyl-H), 7.50-7.62 (5H, m, 4 Ar-H+H8), 7.90 (1H, d,
Ju_p=13.6 Hz, H5), 8.66 (1H, s, H2), 10.02 (1H, s, NHCO), 10.91
(1H, s, C=NOH), and 15.05 (1H, s, COOH); *3C-NMR (100 MHz,
DMSO-dg4) § ppm: 8.02, 11.80, 34.69, 36.28, 49.95, 52.60, 54.06,
106.78, 107.34, 111.41 (d, J=23Hz), 119.27, 126.43, 129.87,
132.20, 139.69, 140.06, 145.57, 148.35, 152.91, 153.50
(d, J=249Hz), 166.32, 170.61, and 176.85; HRMS (ESI) calcd for
CogH30FN5O5 [M-H]™: 534.21582, found: 534.21643.

1-Cyclopropyl-6-fluoro-7-{4-[1-(4-(1-(hydroxyimino)ethyl)-
phenylamino)-1-oxopropan-2-yl]piperazin-1-yl}-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid (3c)

White crystals (0.309g, 56.3% yield); mp: 255-257°C; H-NMR
(400 MHz, DMSO-dg) & ppm: 1.16-1.21 (2H, m, cyclopropyl-H), 1.28
(38H, d, J=7.6 Hz, CHCHj3), 1.30-1.35 (2H, m, cyclopropyl-H), 2.14
(8H, s, COCHj3), 2.78-2.86 (4H, m, piperazinyl-H), 3.40-3.47 (5H, m,
piperazinyl-4H + CHCH3), 3.80-3.84 (1H, m, cyclopropyl-H),
7.59-7.67 (5H, m, 4 Ar-H+H8), 7.89 (1H, d, Jy_r = 13.6, H5), 8.66
(1H, s, H2), 9.84 (1H, S, NHCO), 10.93 (1H, s, C=NOH), and 15.11
(1H, s, COOH); 3C-NMR (100 MHz, DMSO-d) § ppm: 8.02, 11.81,
12.98, 36.27, 49.27, 50.21, 63.75, 106.70, 107.38, 11144
(d, J=283Hz), 119.72, 126.39, 129.75, 132.58, 139.51, 139.71,
145.66, 148.34, 152.94, 153.48 (d, J =247 Hz), 166.31, 171.65, and
176.86; Anal. calcd for CogH3oFNsOs: C, 62.79; H, 5.65; N, 13.08.
Found: C, 62.94; H, 5.71; N, 13.24.

1-Ethyl-6-fluoro-7-{4-[2-((4-(1-(hydroxyimino)ethyl)phenyl)amino)-2-
oxoethyl]piperazin-1-yl}-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid (3d)

White crystals (0.355g, 68% yield); mp: 286-288°C; H-NMR
(400 MHz, DMSO-d) & ppm: 1.45 (3H, t, J=7.6 Hz NCH,CH3), 2.14
(38H, s, CH3C=NOH), 2.75-2.83 (4H, m, piperazinyl-H), 3.27 (2H, s,
NHCOCH.N), 3.42-3.48 (4H, m, piperazinyl-H), 459 (2H, q,
J=7.6Hz, NCH,CHj3), 7.20 (1H, d, Jy_g=7.6 Hz, H8), 7.61 (2H, d,
J=8.0Hz, Ar-H), 7.67 (2H, d, J=8.0, Ar-H), 7.92 (1H, d, Jy_r=13.6
Hz, H5), 8.92 (1H, s, H2), 9.78 (1H, s, NHCO), 10.94 (1H, s, C=NOH),
and 15.26 (1H, s, COOH); **C-NMR (100 MHz, DMSO-d,) § ppm:
11.81, 14.77, 49.50, 49.93, 52.82, 61.92, 106.19, 107.70, 111.70
(d, J=23Hz), 119.27, 119.70, 126.40, 132.62, 137.76, 139.40,
145.95, 148.84, 152.92, 153.35 (d, J =248 Hz), 166.48, 168.65, and
176.67; HRMS (ESI) caled for CogHogFNsOs [M-H]™: 508.2001;
found: 508.2005.
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1-Ethyl-6-fluoro-7-{4-[3-((4-(1-(hydroxyimino)ethyl)phenyl)amino)-3-
oxopropyl]piperazin-1-yl}-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid (3e) 21

White crystals; yield: (0.535g, 65.8% yield); mp: 290-292°C as

reported.

1-Ethyl-6-fluoro-7-{4-[1-(4-(1-(hydroxyimino)ethyl)phenylamino)-1-
oxopropan-2-yllpiperazin-1-yl}-4-oxo- 1,4-dihydroquinoline-3-
carboxylic acid (3f)

White crystals (0.302g, 56.2% yield); mp: 294-296°C; IR (KBr)
o (cm™): 3,266 (NH), 1,718 (carboxylic C=0), 1,678, (amidic), and
1,621 (4-keto C=0); TH-NMR (400 MHz, DMSO-dg) & ppm: 1.27 (3H,
d, J=7.6 Hz, CHCH3), 1.43 (3H, t, J= 7.6 Hz, NCH,CH3), 2.14 (3H, s,
CH3C=NOH), 2.75-2.85 (4H, m, piperazinyl-H), 3.35-3.45 (4H, m,
piperazinyl-H), 4.58 (2H, q, J=7.6, NCH,CHj3), 7.18 (1H, d, Jy_¢=
7.6 Hz H8), 7.61-7.72 (4H, m, Ar-H), 7.91 (1H, d, Jy_r = 13.6 Hz, H5),
8.92 (1H, s, H2), 9.86 (1H, s, NHCO), 10.96 (1H, s, C=NOH), and
15.27 (1H, s, COOH); 3C-NMR (100 MHz, DMSO-dy) § ppm: 11.82,
13.00, 14.77, 49.28, 49.50, 50.29, 63.72, 106.19, 107.66, 111.68
(d, J=23Hz), 119.68, 126.39, 129.77, 132.54, 137.74, 139.51,
145.97, 148.86, 152.91, 153.3 (d, J=248 Hz), 166.50, 171.63, and
176.66; HRMS (ESI) caled for CypyHzoFNsOs [M-H]™: 522.2158,
found: 522.2161.

1-Cyclopropyl-6-fluoro-7-{4-[2-((4-(1-(methoxyimino)ethyl)phenyl)-
amino)-2-oxoethyl]piperazin-1-yl}-4-oxo- 1,4-dihydroquinoline-3-
carboxylic acid (4a)

White powder, yield (0.378 g, 71% yield); mp: 253-254 °C; *H-NMR
(400 MHz, DMSO-d¢) & ppm: 1.17-1.23 (2H, m, cyclopropyl-H),
1.32-1.38 (2H, m, cyclopropyl-H), 2.17 (3H, s, CH3C-NOCHs,),
3.55-3.68 (8H, m, piperazinyl-H), 3.87 (2H, s, NHCOCH,), 3.92 (3H,
s, C=NOCHy3), 4.24 (1H, m, cyclopropyl-H), 7.63-7.68 (5H, m, 4
Ar-H+H8),7.97 (1H, d, Ji,_r = 13.6 Hz, H5), 8.70 (1H,s, H2), 9.78 (1H,
s, NHCO), and 15.04 (1H, s, COOH); 13C-NMR (100 MHz, DMSO-dy)
é ppm: 8.09, 12.56, 36.41, 46.94, 51.93,57.53, 61.97, 107.39, 107.52,
111.73 (d, J=23Hz), 119.24, 119.82, 126.95, 132.12, 139.29,
139.61, 144.23, 148.58, 153.33 (d, J=245Hz), 153.94, 163.68,
166.22, and 176.90; Anal. calcd for CogH30FN5Os: C, 62.79; H, 5.65;
N, 13.08. Found: C, 62.98; H, 5.63; N, 13.37.

1-Cyclopropyl-6-fluoro-7-{4-[3-((4-(1-methoxyimino)ethyl)phenyl)-
amino)-3-oxopropyl]piperazin-1-yl}-4-oxo- 1,4-dihydroquinoline-3-
carboxylic acid (4b)

White crystals (0.520g, 95% vyield); mp: 255-256°C; ‘H-NMR
(400 MHz, DMSO-dy) § ppm: 1.19-1.23 (2H, m, cyclopropyl-H),
1.32-1.38 (2H, m, cyclopropyl-H), 207 (2H, t, J=7.6Hz
NHCOCH,CH;N), 2.16 (3H, s, CH3C=NOH), 3.05 (2H, t, J=7.6 Hz,
NHCOCH,CH,N), 3.45-3.80 (8H, m, piperazinyl-H), 3.85-3.88 (1H,
m, cyclopropyl-H), 3.91 (3H, s, C=NOCHs;), 7.60-7.69 (5H, m, 4Ar-
H+H8), 7.96 (1H, d, Jy_r=13.6 Hz, H5), 8.69 (1H, s, H2), 10.42
(1H, s, NHCO), and 15.01 (1H, s, COOH); **C-NMR (100 MHz,
DMSO-dg) § ppm: 8.09, 12.54, 31.01, 36.40, 46.81, 51.28, 52.09,
61.92, 107.34, 107.54, 111.73 (d, J = 22 Hz), 119.48, 120.02, 126.82,

131.39, 139.60, 140.22, 144.20, 148.60, 153.34 (d, J=248 Hz),
154.00, 166.19, 168.43, and 176.91; Anal. calcd for CoH3,FNsOs: C,
63.38; H, 5.87; N, 12.74. Found: C, 63.51; H, 5.90; N, 13.01.

1-Cyclopropyl-6-fluoro-7-{4-[1-(4-(1-(methoxyimino)ethyl)-
phenylamino)- 1-oxopropan-2-yl]piperazin-1-yl}-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid (4c)

White crystals (0.290g, 55.3% yield); mp: 242-244°C; H-NMR
(400 MHz, DMSO-dy) § ppm: 1.18-1.21 (2H, m, cyclopropyl-H),
1.32-1.38 (2H, m, cyclopropyl-H), 1.63 (3H, d, J=7.6 Hz, CH3CH),
2.17 (3H, s, CH3C=NOCH;), 3.58-3.84 (9H, m, piperazinyl-8H + 1H
of CHCHj3), 391 (3H, s, C=NOCHs;), 4.32-4.36 (1H, m,
cyclopropyl-H), 7.62-7.64 (1H, d, J=7.6 Hz, H8), 7.64-7.76 (4H, m,
Ar-H), 7.96 (1H, d, J=13.6 Hz, H5), 8.69 (1H, s, H2), 10.99 (1H, s,
NHCO), and 15.01 (1H, s, COOH); **C-NMR (100 MHz, DMSO-d,)
6 ppm: 8.08, 12.57, 14.05, 36.39, 47.17, 49.46, 61.99, 63.54, 107.33,
107.54, 111.74 (J=23 Hz), 119.58, 120.14, 126.89, 132.34, 139.21,
139.61, 144.24, 148.61, 153.59, 153.93, 166.20, 168.43, and 176.86;
Anal. calcd for Cy9H3,FNsOs: C, 63.38; H, 5.87; N, 12.74. Found: C,
63.58; H, 5.94; N, 12.96.

1-Ethyl-6-fluoro-7-{4-[2-((4-(1-(methoxyimino)ethyl)phenyl)amino)-
2-oxoethyl]piperazin- 1-yl}-4-oxo- 1,4-dihydroquinoline-3-carboxylic
acid (4d)

White crystals (0.165 g, 65.22% yield); mp: 242-244°C; *H-NMR
(400 MHz, DMSO-d,) & ppm: 1.45 (3H, t, J = 7.6 Hz, NCH,CHg),
2.16 (3H, s, CH3C=NOCHg), 2.77-2.81 (4H, m, piperazinyl-H),
3.27 (2H, s, NHCOCH,N), 3.40-3.46 (4H, m, piperazinyl-H), 3.91
(3H, s, C=NOCHy3), 4.59 (2H, q, J = 7.6 Hz, NCH,CH3), 7.20 (1H, d,
Jy_p=7.6Hz, H8), 7.63-7.68 (4H, m, Ar-H), 7.92 (1H, d, Jy_r=
13.6 Hz, H5), 8.92 (1H, s, H2), 9.82 (1H, s, NHCO), and 15.26 (1H,
s, COOH); 3C-NMR (100 MHz, DMSO-d,) § ppm: 12.56, 14.77,
49.50, 49.92, 52.08, 52.82, 61.92, 106.21, 107.70, 111.59
(d, J=23Hz), 119.68, 126.76, 131.41, 137.77, 139.93, 145.95,
148.85, 153.60 (d, J=248Hz), 154.02, 166.49, 168.75, and
176.68; Anal. calcd for Co7H30FN5Os: C, 61.94; H, 5.78; N, 13.38.
Found: C, 62.23; H, 5.85; N, 13.61.

1-Ethyl-6-fluoro-7-{4-[3-((4-(1-methoxyimino)ethyl)phenyl)amino)-3-
oxopropyl]piperazin-1-yl}-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid (4e)

White crystals (0.404g, 76% vyield); mp: 278-279°C; H-NMR
(400 MHz, DMSO-d¢) 6 ppm: 1.45 (3H, t, J=7.6 Hz, NCH,CHy),
2.14 (3H, s, CH3;C=N-OH), 2.68 (2H, t, NHCOCH,CH,N), 2.75-2.84
(4H, m, piperazinyl-4H), 3.28 (2H, t, NHCOCH,CH,), 3.40-3.48 (4H,
m, piperazinyl-4H), 3.91 (3H, s, -C=NOCH3), 4.59 (2H, q, J=7.6 Hz,
-N-CH,CHs), 7.19 (1H, d, Jy_g = 7.6 Hz s, H8), 7.62 (2H, d, J=8.0 Hz,
Ar-H), 7.66 (2H, d, J=8Hz, Ar-H), 7.91 (1H, d, Jy_f = 13.6 Hz, H5),
8.92 (1H, s, H2), 10.10 (1H, s, NHCO), and 15.25 (1H, s, ~-COOH);
13C.NMR (100 MHz, DMSO-dg) § ppm: 12.54, 14.77, 34.70, 49.50,
49.92, 52.81, 52.61, 61.90, 106.27, 107.70, 111.70 (d, J=23 Hz),
119.70, 126.40, 132.63, 137.77, 139.40, 140.56, 145.94, 148.85,
153.36 (d, J=248Hz), 154.60, 166.48, 168.62, and 176.68; Anal.
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caled for CogH32FNsOs: C, 62.56; H, 6.00; N, 13.03. Found: C, 62.78;
H, 6.04; N, 13.39.

1-Ethyl-6-fluoro-7-{4-[1-(4-(1-(methoxyimino)ethyl)phenylamino)-1-
oxopropan-2-yllpiperazin-1-yl}-4-oxo- 1,4-dihydroquinoline-3-
carboxylic acid (4f)

White crystal (0.350g, 66% vyield); mp: 248-249°C; H-NMR
(400 MHz, DMSO-ds) 6 ppm: 1.44 (3H, t, J=7.6Hz, -NCH,CH3),
1.58 (3H, d, NCH(CH3)CO), 2.17 (3H, s, CH3C=NOCH), 3.55-3.69
(9H, m, 8 piperazinyl-H + CHCHj3), 3.91 (3H, s, CH;C=NOCHj3), 4.58
(2H, g, -N-CH,CHg), 7.26 (1H, d, Ju_g=7.6, H8), 7.66 (2H, d,
J=80Hz, Ar-H), 771 (2H, d, J=80Hz, Ar-H), 7.96 (1H, d,
J=13.6 Hz, H5), 8.95 (1H, s, H2), 10.42 (1H, s, NHCO), 15.27 (1H, s,
-COOH); *3C-NMR (100 MHz, DMSO-dy) § ppm: 12.57, 13.85, 14.83,
47.77,49.41, 49.56, 61.97, 63.46, 106.79, 107.81, 111.91 (J=23 Hz),
120.06, 120.40, 126.85, 132.17, 137.69, 139.36, 144.69, 149.04,
153.22 (J =248 Hz), 153.94, 166.40, 171.69, and 176.66; Anal. calcd
for CagHsoFNsOs: C, 62.56; H, 6.00; N, 13.03. Found: C, 62.85; H,
5.93; N, 13.25.

4.2 | Biological evaluation
4.2.1 | Screening of antimycobacterial activity

The antitubercular activity of the synthesized compounds, 2a-f, 3a-f,
and 4a-f, was evaluated using M. tuberculosis H37Rv strain via mi-

croplate Alamar blue assay (see Supporting Information Appendix A).

4.2.2 | Cleaved complex assay

Cleaved complex assay for compounds 2a, 2b, 3b, 3c, and cipro-
floxacin have been evaluated, which include two main steps: pur-
ification of M. tuberculosis GyrA and GyrB proteins separately,

followed by cleavage assay (see Supporting Information Appendix A).

4.2.3 | Screening of antibacterial activity

The antibacterial activity of compounds 2a-f, 3a-f, 4a-f, norfloxacin,
and ciprofloxacin against S. aureus, E. coli (ATCC 8739), B. cereus
(AUMC No B-52), M. luteus (AUMC No B-112), K. pneumoniae (AUMC
No B-77), P. aeruginosa (AUMC No B-73), and S. marcescens (AUMC
No B-54) was determined according to the standard agar cup diffu-
sion method!?”*% (see Supporting Information Appendix A).

4.3 | Docking study

The synthesized quinolone derivatives, 2b, 2e, 3b, and 4b, were
docked into topoisomerase |l (gyrase) to predict the possible binding

interactions between these compounds and the enzyme active site.

DPhG 13 of 14

Archiv der Pharmazie

Docking experiments were carried out using MOE 2014 software

(see Supporting Information Appendix A).
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