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Abstract

This research was designed focused on modification of the basic structure of quinolones by introducing
ester group at C3 position; the design was made using Ligand Designer from Glide Schrodinger. A series of new
conjugation derivatives (l1a-Vb) were synthesized by esterification of quinolones (ciprofloxacin, gatifloxacin,
nalidixic acid, and norfloxacin) with two types of antioxidants (vanillin and sesamol) at C3 which was replaced
by an ester group via a glycol linker.The synthesized compounds were checked and characterized by spectral
techniques *HNMR, ATR-FTIR). Additionally, their pharmacological activities were examined. In vivo, the anti-
inflammatory effect of the (11a-Vb) compounds was estimated using a rat paw edema model, showing significant
activity for the final compounds Ila-Vb from 2-5hrs. when compared to the DMSO (solvent and control). The new
conjugation derivatives were further tested for their antimicrobial activity against both gram-positive and gram-
negative bacteria using the well diffusion method according to the zone of inhibition for the eight synthesized
final compounds , which showed the following results: with gram-negative bacteria (Escherichia coli): (I1a-Vb)
at 100 mg/l; (l1a-Vb) at 50 mg/I; (I1a-1Va and Vb) at 25 mg/l; and (lla,l1b,11l1b and Vb) at 12.5 mg/l concen-
trations give a high activity, (IVb and Va) at 25 mg/l and (I11a )at 12.5 mg/l give a moderate activity, (IVa ,IVb
and Va) at 12.5mg/l concentrations considered as inactive. For gram-positive bacteria (Staphylococcus aureus):
(Ia-1Vva, Va and Vb) at 100 mg/l; (11a-Vb) at 50 mg/I; (I1a-111b, Va and Vb) at 25 mg/l; and (l1a,l1b,l11b and
Vb) at 12.5 mg/l concentrations give a high activity; (1\Vb) at 100 mg/l, (IVa) at 25 mg/l; and (I1la) at 12.5 mg/I
a moderately active; while (IVVb) at 25 mg/l and (IVVa-Va) at 12.5 mg/l are classified as inactive. According to
antifungal activity against Candida albicans, when compared with the drug Fluconazole, only Ila, Il1b and IVVb
highly active at 100 mg/l, while the final compounds (lla, I1b and 1VVb) at 50 mg/l, and (l1b) at 25 mg/l showed
a moderate activity; the other final compound is classified as inactive. ADME analysis of quasi-active molecules
was performed and demonstrated an acceptable drug-like profile and desirable pharmacokinetic properties.
Keywords: ADME, anti-bacterial, Molecular Docking, Quinolone derivatives, Sesamol, Vanillin.

Introduction

The class of antibiotics known as fluoroquin-
olones includes ciprofloxacin (CP), moxifloxacin
(MXF), and gatifloxacin. Antibiotics that inhibit the
action of bacterial DNA Gyrase, adenosine triphos-
phate hydrolyzing Topoisomerase IV (3FV5), and
Jor prevent gyrase from detaching from the
DNA® Topoisomerase 11 breaks, crosses over, and
then seals both strands of the DNA chain to allow
supercoiled DNA to relax ?®. Fluoroquinolones are
a class of antibacterial agents with anti-inflamma-
tory properties in addition to antibacterial effects;
many people also face drug resistance because dif-
ferent types of microorganisms work through differ-
ent mechanisms®. Researchers found

that an increase in volume at C7 of the fluoroquino-
lone moiety was found. Reduce bacterial resistance
by reducing efflux effects pump, there are also re-
ports that this modification will bring improvements
Anti-inflammatory effect®.Fluoroquinolones have
a broad spectrum of antibacterial activity were de-
veloped as a new class of synthetic antibiotics with
potent bactericidal agents and broad-spectrum activ-
ity that are active against significant bacteria that
cause a variety of diseases®, such as urinary tract
infections (UTIs)™: chronic gastritis®, Microbial
keratitis (MK)®, Infections of the upper and lower
respiratory tracts (URTI and LRTI)®® also pre-
scribed to treat intestinal infections brought on by
enteric pathogens™?), treatment in advance of
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patients with immune problems, such as those with
cancer or those undergoing renal transplant ©, cel-
lulitis ®?  Antimalarial activity3-19),

Fluoroquinolone derivatives, such as fluoro-
quinolone hybrids, fluoroquinolone metal com-
plexes, and other derivatives with antibacterial ef-
fectiveness® quinolone derivatives have been used
as lead compounds in drug discovery efforts. Scien-
tists modify the quinolone structure to develop new
derivatives with improved properties, such as en-
hanced efficacy, reduced toxicity, and better phar-
macokinetic profiles”). Several investigations were
conducted to examine the anti-inflammatory®® |
anti-aging®?, anti-proliferative @® , and antioxidant
properties of phenolic compounds, which are natu-
rally occurring in plants and can be used in health
benefits in scientific termsY, the hydroxyl group of
phenolic compounds is linked to ester in the form of
a chain of aromatic carbons containing drugs®@?.
Natural phenolic components employed as promoi-
ties in the production of prodrugs, such as vanillin,
sesamol, umbelliferon, and menthol@®, they exhibit
antioxidant activity, as well as antibacterial, antifun-
gal, and antioxidant action ?4-26) ,

Vanillin's neuroprotective, anti-carcino-
genic, and antioxidant bioactive properties are be-
coming more widely recognized®”. Vanillin is also
a feasible choice for the treatment of neurological
problems since it is rapidly absorbed, has no adverse
effects even at high concentrations, and can cross the
blood-brain barrier (BBB) @®), Sesamol's therapeu-
tic potential has been extensively researched, and
the evidence strongly shows that it acts as a meta-
bolic regulator with anti-aging, anti-mutagenic, anti-
inflammatory, and chemo-preventive properties®®.
Numerous investigations have revealed that sesamol
has potent anti-cancer properties. Because of its hy-
droxyl group, which is principally responsible for its
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antioxidant and anti-inflammatory properties, sesa-
mol has multifunctional properties. A well-designed
formulation promotes passive absorption of antioxi-
dants and phenolic compounds from the intestinal
lumen into the blood and lymphatic circulation, im-
proving bioavailability considerably ©%.Recently,
the study of biological and pharmacological activity
has established the heterocyclic chemistry of quino-
lines and that has shown to be an excellent scaffold.
Nonetheless, quinoline derivatives were thoroughly
investigated as bioactive substances Y. The compu-
tational methods employed in our work consist mo-
lecular docking studies, ADME (which include Ad-
sorption, distribution, metabolism, excretion) mo-
lecular dynamics simulation which help and benefit
to discovery of new lead compounds. Molecular
docking plays an important role in the rational de-
velopment of drugs. In the field of molecular mod-
eling, docking is a method of predicting the pre-
ferred orientation of one molecule relative to a sec-
ond molecule when brought together to form a stable
complex. Molecular docking can be defined as an
optimization problem describing the “best-fit” ori-
entation of a ligand that binds to a specific target
protein typically, it is used in the process of devel-
oping new drugs and identifies proteins responsible
for the appearance or progression of disease in the
body(32'35).

The objective of the present research is to
synthesize a new derivative of different quinolines
by linking different quinolone antibiotics (i.e.
ciprofloxacin, gatifloxacin, nalidixic acid, and nor-
floxacin) with antioxidants (a: vanillin, b: sesamol),
supported with molecular docking studies. The par-
ent drug is modified using glycolic acid precursors
(-OCH,COO-) as shown in Figure 1.
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Figure 1. Modified position and chemical structure of drugs and antioxidants.
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The emergence of bacterial resistance to cur-
rent antibiotics necessitates the development of
novel medicines to battle resistance. Many types of
microbes have developed resistance to several anti-
biotics, which is a threat to global health®? .

The most important pathogens are (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species), so research
effort is required to satisfy the urgent demand for
new antibiotic ©4).

Materials and Methods

Fluoroquinolones and antioxidants were pur-
chased from the Hyper Chem Company
(China).Thin layer chromatography (TLC) was em-
ployed to monitor the progress of reactions; the mo-
bile phase solvent systems used were A: chloroform:
methanol (85:15), and B: chloroform: ethyl acetate:
ether (10:5:1). The melting points were determined
using an electronic melting point equipment (Stuart
SMP30), and are uncorrected. (ATR-FTIR) (Shi-
madzu, Japan), was used to record the spectra
(v=cm™) of the samples, at the college of Pharmacy-
University of Baghdad. Dimethyl  sulfoxide
(DMSOgs) was used as a solvent in the THNMR
spectra obtained, using a BRUKER model Ul-
trashield 500 MHz spectrometer.

1- Docking protocol €840

Molecular docking of proposed eight new
Quinolone derivatives was carried out using Maes-
tro 11.5 Schrodinger software to select the deriva-
tives that demonstrated good interactions with target
protein with PDB (www.rscb.org). The following
procedures are taken into account for molecular
docking research. Preparation of Ligands Protein
purification and refinement Receptor grid genera-
tion, PLD stands for protein-ligand docking.
Ligand instruction

The Schrédinger ligand instruction was com-
pleted with the aid of the Lig Prep panel utility, com-
prising a series of measures that perform conversion
of second systems to 3-D shape, practice shape cor-
rection by reducing the right bond angles and dis-
tances, and maximize the structure via pressure-sub-
ject OPLS3.

Protein preparation and its refinement

Protein is the most crucial issue in molecular
docking research, and it is essential to reduce the
power of protein molecules before docking studies
with ligands. Both proteins for ligand docking as-
sessment were produced with the aid of the protein
practice wizard device, which was used to import
proteins for the protein information bank. Proteins
obtained from the Protein Data Bank (PDB), big
companies, and other resources often contain miss-
ing hydrogen, partial costs, aspect chains, and whole
loops regions. To overcome all of these restrictions,
the proteins were pre-processed, which was accom-
plished by setting the following parameters: Upload
hydrogen and make zero order metal bonds. The
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generation of disulfide bonds, using top to fill gaps
in aspect chains, using top to fill in missing loops,
removing water above 5.00A, and crating of the
kingdom using Epik: PH 7.0+/- 2.zero.
Receptor grid generation

Before approaching a virtual display with
waft, grid generation needs to be completed. The
shape and features of the receptor are represented in
agrid by area, which allows for more precise scoring
of ligand poses throughout time. Flow generates
grids for each conformation of receptors that un-
dergo more than one conformation during binding to
guarantee that viable actives are not missing. Recep-
tor grid generation requires a "prepared™ structure:
an all-atom structure with appropriate bond orders
and formal charges. In most cases, the preparation
process can be performed automatically using the
Protein Preparation Wizard.
Protein-ligand docking simulation

Docking was completed with the aid of the
general Precision (SP) mode, and refining was ac-
complished with the aid of the greater precision
(XP) mode. The ligand docking technique predicts
ligand shape and orientation (posing) inside the tar-
geted binding site, facilitating identification of inter-
actions of ligand atoms with amino acids of proteins.
The ligand docking concluded in the following
steps: first, the Ligand docking program was se-
lected from the software menu. Following the recep-
tor grid, select Browse and choose the created recep-
tor grid. The flavone Lig Prep report was then
browsed and entered into ligands to be docked. Sub-
sequently, the ligand and the protein grid are formed
below three headings. The receptor, website, and
constraints determine the size of the grid container
wherein the ligand is expected to dock.
ADME studies

To test the drug resemblance of the proposed
compounds, the produced ligands are subject ligand
base ADME prediction. Setting the software to iden-
tify the most similar drug molecules, QIK Prop ex-
amined the output data for the drug ability of the
generated compounds. The top-ranked compounds
were subjected to drug-like property prediction us-
ing Lipinski's rule of five and the ADME De-
scriptors calculation using Qikprobe software (Uti-
lizing an authorized Glide module as Maestro soft-
ware by Schrodinger's modeling software version
13.0135). Different molecular properties, such as the
number of hydrogen bond acceptors and donors, are
considered in Lipinski's rule of five®D, The aim of
the study is to get knowledge of the main pharmaco-
kinetic properties of compounds, such as aqueous
solubility, intestinal absorption, systemic distribu-
tion, metabolism, excretion, and hepatotoxicity,
among many other descriptors for ADME.
Chemical synthesis
Synthesis of antioxidant-chloroacetic chloride (la-
b) @)
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An appropriate amount of each antioxidant
(a-vanillin and b-sesamol) (0.001 mol, 1.5 g and
0.001mol, 1.38Q), respectively, was mixed with tri-
methylamine (0.001mol, 1.4ml), 25ml of dichloro-
methane was placed into the mixture using round
bottom flask, and then the mixture was cooled to -
10°C, using an ice bath.

A mixture of chloroacetylchloride (0.001mol/0.8ml)
in chloroform 25ml was prepared and was added
drop-wise to the antioxidant mixture over a period
of 1h. The temperature of the reaction mixture was
kept at -10°C, during the addition, and stirred over-
night. Then wash using separatory funnel with; 5%
HCI (3x50 ml), 5% NaOH (3x50 ml), and brine so-
lution (2x25ml). The mixture was collected by evap-
orating the solvent using a hot air stream. Then re-
crystallization of the resultant compound with petro-
leum ether (60-80) and ethyl acetate (25:1)
Synthesis of quinolones-antioxidant compounds
(Ila-Vb) “2

A suitable amount of each la-b 0.001 mol (a:1.5 g
and b :1.38g) together with different quinolone
0.001mol (ll:ciprofloxacin, 3.31g, Ill:gatifloxa-
cin,3.75g, 1V: nalidixic acid, 2.32g, and V :Norflox-
acin, 3.19g) respectively, in trimethylamine
(0.001mol, 1.4ml) in 250 ml using round bottom
flask, Nal (0.001mol, 1.5¢g) and DMF was added
also to round bottom flask, the mixture was kept stir-
ring in the refrigerator for overnight at 25°C. Fol-
lowing the 12 h stirring the resultant mixture was
poured onto a crushed ice, then, extraction with
chloroform (4X25ml) was and separation of the or-
ganic layer by using 2% sodium thiosulphate
(3x50ml), 5% HCI (3x50 ml), 5% NaOH (3x50 ml),
brine solution (2x25ml) The solvent was evaporated
to obtain the final products (quinolone antioxidant)
using a hot air stream. Recrystallization with petro-
leum ether (60-80) °C and ethyl acetate (25:1).
Pharmacological studies

Anti-inflammatory activity(©34344

The experiment protocol was performed un-
der authorization, and the synthesized derivatives,
Ila-Vb, were estimated for their acute anti-inflam-
matory activity using egg-white method converting
edema in albino rats (AR) and compared with diclo-
fenac sodium 3 mg/ kg as a reference medicine. The
basis for screening the anti-inflammatory effects
them is the reduction in the thickness of paw edema.
Method

New Conjugate of Quinolone-Antioxidants

Sixty white albino rats weighing (160-2009)
were attained from the / Baghdad University animal
house and kept in the Iraqi Center for Cancer and
Medical Genetics Research, they were housed under
standard conditions with marketable chaw as food
and ad libitum water. Inflammation was measured at
the start and throughout the short time course by
subcutaneous injection of egg whites into the rat
paw under standard acclimation conditions.

These rats were aimlessly sorted into 10
groups each group consisting of six rats: Group A:
Six rats injected intra-peritoneally (IP) with propyl-
ene glycol considered as control. Group B: Six rats
were injected with the reference drug (Diclofenac
sodium 3mg/Kg dissolved in propylene gly-
col®. The(C,D,E,F,G,H,1,J) Groups: Six rats from
each group were injected with prepared compounds
dissolved in propylene glycol in the doses shown in
the Tablel.

A 0.05ml subcutaneous injection of undi-
luted egg-white material into the plantar side of the
left-hand paw for the rats' hind paws may cause sub-
stantial skin discomfort, due to dominant inflamma-
tion. Thirty minutes after administration of the de-
sired compounds or the vehicle, the paw width was
measured using a Vernier caliper at intervals of (0,
30, 60, 120, 180, 240, and 300) minutes, respec-
tively, after drug administration.

Calculation of the dose“®47
The doses of these target compounds were calcu-

lated according to the following equation:
Dose of reference compound _

Mwt of reference compound_
Dose of tested compound

M.wt of tested compound

Diclofenac sodium is given at a dose of 3 mg/kg,
were the intended compounds are calculated in the
equation as shown in Table 1.

Table 1. The molecular weights and doses for Diclofenac and the intended compounds

Compounds M.Wt Rat dose(mg/kg)
Diclofenac sodium 318.1 3

Ila 523.516 4.937

Ih 509.486 4.804

Illa 567.564 5.352

b 553.534 5.220

IVa 424.405 4.002

IVb 410.375 3.870
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Va 511.501

4.823

Vb 497.471

4.691

Antimicrobial activity &5

In vitro, the final synthesized compounds
(IMa-Vb) were tested against two bacteria species,
gram-positive was Staphylococcus aureus, gram-
negative was Escherichia coli, and fungi species
was Candida albicans; Ciprofloxacin was used as a
reference for antibacterial activity, Fluconazole was
used as an antifungal, and DMSO was used as a sol-
vent (negative control).

One-liter Mueller-Hinton agar made from
commercially available powder after weighing the
compounds with a sensitive balance at a rate of 1000
mg/ml, they were dissolved in the DMSO solution
by stirring, and kept at room temperature (RT) for
18 h, until complete dissolution, at which point re-
ducing concentrations of 100mg to 12.5 mg were ob-
tained .Bacterial inoculum was prepared and inocu-
lated by overnight activating bacteria from stock
cultures in nutrient broth.

Bacterial inoculum was prepared by dilut-
ing activated bacteria with sterile D.W to achieve
cell concentration of about 1.5108 cells /ml, the tur-
bidity of bacteria solution was visually adjusted to
0.5 McFarland standard via wicker ham card, and
the obtained inoculum was streaked directly on agar

plates (MHA) After inoculating microbes, and load-
ing material into agar wells, Petri dishes were incu-
bated in a laboratory incubator for 24 h, at a temper-
ature of 35-37°C, and the MIC activity was deter-
mined by measuring the diameter of inhibition zones
around the holes loaded with solutions with a trans-
parent ruler in millimeters (mm)®©%52),

Results and Discussion

1-Docking end result shows that binding of ligand to
protein occurs as consistent with carried out con-
striction with interplay with preferred way. Excel-
lent docking score and float rating of newly de-
signed quinolines der-ivatives (lla-Vb) were as
compared the usage of docking score and glide rat-
ing and potential strength. Both of (IVb and Vb) had
been maximum docking score as anti-inflammatory
activity whereas (lla, Illa, 1llb, and 1VVa) maximum
docking score as anti-bacterial activity, the results of
docking, i.e., the binding mode, docked pose, and
binding free energy were studied to evaluate the in-
teraction between the amino acids residues of the
proteins COX-1 and COX-2 and our synthesized lig-
ands. As proven in both Tables (2 and 3) also Figure
(2 and 3).

Table 2. Anti-inflammatory Docking Scores of docked Ligands (lla-Vb) with Cyclooxygenase-1 (PDB
Code: 4012); and Cyclooxygenase-2 (PDB Code: 4m11), using Diclofenac as a Reference

Symbol Kcal/ mol Cox1 Cox2
AG (Kcal/mol) AG (Kcal/mol)

Diclofenac -5.950 -6.809

lla - - - -

Ilb -2.024 -5.394

Illa - - -0.440

I1b -1.479 -3.099

IVa -3.088 -5.887

IVb -6.024 -7.279

Va 9.702 -2.141

Vb -4.209 -6.979
2Dstructure 3D structure
Diclofenac Diclofenac

199



Iragi J Pharm Sci Vol. 33(4 SI) 2024 New Conjugate of Quinolone-Antioxidants

200



Iragi J Pharm Sci Vol. 33(4 SI) 2024

Table 3. Anti-bacterial docking scores: protein/ E. coli Topoisomerase IV co-complexed with inhibitor

(PDB code 3FV5), Ciprofloxacin as reference

New Conjugate of Quinolone-Antioxidants

Symbol Kcal/ mol Docking score
Ciprofloxacin (reference) -5.500
lla -6.502
Ib -3.632
Ila -5.740
Ib -6.645
IVa -6.844
IVb -3.099
Va -4.603
Vb -4.953

2D structure
Ciprofloxacin
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Figure 3. Anti-bacterial docking/2D and 3D structure for compounds.
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ADME Studies

The ADME properties for the final com-
pounds (lla-Vb) predicted in vitro in silico by using
Schrodinger suit, taking different pharmacokinetic
parameter, the molecular weight of the final com-
pounds shown in the range of 410.382 and 567.57.
Dipole moment between 6.071-12.375. Number of
hydrogen bond donors that, in a fluid arrangement
of the mixtures, the solute would provide to water
atoms given in the range of 0-1. Number of hydro-
gen bonds that the compounds' fluid arrangement's
solute would recognize from water particles given in
the range of 9.5-12.25. QPlogPo/w is used to ana-
lyze the estimation of the lipophilicity (octanol-wa-
ter partition coefficient). Lipophilicity is thought to
be the significant physical characteristic that pro-
motes excellent adsorption and ideal molecular

New Conjugate of Quinolone-Antioxidants

permeability through passive spread. Generally,
high lipophilicity values carry a considerable danger
of toxicity associated with metabolic clearance,
while low renal clearance may be encouraged by lip-
ophilicity levels; the compounds showed good
QPlogPo/w values. Several possible metabolic reac-
tions of the substances show in the range of 1-3. It is
evident that some of the final compounds complies
with Lipinski's five rules in range of 0-2. The excel-
lent oral bioavailability shown with these final com-
pounds is 39-87%. Therefore, the majority of the
compounds in silico ADME screening findings fall
within the advised ranges. We believe that in silico
ADME prediction results could support the ongoing
development of the medication candidates. (Table 4)

Table 4. In silico ADME prediction results of the final compounds.

Compounds M.wt Dipole | Donor | Accept | QPlogP | #metab | Rule %Human oral
HB HB o/w of Five | absorption

lla 523.517 | 10471 |1 12.25 1.761 2 1 42.568

Ib 509.49 | 1205 |1 11 2.42 1 1 59.568

Ila 56757 |8.465 |1 13 2.359 3 2 39.005

b 553.543 | 11.642 |1 11.75 2.982 2 2 56.194

IVa 424,409 [8.236 |0 10.75 1.553 3 0 70.423

Vb 410.382 [ 6.071 |0 9.5 2.018 2 0 87.232

Va 511.506 | 12.375 |1 12.25 1.963 3 1 46.24

Vb 497.479 | 11495 |1 11 2.287 2 0 71.662

Recommended | 130-725 | 1-12.5 | 0-6 2-20 -2-6.5 1-8 Max4 | >80% is high

values <25% is poor

-MWt: Molecular weight of the molecule.-Dipole: Computed dipole moment. - HBD: Estimated number of hy-
drogen bonds that would be donated by the solute to water molecules in an aqueous solution.-HBA: Estimated
number of hydrogen bonds that would be accepted by the solute from water molecules in an aqueous solution.

-QPlogP o/w: Predicted logarithm octanol/water partition coefficient.-#metab: Number of likely metabolic reac-
tions. - Rule of Five: Number of violations of Lipinski's rule of five. - %oHuman oral absorption: Percentage of

oral absorption.

Chemical synthesis
The synthesized compounds lla-Vb was

obtained successively ; the overall process for
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synthesizing the intermediates and targeted com-
pounds were depicted in Scheme 1.
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Scheme 1. Synthesis of intermediates la-b and targeted compounds lla-Vb

The synthesis of the intermediate as antioxi-
dant-chloroacetyl chloride- (la-b) were synthesized
from two types of antioxidant (a-vanillin and b-ses-
amol) with chloroacetylchloride . The conversion of
chloroacetyl chloride into ester, will occur through
nucleophilic acyl substitution reactions which in-
volve tetrahedral intermediate 475354,

Nucleophilic substitution occurs selectively
at the acyl carbon atom in a-chloroacetyl chloride
because of the greater reactivity of nucleophiles to-
ward acid chlorides compared to alkyl chlorides.
The reasons for this selectivity are attributed to the
differences in the electrophilicity of the two carbon
atoms in a- chloroacetyl chloride. Electronically, the
carbonyl carbon has two electron-withdrawing
groups — the oxygen doubly bonded to it and the (-
Cl) bonded to it. On the other hand, the carbon in —
CH>CI has only one electron withdrawing group (-
Cl). Besides electronics, steric factors also play a
role in this selectivity. It is easier for the nucleophile
to attack the carbon of the planar carbonyl group in
the acid chloride than to attack the tetrahedra carbon
in the — CH,CI group. The Rrand FT-IR spectral data
of intermediates as shown below:

Compound (la) Yield = 85%, m.p. = 68-70 °C, R¢ =
0.87, IR (v=cm™): 3078.39 and 3055.24 (Ar-C-
H)str., 2920.23, 2877.79 and 2831.50 (C-H Str of
CH; and CHs;), 2762.06 (aldehyde-COH)str,
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1778.37 (C=0 ester)str, 1689.64 (aldehyde-C=0)
str., 1600.59, 1593.20 and1508.33
(ArC=C)str,1265.30 (asym C-O-C) str., 779.24 and
759.95 (C-Cl)str.

Compound (Ib) Yield = 75%, m.p.= 50-52 °C, R =
0.84, IR: 3086.11 and 3005.10 (ArC-H) str ,
2951.09 and 2912.51 (C-H of CHy)str., 1762.94
C=0-ester)str,1558.48, 1543.05 and 1504.48 ,(Ar
C=C)str., 1242.16 (asym C-O-C)str., 752.24 (C-
Cl)str..

The above results indicated to the disappearance of
broad bands at (3320-3170) cm™ and (3362-3197)
cm? respectively and to the revealed band sat
1724.36, 1693.50) cm™ and (1759.08 and 1716.65)
cm?! respectively which attributed ester(C=0)str.
Synthesis of Target Compounds (l1a-Vb)

The target compounds were synthesized according
to the following steps:

1- Finkelstein reaction, halo-de-halogenation takes
place by replacement of chloride with iodide by re-
acting the chlorinated ester (resulted from stepl)
with anhydrous Nal in order to remove iodide in the
next step which is easier than that of chloride due to
its low electronegativity.

2- Mixing the iodinated ester with quinolones in
presence of TEA in DMF (355
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Compound (l1a): 2-(4-formyl-2-methoxyphenoxy)
-2-oxoethyl 1-cyclopropyl-6-fluoro-4-oxo-7- (pip-
erazin-1-yl)-1,4-dihydroquinoline-3-carboxylate
Off white powder, yield=87%,m.p. = 189-190 °C ,
Rf = 0.86 IR(v=cm™): 3059.10 (ArC-H )str.,
2962.66, 2941.26 and 2912.51), (C-H of CH, and
CHpy)str, 2760.87 (aldehyde CO-H)str,
1724.36,1693.50(ester C=0) str, 1654.92 (alde-
hyde-C=0)str, 1624.06(ketone C=0)str, 1581.63,
1546.91 and 1504.48(Ar C=C)str,1257.59 ,1211.30
(asym C-O-C)str.

'HNMR(500 MHz, DMSOgg; 8,ppm) : 1.29 (d,4H,
cyclopropyl ring), 2.71 (m,1H, piperazine ring),
2.87 (m,4H ,piperazine ring), 3.68 (m,4H, pipera-
zine ring), 3.84 (s,3H, OCHs), 4.12 (Quintet,1H,
cyclopropyl group), 5.08 (s,2H,CH) , 6.96 (s,1H,
Ar-H), 7.37 (d,1H, Ar-H), 7.58 (s,1H,Ar-H),7.88
(d1H, Ar-H), 7.99 (s,1H, Ar-H), 8.66 (s,1H, 1-cyclo-
propylpyridin-4(1H)-one group), 9.74 (s,1H, CHO).
Compound (11b): 2-(benzo[d][1,3]dioxol-5-yloxy)-
2-oxoethyl 1-cyclopropyl-6-fluoro-4-oxo-7-(piper-
azin-1-yl)-1,4-dihydroquinoline-3-carboxylate
white powder, yield=86%,m.p.=(197-198)°C, R; =
0.85, IR(v=cm™): 3047.53 (Imino moiety of piper-
azinyl) str,2943.37 , 2916.37 and 2857.61(C-H of
CHy)str, 1759.08 and 1716.65(ester
C=0)str,1624.06 and 1600.92 (carboxylic-C=0)str,
1562.34 and 1508.33(Ar C=C)str,1249.87(asym C-
O-C)str., 1168.86 and 1134.14 (C-F) str.
'HNMR(500 MHz, DMSO¢g; §,ppm) : 1.28 (d,4H,
cyclopropyl ring), 2.53 (m,1H, piperazine ring),
3.36 (m,4H, piperazine ring),3.53(m,4 ,piperazine
ring), 3.86 (Quintet, 1H , cyclopropyl ring), 5.86
(s,2H,CH,) , 6.08 (s5,1H, Ar-H) , 6.35 (s,2H,CHy>),
6.67 (s,1H,Ar-H), 6.94 (d,1H,Ar-H), 7.63 (d,1H,Ar-
H), 7.95 (s,AH,Ar-H), 8.67(s,1H, 1- cyclo-
propylpyridin-4(1H)-one group) .

Compound (I11a): 2-(4-formyl-2-methoxyphenoxy
)-2-oxoethyl 1-cyclopropyl-6-fluoro-8-methoxy-7-
(3-methylpiperazin-1-yl)-4-oxo-1,4-dihydro quino-
line -3-carboxylate

Light yellow powder, yield=86%,m.p.= (161-163)
°C, Rr=0.82, IR(v=cm%): (3078.39) Imino moiety of
pipra-zinyl)str, 2966.52 , 2949.89 and 2850.79) (C-
H CH; and CHg)str, 2754.35 (-aldehyde-COH)
str,1766.80(ester-C=0)str,1693.50 (-aldehyde-
HC=0)str, 1616.35(conj. ketone C=0)str,1585.49
and1535.34(ArC=C)str, 1265.30 (asym C-O-C)str,
1114.86 and1060.85 (C-F) str.

'HNMR(500 MHz, DMSOg; &,ppm) 1.8
(d,3H,CHgs), 2.08 (d,4H, cyclopropyl ring) , 2.27
(s,1H, piperazine ring), 2.70-2.86 (m,1H, piperazine
ring ), 2.95 (m,2H, piperazine ring), 3.22 (m,2H
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,piperazine ring) , 3.68 (d,2H, piperazine ring), 3.81
(s,3H, OCHs), 3.85 (s,3H, OCHs), 4.17 (Quintet
,1H, cyclopropyl ring), 5.36 (s,2H, CHy) , 7.24 (d,1H
,Ar-H), 7.38 (s,1H, Ar-H), 7.59 (d,1H,Ar-H) , 7.93
(s,1H Ar-H), 8.63 (s,1H, pyridin-4(1H)-one), 9.76
(s,1H, CHO) .

Compound (I11b): 2-(benzo[d][1,3]dioxol-5-yloxy)
-2-oxoethyl  1-cyclopropyl-6-fluoro-8-methoxy-7-
(3- methylpiperazin-1-yl)-4-oxo-1,4-dihydro quin-
oline -3-carboxylate

Light yellow powder, yield=86%, m.p.=(178-179)
°C, Rr= 0.83, IR(v=cm™): 3082.25 (Imino moiety
of pipra-zinyl)str,2978.09,2893.22 and 2839.22 (C-
H of CH; and CHs)str, 1759.08 and 1735.50(ester-
C=0)str, 1616.35 (conj ketone C=0) str,1581.63
,1535.34 and1500.62(ArC=C), 1246.02( asym C-O-
C) str, 1134.14 and 1033.85 C-F )str.

'HNMR(500 MHz, DMSOgs; 8,ppm) : 1.66 (d,3H,
piperazine ring), 1.98 (d,4H, cyclopropyl ring), 2.06
(s,1H, piperazine ring) , 2.54-2.90 (m.1H, piperazine
ring), 3.19 (m,2H, piperazine ring), 3.41(m,2H ,pi-
perazine ring) , 3.65 (d,2H, piperazine ring), 3.83
(s,3H, OCHa), 4.47 (Quintet ,1H, cyclopropyl ring),
5.92 (s,2H,CHy) , 6.07 (s,2H,CH) ,6.56 (d,1H, Ar-
H), 6.66 (s,1H, Ar-H,) , 6.86 (d,1H, Ar-H),7.62
(s,1H, Ar-H) ,8.57 (s,1H ,pyridin-4(1H)-one ).
Compound (IVa): 2-(4-formyl-2-methoxyphe-
noxy)-2-oxoethyl 1-ethyl-7-methyl-4-oxo-1,4-dihy-
dro-1,8-naphthyridine-3-carboxylate

Light brown (Sticky), yield=51%,m.p=(49-50) °C,
Rf =0.90, IR(v=cm™): 3016.67 (Ar C-H)str.,
2970.38 , 2920.23 and 2877.79 (C-H of CH, and
CHa)str, 2738.92 (aldehyde- COH str,1739.79 (es-
ter-C=0)str, 1693.50 (aldehyde-HC=0 )str, 1612.49
(conj.ketone C=)str., 1546.91
and1500.62(ArC=C)str., 1261.45 and1234.44( asym
C-0O-C) str.

'HNMR (500 MHz, DMSOgg; 8,ppm) : 1.37
(t,3H,CH3-CH,), 2.48 (s,3H, CH3) , 3.85 (s,3H,
OCHs) , 4.49 (g,2H, CHs-CH>), 5.36 (s,2H, CH>),
6.97 (d ,1H ,Pyridine ring),7.34 (d,1H, Ar-H), 7.38
(s,1H, Ar-H) , 7.42 (d,1H, Ar-H), 7.61(d,1H ,Pyri-
dine ring), 8.45 (s,1H ,pyridin-4(1H)-one ) , 9.74
(s,1H, CHO) .

Compound (I1Vb): 2-(benzo[d][1,3]dioxol-5-yloxy)-
2-oxoethyl  1-ethyl-7-methyl-4-oxo-1,4-dihydro-
1,8-naphthyridine-3-carboxylate

Light brown powder, yield=76%, m.p. = (160-
162)°C , Ry = 0.89 ,IR(v=cm™):: 3086.11 and
3005.10 (Ar C-H)str., 2954.95 and 2916.37 (C-H of
CH; and CHg)str, 1766.80 and 1685.79 (ester C=0
)str 1608.63 (ketone-C=0)str, 1585.49, 1546.91 and
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1504.48 (Ar C=C) str., 1257.59 and 1226.73( asym
C-O-C)str.

'HNMR (500 MHz, DMSOgs; 8,ppm) : 1.35 (t,3H
,CH3-CHy), 2.69 (s5,3H, CH3), 4.46 (g,2H, CHas-
CH), 5.36 (s,2H, CH») , 6.11 (s,2H,CH), 6.79
(d,1H ,Pyridine ring) , 6.92 (d,1H, Ar-H), 6.96
(s,1H,Ar-H), 6.99 (d,1H,Ar-H) , 7.04 (d,1H, Pyri-
dine ring) , 8.48 (s,1H ,pyridin-4(1H)-one).
Compound (Va): 2-(4-formyl-2-methoxyphenoxy
)-2-oxoethyl 1-ethyl-6-fluoro-4-oxo-7-(piperazin-
1-yI)-1,4-dihydroquinoline-3-carboxylate

Off white powder, yield=86%,m.p=(181-183)°C, Rs
= 0.88, IR(v=cm™): 3055.24 (ArC-H)str., 2981.95,
2958.80 and 2862.36 (C-H of CH, and CHs)str.,
2723.49 (aldehyde-CO-H)str., 1735.93 and 1681.93
(ester C=O)str., 1624.06(aldehyde HC=0Q) str,
(1589.34 and 1504.48) (ArC=C)str., 1261.45 (asym-
C-0-C)str., 1122.57 and 1060.85 (C- F) str.
'HNMR(500 MHz, DMSOgs; 8,ppm) : 1.39 (t,3H,
CH3-CHy), 2.67 (m,1H, piperazine ring ), 2.95
(m,4H, piperazine ring), 3.66 (m,4H, piperazine
ring), 3.83 (s,3H, OCHz), 4.57 (q,2H,CH3-CH,),
5.07 (s,2H, CHy), 7.09 (s,1H, Ar-H) , 7.36 (1d,H,
Ar-H), 7.40 (s,1H, Ar-H) , 7.61 (d,1H, Ar-H) , 7.92
(s,1H, Ar-H) , 8.67 (s,1H, pyridin-4(1H)-one) , 9.74
(s,1H, CHO).

Compound (Vb): 2-(benzo[d][1,3]dioxol-5-yloxy)-
2-oxoethyl 1-ethyl-6-fluoro-4-oxo-7-(piperazin-1-
yl)-1,4-dihydroquinoline-3-carboxylate

White powder, yield=86%,m.p= (187-188) °C,
R=0.90, IR(v=cm?): 3055.24(Ar  C-H)str.,
2970.38, 2935.66 and 2862.36 (CH of CH; and
CHa)str, 1759.08 ,1735.93 and 1705.07 (ester
C=0)str, 1624.06 (ketone-C=0) str overlapping
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with NH bending vibration of quinolones, 1519.91
and 1500.62 (Ar C=C) str., 1253.73 (asym C-O-
C)str., 1176.58 and 1157.29 (C-F) str.
'HNMR(500 MHz, DMSOgs; 8,ppm) : 1.39 (t,3H,
CH3-CHy), 2.36 (m,1H, piperazine ring), 3.13
(m,4H, pipera-zine ring) ,3.47 (m,4H, piperazine
ring) 4.58 (q,2H, CHs-CHy), , 5.87 (5,2H, CH,),
6.09 (s,1H, Ar-H) , 6.18 (s,2H,-CHy), 6.59 (s,1H,
Ar-H ,6.66 (d,1H, Ar-H) , 6.93 (d,1H, Ar-H) ,7.88
(s,1H, Ar-H) , 8.64 (s,1H, pyridin-4(1H)-one. ).
The IR spectrum of compound lla-Vb indi-
cated the disappearance of broad band of OH group
of: Ciprofloxacin (3255.84-3209.55) cm™, Gatiflox-
acin (3371.57-3216.58) cm, Nalidixic acid
(3226.73-3255.24) cm-1and Norfloxacin (3332.10 -
3276.58) cm™ and the appearance of band attributed
ester(C=0)str. for lla-Vb respectively:{(1724.36
,1693.50) , (1759.08 and 1716.65), ( 1766.80),
(1759.08 and 1735.50), (1782.23 and 1720),
1766.80 and 1685.79), (1735.93 and 1681.93) and
(1759.08, 1735.93 and 1705.07) cm™ ;on the other
hand, the interpretation of the tHNMR spectrum for
compounds lla-Vb revealed a singlet peak due to the
(CH: o to ester group) at 6=(ppm ) : 5.08, 5.86, 5.36,
5.92,5.36, 5.36, 5.07 and 5.87 respectively and there
is no peak appeared at the range of proton of carbox-
ylic group . All the inferences mentioned above pro-
vide evidence of the occurrence of the association
and the success of the preparation of the compounds.
Pharmacological studies
Anti-inflammatory assessment of the tested com-
pound ®8),  In comparison experimental chemicals
with control (propylene glycol 50%), they all dis-
played thinner paws thickness

Table 5. The anti-inflammatory activity of final quinolone derivatives (I1a-Vb), using an egg-white, and
induced paw edema in rat; propylene glycol as control and Diclofenac as standard compound

Paw Thickness (mmzSD)
Time (hrs.) 0 hr. 0.5 hr. 1 hr. 2 hr. 3hr. 4hr. 5 hr.
control 4.38 4,61 5.95 7.56 7.65 6.87 6.46
+0.03 +0.02 +0.03 +0.5 +0.03 +0.02 +0.11
Standard 4.33 4.47 5.89 6.24 6.00 5.72 5.14
+0.02 +0.02 +0.04 +0.02*? +0.01*2 +0.01** | £0.02*?
lla 4.33 4.56 5.91 6.14 5.88 5.67 5.10
+0.02 +0.02 +0.04 +0.01*? +0.03*2 +0.02*2 | £0.04*?
Ila 4.50 4.57 5.86 6.55 6.31 6.30 5.72
+0.01 +0.01 +0.01 +0.04*° +0.4*° +0.01*® | +0.01*
IVa 441 4.55 5.84 6.21 5.95 5.70 5.12
+0.02 +0.02 +0.03 +0.01*? +0.01*2 +0.02** | £0.01*?
Va 4.44 4.56 5.89 6.89 6.77 6.57 6.14
+0.03 +0.02 +0.03 +0.02*¢ +0.01*¢ +0.02*¢ +0.02*¢
b 4.39 4.54 5.86 6.05 5.84 5.65 5.04
+0.01 +0.02 +0.04 +0.01*2 +0.03*2 +0.02*2 +0.01*@
I1b 4.41 4.54 5.84 6.50 6.35 6.15 5.65
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+0.02 +0.02 +0.03 +0.01* +0.01* +0.03*0 | +£0.01*
IVb 4.35 4.58 5.94 6.13 5.91 5.66 5.06

+0.01 +0.02 +0.03 +0.02*2 +0.04*2 +0.01** | +0.02**
Vb 4.37 4.56 5.88 6.88 6.80 6.62 6.09

+0.01 +0.01 +0.03 +0.04*¢ +0.01*¢ +0.02*¢ | +£0.02*°

Different testing groups' non-identical superscripts (a, b, ¢) are evaluated as significantly different (p<0.05).Data
are expressed as mean £ SEM of mm paw thickness, n= number of animal, time (0) is time of injection of tested
compounds time (30) minutes is time of injection of egg-white (induced of paw edema) , *significantly different
with control (p<0.05)

All tested compounds and standard drug = (Illa and I11b) compounds showed lower activity
showed significant activity in comparison with the than standard; and significantly higher activity than
control at 2hrs.time. control from time (2-5) hrs.
= (lla, lva, 1lb and IVVb) compounds showed com- = Finally; (Va and Vb) compounds showed lower
parable activity to standard drugs and significantly activity than standard and all tested compounds and
higher than control from time (2-5) hrs. significantly Higher activity than control from time

(2-5) hrs.
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*All the synthesized derivatives (11a-Vb) regarded as significant within (2-5) hrs.
Figure 3. Curves illustrates anti-inflammatory activities of final compounds in comparison with control

and standard.
Antimicrobial biological study ©25%

The synthesized final compounds (la-Vb)
were tested to evaluate their antimicrobial activity
against gram negative, gram positive bacteria &
fungi, this evaluation was done using well diffusion
method, using the standard compounds :with anti-
fungal agent was (fluconazole), while with
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antibacterial agent was (ciprofloxacin). DMSO was
chosen as a solvent and as control. The increase of
inhibition activity at lower concentrations compared
to the absolute concentrations of the compounds due
to greater diffusion of the compound molecules in
the solvent €% 69, The results were expressed in MIC
as shown in the Tables 6 and 7.
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Table 6. Antimicrobial activity as of final compounds as Inhibition zone the inhibition zones of the chemical
being tested are considered to be extremely active when they are more than 15 mm, moderately active when
they are between 10 and 15 mm, barely active when they are between 5 and 10 mm, and inactive when they

are less than 5 mm.

Zone of inhibition(mm)

Gram negative bacteria Gram positive bacteria Fungi
compounds — - : :

Escherichia coli Staphylococcus aureus Candida albicans

Conc.(mg/l) Conc.(mg/l) Conc.(mg/l)

100 50 25 12.5 | 100 |50 25 125 [100 [50 |25 12.5
Ciprofloxa- 39 30 20 17 40 35 30 20 2 0 0 0
cin
Fluconazole 0 0 0 0 0 0 0 0 22 0 0 0
DMSO 0 0 0 0 0 0 0 0 0 0 0 0
lla 30* 30 | 30* |30* |24* |[30* |35* 27 |17 [12 |0 0
11b 30* 30* | 37* |40* | 25* |35* | 35* 32* |15 |12 |10 0
Illa 26* 29* | 21* |14 25% | 27* | 21* 13 0 0 0 0
111b 30* 33* | 29* |20* |23* |30* |29* 21* |0 0 0 0
IVa 29* 23* |29 |0 16* | 22* |13 0 0 0 0 0
Vb 28* 17* | 10 0 12 16* |0 0 18* |12 |0 0
Va 25* 24 | 14* |0 20* | 25* | 18* 0 0 0 0 0
Vb 30* 30* | 25% | 21* | 20* |30* | 30% 19* |0 0 0 0

Table 7. MIC values for quinolines derivatives.
Gram negative bacteria Gram positive bacteria Fungi
compounds Escherichia coli Staphylococcus aureus Candida albicans
Conc.(mcg/ml)

Ciprofloxacin 100 100 0
Fluconazole 0 0 50000
lla 50 100 10000
11b 50 50 10000
Ila 100 100 0
11b 100 100 0
IVa 1000 1000 0
1Vb 1000 1000 10000
Va 1000 1000 0
Vb 100 100 0

Conclusions

The docking study revealed that some of
the newly synthesized derivatives exhibited superior
alignment at the active site by interacting with all
crucial amino acid residues. In-silico method
adopted in the present study facilitated the identifi-
cation of lead compounds, partly explaining their
beneficial effects observed in vivo studies. The
docking study's anti-inflammatory and antibacterial
properties, along with the delta G results, align with
conclusions from related in vivo investigations and
demonstrate acceptable pharmacokinetic properties
through virtual ADME studies. In vivo study for es-
timation of their anti-inflammatory activity; as illus-
trated in Table 5 and Figure 3, all synthesized deriv-
atives (lla-Vb) showed significant activity com-
pared to the control from 2-5 h.
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The eight designed derivatives were successfully
synthesized with acceptable vyields, and their
'HNMR and ATR-FTIR spectroscopy investiga-
tions proved significant. All these results support the
potential use of these derivatives in pharmaceutical
applications to combat worldwide health problems,
particularly antibiotic resistance. Additionally, the
synthesized compounds exhibited considerable anti-
bacterial activity. The final synthesized derivatives
lla-Vb demonstrated superior antibacterial activity,
exhibiting significant antibacterial activity against
gram-negative bacteria (Escherichia coli) compared
to the reference drug (ciprofloxacin with gram-neg-
ative bacteria (Escherichia coli): (Ila-Vb) at 100
mg/l; (11a-Vb) at 50 mg/l; (Ila-1Va and Vb) at 25
mg/l; and (lla, 11b, I11b, and Vb) at 12.5 mg/I con-
centrations give a high activity, (IVb and Va) at 25
mg/l and (I11a )at 12.5 mg/l give moderate activity,
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(IVa, 1Vb, and Va) at 12.5mg/I concentrations con-
sidered as inactive. For gram-positive bacteria
(Staphylococcus aureus): (I1a-1Va, Va, and Vb) at
100 mg/l; (I1a-Vb) at 50 mg/I; (Il1a-11lb, Va, and
VD) at 25 mg/l; and (lla, 11b, I11b and Vb) at 12.5
mg/l concentrations give high activity; (I'Vb) at 100
mg/l, (IVa) at 25 mg/l; and (I11a’) at 12.5 mg/l mod-
erately active; while (IVVb) at 25 mg/l and (IVa-Va)
at 12.5 mg/l are classified as inactive. According to
the antifungal activity against Candida albicans,
when compared with the drug Fluconazole, only Ila,
I1b, and IVb highly active at 100 mg/l, while the fi-
nal compounds (l1a, 11b, and 1Vb) at 50 mg/l, and
(11b) at 25 mg/l showed a moderate activity; the
other final compound is classified as inactive.
ADME analysis of quasi - active molecules was per-
formed and demonstrated an acceptable drug-like
profile and desirable pharmacokinetic properties.
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