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ABSTRACT

Levofloxacin belongs to the fluoroquinolone family; it is a potent broad-spectrum bactericidal agent. The pharmacophore required
for significant antibacterial activity is the C-3 carboxylic acid group and the 4-pyridine ring with the C-4 carbonyl group, into
which binding to the DNA bases occur. In this work, we tried to show that by masking the carboxyl group through amide
formation using certain amines to form levofloxacin carboxamides, an interesting activity is kept. Levofloxacin carboxamides on
the C-3 group were prepared, followed by the formation of their copper complexes. The target compounds were characterized
by FT-IR, elemental analysis. The antimicrobial activity of the target compounds was evaluated and showed satisfactory results
compared with levofloxacin. This has indicated that the presence of the carbonyl of C-3 carboxyl moiety is not essential, as
levofloxacin carboxamides showed interesting copper complexes indicating that they retain the activity of levofloxacin, since
its activity depends on binding to DNA gyrase via magnesium binding.
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INTRODUCTION

Fluoroquinolones are synthetic antibacterial agents mainly
used for treating infections caused by gram-negative
bacteria; however, several modifications were done to
improve their spectrum of activity and pharmacokinetic
properties.! In the 1980s, the second generation of the
compounds, fluoroquinolones were developed which showed
increased gram-positive activity and better pharmacokinetic
and pharmacodynamic properties."*¢ Fluoroquinolones are
used extensively for a variety of indications worldwide. This
resulted in emergence of resistance.">>” Fluoroquinolones
are bactericidal drugs, cause bacterial cell death by interfering
with DNA replication and transcription.'®!! These drugs inhibit
DNA-gyrase (topoisomerase II) and DNA topoisomerase
IV, by forming a drug-enzyme-DNA complex that stops
bacterial replication.!>!® The structural requirements for
significant antibacterial activity consist of the 4-pyridone ring
and 3-carboxylic acid group,' as seen in Figure 1.!%!

The affinity of quinolones to metal ions is important for
their activity due to binding to DNA-enzyme-complex through
magnesium ion,?® as seen in Figure 2.!%!

Generally, inhibition of deoxyribonucleic acid (DNA) gyrase
is connected to gram-negative bacteria and inhibition of DNA
type IV topoisomerase connected to gram-positive bacteria.!

Resistance to some currently available quinolones led
the way toward the synthesis of compounds with higher
activities against organisms. Structural modifications of
existing compounds are made,?>?* and some of the metal
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Figure 1: Fluoroquinolone structural features
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complexes showed greater antimicrobial activity than the
parent drugs.??%

Quinolones form metal complexes acting as a bidentate
ligand, unidentate ligand, or bridging ligand. Quinolones
mainly are coordinated in a bidentate manner, through one of
the oxygen atoms of the deprotonated carboxylic group and
the ring carbonyl oxygen atom, as seen in Figure 3, and
rarely coordinate through the two oxygen atoms of the
carboxyl group, as seen in Figure 4.262
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Figure 2: One binding model of quinolones to DNA
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Figure 5: Fluoroquinolone chelates with divalent cations in 1:2
(metal:ligand) manner

Quinolones bind to divalent cations, such as, Mg?*, Ca**, Cu®",
Zn*", Fe*", and Co?", forming 1:1 or 1:2 (metal:ligand) chelates,
or bind to trivalent cations (Al3+ and Fe*"), forming 1:1, 1:2, or
1:3 (metal:ligand) chelates.?® It was found that the number of
coordinated ligands in Cu(II)-ciprofloxacin complex depends
on the pH. In acidic medium, a 1:1 complex is favored, while
at higher pH, a 1:2 complex is favored, as seen in Figure 5.8

A copper(Il) complex of norfloxacin showing the
coordination of copper with C-4 carbonyl and hydroxyl group of
C-3 carboxyl, as seen in Figure 6.2

Similarly, the ciprofloxacin complex with copper(II)
proposed a square-planar structure, as seen in Figure 7.3

Levofloxacin form complexes with divalent metals 1:2,
including copper(II) in the formula [M (levo), (H,0),]n
H,0.?” Figure 8 illustrates the binding of ofloxacin with metals
forming divalent complex.??

7
HyCH,C

Figure 6: Norfloxacin copper(Il) complex

I/\NH
m

u M=Culll)
D U
F (o}
|
SRS
. A
Figure 7: Ciprofloxacin copper(Il) complex
H,C CH
3 D l/\N 3
N
f \
o]
. |
=0
||
N N
N ]
HsC \/J \f/LCHS

Binding Site for Ofloxacin

Figure 8: Ofloxacin metal complex

1IJDDT, Volume 10 Issue 3 July 2020 — September 2020

Page 409



Synthesis of Levofloxacin Derivatives with some Amines and their Complexes with Copper(II) Salts and Evaluation ...

It was concluded that metal ions play important role in the
interaction between quinolones and DNA.*"*> Many chelates
of quinolones showed equal or higher antimicrobial activity
in comparison to parent compounds since the polarity of the
metal ion is decreased by partial sharing of the positive charge
with the ligand.** Delocalization of 7 electrons over the chelate
ring is increased by chelation, which will result in increased
lipophilicity and increased penetration of the complex to the
cells. 3436

MATERIALS AND METHODS

* Reaction of levofloxacin with diethylamine, tertiary
butylamine, glutamic acid, glycine.

* Preparation of metal complexes for levofloxacin
carboxamides with divalent metal copper sulfate.

» Characterization of these copper complexes by spectral
and elemental analysis.

* Antimicrobial screening for the synthesized copper
complexes in comparison with the parent compound.

Chemicals

The chemical and solvents used were analytical grade.
Levofloxacin was from Ajenta India, ethyl chloroformate
from Sigma, Germany, glutamic acid from Fluka, Switzerland,
diethylamine from Sigma-Aldrich, tertiary butylamine from
Sigma-Aldrich, and triethylamine from BDH UK.

Chemical Synthesis

Synthesis of Carboxamides

Levofloxacin-primary amine carboxamide: Levofloxacin-
diethylamine carboxamide (compound la) Levofloxacin-tert.
butylamine carboxamide
N,N-diethyl-9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl)-7-
0x0-2,3,6,7-tetrahydro-SH-[1,4]oxazino[2,3,4-ij]quinoline-6-
carboxamide

(compound 2a) B
N-(ter ?_butyl)-9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl) 7-0x0-
2,3,6,7-tetrahydro-5/-[1,4]oxazino[2,3,4-/]quinoline-6-carboxamide

Levofloxacin (2.8 mmol, 1-gram) was dissolved in dry
chloroform (25 mL) containing trimethylamine (2.8 nmol,
0.4 mL). The mixture was cooled in an ice bath to
reach 0 to -5°C, followed by a dropwise addition of
ethylchloroformate (2.8 mmol, 0.3 mL) keeping the temperature
below zero degree, and stirring was continued for 30 minutes,
followed by addition of diethylamine (2.8 mmol, 0.3 mL).
The mixture was stirred in ice for 2 hours, then at room
temperature, overnight. Washing with 5% Na,CO; solution
three times, and extracted with chloroform. The chloroform
layers were pooled together and washed with distilled water
three times, dried with saturated solution of sodium chlorid,
and then anhydrous MgSO,. The chloroform layer was
evaporated to get off white powder. The same procedure and
quantities were done for the synthesis of levofloxacin-tert.
butylamine carboxamide to get off white powder.

(9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl)-7-0x0-2,3,6,7-
tetrahydro-5H-[ 1 ,4]oxazino[2,3,4-ij]quinoline-6-carbonyl)glutamic acid

Levofloxacin-amino acid carboxamide: 37 levofloxacin-
glutamic acid carboxamide (compound 1b)

Levofloxacin-glycine carboxamide (compound 2b)

(9-fluoro-3-methyl-10-(4-methylpiperazin-1-yl)-7-0x0-2,3,6,7-

tetrahydro-5H_[1,4]oxazino[2,3,4-¥]quinoline-6-carbonyl)glycine

Levofloxacin (10 mmol, 3.613 grams) was dissolved in
dry chloroform (20 mL) containing triethylamine (10 mmol,
1.39 mL). The mixture was cooled in an ice bath to
reach 0 to -5°C, followed by a dropwise addition of ethyl
chloroformate (10 mmol, 0.95 mL), keeping the temperature
below zero degrees, and stirring continued for 30 minutes. A
solution of glutamic acid (10 mmol, 1.471 grams) was added at
once with vigorous stirring for 4 hours, at room temperature.
The two layers were separated by a separatory funnel,
followed by washing and drying to get off white powder. Same
procedure was done for the synthesis of levofloxacin-glycine
carboxamide, to get light brown powder.

Synthesis of Carboxamide Copper Complexes®®

Levofloxacin-primary amine carboxamide copper
complex (compounds 3a and 4a): Levofloxacin- diethylamine
carboxamide (1.2 mmol, 0.5-gram) and KOH (1.2 mmol, 67 mg)
were dissolved in ethanol (15 mL), and CuSO,.5H,0 (0.6-
mmol, 150 mg) in 10 mL methanol was added to the first
mixture, followed by reflux for 2 hours. Dark blue precipitate
is formed, filtered, washed with ethanol, and distilled water.
Same procedure and quantities were used for the synthesis of
levofloxacin-tert.butylamine carboxamide copper complex
to get brown color powder.

Levofloxacin-amino acid carboxamide copper
complex (compounds 3b and 4b): Levofloxacin-glutamic
acid carboxamide (1 mmol, 0.5-gram) and KOH (1 mmol,
56 mg) were dissolved in distilled water (20 mL), and
CuS0,.5H,0 (0.5 mmol, 125 mg) in 20 mL distilled water
was added to the first mixture, followed by reflux for 2 hours.
Ethanol was added to get a precipitate, which was filtered and
washed with ethanol several times to get dark green powder.
Same procedure was used for the synthesis of levofloxacin-
glycine carboxamide copper complex to get light blue powder,
using the following quantities: (2.4 mmol, 1-gram) of the
carboxamide, (2.4 mmol, 134.4 mg) KOH, and (0.5 mmol,
600 mg) CuSO,.5H,0.

Preliminary Antimicrobial Evaluation

The minimum inhibitory concentration (MIC) was done
on gram-positive Staphylococcus aureus and gram-
negative Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa, and yeast Candida albicans.
The tested compounds were prepared in serial diluted
concentrations (1,000, 500, 250, 125, 62.5, 31.26, 15.6, 7.8,
and 3.9 w/ml) in sterile nutrient broth, using Mueller Hinton
agar. Each type of bacteria was spread on the agar surfaces
by good streaking, and the agars were welled, then 100 p of
each concentration was added to the wells. For each type of
bacteria, three plates of Mueller Hinton agar were used, and
five wells were made in each one. The first plate contains the
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Table 1: Physical properties of synthesized compounds

Compound Color Yield (%) Melting point Molecular formula Molecular weight
la Off white powder 60 197-198 C,,H,oFN,O; 416.5
2a Off white powder 78 157-160 C,,H,gFN,O5 416.5
1b Yellow powder 30 205-207 Cy;H,7FN,O, 490.49
2b Light brown powder 71 218-220 C,oH»3FN,O5 418.43
3a Dark brown powder 70 370 dec. C44Hg,F,NgOgCu 932.57
4a Dark green powder 62 210 dec. C,,Hg, FoNgOgCu 932.57
3b Brown powder 50 370 dec. C46HsgF,NgO,Cu 1,080.55
4b Light blue powder 65 270 dec. C,4oH;50F,NgO,Cu 936.43
o] o Table 2: Antimicrobial activity of synthesized compounds (MIC) in
pg/mL
F Bacterial S.aureas E .coli K pneumonia P.aerogenosa
OH striins
Antibiof
(\ N N ¥ R—NH, ng/ml
N 1a 125 500 125 312
3a 500 500 500 500
It i ©
evofloxacin ECF/-5to-10 °C 2a 62.5 125 62.5 500
TEA
b 312 125 125 312
1a 500 125 62.3 125
2b 1000 1000 1000 250
o o ofloxacin 625 125 312 62.5

fses

levofloxacin carboxamide

CuSO,
alkaline pH

levofloxacin........ Cu....... levofloxacin
metal complex

Scheme 1: Chemical synthesis of levofloxacin carboxamides and their
metal complexes; R = diethylamine, ter.butylamine, glycine, glutamic
acid; ECF = ethylcloroformate; TEA = triethylamine

dilutions (15.6, 7.8, and 3.9 u/mL), the fourth well was used for
the positive control, and the fifth well was inoculated by sterile
nutrient broth as a negative control, the second plate contains the
dilutions (125, 62.5, and 31.26 w/mL), and positive and negative
control, and the third well contains the dilutions (1,000, 500, and
250 w/mL), and the positive and negative controls.

RESULTS

The proposed structure of the complexes is seen in Figure 9,
in which two molecules of levofloxacin carboxamide forming
a complex with copper(Il) cation. Table 1 shows the physical

Keynotes: (MIC) minimum inhibitory concentration;

(S. aureus) Staphylococcus aureus; (E. coli) Escherichia coli;
(K. pneumoniae) Klebsiella pneumoniae;

(P. aeruginosa) Pseudomonas aeruginosa,

(C. albicans) Candida albicans

Figure 9: Proposed chemical structures of synthesized Cu(Il) complexes

properties of the synthesized compounds, while Table 2 shows
the antimicrobial activity, and Figure 10 shows the chart of
the minimum inhibitory concentration (MIC) in pg/mL for
synthesized compounds.

Characterization of the Target Compounds
Compound 3a

FT-IR spectrum (KBr, cm™): 1,600 ring keto, 1,649 C=0
of tert.amide, 464 and 426, new bands of Cu-O and Cu-N,
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Figure 10: Chart shows MIC in pg/mL of compounds 1a, 2a, 3a, 4a,
2b, 4b

respectively, C=C 1,562. While, ligand 1,589 ring keto, 1,622
C=0 of tert. amide, C=C 1,584 strong band.

Elemental CHNS analysis: calculated C 56.668, H 6.701,
N 12.0156%; observed C 55.78, H 1.18, N 12.97%

Compound 4a

FT-IR spectrum (KBr, cm™): 1,622 ring keto, 1,716 C=0 of sec.
amide, 410 and 434, new bands of Cu-O and Cu-N, respectively.
Elemental CHNS analysis: calculated C 56.668, H 6.701, N
12.0156%; observed C 54.9, H 1.36, N%

Compound 3b
FT-IR spectrum (KBr, cm™): 1,708 C=0 stretching of
carboxyl group, 1,647 C=0 stretching of keto, 1,624 C=0
stretching of sec.amide, new bands 489 and 447, of Cu-O and
Cu-N, respectively.

Elemental CHNS analysis: calculated C 51.131, H 5.41, N
10.37; Observed C 44.48, H4.42, N, 14.61%

Compound 4b

FT-IR spectrum (KBr, cm™): 1,695 C=0 stretching of
carboxyl group, 1,622 C=0 stretching of keto, 1,581 C=0
stretching of sec.amide, new bands 470 and 434, of Cu-O and
Cu-N, respectively.

DISCUSSION

Compound la is less active towards S. aureus, E. coli, and
K. pneumoniae, and more active toward P. aeruginosa than
control. Compound 3a is less active toward bacteria tested
than control. Compound 2a has the same activity toward
S. aureus and E. coli, less activity toward K. pneumoniae and
P. aeruginosa than control. Compound 4a has less activity
toward S. aureus, K. pneumoniae, and P.aeruginosa, and the
same activity toward E. coli as control. Compound 2b has less
activity toward bacteria tested than control. Compound 4b has
more activity toward S. aureus and P. aeruginosa, the same
activity toward E. coli, and less activity toward K. pneumoniae
than control. As seen from the antibacterial data, most of the
compounds synthesized possess activity toward the selected
bacteria, which means that the chemical modification at C3
of the carboxyl group by amide formation has retained the

antibacterial activity of the compound, also, the copper(II)
complexes 4a and 4b have antibacterial activity.

CONCLUSION

Quinolones are bactericidal agents. Their mechanism of action
targets bacterial DNA synthesis, and the modification in the
structure by formation of amide at C-3 carboxyl group, followed
by complex formation with Cu(II) ion, led to the production of
new derivatives with reasonable and promising activity. The
synthesized compounds act as bidentate ligands since they have
an oxygen atom of the ring carbonyl group and the nitrogen
atom of the amide group. Compound la showed more activity
against P. aeruginosa. Compound 2a showed comparable
activity against S. aureus and E. coli to that of control, while
its copper complex (4a) has the same activity toward E. coli
as control. Compound 4b showed greater activity toward
S. aureus and P. aeruginosa, and the same activity toward
E. coli, compared to control. These results give a promising
path for synthesizing new compounds in this field to overcome
resistant species of bacteria in the future.
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