
Central JSM Chemistry

Cite this article: Sultana N, Arayne MS, Akhtar M (2013) Synthesis and Antimicrobial Chattels of 1-Cyclopropyl-7-[(S,S)-2,8-Diazabicyclo [4.3.0]Non-8-Yl]-6-
Fluoro-8-Methoxy-1,4-Dihydro-4-Oxo-3-Quinolinecarboxylic Acid Metal Complexes of Biological Interest. JSM Chem 2(1): 1007.

*Corresponding author
Saeed Arayne, Department of Chemistry, University 
of Karachi, Pakistan, Tel: +922134664403; Email: 

 

Submitted: 20 December 2013

Accepted: 03 March 2014

Published: 07 March 2014

Copyright
© 2014 Arayne et al.

 OPEN ACCESS 

Keywords
•	Moxifloxacin
•	Essential and trace elements
•	Heavy metals
•	NMR spectroscopy
•	Antimicrobial activity
•	ANOVA

Research Article

Synthesis and Antimicrobial 
Chattels of  1-Cyclopropyl-
7-[(S,S)-2,8-Diazabicyclo 
[4.3.0]Non-8-Yl]-6-Fluoro-8-
Methoxy-1,4-Dihydro-4-Oxo-
3-Quinolinecarboxylic Acid 
Metal Complexes of  Biological 
Interest
Najma Sultana1, M. Saeed Arayne2* and Mehwish Akhtar3

1Research Institute of Pharmaceutical Sciences, Faculty of Pharmacy, University of 
Karachi, Pakistan
2Department of Chemistry, University of Karachi, Pakistan
3Dow College of Pharmacy, Dow University of Health Sciences, Pakistan

Abstract

1-cyclopropyl-7-[(S,S)-2,8-diazabicyclo[4.3.0]non-8-yl]-6-fluoro-8-methoxy-1,4-dihydro-4-oxo -3-quinoline carboxylic acid (moxifloxacin) is a 
fluoroquinolone antibacterial agent. Metal complexes of moxifloxacin were synthesized with transition metal ions like Mg(II), Ca(II), Cr(III), Mn(II), Fe(III), 
Co(II), Ni(II), Cu(II), Zn(II) and Cd(II), usually present in the human body and heavy metals, as As(III), Ag(Il), Cd(II) and lead (II). Their structures were elucidated 
physicochemically and spectroscopically using IR, NMR and elemental analysis. These investigations suggest that moxifloxacin interacts with the metal ions as a 
monoanionic, bidentate ligand and bound to the metal through the pyridone and one carboxylate oxygen atoms having general formula [MI(L)2]

+1, [MII(L)2]
+2, 

[MIII(L)2]
+3 where L= moxifloxacin and M = Metal ion. 

The complexes were screened against four Gram-positive and seven Gram-negative organisms and four fungi, which showed either comparable or 
increased antibacterial profile in comparison to the parent drug. The zones of inhibitions of these complexes and standard moxifloxacin were compared by 
post-hoc tests in ANOVA, which showed significant differences between individual zones of inhibitions. The biological data revealed that metal complexes of 
moxifloxacin showed good activity against S. typhi, P. mirabilis, P. aeruginosa and B. subtilis; moreover all complexes have excellent activity against T. rubrum, 
F. solani. The complexes showed comparable or increased antibacterial profile relative to the parent drug.

INTRODUCTION
Moxifloxacin (MOX) or 1-cyclopropyl-7-[(S,S)-2,8-

diazabicyclo [4.3.0]Non-8-yl]-6-fluoro-8-methoxy-1,4-dihydro-
4-oxo-3-quinoline carboxylic acid (Figure 1) is a synthetic 
third generation, 8-methoxyquinolone [1] broad spectrum 
antibacterial agent available for oral, intravenous administration 
and ophthalmic solution [2].

Many workers have reported the interactions of 
fluoroquinolones with metals of biological interest [3-13]. 
A study on the structure and activity of pipemidic acid, and 
interaction of its Cu(II) complexes on a DNA model, suggested 
that the intercalation of the quinolone complexed to a metal is 

an important step in the mechanism of action of these drugs [14]. 
Many drugs have modified pharmacological and toxicological 
properties in the form of metal complexes while the Cu(II) 
complexes of drugs have proved useful in several diseases such 
as gastric ulcers, rheumatoid arthritis, tuberculosis, and cancers 
[15,16-18]. Absorption of quinolone drugs is lowered when 
simultaneously administered with multivitamins containing 
minerals or antacids containing magnesium, aluminum, and 
others bivalent cations [19]. The reduction of metals below 
certain limit compromise many physiologically important 
functions [20].

Our research group earlier reported synthesis and 
characterization of metal complexes of levofloxacin [21,22], 
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ciprofloxacin [23], lomefloxacin [24], sparfloxacin [25, 26], 
ofloxacin [27], enoxacin [28, 29], and gatifloxacin [30] and 
compared their antimicrobial activities with the parent drugs. 
Moreover, drug interactions of these quinolones, including 
moxifloxacin [31], were also reported.

Quinolones can form 1:1, 2:1, and 3:1 chelates depending on 
the particular metal ion, relative concentration of quinolone, and 
pH. It was found that neutral quinolones in the zwitterionic state 
are capable of forming simple complexes (bidentate chelating) 
[32,33]. The quinolones can also act as bridging ligands and thus 
are capable of forming polynuclear complexes [34].

These results encouraged us to study the coordination 
of MOX with transition metals of biological interest, and an 
attempt was made to investigate changes in antimicrobial and 
antifungal activities of resulting complexes. In the present study, 
we describe the synthesis and characterization of moxifloxacin 
metal complexes with elements of biological interest i.e., Mg2+, 
Ca2+, Cr3+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+, and Zn2+ and heavy metals 
As3+, Ag+, Cd2+ , and Pb3+. The later are abundant as pollutants in 
many regions. These complexes were characterized by IR and 
NMR spectroscopy and elemental analysis. Prior to the synthesis, 
the metal ligand ratio in complex formation was established by 
conductometric titrations in methanol and by Job’s plots [31]. 
Antibacterial and antifungal activities were determined by 
screening against a number of Gram positive and Gram negative 
bacteria and fungi. Most of these complexes were more potent 
as compared to the parent drug. The zones of inhibitions of 
synthesized complexes and standard (MOX) were compared 
by one-way ANOVA and post hoc test (Dunnett’s test) which 
proved that activities of all complexes had significantly increased 
(p<0.001).

EXPERIMENTAL

Materials and methods

Moxifloxacin reference standard was gratis from Getz Pharma 
Pakistan (Pvt) Karachi and used without further purification. 
Essential and trace elements used were of analytical grade in the 
form of their hydrated salts as magnesium chloride (MgCl2.6H2O), 
calcium chloride (CaCl2.2H2O), chromium chloride (CrCl3.6H2O), 
manganese chloride (MnCl2.4H2O), ferric chloride (FeCl2.6H2O), 
cobalt chloride (CoCl2.6H2O), nickel chloride (NiCl2.6H2O), copper 
chloride (CuCl2.2H2O), and zinc chloride (ZnCl2) and heavy metals, 
as arsenic trichloride (AsCl3), silver chloride (AgCl), cadmium 
chloride monohydrate (CdCl2.H2O) and lead carbonate (PbCO3) 
and were purchased from Merck Marker (Pvt) LTD Karachi. 
Methanol, acetone, carbon tetrachloride, dimethylsulfoxide, 

chloroform, and dichloromethane (Merck), were used without 
further purification. All the glasswares were washed with 
chromic acid followed by a thorough washing with de-ionized 
water which was freshly prepared daily in the laboratory.

Instrumentation

Conductometric titrations were performed on Vernier 
LabPro™ using Logger pro 3.2 software. For jobs plot, UV-
Vis spectra of drug and metal solutions in variable ratios 
were recorded on a UV-Vis spectrophotometer (Shimadzu 
1601coupled with a P IV–PC and loaded with UVPC version 3.9, 
software). Thin layer chromatography (TLC) was performed on 
HSF-254 TLC plate. Melting points were obtained manually by 
capillary method using a Gallenkamp™ apparatus. IR spectra 
were recorded on a Shimadzu prestige-21 200 VCE spectrometer 
in KBr pellets. 1H-NMR spectra were obtained on a Bruker/XWIN-
NMR spectrometer in CD3OD using TMS as an internal standard. 
CHN analysis was carried out on an Elemental analyzer Carlo 
Erba 1106. Atomic absorption studies were carried out with a 
Perkin-Elmer AAnalyst 700 atomic absorption spectrometer 
using AAnalyst software.

Stoichiometric study 

Conductometric Titrations: In conductometric titrations, 1 
mM methanolic solution of MOX, and metal salts were prepared 
individually. Two mL of metal solution was added to a 20 mL drug 
solution at an intervals of two minutes, and conductance values 
were recorded until a state of chemical equilibrium was achieved. 
Figure 2a shows constantly increasing values; the conductance 
was corrected for dilution by means of the following equation.

Ωcorr = Ωobs [ (ν1 + ν2 ) / ν1 ]

Where Ω is electrolytic conductivity, ν1 is initial volume, and 
ν2 is added volume. 

Job’s Method: The Job’s method of continuous variation of a 
1 mM solution of a ligand (MOX) was employed, and metal salts 
were prepared in methanol individually. The ligand substrate 
ratio was varied keeping a constant volume (10 mL); solutions 
were kept at 37 oC for half an hour and then were analyzed on 
a UV/visible spectrophotometer at 290 nm [31]. The ligand 
substrate ratios were evaluated from the graph (Figure 2b) 
constructed between absorbance against molar concentration. 

Synthesis of moxifloxacin metal complexes

Each metal salt (0.5 mM) and MOX(1 mM) solutions in distilled 
methanol were individually refluxed with frequent shaking for 
about 4 hours. The metal:ligand ratio was earlier determined 
by conductometric titrations and Job’s method. The reaction 
was monitored by TLC (butanol:ammonia:methanol, 4:2:1). The 
reaction mixture was concentrated, filtered, and left for slow 
crystallization for two to three weeks. The crystals were filtrated, 
washed, recrystallized in methanol, dried and physical data were 
recorded (table 1). These complexes were characterized by IR 
and 1H-NMR spectroscopic techniques and elemental analysis.

Antibacterial and antifungal activity

The synthesized metal complexes were screened for their 
antibacterial and antifungal activity. Antibacterial activity was 
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Figure 1 Moxifloxacin.
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Figure 2a Representation of moxifloxacin metal complexes ratio via conductance.

Figure 2b Representation of moxifloxacin metal complexes ratios via job’s plot.

screened against Gram-positive organisms as Bacillus subtilis, 
Micrococcus luteus, Staphylococcus aureus, and Streptococcus 
features and Gram-negative organisms which included Salmonella 
typhi, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Escherichia coli, Citrobacter species, and Shigella 
flexneri by disc diffusion method [35]. The antifungal activity was 
investigated against Candida albicans, Aspergillus parasiticus, 
Trichophyton rubrum, Aspergillus effuses, Fusarium solani, and 
Saccharomyces cerevisiae by the agar diffusion disc variant 
method. Sabouraud dextrose agar was used.

The antibacterial discs (diameter 6 mm) were prepared in 
house in 5, 10, 20 and 40 µg mL-1 concentrations, dried at 37 °C 
and applied over each of the culture plates previously seeded with 
the 0.5 ml McFarland turbidity cultures of the test bacteria. DMSO 
paper discs were used as a negative control. These culture plates 
were then incubated at 37 °C for 18–24 h and then were allowed 
to stand for seven days for antifungal activity. The activity was 
determined by measuring the diameter of the inhibition zone 
(in mm). Growth inhibition was calculated with reference to 
the positive control i.e., moxifloxacin. For each compound, three 
replicate trials were conducted against each organism.

RESULTS AND DISCUSSION
An interaction study between moxifloxacin and transition 

metals is an important research area in bioinorganic chemistry. 

Many drugs are dependent on the coordination with metal ions 
[32], or/and the inhibition of the formation of metalloenzymes 
[14]. The proposed mechanism of the interaction is chelation 
between the 4-oxo and adjacent carboxyl group of quinolone 
and metal cations [5, 36-39]. Since these functional groups are 
required for antibacterial activity, it could be anticipated that all 
of the quinolones could be interacting with metal ions [22].

Synthesis of metal complexes 

It was observed during the conductometric titration and 
continuous variation method that all the metals and moxifloxacin 
interacted in the ratio of 1:2 (Figure 2). Synthesis of solid drug: 
metal complexes was carried out according to a mole ratio 
as determined. Examination of solubility of these complexes 
shows that they are insoluble in benzene, chloroform, and 
dichloromethane, slightly soluble in water, soluble in methanol, 
DMF, and DMSO. Melting points of the complexes were taken at 
the time interval of 24 and 48 hours to check the stability. No 
appreciable changes in the melting points were observed which 
showed that all the complexes were stable at room temperature 
for two days. The physical characteristics of these complexes 
are given in Table 1. The structures of these complexes were 
elucidated on the basis of IR (Table 2), 1H-NMR (Table 3) and 
elemental analyses (Table 4). The spectroscopic data coordinate 
well with the proposed formula and structures of the complexes. 

http://en.wikipedia.org/wiki/Bacillus
http://en.wikipedia.org/wiki/Klebsiella_pneumoniae
http://en.wikipedia.org/wiki/Proteus_mirabilis
http://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
http://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
http://en.wikipedia.org/wiki/Escherichia_coli
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Infrared spectroscopic studies

Identification of moxifloxacin metal complexes can be 
achieved by studying the most typical vibrations that are 
characteristic of coordination type of quinolones. Moxifloxacin 
itself act as unidentate, bidentate, or as bridging ligand. The IR 
spectra of transition metal complexes of MOX are compared with 
the parent drug molecule in Figure 3. Deacon and Phillips [40] 
determined that unidentate carboxylato complexes exhibit ∆ν 
values which are much larger than those of the ionic salts (∆ν 
>200 cm-1), bidentate or chelating carboxylate complexes, exhibit 
∆ν significantly smaller than ionic values (∆ν <100 cm-1), and 
bridging complexes show ∆ν comparable to the ionic values (∆ν 
≈150 cm-1) [41]. As discussed above, the proposed mechanism 
of the interaction between drug and metal cations was chelation 
between ketonic group (4-oxo) and carboxylic groups of 
quinolone [42]; thus we focused on these group vibrations in our 
study.

In the IR spectra of the complexes the absorption of the 
m(C=O) carb has disappeared. Two very strong characteristic 
bands are present in the range 1613–1695 cm-1 and 1315–1394 
cm-1, assigned as asymmetric, υ(CO2)asym, and symmetric, υ(CO2)
sym, stretching vibrations, respectively. The ionic carboxylates 
[43] show no carbonyl stretching at about 1700 cm-1, but have 
two bands in the range of 1650–1510 cm-1 and 1460–1400 cm 
-1that could be assigned as (O–C–O) asymmetric and symmetric 
stretching vibrations. In the spectrum of moxifloxacin the 
(O–C–O)a + (C=O)p band appears at 1600–1658 with maxima 

at 1638 cm-1, (O–C–O)s band stretch at 1398 cm-1 , and C–O 
absorbs at 1282 cm-1. The D values fall in the range 200–229 cm-1, 
indicating a monodentate coordination mode of the carboxylato 
group of the ligand [36,44]. The band observed at 1,623 cm-1 is 
assigned to pure C=O stretching mode of ring carbonyl group. On 
complexation, the characteristic peak of (C=O)p + (C–O–C)a in all 
the metal complexes spectra shifted towards a lower frequency 
region, that is in the range 1,635-1695 cm-1, and the symmetric 
vibrations occurred in the region of 1407–1370 cm-1 [45,46].

The IR spectra of all the compounds exhibited a broad, split 
band between 3315–3475 cm-1 , assigned to the O–H stretching 
vibrations of water molecules which also includes the N–H 
stretching vibration of the piperazinyl moiety. The overall 
changes of the IR spectra suggest that the neutral moxifloxacin in 
the zwitterionic state is capable of forming simple complexes. In 
these complexes, the metal ions are coordinated by four oxygen 
atoms from two moxifloxacin, which acts as a bidentate ligand, 
and are coordinated to metals via the pyridone and carboxylate 
oxygen [47]. Metal bonding with oxygen gave absorption at 453-
995 cm-1 [48]. 

NMR spectroscopic studies

The proton NMR spectra of moxifloxacin complexes have 
been recorded in CDCl3 (with one to two drops of CD3OD) and 
compared to the spectrum of moxifloxacin. The aromatic protons 
that are H-2 and H-5 are very close to the coordination site of the 
ligand. Both H-2 and H-5 protons of MOX appeared at δ = 8.61 

Code MOX-metal complexes Color Yield (%) M.P °C

MOX 1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-oxo-
1,4-dihydroquinoline-3-carboxylate MOX Yellow 58 206

M01 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)magnesium(II) chloride, [Mg(MOX)2]Cl2

Yellow 72 236

M02 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)calcium(II)chloride, [Ca(MOX)2]Cl2

Light green 71 223

M03 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)chromium(III)chloride, [Cr(MOX)2]Cl3

Yellow 68 216

M04 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate) manganese(II)chloride, [Mn(MOX)2]Cl2

Brown 65 226

M05 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)ferrous(II)chloride, [Fe(MOX)2]Cl2

Green 71 220

M06 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)cobalt(II)chloride, [Co(MOX)2]Cl2

Light green 59 228

M07 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)nickel(II), [Ni(MOX)2]Cl2

Light green 62 108

M08 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)copper(II)chloride, [Cu(MOX)2]Cl2

Yellow 66 178

M09 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate)zinc(II)chloride [Zn(MOX)2]Cl2

Yellow 67 218

M10 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate) arsenic (III)chloride, [As(MOX)2]Cl3

Yellow 59 210

M11 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate) silver(I)chloride, [Ag(MOX)2]Cl Yellow 81 206

M12 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate) cadmium (II) chloride, [Cd(MOX)2]Cl2

Yellow 74 218

M13 Bis(1-cyclopropyl-6-fluoro-8-methoxy-7-(octahydro-1H-cyclopenta[b]pyridin-6-yl)-4-
oxo-1,4-dihydroquinoline-3-carboxylate) lead (II), [Pb(MOX)2]CO3

Yellow 73 178

Table 1: Physical characteristic of metal complexes.
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Complexes O-H stretching υ (C=O) Υ (CO2)as υ (CO2) s
a Δ υ (M=O)

MOXI 3475C 1613 1705b - - 804

M01 3392 1653 1582 1369 213 995

M02 3312 1653 1578 1369 209 673

M03 3352 1695 1586 1373 213 549

M04 3230 1653 1566 1354 212 533

M05 3475 1647 1599 1394 205 624

M06 3482 1653 1528 1320 208 453

M07 3238 1655 1532 1315 217 802

M08 3215 1653 1550 1319 231 682

M09 3244 1683 1566 1354 212 -

Table 2: Characteristic absorptions (in cm-1) of IR spectra of the complexes.

a Δ= υ (CO2)asym _ υ (CO2)sym, b υ (COOH), C NH (str

Complexes H-2 H-5

MOXI 8.61 7.20

M01 8.64 7.61

M02 8.59 7.58

M03 8.62 7.63

M04 8.75 7.51

M05 8.73 7.24

M06 8.62 7.63

M07 8.65 7.67

M08 8.69 7.34

M09 8.82 7.85

Table 3: 1H NMR spectrum of complexes.

Metal complexes C H N

[Mg(MOXI)2(H2O)2]Cl2.2H2O 52.33 (52.00) 5.69 (5.82) 8.68 (8.66)

[Ca(MOXI)2(H2O)2]Cl2.2H2O 51.48 (51.17) 5.64 (5.73) 8.73 (8.52)

[Cr(MOXI)2(H2O)]Cl2 52.48 (52.45) 5.52 (5.45) 8.82 (8.74)

[Mn(MOXI)2(H2O)]Cl2.H2O 52.34 (52.49) 5.61 (5.43) 8.52 (8.71)

[Fe(MOXI)2(H2O)]Cl2 53.25 (53.23) 5.42 (5.32) 8.72 (8.87)

[Co(MOXI)2(H2O)2]Cl2.H2O 51.26 (51.12) 5.75 (5.52) 8.35 (8.52)

[Ni(MOXI)2(H2O)2].Cl2.2H2O 50.15 (50.22) 5.75 (5.62) 8.67 (8.84)

[Cu(MOXI)2(H2O)].Cl2.H2O 51.69 (51.83) 5.59 (5.38) 8.42 (8.63)

[Zn(MOXI)2(H2O)2].Cl2.H2O 50.62 (50.79) 5.45 (5.48) 8.82 (8.46)

Table 4: Elemental analysis % found (calcd.) of MOXI-M Complexes.

(s) and δ = 7.2 (d)ppm, respectively. Upon addition of ametal, 
these protons undergo the most significant changes. In the metal 
complexes the H-2 proton gives a new signal at δ = 8.7-8.8 ppm 
while H-5 proton appeared at δ = 7.6-7.85 ppm. 

This shift is due to the complexation and difference in the 
configuration of complexes than ligand [49]. The signals for the 
aliphatic and piperazine protons are practically unchanged since 
they lie far from the binding site of the ligand [50]. Therefore, 
studies indicate that moxifloxacin acts as a bidentate ligand 
through the ring carbonyl oxygen atom and one of the oxygen 
atoms of the carboxylic group. The resonance of the carboxylic 

proton (COOH) is not detected in the spectra of the complexes 
which further suggest the coordination of moxifloxacin is 
through its carboxylate oxygen atoms [23]. The OH proton peak 
appears near 3.5 ppm, adjacent to the piperazine protons, due to 
the presence of lattice water [29]. 

Our studies suggest that moxifloxacin interacts with the 
metal centre through the 3-carboxylate and 4-oxygen atom and 
acts as a monoanionic bidentate ligand where the metal ion is 
coordinated to two bidentate moxifloxacin ligands and two aqua 
located in axial positions which completes the slightly distorted 
octahedral coordination of metal (Figure 4). Probably due to the 
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Figure 3 FTIR spectrum of moxifloxacin-metal complexes overlap with MOXI spectra (red).

steric crowding of the methyl group [51], the piperazine nitrogen 
does not interact with metal. Despite the crystalline nature 
of the products, we could not obtain crystals suitable for the 
determination of structures with X-ray crystallography [36, 52].

Antibacterial activity 

Moxifloxacin is active against broad spectrum pathogens, 
encompassing Gram-negative and Gram-positive bacteria and 
also including antibiotic resistant Streptococcus pneumonia. It 
is useful in the treatment of respiratory tract infections, acute 
bacterial sinusitis, acute bacterial exacerbation of chronic 
bronchitis, and community acquired pneumonia. The results of 
the antibacterial studies against various microorganisms are 
given in Table 5a. 

For antibacterial studies, disc susceptibility technique was 
employed [35]. The in-vitro antibacterial activity of all complexes 
was evaluated against Gram-negative Salmonella typhi, Klebsiella 
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, 
Escherichia coli, Citrobacter species, and Shigella flexneri and 
Gram-positive organisms as Bacillus subtilis, Micrococcus luteus, 
Staphylococcus aureus, and Streptococcus features by disc 
diffusion method. Their zones of inhibition were compared with 
standard moxifloxacin. It is evident that the complexes possess 
inhibitory action against all microorganisms (Table 5a). All data 

were presented as zone of inhibition in diameter (mm) and 
screened at four different concentrations that were 5, 10, 20 and 
40 µg (n = 3).

One way analysis of variance (ANOVA) was carried out 
to check any differences between the zones of inhibitions of 
all prepared complexes and the standard. Dunnett’s test was 
applied, and differences were considered significant at p ≤ 
0.05. ANOVA showed significance difference in antibacterial 
activity between metals complexes and moxifloxacin (which 
was standard throughout the experiment) against S. typhi, P. 
mirabilis, P. aeruginosa, E. coli, Citrobacter species, and S. flexneri. 
Dunnett’s test analyzed that all complexes were significantly 
increased (p<0.05) in antibacterial activity against S. typhi, K. 
pneumonia, P. mirabilis and P. aeruginosa excluding Ni(MOX)2 
which was insignificant in 10 µgmL-1 against S. typhi. Post hoc 
test considered that antibacterial activity of almost all complexes 
were significantly decreased (p<0.001) against E. coli, Citrobacter 
species, and S. flexneri, excluding Ni(MOX)2, Cu(MOX)2 and 
Zn(MOX)2. Ni(MOX)2 was insignificant in 5 and 10 µgmL-1 and 
decreased significantly at 20 and 40 µgmL-1 whereas Cu(MOX)2 
and Zn(MOX)2 were increased significantly (p<0.005) against E. 
coli at all selected concentrations. Only Cu(MOX)2 was significantly 
increased (p<0.001) in 5 µgmL-1; Mg(MOX)2, Mn(MOX)2, Fe(MOX)2 
and Cu(MOX)2 were significant increased in activities (p<0.05) in 

http://en.wikipedia.org/wiki/Salmonella
http://en.wikipedia.org/wiki/Klebsiella_pneumoniae
http://en.wikipedia.org/wiki/Klebsiella_pneumoniae
http://en.wikipedia.org/wiki/Proteus_mirabilis
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Figure 4 Predicted structure of MOXI-metal complexes.

Complexes  B. 
subtilis

M. 
luteus S. aureus S. features S. 

typhi
K. 

pneumoniae
Proteus 

mirabilis
P. 

aeruginosa E. coli Citrobacter 
species S. flexneri

MOX 8.38 27.19 26.23 30.11 12.12 15.25 12.23 8.29 18.25 25.39 13.14

Mg(MOX)2 14.14 13.6 14.38 13.27 13.55 13.27 15.33 15.45 13.28 14.2 14.72

Ca(MOX)2 15.19 16.24 13.08 13.57 15.05 14.37 14.26 13.63 13.67 14.5 13.21

Cr(MOX)2 13.91 11.21 11.53 13.59 14.25 13.34 13.13 13.48 15.48 13.67 13.7

Mn(MOX)2 16.17 13.49 13.07 13.26 14.69 15.41 13.2 13.3 16.27 15.28 14.31

Fe(MOX)2 14.26 15.26 15.38 14.26 19.28 16.57 15.19 15.23 15.54 18.3 14.64

Co(MOX)2 15.65 15.24 15.21 13.32 16.18 13.56 14.54 15.67 12.63 14.31 13.23

Ni(MOX)2 11.28 19.26 13.29 12.04 13.1 14.7 12.5 13.38 17.25 13.17 12.26

Cu(MOX)2 14.17 13.2 13.54 12.27 13.7 14.03 14.72 13.55 20.22 13.19 14.28

Zn(MOX)2 14.3 16.33 15.12 12.67 13.68 14.72 15.49 14.64 23.3 14.42 13.27

As(MOX)2 16.29 10.31 13.07 14.21 13.21 25.25 14.03 14.13 25.18 15.23 15.31

Ag(MOX)2 17.26 12.24 15.24 17.24 15.29 25.27 17.34 15.27 28.1 18.36 15.31

Cd(MOX)2 16.59 12.24 12.33 14.21 14.46 25.24 14.23 13.37 24.3 15.2 16.18

Pb(MOX)2 18.2 12.07 14.14 16.34 14.26 26.35 16.24 15.19 26.2 17.25 14.94

ANOVA F-132.34 F-760.8 F-80.16 F-622.55 F-77.15 F-23.15 F-31.55 F-60.64 F-185.64 F-377.84 F-13.39

Table 5a: Antibacterial activities of moxifloxacin and its metal complexes.

Mean (mm; n = 6); p<0.001

10 µgmL-1; Mg(MOX)2, Mn(MOX)2, Fe(MOX)2, Cu(MOX)2 showed 
increase significantly (p<0.005) antibacterial activities in 20 
µgmL-1. Increased significant (p<0.005) activities of Mn(MOX)2, 
Fe(MOX)2, and Cu(MOX)2 were confirmed in 40 µgmL-1 against 
S. flexneri. The synthesized complexes also produced significant 
differences against Gram-positive organisms. Dunnett’s 
test confirmed antibacterial activities of all complexes were 
significantly increased (p<0.001) compared to standards. 

The increased activity of metal chelates can be explained on 
the basis of the overtone concept and chelation theory. According 
to the overtone concept of cell permeability, the lipid membrane 
that surrounds the cell favors the passage of only lipid-soluble 
materials in which liposolubility is an important factor that 

controls the antimicrobial activity. Upon chelation, the polarity 
of the metal ion will be reduced due to overlap of ligand orbital 
and partial sharing of the positive charge of the metal ion with 
donor groups [53]. It is likely that the increased liposolubility of 
the ligand upon metal complexation may contribute to its facile 
transport into the bacterial cell which blocks the metal binding 
sites in enzymes of microorganisms [54]. These complexes 
also disturb the respiration process of the cell and thus block 
the synthesis of proteins, which restricts further growth of 
the organism. The antimicrobial activity of the metal salts 
investigated revealed that they did not exhibit antimicrobial 
activity at the concentration range used to investigate the activity 
of the synthesized metal complexes [36,55]. 
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Antifungal activity 

Moxifloxacin is an antibacterial drug like other 
fluoroquinolones and not used as antifungal agent. MOX and its 
complexes were screened for their antifungal activity against 
C. albicans, A. parasiticus, T. rubrum, A. effuses, F. solani, and S. 
cerevisiae (Table 5b). Moxifloxacin and its complexes showed 
good activity against C. albicans, F. solani, very low activity against 
T. rubrum and no activity against rest of the fungi examined. 

ANOVA showed significance differences between all prepared 
complexes against C. albicans. Dunnett’s test analyzed that 
antifungal activities of all complexes were significantly decreased 
(p<0.001) except Zn(MOX)2 and Ni(MOX)2. Ni(MOX)2 was 
insignificant in 5 and 10 µgmL-1 and Zn(MOX)2 was insignificant 
in 5, 10, and 20 µgmL-1. ANOVA showed significance differences 
between against F. solani and T. rubrum. Dunnett’s test analyzed 
that antifungal activities of all complexes were significantly 
increased (p<0.001), but Cu(MOX)2 influence was insignificant 
at 5 µgmL-1. Mg(MOX)2 was insignificant in 20 µgmL-1 and 
significantly decreased (p<0.05) at 40 µgsmL-1. Zn(MOX)2 was 
significantly decreased at 40 µgmL-1 (p<0.05) against F. solani. 

Moxifloxacin showed low activity, and the complexes had 
excellent activity as compared to standard drug towards all the 
fungi (Table 5b). It is suggested that the antifungal activity of the 
complexes is due to either by killing the microbes or inhibiting 
their multiplication by blocking their active sites.

CONCLUSION
Synthesis and characterization of metal complexes of the 

third generation antibacterial agent moxifloxacin with transition 
metal ions of biological interest are reported. Physiochemical, 
spectroscopic, and elemental analysis studies revealed that 
moxifloxacin coordinated with metal ions to form stable 
complexes and acted as a bidentate ligand bound to metal 
through the pyridone oxygen and one carboxylate oxygen 
having a distorted octahedral geometry. This work also reports 

the evaluation of synergistic or antagonistic behavior of these 
complexes in comparison to the parent, through the differences 
in their biological activities against Gram-positive and Gram-
negative organisms and fungi. Among the studied quinolones, 
moxifloxacin–metal complexes showed a diverse antimicrobial 
activity as compared to moxifloxacin which was attributed to 
the formation of metal drug chelates. All metal complexes were 
superior to moxifloxacin for antifungal activity as compared to 
the parent drug. One way analysis of variance and Dunnett’s test 
were applied to differentiate the significance at p ≤ 0.05. The 
biological data revealed that the metal complexes of MOX have 
good activity against S. typhi, P. mirabilis, P. aeruginosa, and 
B. subtilis. Excellent antifungal activities of all complexes had 
produce against T. rubrum, and F. solani. They were more potent 
antibacterial and antifungal agents as compared to the parent 
compound. 

REFERENCES
1. Oliphant CM, Green GM. Quinolones: A Comprehensive Review. 

Clinical Pharmacology, 2002; 6: 455-464. 

2. De Almeida MV, Saraiva MF,  de Souza MVN,  da Costa CF. Vicente 
FRC, Lourenco MCS. Synthesis and antitubercular activity of lipophilic 
moxifloxacin and gatifloxacin derivatives Bioorg. Med Chem Lett. 
2007; 17: 5661-5664. 

3.  Efthimiadou EK, Karaliota A, Psomas G. Mononuclear 
dioxomolybdenium(VI) complexes with the quinolones enrofloxacin 
and sparfloxacin: Synthesis, structure, antibacterial activity and 
interaction with DNA. Polyhedron. 2008; 27: 349-356. 

4. Efthimiadou EK, Katsaros N, Karaliota A, Psomas G. Synthesis, 
characterization, antibacterial activity, and interaction with DNA of 
the vanadyl-enrofloxacin complex. Bioorg. Med. Chem. Lett. 2007; 17: 
1238–1242. 

5. Turel I. The interactions of metal ions with quinolone antibacterial 
agents. Coord.Chem. Rev. 2002; 32: 27-47.

6. Steven CW, Lawrence RG, Bruce GC, Trevor W H. Synthesis and 
X-ray structural characterization of an iron(III) complex of the 
fluoroquinolone antimicrobial ciprofloxacin, [Fe(CIP)(NTA)]3·5H2O 
(NTA Nitrilotriacetato). Polyhedron. 1995; 14: 2835-2840. 

7. Turel I, Leban I, Bukovec N. Synthesis, characterization, and crystal 
structure of a copper(II) complex with quinolone family member 
(ciprofloxacin): bis(1)-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-
7-piperazin-1ylquinoline-3-carboxylate) copper(II) chloride 
hexahydrateJ. Inorg. Biochem. 1994; 56: 273-282. 

8. Macías B, Villa MV,. Rubio I, Castiñeiras A, Borrás J. Complexes of Ni(II) 
and Cu(II) with ofloxacin: Crystal structure of a new Cu(II) ofloxacin 
complex. J. Inorg. Biochem. 2001; 84: 163-170. 

9. Chen ZF, Xiong RG, J. Zhang J, Chen XT,. Xue ZL,. You XZ. 2D molecular 
square grid with strong blue fluorescent emission: A complex of 
norfloxacin with zinc(II). Inorg Chem. 2001; 40: 4075–4077. 

10. Wallis SC, Gahan LR, Charles BG, Hambley TW, Duckworth PA. 
Copper(II) complexes of the fluoroquinolone antimicrobial 
ciprofloxacin. Synthesis, X-ray structural characterization, and 
potentiometric study. J. Inorg. Biochem. 1996; 62: 1-16. 

11. Turel I, Gruber K, Leban I, N. Bukovec N. Synthesis, crystal structure, 
and characterization of three novel compounds of the quinolone 
family member (norfloxacin). J. Inorg. Biochem. 1996; 61: 197-212. 

12. Chen ZF, Li BQ, Xie YR, Xiong RG, You XZ, Feng X.L. Synthesis, crystal 
structure, and characterization of mixed-ligand complex of copper(I) 

Complexes S. flexneri C. albicans F. solani T. rubrum

MOX 13.14 17.12 16.21 0

Mg(MOX)2 14.72 14.19 16.28 10.21

Ca(MOX)2 13.21 13.59 21.35 11.95

Cr(MOX)2 13.7 13.04 22.2 12.52

Mn(MOX)2 14.31 13.22 22.56 17.31

Fe(MOX)2 14.64 13.29 22.27 14.72

Co(MOX)2 13.23 13.21 19.14 12.29

Ni(MOX)2 12.26 14.11 23.54 11.48

Cu(MOX)2 14.28 13.16 18.28 16.28

Zn(MOX)2 13.27 16.58 17.58 13.44

As(MOX)2 15.31 13.15 20.17 17.29

Ag(MOX)2 15.31 13.15 25.23 22.1

Cd(MOX)2 16.18 15.29 22.22 18.17

Pb(MOX)2 14.94 13.33 24.19 21.31

ANOVA F-13.393 F-78.461 F-246.703 F-476.634

Table 5b: Antifungal activities of moxifloxacin and its metal complexes.

Mean (mm; n = 6); p<0.001

http://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
http://en.wikipedia.org/wiki/Bacillus
http://www.aafp.org/afp/2002/0201/p455.pdf
http://www.aafp.org/afp/2002/0201/p455.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17804222
http://www.ncbi.nlm.nih.gov/pubmed/17804222
http://www.ncbi.nlm.nih.gov/pubmed/17804222
http://www.ncbi.nlm.nih.gov/pubmed/17804222
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://www.ncbi.nlm.nih.gov/pubmed/17196389
http://www.ncbi.nlm.nih.gov/pubmed/17196389
http://www.ncbi.nlm.nih.gov/pubmed/17196389
http://www.ncbi.nlm.nih.gov/pubmed/17196389
http://www.sciencedirect.com/science/article/pii/S0010854502000279
http://www.sciencedirect.com/science/article/pii/S0010854502000279
http://www.sciencedirect.com/science/journal/02775387
http://www.sciencedirect.com/science/article/pii/S0162013401001829
http://www.sciencedirect.com/science/article/pii/S0162013401001829
http://www.sciencedirect.com/science/article/pii/S0162013401001829
http://pubs.acs.org/doi/pdf/10.1021/ic001470x
http://pubs.acs.org/doi/pdf/10.1021/ic001470x
http://pubs.acs.org/doi/pdf/10.1021/ic001470x
http://www.sciencedirect.com/science/article/pii/0162013495000828
http://www.sciencedirect.com/science/article/pii/0162013495000828
http://www.sciencedirect.com/science/article/pii/0162013495000828
http://www.sciencedirect.com/science/article/pii/0162013495000828
http://www.sciencedirect.com/science/article/pii/0162013495000569
http://www.sciencedirect.com/science/article/pii/0162013495000569
http://www.sciencedirect.com/science/article/pii/0162013495000569
http://www.sciencedirect.com/science/article/pii/S1387700301002076
http://www.sciencedirect.com/science/article/pii/S1387700301002076


Central

Arayne et al. (2013)
Email:  

JSM Chem 2(1): 1007 (2014) 9/6

with drug of norfloxacin and triphenyl phosphine: [Cu(PPh3)2(H-
Norf)]ClO4. Inorg. Chem. Comm, 2004; 4: 346-349. 

13. Wang LZ, Chen ZF, Wang XS, Yong-Hua L, Xiong RG and You XZ. 2D 
Nanoporous Molecular Square Grid: Manganese(II) Norfloxacin 
Complex. Chin J Inorg Chem. 2002; 18: 1185-1190. 

14. Efthimiadou ΕΚ, Sanakis Y, Katsaros ., Karaliota A, Psomas G, 
Transition metal complexes with the quinolone antibacterial agent 
pipemidic acid: Synthesis, characterization and biological activity. 
Polyhedron 2007a; 26: 1148-1158. 

15. Efthimiadou EK , Katarou ME, Karaliota A, Psomas G, Copper(II) 
complexes with sparfloxacin and nitrogen-donor heterocyclic ligands: 
Structure-activity relationships. J. Inorg. Biochem. 2008a; 102: 910-
920.

16. Skyrianou KC, Efthimiadou EK, Psycharis V, Terzis A, Kessissoglou 
DP, Psomas G.  Nickel-quinolones interaction. Part 1 – Nickel(II) 
complexes with the antibacterial drug sparfloxacin: Structure and  
biological properties. J. Inorg. Biochem. 2009;  103: 1617-1625. 

17. Psomas G. Mononuclear metal complexes with ciprofloxacin: 
Synthesis, characterization and DNA-binding properties. J. Inorg. 
Biochem. 2008; 102: 1798– 1811. 

18. Alkaysi HN, Abdel-Hay MH, Sheikh Salem M, Gharaibeh AM, Na’was 
TE. Chemical and biological investigations of metal ion interaction 
with norfloxacin. Int J Pharmaceut. 1992; 87: 73–77. 

19. Vishwanathan K, Bartlett MG, Stewart JT. Determination of 
moxifloxacin in human plasma by liquid chromatography electrospray 
ionization tandem mass spectrometry J Pharm Biomed Anal. 2002; 30: 
961-968.

20. Mertz W. Review of the scientific basis for establishing the essentiality 
of trace elements. Biol Trace Elem Res. 1998; 66:185-91. 

21. Sultana N, Arayne MS, Sharif S. Levofloxacin interactions with essential 
and trace elements, Pak. J. Pharm. Sci. 2004; 17: 67-76.

22. Sultana N, Arayne MS, Rizvi SBS, Haroon U, Mesaik MA. Synthesis, 
spectroscopic and biological evaluation of some levofloxacin metal 
complexes Medicinal Chemistry Research. 2012; 21: 4542-4548; 
22:1371-1377.

23. Arayne MS, Sultana N, Hussain F. Interaction between ciprofloxacin 
and antacids. Adsorption and Dissolution Studies. Drug Met. & Drug 
Inter. 2005; 21: 117-129. 

24. Sultana N, Arayne MS, Furqan H. In vitro availability oflLomefloxacin 
hydrochloride in presence ofeEssential and trace elements. Pak J 
Pharm Sciences. 2005; 18: 59-65. 

25. Hussain F, Arayne MS, Sultana N. Interaction between sparfloxacin and 
antacids-Dissolution and absorption studies. Pak J Pharm Sciences. 
2006; 19: 16-21. 

26. Sultana N, Arayne MS, Gul S, Shamim S. Sparfloxacin–metal complexes 
as antifungal agents – Their synthesis, characterization and 
antimicrobial activities. J Molecular Structure. 2010; 975: 285 – 291. 

27. Sultana N, Arayne MS, Yasmin N. In vitro availability studies of 
ofloxacin  in presence of metals essential to human body Pak J Pharm 
Sci. 2007; 20: 42-7. 

28. Sultana N, Hamza E, Arayne MS, Haroon U. Effect of metal ions on the 
in vitro availability of enoxacin, its in vivo implications, kinetic and 
antibacterial studies. Quim Nova. 2011; 34: 186-189. 

29. Arayne MS, Sultana N, Haroon U, Rizvi SBS. Synthesis, characterization, 
antibacterial and anti-inflammatory activities of enoxacin metal 
complexes Bioinorganic Chemistry and Applications. 2009; Volume 
2009, 6 pages doi:10.1155/2009/914105. 

30. Sultana N, Arayne MS, Naz A, Mesaik MA. Synthesis, characterization, 
antibacterial, antifungal and immunomodulating activities of 
gatifloxacin-metal complexes. Journal of Molecular Structure. 2010; 
969: 17–24.

31. Sultana N, Arayne MS, Akhtar M, Shamim S, Gul S, Khan MM.  High 
Performance Liquid Chromatography Assay for Moxifloxacin in Bulk, 
Pharamceutical Formulations and Serum: Application to In vitro 
Metal Interactions. Journal of the Chinese Chemical Society. 2010; 57: 
708-717.

32. Chen ZF, Li BQ, Xie YR, Xiong RG, You XZ, Feng XL. Synthesis, crystal 
structure, and characterization of mixed-ligand complex of copper(I) 
with drug of norfloxacin and triphenylphosphine: [Cu(PPh3)2(H-
Norf)]ClO4. Inorg Chem Commun. 2001; 4: 346–349.

33. Chattah AK, Linck YG, Monti GA, Levstein PR, Breda SA, Manzo RH, 
et al. NMR and IR characterization of the aluminium complexes of 
norfloxacin and  ciprofloxacin fluoroquinolones. Magn Reson Chem. 
2007; 45: 850–859. 

34. Ruiz M, Perello L, Cario JS, Ortiz R, Granda SG, Diaz MR, et al. Cinoxacin 
complexes with divalent metal ions. Spectroscopic characterization. 
Crystal structure of a new dinuclear Cd(II) complex having two 
chelate-bridging carboxylate groups. J Inorg Biochem. 1998; 69: 231–
239. 

35. WHO, Manual for the Laboratory Identification and Antimicrobial 
Susceptibility Testing of Bacterial Pathogens of Public Health 
Importance in the Developing World, 2003; pp. 103–162.

36. Efthimiadou ΕΚ, Sanakis Y, Katsaros N, Karaliota A, Psomas G. 
Transition metal complexes with the quinolone antibacterial agent 
pipemidic acid: Synthesis, characterization and biological activity”, 
Polyhedron 2007; 26: 1148-1158.

37. Al-Mustafa J. Magnesium, calcium and barium perchlorate complexes 
of ciprofloxacin and norfloxacin Acta Chim. Slov. 2002; 49: 457-466. 

38. Sagdinc S, .Bayarý S. Spectroscopic studies on the interaction of 
ofloxacin with metals. J Mol Struct. 200; 691: 107–113. 

39. Macias BM, Villa MV, Rubio I, Castineiras A, Borras J. Complexes of 
Ni(II) and Cu(II) with ofloxacin: Crystal structure of a new Cu(II) 
ofloxacin complexJ. Inorg. Biochem. 2001; 84: 163-168.

40. Deacon GB, Phillips RJ. Relationships between the carbon-oxygen 
stretching frequencies of carboxylato complexes and the type of 
carboxylate coordination. Coord. Chem Rev. 1980; 33: 227-250. 

41. Nakamoto K. Infrared and Raman spectra of Inorganic and 
Coordination Compounds, 3rd ed., Wiley Interscience, New York, USA, 
1978. 

42. Yong-Hua Li, Yun-Zhi Tang, Xue-Feng Huang, Ren-Gen Xiong. The 
Crystal Structure of a Gatifloxacin Complex and its Fluorescent 
Property. Zeitschrift fur anorganische und allgemeine Chemie. 2005; 
631: 639-641.

43. Pervez M, Arayne MS, Sultana N, Siddiqui AZ.  
Pefloxaciniummethanesulfonate 0.10-Hydrate. Acta Cryst, C. 2000; 
56: 910-912. DOI: 10.1107/S0108270100004340. 

44. Efthimiadou EK, Psomas G, Sanakis Y, Katsaros N, Karaliota A. 
Metal complexes with the quinolone antibacterial agent N-propyl-
norfloxacin: Synthesis, structure and bioactivity. J Inorg Biochem. 
2007; 101: 525–535.  

45. Jain S, Jain NK, Pitre KS. Bio-inorganic studies on the Fe(II) sparfloxacin 
complex Metal Based Drugs. 2002; 9: 1–8. 

46. Zupan M, Turel I, Bukovec P, White AJP, Williams DJ. Synthesis and 
characterization of two novel zinc(II) complexes with ciprofloxacin. 
Crystal Structure of _C17H19N3O3F_2 · _ZnCl4_ · 2H2O Croat. Chem 
Acta. 2001; 74: 61–74. 

http://www.sciencedirect.com/science/article/pii/S1387700301002076
http://www.sciencedirect.com/science/article/pii/S1387700301002076
http://www.wjhxxb.cn/wjhxxben/ch/reader/key_query_article_list.aspx
http://www.wjhxxb.cn/wjhxxben/ch/reader/key_query_article_list.aspx
http://www.wjhxxb.cn/wjhxxben/ch/reader/key_query_article_list.aspx
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://www.chem.auth.gr/index.php/?lang=en&st=129
http://www.chem.auth.gr/index.php/?lang=en&st=129
http://www.chem.auth.gr/index.php/?lang=en&st=129
http://www.chem.auth.gr/index.php/?lang=en&st=129
http://www.sciencedirect.com/science/article/pii/S0162013408001402
http://www.sciencedirect.com/science/article/pii/S0162013408001402
http://www.sciencedirect.com/science/article/pii/S0162013408001402
http://www.sciencedirect.com/science/article/pii/037851739290229U
http://www.sciencedirect.com/science/article/pii/037851739290229U
http://www.sciencedirect.com/science/article/pii/037851739290229U
http://www.ncbi.nlm.nih.gov/pubmed/12408886
http://www.ncbi.nlm.nih.gov/pubmed/12408886
http://www.ncbi.nlm.nih.gov/pubmed/12408886
http://www.ncbi.nlm.nih.gov/pubmed/12408886
http://www.ncbi.nlm.nih.gov/pubmed/10050919
http://www.ncbi.nlm.nih.gov/pubmed/10050919
http://www.ncbi.nlm.nih.gov/pubmed/16414598
http://www.ncbi.nlm.nih.gov/pubmed/16414598
http://link.springer.com/article/10.1007/s00044-012-0132-%099
http://link.springer.com/article/10.1007/s00044-012-0132-%099
http://link.springer.com/article/10.1007/s00044-012-0132-%099
http://link.springer.com/article/10.1007/s00044-012-0132-%099
http://cat.inist.fr/?aModele=afficheN&cpsidt=17276605
http://cat.inist.fr/?aModele=afficheN&cpsidt=17276605
http://cat.inist.fr/?aModele=afficheN&cpsidt=17276605
http://www.pjps.pk/CD-PJPS-18-3-05/Paper-12.pdf
http://www.pjps.pk/CD-PJPS-18-3-05/Paper-12.pdf
http://www.pjps.pk/CD-PJPS-18-3-05/Paper-12.pdf
http://www.pjps.pk/CD-PJPS-19-1-06/Paper-4.pdf
http://www.pjps.pk/CD-PJPS-19-1-06/Paper-4.pdf
http://www.pjps.pk/CD-PJPS-19-1-06/Paper-4.pdf
http://www.sciencedirect.com/science/article/pii/S0022286010003911
http://www.sciencedirect.com/science/article/pii/S0022286010003911
http://www.sciencedirect.com/science/article/pii/S0022286010003911
http://www.ncbi.nlm.nih.gov/pubmed/17337427
http://www.ncbi.nlm.nih.gov/pubmed/17337427
http://www.ncbi.nlm.nih.gov/pubmed/17337427
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-40422011000200003
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-40422011000200003
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-40422011000200003
http://www.hindawi.com/journals/bca/2009/914105/ref/
http://www.hindawi.com/journals/bca/2009/914105/ref/
http://www.hindawi.com/journals/bca/2009/914105/ref/
http://www.hindawi.com/journals/bca/2009/914105/ref/
http://www.sciencedirect.com/science/article/pii/S0022286010000736
http://www.sciencedirect.com/science/article/pii/S0022286010000736
http://www.sciencedirect.com/science/article/pii/S0022286010000736
http://www.sciencedirect.com/science/article/pii/S0022286010000736
http://proj3.sinica.edu.tw/~chem/servxx6/files/paper_13558_1283416379.pdf
http://proj3.sinica.edu.tw/~chem/servxx6/files/paper_13558_1283416379.pdf
http://proj3.sinica.edu.tw/~chem/servxx6/files/paper_13558_1283416379.pdf
http://proj3.sinica.edu.tw/~chem/servxx6/files/paper_13558_1283416379.pdf
http://proj3.sinica.edu.tw/~chem/servxx6/files/paper_13558_1283416379.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17729228
http://www.ncbi.nlm.nih.gov/pubmed/17729228
http://www.ncbi.nlm.nih.gov/pubmed/17729228
http://www.ncbi.nlm.nih.gov/pubmed/17729228
http://www.ncbi.nlm.nih.gov/pubmed/9654749
http://www.ncbi.nlm.nih.gov/pubmed/9654749
http://www.ncbi.nlm.nih.gov/pubmed/9654749
http://www.ncbi.nlm.nih.gov/pubmed/9654749
http://www.ncbi.nlm.nih.gov/pubmed/9654749
http://www.who.int/csr/resources/publications/drugresist/WHO_CDS_CSR_RMD_2003_6/en/
http://www.who.int/csr/resources/publications/drugresist/WHO_CDS_CSR_RMD_2003_6/en/
http://www.who.int/csr/resources/publications/drugresist/WHO_CDS_CSR_RMD_2003_6/en/
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=article&id=82&Itemid=64
http://www.dlib.si/preview/URN:NBN:SI:doc-MVRGLPUU/
http://www.dlib.si/preview/URN:NBN:SI:doc-MVRGLPUU/
http://www.sciencedirect.com/science/article/pii/S0022286003008135
http://www.sciencedirect.com/science/article/pii/S0022286003008135
http://www.sciencedirect.com/science?_ob=ArticleListURL&_method=list&_ArticleListID=-399771750&_sort=r&_st=13&view=c&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=9cd3ff48204cb0f482ea183fed0ff4c9&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleListURL&_method=list&_ArticleListID=-399771750&_sort=r&_st=13&view=c&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=9cd3ff48204cb0f482ea183fed0ff4c9&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleListURL&_method=list&_ArticleListID=-399771750&_sort=r&_st=13&view=c&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=9cd3ff48204cb0f482ea183fed0ff4c9&searchtype=a
http://www.scribd.com/doc/67817526/Deacon-e-Phillips-IV
http://www.scribd.com/doc/67817526/Deacon-e-Phillips-IV
http://www.scribd.com/doc/67817526/Deacon-e-Phillips-IV
http://www.abebooks.com/book-search/title/infrared-spectra-inorganic-coordination-compounds/page-1/
http://www.abebooks.com/book-search/title/infrared-spectra-inorganic-coordination-compounds/page-1/
http://www.abebooks.com/book-search/title/infrared-spectra-inorganic-coordination-compounds/page-1/
http://onlinelibrary.wiley.com/doi/10.1002/zaac.200400328/abstract.
http://onlinelibrary.wiley.com/doi/10.1002/zaac.200400328/abstract.
http://onlinelibrary.wiley.com/doi/10.1002/zaac.200400328/abstract.
http://onlinelibrary.wiley.com/doi/10.1002/zaac.200400328/abstract.
http://onlinelibrary.wiley.com/doi/10.1107/S0108270100004340/abstract
http://onlinelibrary.wiley.com/doi/10.1107/S0108270100004340/abstract
http://onlinelibrary.wiley.com/doi/10.1107/S0108270100004340/abstract
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=art%09icle&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=art%09icle&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=art%09icle&id=82&Itemid=64
http://vourloumis_group.chem.demokritos.gr/index.php?option=com_content&view=art%09icle&id=82&Itemid=64
http://journaldatabase.org/articles/bio-%09inorganic_studies_on_feii.html
http://journaldatabase.org/articles/bio-%09inorganic_studies_on_feii.html
http://public.carnet.hr/ccacaa/CCA-PDF/cca2001/v74-n1/cca_74_2001_61-%0974_Zupancic.pdf
http://public.carnet.hr/ccacaa/CCA-PDF/cca2001/v74-n1/cca_74_2001_61-%0974_Zupancic.pdf
http://public.carnet.hr/ccacaa/CCA-PDF/cca2001/v74-n1/cca_74_2001_61-%0974_Zupancic.pdf
http://public.carnet.hr/ccacaa/CCA-PDF/cca2001/v74-n1/cca_74_2001_61-%0974_Zupancic.pdf


Central

Arayne et al. (2013)
Email:  

JSM Chem 2(1): 1007 (2014) 10/6

47. Efthimiadou EK, Sanakis Y, Raptopoulou CP, Karaliota A, Katsaros N, 
Psomas G. Crystal structure, spectroscopic, and biological study of 
the copper(II) complex with third-generation quinolone antibiotic 
sparfloxacin. Bioorg Med Chem Lett. 2006; 14: 3864–3867.

48. Bellamy LJ. The Infrared Spectra of Complex Molecule, vol. 2: Advances 
in Group Frequencies, 2nd ed., Chapman & Hall, London, 1980. 

49. Sakai M, Hara A, Anjo S, Nakamura M. Comparison of the complexation 
of fluoroquinolone antimicrobials with metal ions by nuclear magnetic 
resonance spectroscopy. J Pharm Biomed Anal. 1999; 18:1057–1067. 

50. Sagdinc S, Bayar S. Spectroscopic studies on the interaction of 
ofloxacin with metals. J Mol Structure. 2004; 691: 107–113.

51. Drevensˇek P, Kosˇmrlj J, Giester G, Skauge T, Sletten E, Sepcˇic´ K, et 
al. X-Ray crystallographic, NMR and antimicrobial activity studies of 
magnesium complexes  of  fluoroquinolones–racemic ofloxacin and its 

S-form, levofloxacin. J Inorg Biochem. 2006; 100: 1755–1763.

52. Anacona JR, Toledo C. Synthesis and antibacterial activity of metal 
complexes of ciprofloxacin. Transition Met Chem. 2001; 26:228–231.

53. Tumer M, Koksal H, Sener MK,  Serin S. Antimicrobial activity studies 
of the binuclear metal complexes derived from tridentate Schiff base 
ligands. Transition Metal Chemistry. 1999; 24: 414–420. 

54. Muhammad I, Javed I, Shahid I, Nazia I. In vitro antibacterial studies of 
ciprofloxacin-imines and their complexes with Cu(II),Ni(II),Co(II), and 
Zn(II). Turk. J. Biol. 2007; 31: 67–72. 

55. Drevensek P, Zupancic T, Pihlar B, Jerala R, Kolitsch U, Plaper A, Turel 
I. Mixed-valence Cu(II)/Cu(I) complex of quinolone ciprofloxacin 
isolated by a hydrothermal reaction in the presence of l-histidine: 
comparison of biological activities of various copper-ciprofloxacin 
compounds. Journal of Inorganic Biochemistry. 2005; 99: 432–442. 

Sultana N, Arayne MS, Akhtar M (2013) Synthesis and Antimicrobial Chattels of 1-Cyclopropyl-7-[(S,S)-2,8-Diazabicyclo [4.3.0]Non-8-Yl]-6-Fluoro-8-Methoxy-1,4-
Dihydro-4-Oxo-3-Quinolinecarboxylic Acid Metal Complexes of Biological Interest. JSM Chem 2(1): 1007.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/16697195
http://www.ncbi.nlm.nih.gov/pubmed/16697195
http://www.ncbi.nlm.nih.gov/pubmed/16697195
http://www.ncbi.nlm.nih.gov/pubmed/16697195
http://trove.nla.gov.au/work/10363998?selectedversion=NBD1933204
http://trove.nla.gov.au/work/10363998?selectedversion=NBD1933204
http://www.sciencedirect.com/science/article/pii/S0731708598002337
http://www.sciencedirect.com/science/article/pii/S0731708598002337
http://www.sciencedirect.com/science/article/pii/S0731708598002337
http://www.sciencedirect.com/science/article/pii/S0022286003008135
http://www.sciencedirect.com/science/article/pii/S0022286003008135
http://www.ncbi.nlm.nih.gov/pubmed/16934331
http://www.ncbi.nlm.nih.gov/pubmed/16934331
http://www.ncbi.nlm.nih.gov/pubmed/16934331
http://www.ncbi.nlm.nih.gov/pubmed/16934331
https://getinfo.de/app/details?id=springer%3asid~273978
https://getinfo.de/app/details?id=springer%3asid~273978
http://link.springer.com/article/10.1023/A%3A1006973823926
http://link.springer.com/article/10.1023/A%3A1006973823926
http://link.springer.com/article/10.1023/A%3A1006973823926
http://journals.tubitak.gov.tr/biology/issues/biy-07-31-2/biy-31-2-2-0610-10.pdf
http://journals.tubitak.gov.tr/biology/issues/biy-07-31-2/biy-31-2-2-0610-10.pdf
http://journals.tubitak.gov.tr/biology/issues/biy-07-31-2/biy-31-2-2-0610-10.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15621275
http://www.ncbi.nlm.nih.gov/pubmed/15621275
http://www.ncbi.nlm.nih.gov/pubmed/15621275
http://www.ncbi.nlm.nih.gov/pubmed/15621275
http://www.ncbi.nlm.nih.gov/pubmed/15621275

	Synthesis and Antimicrobial Chattels of 1-Cyclopropyl-7-[(S,S)-2,8-Diazabicyclo [4.3.0]Non-8-Yl]-6-F
	Abstract
	Introduction
	Experimental
	Materials and methods
	Instrumentation
	Stoichiometric study 
	Synthesis of moxifloxacin metal complexes 
	Antibacterial and antifungal activity 

	Results and Discussion 
	Infrared spectroscopic studies 
	NMR spectroscopic studies 
	Antibacterial activity  
	Antifungal activity  

	Conclusion
	References
	Figure 1
	Figure 2a
	Figure 2b
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 3
	Figure 4
	Table 5a
	Table 5b

