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INTRODUCTION
Quinolones comprise a group of well-known antibacterial agents and the
first members have been in clinical practice for over 40 years [1,2]. They are
nowadays clinically the most successful synthetic antibacterial agents
[2].Quinolones (quinolonecarboxylic acids or 4-quinolones) are synthetic
antibacterial agents containing a 4-oxo-1,4-dihydroquinoline skeleton [3,4].
They can act as antibacterial drugs that effectively inhibit DNA replication
and are commonly used as treatment for many infections [4,5]. They are very
useful and helpful in daily clinical and veterinary practice for treatment of
various infections, such as urinary tract infections, tissue infections,
respiratory system infections and sexually transmitted diseases[6]. It is
known that many pharmaceutical preparations containing metal ions, multi-
mineral preparations or antacida may significantly reduce the oral absorption
and bioavailability of the fluoroquinolones. Also the complexation of
fluoroquinolones with metal ions has attracted considerable for the
development of electroanalytical and spectrophotometric methods for
determination of quinolones in pharmaceutical formulation[7–12] and to provide
information about the action mechanism of the pharmaceutical compound
[10–12].The probable mechanism of this interaction could be the chelation
between the metal cation and the 3-carboxylate and 4-carbonyl groups
[6,13,14]. Because of mediation in binding to the DNA-gyrase complex, the 3-
carboxylate and 4-carbonyl groups of the fluoroquinolones are essential for
the antimicrobial activity. It was confirmed that the strength of this ternary
complex with DNA depends also on the concentration of magnesium ions,
taking part in the formation of the complex [15].

The structures, the spectroscopic and the biological properties of diverse
transition metal complexes with various quinolone antibacterial drugs have
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ABSTRACT
Mixed ligand transition metal complexes with general formula [M(LFX)(Ala)(H2O)2]Cl and [M(LFX)(Ala)(H2O)m](X)n•yH2O (LFX = lomefloxacin,
Ala = alanine, M = Fe(III), Ni(II), Cu(II), X = Cl , m = 2,  n = 1,2, y = 1-2), [M(LFX)(Ala)(H2O)m](X)n (M = Cr(III), Co(II), Mn(II), Zn(II), X = Cl,
n = 1-3, m = 2) and [M(LFX)(Ala)](X)n (M = UO2(II), Th(IV), X = Cl or NO3, n = 2, 3) have been synthesized and characterized using different
spectroscopic tools, magnetic susceptibility, conductivity measurements and thermal analysis. The present results suggested that the lomefloxacin as
bidentate coordinated with metal ions through carbonyl oxygen and carboxylate. The alanine as monodentate is coordinated with metal ions through the
amino nitrogen atom and deprotonated carboxylate.  LFX and its metal complexes were screened for their biological activity. Metal complexes exhibit
higher antibacterial and antifungal than the free ligand. The anticancer activities against breast cancer cell line (MCF7) by using 100 µg / ml drug
concentration were also tested. LFX and its metal complexes except Cr(III), Fe(III) and Th(IV) complexes were found to be very active against breast
cancer cells with inhibition ratio values between 70-85.5 %.

Key words:  Lomefloxacin, alanine, mixed ligand complexes, spectroscopic, biological activity, anticancer activity.

been thoroughly studied[16–26] in an attempt to examine the binding mode
and possible synergetic effects. Here, we present the interaction of diverse
transition metal ions with the second generation quinolone lomefloxacin and
dl-alanine in order to study the mode of coordination and the biological
properties of the resultant complexes. More specifically, the ternary
complexes of lomefloxacin  with  Cr(III), Mn(II),  Fe(III),  Co(II),  Ni(II),
Cu(II), Zn(II),  Th(IV) and UO2(II)  have been synthesized and characterized
with elemental  analysis, IR,  UV–Vis, diffused reflectance, and 1HNMR
spectroscopies, X-ray powder diffraction, conductivity, magnetic
susceptibility and thermal analyses (TGA and DTA). The biological activity
of the complexes has been evaluated by determining the minimum inhibitory
concentration (MIC) against three microorganisms. The prepared complexes
containing two different ligands were found to be quite stable.

Experimental

MATERIALS AND METHODS
All chemicals were obtained from commercial sources and were used without
further purifications (CoCl2.6H2O, NiCl2.6H2O, CuCl2.2H2O, ZnCl2,
CrCl3.6H2O, FeCl3.6H2O, UO2(NO3)2.2H2O and ThCl4) fromRiedeal-
Dehaenage. Lomefloxacin and alanine were obtained from BDH, methanol,
ethanol and dimethylsulfoxide from Fluka.

Dimethylsulphoxide (DMSO) (was supplied from Sigma Chemical Co., St.
Louis, Mo, and USA. It was used in cryopreservation of cells. RPMI-1640
medium (Sigma Chemical Co., St. Louis, Mo, and USA) is used. The medium
was used for culturing and maintainance of the human tumor cell lines. The
medium was supplied in a powder form. It was prepared as follows: 10.4
gm medium was weighed, mixed with 2 g  sodium bicarbonate, completed to
1 L with distilled water and shacked carefully till complete dissolution. The
medium was then sterilized by filtration in a Millipore bacterial filter (0.22
µm). The prepared medium was kept in a refrigerator (4 oC) and checked at
regular intervals for contamination. Before use the medium was warmed at
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37oC in a water bath and the supplemented with penicillin/streptomycin
and FBS.

Sodium bicarbonate (Sigma Chemical Co., St. Louis, Mo, USA) was used
for the preparation of RPMI-1640 medium. 0.05% isotonic Trypan blue
solution (Sigma Chemical Co., St. Louis, Mo, USA) was prepared in normal
saline and was used for viability counting. 10% Fetal Bovine Serum (FBS)
(heat inactivated at 56 oC for 30 min), 100 units/ml Penicillin and 2 mg/ml
Streptomycin were supplied from Sigma Chemical Co., St. Louis, Mo,
USA and were used for the supplementation of RPMI-1640 medium prior
to use. 0.025% (w/v) Trypsin (Sigma Chemical Co., St. Louis, Mo, USA)
was used for the harvesting of cells. 1% (v/v) Acetic acid (Sigma Chemical
Co., St. Louis, Mo, USA) was used for dissolving the unbound SRB dye.
0.4% Sulphorhodamine-B (SRB) (Sigma Chemical Co., St. Louis, Mo, USA)
dissolved in 1 % acetic acid was used as a protein dye. A stock solution of
trichloroacetic acid (TCA, 50%, Sigma Chemical Co., St. Louis, Mo, USA)
was prepared and stored. 50 µl of the stock was added to 200 µl RPMI-
1640 medium/well to yield a final concentration of 10 % used for protein
precipitation. 100% isopropanol and 70 % ethanol were used. Tris base 10
mM (pH 10.5) was used for SRB dye solubilization. 121.1 gm of tris base
was dissolved in 1000 ml of distilled water and pH was adjusted by HCl
acid (2 M).

The I.R spectra in the range of 4000 – 400 cm-1 were recorded as potassium
bromide disc on Perkin-Elmer FT-IR type 1650 spectrophotometer. UV-
Visible spectra were measured in DMSO using Shimadzu UV-Visible recorder
spectrophotometer UV-mini 1240. Elementalanalysis (C,H,N) was
performed by the Microanalytical unit at Cairo University onCHNS-932
(LECO) Vario Elemental Analyzers. Determinations of metals were carried
out using laboratory methods. Conductivity measurements were carried
out at 25oC in DMF using Jenway 4010 conductivity meter. Melting point
was determined using Stuart-Melting Point Apparatus. The magnetic
susceptibility measurements were obtained using Balance Magnetic
Susceptibility Model MsB-MK1 at 30°C. The solid reflectance spectra
were measured on a Shimadzu 3101pc spectrophotometer. The molar
magnetic susceptibility was measured on powdered samples using the
Faraday method. The diamagnetic corrections were made by Pascal’s
constant and Hg[Co(SCN)4] was used as a calibrant. The 1H NMR spectra
were recorded using 300 MHz Varian-Oxford Mercury. The deuterated
solvent used was dimethylsulphoxide (DMSO-d6) and the spectra extended
from 0 to 15 ppm. The thermal analyses (TG, DTG and DTA) were carried
out in dynamic nitrogen atmosphere (20 mL. min-1) with a heating rate of 10
°C min-1 using Shimadzu TG-50H thermal analyzers. The X-ray powder
diffraction analyses were carried out by using Philips Analytical X-Ray
BV, diffractometer type PW 1840. Radiation was provided by copper
target (Cu anode 2000 W) high intensity X-ray tube operated at 40 KV and
25 mA. Divergence and the receiving slits were 1 and 0.2, respectively. The
antibacterial and antifungal activities were evaluated at the Microbiological
laboratory, Microanalytical center, Cairo University, Egypt. The anticancer
activity was performed at the National Cancer Institute, Cancer Biology
Department, Pharmacology Department, and Cairo University. The optical
density (O.D.) of each well was measured spectrophotometrically at 564
nm with an ELIZA microplate reader (Meter tech. S 960, U.S.A.).

General procedure for synthesis
An ethanolic solution 15ml of lomefloxacin (LFX) with 0.351 g (1 mmol)
was added to an aqueous solution of the metal salts. This is followed by the
addition of an ethanolic solution 12 ml of dl-alanine (Ala) with 0.092 g (1
mmol). After constant stirring (1 hour) using appropriate amounts of materials
needed as decided by the molar ratio 1:1:1 (M:LFX:Ala). Successively, the
resulting precipitates were filtered off, washed several times and
recrystallized with 1:3 (v/v) ethanol : water mixture. Then, it was dried in
an oven at 65oC

.
Biological activity
A filter paper disk (5mm) was transferred into 250 mL flasks containing 20
mL of working volume of tested solution (100 g/mL). All flasks were
autoclaved for 20 min at 121oC. LB agar media surfaces were inoculated
with two investigated bacteria (gram positive and gram negative) and two
strains of fungi  then, transferred to a saturated disk with a tested solution
in the center of Petri dish (agar plates). Finally, all these Petri dishes were
incubated at 25 oC for 48 h where clear or inhibition zones were detected
around each disk. Control flask of the experiment was designed to perform
under the same condition described previously for each microorganism but
with dimethylformamide solution only and by subtracting the diameter of
inhibition zone resulting with dimethylformamide from that obtained in
each case, so antibacterial activity could be calculated [27]. All experiments
were performed as triplicate and data plotted were the mean value.

Anticancer activity
Potential cytotoxicity of the compounds was tested using the method of
Skehan et al 28. Cells were plated in 96-multiwell plate (104cells/well) for
24 h before treatment with the compounds to allow attachment of cell to
the wall of the plate. Different concentrations of the compounds under
investigation (0, 5, 12.5, 25, 50 and 100 µg/ml) were added to the cell
monolayer triplicate wells were prepared for each individual dose. The
monolayer cells were incubated with the compounds for 48 h at 37 °C and
in 5% CO2 atmosphere. After 48 h, cells were fixed, washed and stained
with SRB stain. Excess stain was washed with acetic acid and attached stain
was recovered with tris-EDTA buffer. The optical density (O.D.) of each
well was measured spectrophotometrically at 564 nm with an ELIZA
microplate reader and the mean background absorbance was automatically
subtracted and mean values of each drug concentration was calculated. The
relation between surviving fraction and drug concentration is plotted to get
the survival curve of Breath tumor cell line for each compound.

Calculation
The percentage of cell survival was calculated as follows:

Survival fraction = O.D. (treated cells)/ O.D. (control cells).

The IC50 values are the concentrations of thymoquinone required to produce
50 % inhibition of cell growth. The experiment was repeated 3 times for
each cell line.

RESULTS AND DISCUSSIONS
The prepared complexes were found to be coloured, insoluble in most
common organic solvents   such as chloroform, acetone and acetonitrile but
completely soluble in dimethylsulfoxide and dimethylformamide. The high
values observed of molar conductivities in DMF indicate the electrolyte
behavior of the complexes. Elemental analysis (C, H, N)  and  metal
determination  were  in  good  agreement with  general  formula  given  for
the  complexes. Table 1 gives the physical properties of the complexes.

Magnetic susceptibility
The observed magnetic moment values for the prepared complexes (Table
1), indicates that Zn(II), Th(IV) and UO2(II) complexes are diamagnetic
and according to their molecular formula an octahedral arrangement of the
ligand molecules around the central metal ion  is proposed. However, Cr(III),
Mn(II), Fe(III), Co(II), Ni(II) and Cu(II) complexes showed normal measured
value of µeff  for octahedral structure (Table 1) [29-31].

Electronic spectral studies
The absorption spectra of LFX ternary chelates with alanine, at wavelength
ranging from 200 to 600 nm are carried out in ethanol. The band at 320 nm
may be assigned to ngπ* transition within the C=O group or carboxylate
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Table (1). Analytical and physical data of LFX and its ternary complexes with Alanine.

Table (2). IR spectra (4000-400 cm-1) of LFX (L), alanine (A) and their ternary metal complexes.

LFX Alanine [Cr(LFX) [Mn(LFX) [Fe(LFX) [Co(LFX) [Ni(LFX) [Cu(LFX) [Zn(LFX) [Th(LFX) [UO2(LFX) Assignment
(Ala) (Ala) (Ala) (Ala) (Ala) (Ala) (Ala) (Ala) (Ala)

(H2O)2]Cl2 (H2O)2]Cl. (H2O)2] (H2O)2] (H2O)2] (H2O)2] (H2O)2] (H2O)2] (Ala)]
.2H2O .2H2O Cl2.2H2O Cl.2H2O Cl.H2O Cl.2H2O Cl.2H2O Cl3.2H2O (NO3)

3367br - 3389br 3293br 3376br 3376br 3415br 3389br 3441br 3376br 3441br OH stretching
- 3084br 3050br 3050br 3102br 3140br 3051br 3054br 3053br 3034br 3100br Asym. NH3 stretch
- 2934s 2934s 2883s 2974s 2896s 2908s 2963s 2830s 2927s 2941s CH stretch in CH3

- 2602m 2632s 2612s 2618s 2633s 2574s 2603s 2618s 2617s 2632s NH stretch in NH3

1725sh 1703s 1724m dis dis dis dis 1724sh 1712m dis 1765s C=O stretch
1590s 1574m 1559s 1567m 1551s 1574s 1574m 1588s 1559s 1581s 1588s COO asym.
- 1519m 1523sh 1522s 1523sh 1522s 1529s 1524s 1515s 1530s 1523m NH2 scissoring
- 1455sh 1453m 1456s 1455m 1470s 1471m 1469m 1456s 1456s 1463s CH3 deformation
1396s 1413sh 1412s 1412s 1406m 1398s 1397m 1368s 1412s 1406s 1419s COO sym.
- 1362sh 1382sh 1383s 1355s 1323s 1338sh 1338s 1368s 1323s 1384m CH3 puckering
808sh 849sh 838sh 889sh 850sh 838s 838s 851m 849sh 849sh 857m C-N stretch+ C2-C4 stretch
- 649sh 647s 651sh 662s 658sh 659sh 662s 665sh 657sh 658sh OCOH+ NH2 bend
- 540sh 541s 540m 541sh 544s 544s 560m 541sh 540sh 540m OH bend
- - 518s 502sh 502s 497s 502s 502s 493s 502s 502m M-O
- - 485s 456sh 449s 456s 456s 449s 456s 456s 471s M-O in coordinated water
- - 412s 411s 419s 427s 427s 419s 427s 412s 411s M-N

sh = sharp, m = medium, br = broad, s = small, w = weak

group of free ligand. This band is red shifted to 321-326 nm in some chelates,
while it disappeared in all the remaining chelates revealing the involvement
of the C=O group of LFX ligand and carboxylate–O of amino acids in
chelate formation[32, 33].

The n g π* transition within the LFX molecule is overlapped with those of
alanine molecule at λ = 320–350 nm so renders it difficult to attribute the
blue or red shift of these bands as a result of the involvement of the N atom
of LFX or amino group of alanine during chelate formation (Ng M) [32, 33].

The  diffused reflectance spectrum of Co(II) complex shows bands at 13,122,
15,239 and 22,041 cm-1 which are attributed to the electronic transition
4T1g(F) g4T2g(F) (ν1), 

4T1g(F) g 4A2g(F) (ν2) and 4T1g(F) g 4T1g(P) (ν3),
respectively, suggesting that there is an octahedral geometry around Co(II)
ion [31,32]. The region at 28,285 cm-1 refers to the charge transfer band. The
exhibited diffused absorption bands of Ni(II) complex at 13,256, 14,780
and 20,888 cm-1 are  attributed  to  the electronic transition  3A2g (F) g 3T1g
(P), 3A2g (F) g 3T1g (F) and 3A2g (F) g 3T2g (F). The spectrum shows also
band at 26,615 cm-1 which may be attributed to ligand to metal charge
transfer [29].

The diffused spectrum of Cu(II) complex shows that its bands in the visible
region is attributed  to the electronic transitions of 2A1g (D) g 2B1g (D) and
2Eg (D) g 2B1g (D) at  15,096 and 21,529 cm-1, respectively which confirm
the  octahedral geometry. The diffused reflectance spectrum of Cr(III)
complex exhibits bands at 13,598; 25,574 and 28,048 cm-1, respectively,
which assigned to 4A2g(F)g4T2g(F) , 4A2g(F)g4T2g(F) and 4A2g(F)g4T2g(P)
spin allowed d-d transitions. These bands suggest an octahedral geometry
for the Cr(III) complexes [29, 34].

The diffused reflectance spectrum of the Mn(II) complex shows three
bands at 16,542;19,850 and 25,880 cm-1 assignable to  4T1gg

6A1g,
4T2g(G)g6A1g and 4T1g(D)g6A1g transitions, respectively [29] , which indicate
that the complexes have  octahedral geometry. From the diffused reflectance
spectrum, it is observed that, the Fe(III)  complex exhibits bands at 12,578,
16,039 and 21,522 cm-1, which may be assigned to the 6A1ggT2g(G) and
6A1gg

5T1g  transitions in octahedral geometry of the complex 35. The
spectrum shows also a band at 24,591 cm-1 which may be attributed to
ligand to metal charge transfer.

Infrared spectral studies
(1)The υ(C=O) stretching vibration is found at 1725 cm-1 in the LFX free
ligand as sharp intense band[30-33]. This band is found in the spectra of the
ternary complexes at 1722-1739 cm-1 (Table 2) or disappeared in some
complexes[36]. The shift of the carbonyl group band to higher or lower
wavenumbers or its disappearance in the complexes can be attributed to the
participation of the carbonyl oxygen atoms of LFX ligand in coordination
to the metal ions (M—O) .

(2)The υ(OH), υasym(COO) and υsym(COO) stretching vibrations are
observed at 3367, 1590 and 1396 cm-1, respectively, for LFX free ligand [30-

33]. The OH stretching vibration; υ(OH), is found to shift to lower
wavenumbers in the range 3037-3263 cm-1 in the spectra of the ternary
complexes. The participation of the carboxylate O atom of LFX drug in the
complexes formation is evidenced from the shift in position of these bands
to 1530-1574 and 1396-1413 cm-1, respectively, for ternary complexes
(Table 2). The bands at the wavenumber 1703, 1588 and 1474 cm-1 regions,
in the free amino acid; Ala, are assigned to the carbonyl, antisymmetric and
symmetric stretching vibrations of the carboxylate group, respectively [30-

[Cr(LFX)(Ala)]·Cl2   (C20H25Cl2CrF2N4O3) Dark green(91) 280 32.75(35.57) 4.88(4.46) 9.72(9.60) 8.99(9.23) 3.42 149
[Mn(LFX)(Ala)]·Cl(C20 H25Cl F2N4O3Mn) Pale brown(93) 250 37.99(37.82) 4.80(4.72) 10.75(10.59) 10.02(10.21) 5.36 112
[Fe(LFX)(Ala)(H2O)2]Cl2·H2O(C20H31Cl2F2Fe N4O6) Brown(85) 240 41.04(40.81) 5.54(5.27) 9.71(9.52) 9.32(9.52) 5.61 156
[Co(LFX)(Ala)(H2O)2]·Cl (C20H29ClCoF2N4O5) Dark  blue(72) 210 42.54(42.12) 5.12(5.09) 10.02(9.82) 10.64(10.35) 5.40 110
[Ni(LFX)(Ala)(H2O)2]Cl·H2O (C20H31ClF2N4NiO6) Green(87) 260 43.79(43.20) 5.98(5.95) 10.14(10.08) 10.26(10.62) 3.21 126
[Cu(LFX)(Ala)(H2O)2]Cl·2H2O (C20H33ClCuF2N4O7) Dark Blue(86) 220 41.72(41.52) 5.95(5.71) 9.81(9.67) 10.71(10.96) 1.95 120
[Zn(LFX)(Ala)(H2O)2]·Cl  (C20H29ClF2N4O5Zn) White(73) 230 41.93(41.66) 5.25(5.03) 9.74(9.72) 11.10(11.34) Diam. 130
[Th(LFX)(Ala)]·Cl3 (C20H25Cl3F2N4O3Th) Pale yellow(74) 220 30.96(30.86) 3.23(3.21) 7.61(7.20) 29.65(29.83) Diam. 318
[UO2(LFX)(Ala)]·(NO3)] (C20H25F2N5O10U) Yellow(79) 200 28.89(28.81) 3.01(2.96) 8.43(8.17) 35.45(35.86) Diam. 135

C H N M              Ω-1mol-1cm2

Compound (Chemical formula) Color   (%Yield) M.p.(oC)                                               % Found (Calcd) µeff .(B.M.)          Αm
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33].  The shift of these bands to higher or lower frequencies suggests the
participation of –COOH group in complex formation after deprotonation
[36]. The values of band shift ∆υ (υasym(COO) – υsym(COO)) are all about
143–205 cm-1, indicating that the carboxylate group in Ala are chelated in a
uni-negatively manner to the metal ions [36].

(3)At the wavenumber 3500–3000 cm-1 region of the ternary chelates, the
overlap of the various υ(NH) vibrations coupled in many cases with
molecules of water of hydration gives rise to very strong absorption. This
prevents the individual recognition of the various bands. The asymmetric
NH2 stretching, NH2 scissoring and NH2 bending are found in the spectra of
the free alanine ligand at 3084, 1519 and 649 cm-1, respectively [29-31]. The
participation of the NH2 group in chelation is evidenced from the shift of
the band to lower or higher wavenumbers to the extent of 12–30 cm-1 in all
the complexes confirming coordination of the NH2 group to the metal ions
[31-33](Table 2).

(4)New bands are found in the spectra of the ternary complexes in the
region 493-574 which are assigned to υ(M-O) stretching vibrations of
carbonyl oxygen, carboxylate oxygen and coordinated water. The metal–
oxygen stretching frequencies could not be assigned unambiguously due to
the presence of three types of υ(M-O) vibrations i.e., M–COO–, M–H2O
and M–C=O. The bands at 411-456 cm-1 have been assigned to υ(M-N)
stretching vibration. This is ensured the participation of amino group in the
complex formation.

Most of the band shifts observed at the wavenumber region 1150–994 cm[

are in agreement with the structural changes observed in the molecular
carbon skeleton after complexation, which cause some important changes
in (C–C) bond lengths and also affect some of the C–O and C–N bonds
indirectly [30-33]. These bands can be as:

 (I) The (C-C and C-N) stretching vibrations are found at 808, and 849 cm-
1 for LFX, and alanine free ligands spectra, respectively 29-31. These
bands are shifted to higher or lower wavenumbers at 838-889 and 1033-
1052 cm-1 (Table 2).

(II) The CH3 puckering, CH3 deformation and CH stretching in CH3 bands
are observed at 1362, 1455 and 2943 cm-1, respectively, for alanine free
ligand [29-31, 36]. These bands are shifted in position to 1383-1323, 1453-
1471 and 2927-2974 cm-1, respectively, for M-LFX-Ala complexes (Table
2).

Therefore, from the IR spectral studies, it is concluded that:

(a) LFX behaves as a neutral bidentate ligand with OO coordination sites
and coordinated to the metal ions via the carbonyl oxygen and protonated
carboxylic oxygen.

(b) dl-alanine behaves as a uninegatively bidentate ligand where it binds to
the central metal ions through its deprotonated carboxylate group and its
amino group.

1HNMR spectra
A survey of literature revealed that the NMR spectroscopy has been proved
useful in establishing the nature and structure of fluoroquinolone
antimicrobials as well as their complexes in solutions[ 37]. The 1H NMR
spectrum of lomefloxacin was recorded in d6-dimethylsulfoxide (DMSO-
d6) solution using tetramethylsilane (TMS) as internal standard.

The 1H-NMR spectral data for [[Zn(LFX)(Ala)(H2O)2]•Cl and its
deuterated spectrum  were found that:

•The aryl protons in LFX, 2-H and 5-H, were easily distinguished since 5-
H showed splitting due to the coupling with the 19F nucleus at the adjacent
position. Thus, the doublets at 7.89 ppm was assigned to the 5-H of LFX.
38 This signal is found to be shifted to 7.87, 7.85 and 7.87 ppm for Zn-
LFX-Ala complex.

•The bands observed at 8.93, 8.91, 8.87 and 8.88 ppm (s, H, CH of carbon
2) and 3.39, 3.27, 3.02 and 3.29 ppm (d, H, CH of carbon 3') are assigned to
the CH proton 30, 31.

•The bands observed at 3.39, 3.40, 3.41 and 3.44 ppm (d, 4H, CH2 of
carbon 5', 6') and 3.55, 3.37, 3.37 and 3.40 ppm (d, 2H, CH2 of carbon 2')
are assigned to the CH2 protons.

•The bands observed at 1.46, 1.48, 1.46 and 1.47 ppm are assigned to (d,
3H, CH3 of carbon 1b) in addition to the bands observed at 1.44, 1.44, 1.44
and 1.45 ppm (d, 3H, CH3 of carbon 3a'). These bands are assigned to the
CH proton 30, 31.

•Upon comparison with the free LFX ligand, the signal observed at 13.5
ppm can be assigned to the carboxylate OH. This signal disappears in the
spectra of the complexes in accordance with the IR spectral data. Although
the LFX ligand coordinated to the metal ions without proton displacement,
the disappearance of this signal can be attributed to Zwitter-ion formation
shown in scheme (5)[ 36, 4].•

N

N N

CH2CH3

O
COOF

F
H  

CH3

2

+

_

Scheme (1). Zwitter-ion formation of LFX.

Lomefloxacin (LFLX)
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Due to the different chemical environments, a signal is recorded for the
nitrogen (NH) of free LFX ligand at 2.50 ppm.

Therefore, it is clear from these results that the data obtained from the
elemental analyses; IR and 1H NMR spectral measurements are in agreement
with each other.

X-ray powder diffraction
X-ray powder diffraction pattern in the 0θ< 2θ < 60θ of the LFX, and
alanine ligands and the metal complexes were carried out in order to give an
insight about the lattice dynamics of these compounds. The X-ray powder
diffraction obtained reflects a shadow on the fact that each solid represents
a definite compound of a definite structure which is not contaminated with
starting materials.

XRD analysis for ternary chelates shows that the coordination of LFX
alone or in the presence of Ala to the metal ions changes the XRD pattern
of the ligands. This means that the metal ions are not fitted in the same
phase of LFX or Ala. Therefore, the non-similarity of XRD pattern between
the metal ions and ternary chelates suggests that these chelates have a
different phase structures than the LFX, and Ala ligands. In addition, on
comparing the XRD spectra of the ternary chelates with the XRD spectra
of the free ligands, indicate the crystallinity of the ternary chelates under
study, except [Co(LFX)(Ala)(H2O)2]•Cl and [UO2(LFX)(Ala)]•(NO3)]
chelates, where they can considered as amorphous structures.

Thermal analyses (TG, DTG and DTA) of the metal chelates
The thermogram of [Fe(LFX)(Ala)(H2O)2]Cl2•H2O chelate shows five
decomposition steps within the temperature range 50-650 oC as illustrated
in Table (3). The first step of decomposition within the temperature range

30-90oC, shows loss of water molecule of hydration with a mass loss
2.62% (calcd. 2.90%). The second stage at temperature range 130-230oC
corresponds to the loss of two molecules of coordinated water and the loss
of Cl2 gas with weight loss 18.31% (calcd. 17.28%). The subsequent steps
in the ternary chelates within the temperature ranges given in Table (3)
corresponds to the removal of the organic part of the ligands leaving metal
oxide as a residue. The overall weight loss amounts to 87.63% (calcd.
86.76%). The DTA data listed in Table (3)  showed that these mass losses
are accompanied by exothermic (288, 325, 456 and 581oC) and endothermic
(221oC) peaks.

On the other hand [Ni(LFX)(Ala)(H2O)2]Cl•H2O chelate exhibits three
decomposition steps. The first step corresponds to the loss of the water
molecules of hydration in the temperature rang 30-100oC (mass loss =
2.34% (calcd. 3.06%)). The second stage within the temperature range 100-
285oC corresponds to the loss of two molecules of coordinated water with
weight loss 5.95% (calcd. 6.11%). In the third step, the mass loss within
the temperature range 250-800oC corresponds to the removal of the organic
part of the ligands leaving metal oxide as a residue. The DTA data are listed
in Table (3). It is clear from these data that these mass losses are accompanied
by exothermic (335, 490 and 621oC)  peaks.

The TG curve of , [Cu(LFX)(Ala)(H2O)2]Cl•2H2O chelate shows four
decomposition steps within the temperature range 30-700oC as illustrated
in Table (3). The first step for the Cu(II) complex is the loss of the water of
hydration in the temperature range 35-120oC (mass loss = 4.62% (calcd.
5.90%)). The second stage within the temperature range 120-225oC
corresponds to the loss of coordinated water molecules and the loss of HCl
gas and removal of apart of organic ligand with weight loss 16.62 % (calcd.
15.25%). The subsequent steps (225-700 oC) correspond to the removal of

Table (3). Thermoanalytical results (TG, DTG and DTA) of LFX and its metal ternary complexes with alanine.

Complex TG DTGmax n* Mass loss Assignment Metallic DTA
range (°C) Total mass loss residue (°C)
(°C) Estim (Calcd) %

Alanine 170-330 264 1 99.09 (100.0) -Loss of C3H7NO2 - 272(+)
[Fe(LFX)(ala)(H2O)2]Cl2·H2O 30-90 59 1 2.62 (2.90) - Loss of H2O. 221(+), 288(-), 325(-),

130-230 214.57 1 18.31 (17.28) -  Loss of 2H2O and Cl2. ½ Fe2O3 456(-), 581(-)
230-630 290, 399, 580 3 66.73 (66.60)   87.63 (86.76) - Loss of C20H25F2N4O3.5.

[Ni(LFX)(Ala)(H2O)2]Cl·H2O 30-100 56 1 2.34 (3.06) - Loss of H2O. 335(-), 490(-), 621(-)
100-285 262 1 5.95 (6.11) - Loss of 2H2O. NiO
285-780 353 1 78.94 (78.07)     87.23 (87.25) - Loss of C20H26Cl F2N4O4.

[Cu(LFX)(Ala)(H2O)2]Cl·2H2O 35-120 68 1 4.62 (5.90) - Loss of 2H2O. 69(-), 219(+), 281(+),
120-225 202 1 16.62 (15.25) - Loss of 2H2O, HCl and  CH3NO. CuO 455(-), 577(-)
225-630 364, 579 2 61.22 (61.77)      82.07 (82.92) - Loss of C19H21F2N3O3.

[UO2(LFX)(Ala)]·(NO3) 80-370 224 1 34.078 (34.37) - Loss of NO3 and C12H12F2N2O4. UO2 232(-), 517(-)
370-710 520 1 18.58 (18.51)     52.66 (52.08) - Loss of  C8H14N2O.

Table (4). Thermodynamic data of the thermal decomposition of ternary complexes of LFX and alanine.

Complex Decomp. E* A s-1 ∆S* ∆H* ∆G*

Alanine 170-330 20.54 x104 7.46x1023 213.1 20.32 43.65
[Fe(LFX)(ala)(H2O)2]Cl2·H2O 30-90 30.77 1.25×106 -120.7 29.77 44.37

130-230 85.07 2.49×105 -145.9 80.91 153.9
230-630 41.11 7.59×105 -138.8 35.68 126.3

[Ni(LFX)(Ala)(H2O)2]Cl·H2O 30-100 31.73 4.71×105 -126.8 30.94 43.03
100-285 79.35 4.69×106 -116.3 77.10 108.5
285-780 219.8 5.15×101 -7.24 214.8 219.1

[Cu(LFX)(Ala)(H2O)2]Cl·2H2O 35-120 38.21 5.92×106 -120.7 37.73 44.68
120-225 32.78 9.82×106 -109.3 30.77 57.10
225-630 102.9 3.83×107 -100.9 100.1 135.0

[UO2(LFX)(Ala)] ·(NO3) 80-370 55.40 3.48×105 -139.1 52.82 95.95
370-710 158.1 3.44×105 -46.83 154.3 175.8

Temp. 0C kJmol -1 KJmol-1 kJmol -1 kJmol -1
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the organic part of the ligands leaving metal oxide as a residue. The overall
weight loss amounts is 82.07% (calcd. 82.92%). The DTA data are listed in
Table (3). It is clear from these data that these mass losses are accompanied
by exothermic (69, 455 and 577oC), and endothermic (219 and 281oC)
peaks.

The TG curve of the UO2(II) chelate indicates that the complex is
decomposed in two stage as illustrated in Table (3). The first step of
decomposition within the temperature range 80-370 oC correspond to the
loss of nitrate molecules and apart of organic ligand with a mass loss of
34.08% (calcd. 34.37%). The remaining step (370-710 oC) corresponds to
the removal of the organic part of the ligands leaving metal oxide as a
residue. The overall weight loss amounts to 82.07% (calcd. 82.92%) .

The DTA data clearfy that the mass losses are accompanied by exothermic
peaks at 69, 455 and 577oC and endothermic peaks at 219 and 281oC
Table(3).

Kinetic studies
In order to assess the effect of the metal ion on the thermal behavior of the
complexes, the order n, and the heat of activation E of the various
decomposition stages were determined from the TG and DTG. Several
techniques have been used for the evaluation of temperature integral. Most
commonly used methods for this purpose are the differential method of
Freeman and Carroll 39 integral methods of Coat and Redfern 40, the
approximation method of Horowitz and Metzger 41. The kinetic parameters
for the ternary complexes are evaluated using the Coats-Redfern method
and the results are summarized in Table 4.

The entropy of activation, ∆S*, the enthalpy of activation ∆H*, and Gibbs
free energy, ∆G*, were calculated. The data tabulated reveals that the
activation energy E increases somewhat through the degradation steps
revealing the high stability of the remaining part suggesting a high stability
of complexes. The negative ∆S* values indicate the activated fragment has
ordered structures. In addition, the positive ∆H* reflects the endothermic
decomposition process, while the positive ∆G* sign reveals that the free
energy of the final residue is higher than that of the initial compound, and
the decomposition stages are non-spontaneous. This results from increasing
T∆S* clearly from one step to another which override the values of ∆H*
reflecting that the rate of removal of the subsequent species will be lower
than that of the precedent one[42].

Structural interpretation
The structures of the ternary complexes of LFX with Cr(III), Mn(II),
Fe(III), Co(II), Ni(II), Cu(II), Zn(II), UO2(II) and Th(IV) ions are confirmed
by the elemental analyses, IR, 1H NMR, molar conductance, magnetic
moment, solid reflectance, UV-vis, XRD and thermal analyses (TG and
DTA) data.

Therefore, from the IR spectral studies, it is concluded that:

(a)LFX behaves as a neutral bidentate ligand with OO coordination sites
and coordinated to the metal ions via the carbonyl oxygen and protonated
carboxylic oxygen.

(b) dl-alanine behaves as a uninegative bidentate ligand with NO donor sites
and coordinated to the metal ions via the amino group N and deprotonated
carboxylic oxygen.

From the molar conductance data (Λm), it is concluded that the complexes
of the Fe(III) and Cr(III) are considered as 1:2 electrolytes. In addition, the
results indicate also that M(II) complex is considered of the type 1:1
electrolyte. Meanwhile, Th(VI) complex is considered as 1:3 electrolyte.

The 1H NMR spectra of the free ligands and the diamagnetic Zn(II) complex
shows that the protonated COOH signal of LFX ligand participate in
chelation. While in case of ternary complexes, the spectra show that the
protonated COOH signal of LFX ligand and NH2 and deprotonated COOH
signal of alanine amino acid involved in chelation with metal ions. The OH
signal disappears in the spectra of the complexes in accordance with the IR
spectral data. Although the LFX ligand coordinated to the metal ions without
proton displacement, the disappearance of this signal can be attributed to
Zwitter-ion formation[43-51].

XRD data suggest that the LFX ligand and its ternary chelates under study
are crystalline, except [Co(LFX)(Ala)(H2O)2]•Cl and [UO2(LFX)
(Ala)]•(NO3)] chelates, it can considered as amorphous structure. On the
basis of the above observations and from the magnetic and solid reflectance
measurements, octahedral geometry is suggested for the investigated
complexes. The structures of complexes are shown in Figure (1).
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Figure (1). Structural formulae of LFX and its ternary complexes.

M = Cr(III), Mn(II), Fe(III),Co(II), Ni(II), Cu(II), Zn(II) and Th(IV) .
m = 1-3, n = 0-2, CxHy = -CHCH3
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= 0 for Staphylococcus aureus and has the order Cr(III) > Mn(II) = Cu(II) >
Co(II) = Ni(II) > Fe(III) = Zn(II) > Th(IV) = UO2(II) > tetracycline > LFX
> alanine for Bacillus subtilis.

(a) Using Aspergillus flavus fungus
The results showed that there is no antifungal activity for the free LFX
ligand or its complexes toward this organism.

(b) Using Candida albicans fungus
The biological activities of the ternary complexes are found to be higher
than that of the free LFX ligand but lower than amphotricine standard
except Co(II) and Ni(II) complexes. The biological activity is found to
follow the order:

Ni(II) > Co(II) > amphotricine standard > Fe(III) > Cu(II) = Cr(III) =
Zn(II) = UO2 (II) = Th(IV) > Mn(II) = LFX.

The importance of this lies in the fact that these complexes could be applied
fairly in the treatment of some common diseases caused by E. coli e.g.
Septicaemia, Gastroenteritis, Urinary tract infections and hospital acquired
infections 56. However, the complexes were specialized in inhibiting Gram-
positive and Gram-negative bacterial strains. The importance of this unique
property of the investigated complexes lies in the fact that, it could be
applied safely in the treatment of infections caused by any of these particular
strains.

Biological activity

Antimicrobial activity
On comparing the biological activity of the LFX and its ternary complexes,
in general, the synthesized metal complexes have higher biological activities
compared to the free ligands. The increased inhibition activity of the metal
complexes can be explained on the basis of Tweedy's chelation theory 52.
In metal complexes, on chelation the polarity of the metal ion will be
reduced to a greater extent due to the overlap of the ligand orbital and partial
sharing of the positive charge of the metal ion with donor groups. Further,
it increases the delocalization of p- electrons over the whole chelate ring.
Chelation not only reduces the polarity of metal ion, but also increases the
lipophilic character of the chelate and makes it easy to permeate through
the cell membrane of the bacterium 39 and enhances the penetration of the
metal complexes into lipid membranes and blocks the metal binding sites in
the enzymes 53. Studies for the interaction between metal cations and
fluoroquinolones antibacterial in the literature 54–55 have shown that the
proposed  mechanism  was  based  on  the  chelation  between metal  and  the
carbonyl  and  carboxyl  groups.  In general, the synthesized metal complexes
have higher biological activities compared to the free ligands. Metal
complexes also disturb the respiration process of the cell and thus block the
synthesis of proteins, which restricts further growth of the organisms. The
results are as follows.

Bacteria
It is obvious from the result (Table (5) and Fig. 2) that the biological
activity against the two gram positive and gram negative bacteria of all
ternary metal complexes is higher than that of the LFX drug, alanine ligands
and tetracycline standard images.

(a) Gram-negative bacteria
The biological activity has the order UO2(II) > Zn(II) > Co(II) > Fe(III)
>LFX = Th(IV) > Mn(II) > Ni(II) = Cu(II) = Cr(III) > tetracycline > alanine
for E. coli and Cr(III) > LFX = Mn(II) = Cu(II) > Co(II) = Ni(II) > Fe(III) =
Zn(II) >Th(IV) = UO2(II) > tetracycline > alanine for Neisseria gonorrhoeae
bacteria.

(b) Gram-positive bacteria
The biological activity has the order Co(II) = Cr(III) > Ni(II) > Cu(II) >
Mn(II) > Zn(II) > Th(IV) = UO2(II) = Fe(III) > tetracycline > LFX = alanine

Table (5). Biological activity of ternary M-LFX-ala complexes.

Figure (2). Biological activity of LFX and its ternary complexes with alanine.

Sample Inhibition zone diameter (mm / mg sample)
E. Neisseria Staphylococcus Bacillus
coli gonorrhoeae aureus subtilis

Control: DMSO 0.0 0.0 0.0 0.0
LFX 43 44 0.0 11
Alanine 10 9 0.0 10
[Cr(LFX)(Ala)]·Cl2 40 45 45 45
[Mn(LFX)(Ala)]·Cl 42 44 40 44
[Fe(LFX)(Ala)(H2O)2]Cl2·H2O 44 40 35 40
[Co(LFX)(Ala)(H2O)2]·Cl 45 42 45 42
[Ni(LFX)(Ala)(H2O)2]Cl·H2O 40 42 43 42
[Cu(LFX)(Ala)(H2O)2]Cl·2H2O 40 44 42 44
[Zn(LFX)(Ala)(H2O)2]·Cl 46 40 37 40
[Th(LFX)(Ala)]·Cl3 43 38 35 38
[UO2(LFX)(Ala)].(NO3)]·3H2O 49 38 35 38
Standard Tetracycline 34 33 30 30
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