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ABSTRACT
Mixed ligand transition metal complexes with general formula [M(LFX)(Ala)(H,0),]Cl and [M(LFX)(Ala)(H,0)m](X)nsyH,O (LFX = lomefloxacin,
Ala= aanine, M = Fe(I11), Ni(ll), Cu(ll), X =Cl ,m=2, n=1.2,y = 1-2), [M(LFX)(Ala)(H,O)m](X)n (M = Cr(l11), Co(ll), Mn(I1), Zn(ll), X = Cl,
n=1-3, m = 2) and [M(LFX)(AI8)](X)n (M = UO,(II), Th(IV), X = Cl or NO,, 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
bi dentate 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 pg / ml drug
concentration were also tested. LFX and its metal complexes except Cr(l11), Fe(l11) and Th(IV) complexes were found to be very active against breast

cancer cellswithinhibition ratio values between 70-85.5 %.
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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*2. They are
nowadays clinically the most successful synthetic antibacterial agents
12 .Quinolones (quinolonecarboxylic acids or 4-quinolones) are synthetic
antibacterial agents containing a 4-oxo-1,4-dihydroguinoline skeleton 341,
They can act asantibacterial drugsthat effectively inhibit DNA replication
and are commonly used as treatment for many infections*®. They arevery
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®. It is
known that many pharmaceutical preparations containing metal ions, multi-
mineral preparationsor antacidamay significantly reducethe 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 quinolonesin pharmaceutical formulation™2 and to provide
information about the action mechanism of the pharmaceutical compound
11012 The probable mechanism of this interaction could be the chelation
between the metal cation and the 3-carboxylate and 4-carbonyl groups
161314 Because of mediation in binding to the DNA-gyrase complex, the 3-
carboxylate and 4-carbony! groups of the fluoroquinolones are essential for
the antimicrobial activity. It was confirmed that the strength of thisternary
complex with DNA depends al so on the concentration of magnesium ions,
taking part in the formation of the complex %5,

The structures, the spectroscopic and the biological properties of diverse
transition metal complexeswith various quinolone antibacterial drugs have
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been thoroughly studied!*®?% in an attempt to examine the binding mode
and possible synergetic effects. Here, we present the interaction of diverse
transition metal ionswith the second generation quinolonelomefloxacin and
di-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(l11), Mn(I1), Fe(ll1), Co(ll), Ni(ll),
Cu(ll), Zn(l1), Th(IV) and UO,(I1) have been synthesized and characterized
with elemental analysis, IR, UV-Vis, diffused reflectance, and IHNMR
spectroscopies, X-ray powder diffraction, conductivity, magnetic
susceptibility and thermal analyses (TGA and DTA). Thebiological activity
of the complexes has been eval uated by determining the minimum inhibitory
concentration (MIC) against three microorganisms. The prepared complexes
containing two different ligands were found to be quite stable.

Experimental

MATERIALSAND METHODS

All chemicalswere obtained from commercial sources and were used without
further purifications (CoCl,.6H,0, NiCl,.6H,0, CuCl,.2H.,0, ZnCl,,
CrCl,.6H,0, FeCl,.6H,0, UO,NO,),.2H,0 and ThCl,) fromRiedeal-
Dehaenage. L omefloxacin and alanine were obtained from BDH, methanoal,
ethanol and dimethylsulfoxide from Fluka.

Dimethylsul phoxide (DM SO) (was supplied from Sigma Chemical Co., St.
Louis, Mo, and USA. It was used in cryopreservation of cells. RPMI-1640
medium (SigmaChemical Co., St. Louis, Mo, and USA) isused. Themedium
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 wasweighed, mixed with 2 g sodium bicarbonate, completed to
1L withdistilled water and shacked carefully till completedissolution. The
medium was then sterilized by filtrationin aMillipore bacterial filter (0.22
pm). The prepared medium was kept in arefrigerator (4 °C) and checked at
regular intervalsfor contamination. Before use the medium was warmed at
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37°C 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 (SigmaChemical 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 °C 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 RPM1-1640 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 (SigmaChemical
Co., St. Louis, Mo, USA) was used for dissolving the unbound SRB dye.
0.4% Sulphorhodamine-B (SRB) (SigmaChemical Co., St. Louis, Mo, USA)
dissolved in 1 % acetic acid was used as a protein dye. A stock solution of
trichloroacetic acid (TCA, 50%, SigmaChemical Co., St. Louis, Mo, USA)
was prepared and stored. 50 pl of the stock was added to 200 pl RPMI-
1640 medium/well to yield afinal concentration of 10 % used for protein
precipitation. 100% isopropanol and 70 % ethanol were used. Trisbase 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 HCI
acid (2 M).

Thel.R spectrain the range of 4000 —400 cm*were recorded as potassium
bromide disc on Perkin-Elmer FT-IR type 1650 spectrophotometer. UV-
Visible spectrawere measured in DM SO using Shimadzu UV-Visiblerecorder
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 metalswerecarried
out using laboratory methods. Conductivity measurements were carried
out at 25°C 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),] was used as acalibrant. The *H NMR spectra
were recorded using 300 MHz Varian-Oxford Mercury. The deuterated
solvent used was dimethyl sul phoxide (DM SO-d6) and the spectraextended
from 0 to 15 ppm. The thermal analyses (TG DTG and DTA) were carried
out in dynamic nitrogen atmosphere (20 mL. min*) with aheating rate of 10
°C min? 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 thereceiving slitswere 1 and 0.2, respectively. The
antibacterial and antifungal activitieswere evaluated at the Microbiological
laboratory, Microanalytical center, Cairo University, Egypt. The anticancer
activity was performed at the National Cancer Institute, Cancer Biology
Department, Pharmacol ogy 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. Thisisfollowed 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 65°C
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Biological activity

A filter paper disk (5mm) wastransferred into 250 mL flasks containing 20
mL of working volume of tested solution (100 g/mL). All flasks were
autoclaved for 20 min at 121°C. 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 atested solution
in the center of Petri dish (agar plates). Finally, al these Petri dishes were
incubated at 25 °C 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 . 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. Cellswere 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 pg/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% CO, 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 trissEDTA 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 asfollows:

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

The IC_, values are the concentrations of thymogquinone required to produce
50 % inhibition of cell growth. The experiment was repeated 3 times for
each cdll 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
compl etely solublein 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.

M agnetic susceptibility

The observed magnetic moment values for the prepared complexes (Table
1), indicates that Zn(I1), Th(IV) and UO,(Il) complexes are diamagnetic
and according to their molecular formula an octahedral arrangement of the
ligand moleculesaround the central metal ion isproposed. However, Cr(111),
Mn(I1), Fe(I11), Co(ll), Ni(ll) and Cu(l1) complexes showed normal measured
value of peff for octahedral structure (Table 1) 2934,

Electronic spectral studies

The absorption spectraof LFX ternary chelateswith alanine, at wavelength
ranging from 200 to 600 nm are carried out in ethanol. The band at 320 nm
may be assigned to n—p* transition within the C=0 group or carboxylate
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Table (1). Analytical and physical data of LFX and its ternary complexes with Alanine.

[Compound (Chemical formula) Color (% Yield) M.p.(°C) % Found (Calcd) Ky (BM.) A,
C H N M W!mol-*cm?
Cr(LFX)(Ala)] Cl, (C,H,CI,CrF,N,0,) 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)]-CI(C,,H,.Cl F,N,O.Mn) 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)(Alg)(H,0),]Cl,H,0(C,H,,ClF,Fe N,O) Brown(85) 240 41.04(40.81) 554(5.27)  9.71(9.52) 9.32(9.52) 5.61 156
Co(LFX)(Alg)(H,0),]-Cl (C,H,CICoF,N,0,) Dark blug(72) 210 42.54(42.12) 5.12(5.09) 10.02(9.82) 10.64(10.35) 5.40 110
Ni(LFX)(Ala)(H,0),]CI-H,0 (C,H,,CIF,N,NiO,) Green(87) 260 43.79(43.20) 5.98(5.95)  10.14(10.08) 10.26(10.62) 3.21 126
Cu(LFX)(Alg)(H,0),]CI-2H,0 (C,H,,CICuF,N,0,) 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)(AI)(H,0),]-Cl (C,H,,CIF,N,0.Zn) White(73) 230 41.93(41.66) 5.25(5.03) 9.74(9.72) 11.10(11.34) Diam. 130
Th(LFX)(Ala)]-Cl, (C,H,.Cl.F,N,0,Th) Pale yellow(74) 220 30.96(30.86) 3.23(3.21)  7.61(7.20) 29.65(29.83) Diam. 318
UO,(LFX)(AIQ)]-(NO,)] (C,H,,F,N.0,U) Yellow(79) 200 28.89(28.81) 3.01(2.96) 8.43(8.17) 35.45(35.86) Diam. 135
Table (2). IR spectra (4000-400 cmt) of LFX (L), alanine (A) and their ternary metal complexes.
| FX Alanine [Cr(LFX) [Mn(LFX) [Fe(LFX) [Co(LFX) [Ni(LFX)  [Cu(LFX)  [Zn(LFX) [Th(LFX) [UOLFX)  Assignment
(Ala) (Ala) (Ala) (Ala) (Ala) (Ala) (Ala) (Ala) (Ala)
(H,0)]Cl, (H0)]Cl.  (H,0)] (H,0)] HO))  (HOJ  (HO) (H,0)] (Ala)]
2H,0 2H,0 Cl,.2H,0 Cl.2H,0 ClLH,0 Cl.2H,0 Cl.2H,0 Cl,2H,0 (NO,)
3367br - 3389br 3293br 3376br 3376br 3415br 3389br 3441br 3376br 3441br OH stretching
3084br 3050br 3050br 3102br 3140br 3051br 3054br 3053br 3034br 3100br Asym. NH, stretch
2934s 2934s 2883s 2974s 2896s 2908s 2963s 2830s 2927s 2941s CH stretch in CH,
2602m 2632s 2612s 2618s 2633s 2574s 2603s 2618s 2617s 2632s NH stretch in NH,
[1725sh 1703s 1724m dis dis dis dis 1724sh 1712m dis 1765s C=0 stretch
[1590s 1574m 1559s 1567m 1551s 1574s 1574m 1588s 1559s 1581s 1588s COO asym.
1519m 1523sh 1522s 1523sh 1522s 1529s 1524s 1515s 1530s 1523m NH, scissoring
1455sh 1453m 1456s 1455m 1470s 1471m 1469m 1456s 1456s 1463s CH, deformation
[1396s 1413sh  1412s 1412s 1406m 1398s 1397m 1368s 1412s 1406s 1419s COOsym.
1362sh 1382sh 1383s 1355s 1323s 1338sh 1338s 1368s 1323s 1384m CH, puckering
BO8sh 849sh 838sh 889sh 850sh 838s 838s 851m 849sh 849sh 857m C-N diretch+ C,-C, stretch
649sh 647s 651sh 662s 658sh 659sh 662s 665sh 657sh 658sh OCOH+ NH, 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 freeligand. Thisband isred shifted to 321-326 nmin some chel ates,
whileit disappeared in all the remaining chel ates revealing the involvement
of the C=0 group of LFX ligand and carboxylate-O of amino acids in
chelate formationt® 33,

The n - p* transition within the LFX molecul e is overlapped with those of
alanine molecule at | = 320-350 nm so rendersit difficult to attribute the
blue or red shift of these bands as aresult of theinvolvement of the N atom
of LFX or amino group of alanine during chelate formation (N-> M) [32.331,

The diffused reflectance spectrum of Co(l1) complex showsbandsat 13,122,
15,239 and 22,041 cm* which are attributed to the electronic transition
T(F) =T, (F) (n), T (F) > ‘A, (F) (n,) and “T,(F) = *T_(P) (n,),
respectively, suggesting that there is an octahedral geometry around Co(l1)
ion (3132 Theregion at 28,285 cmrrefers to the charge transfer band. The
exhibited diffused absorption bands of Ni(ll) complex at 13,256, 14,780
and 20,888 cm* are attributed to the electronic transition °A, (F) > °T
(P), °A,, (F) = °T (F) and °A,, (F) = °T, (F). The spectrum shows also
band at 26,615 cmr* which may be attributed to ligand to metal charge
transfer 29,

The diffused spectrum of Cu(l1) complex showsthat itsbandsinthevisible
region isattributed to the electronic transitions of 2A19(D) =B, (D) and
2Eg (D) » 2B1g (D) at 15,096 and 21,529 cm'?, respectively which confirm
the octahedral geometry. The diffused reflectance spectrum of Cr(l1l)
complex exhibits bands at 13,598; 25,574 and 28,048 cnm?, respectively,
which assigned to “Azg(F) 2T, (F) . *A(F) =T, (F) and *A, (F) =T, (P)
spin allowed d-d transitions. These bands suggest an octahedral geometry
for the Cr(l11) complexes!? 34,
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The diffused reflectance spectrum of the Mn(l1) complex shows three
bands at 16,542;19,850 and 25,880 cm™ assignable to *T, >°A ,
“T,(G)°A  and “T, (D)—>°A, transitions, respectively 29 'whichindicate
that the complexes have octahedral geometry. From the diffused reflectance
spectrum, it isobserved that, the Fe(l11) complex exhibitsbandsat 12,578,
16,039 and 21,522 cm, which may be assigned to theﬁAlg—>ng(G) and
6Alg—#"T1g transitions in octahedral geometry of the complex 35. The
spectrum shows also a band at 24,591 cm?* which may be attributed to
ligand to metal charge transfer.

Infrared spectral studies

(1) The u(C=0) stretching vibration isfound at 1725 cm* in the LFX free
ligand as sharp intense bandi*>-%. This band is found in the spectra of the
ternary complexes at 1722-1739 cm? (Table 2) or disappeared in some
complexes®d, 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 u(OH), uasym(COO) and usym(COO) stretching vibrations are
observed at 3367, 1590 and 1396 cm* respectively, for LFX freeligand -
%1, The OH stretching vibration; u(OH), is found to shift to lower
wavenumbers in the range 3037-3263 cm* in the spectra of the ternary
complexes. The participation of the carboxylate O atom of LFX drug inthe
complexesformation is evidenced from the shift in position of these bands
to 1530-1574 and 1396-1413 cm?, respectively, for ternary complexes
(Table 2). The bands at the wavenumber 1703, 1588 and 1474 cmrregions,
inthefreeamino acid; Ala, are assigned to the carbonyl, antisymmetric and
symmetric stretching vibrations of the carboxylate group, respectively
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%1, The shift of these bands to higher or lower frequencies suggests the
participation of -COOH group in complex formation after deprotonation
%4, The values of band shift Du (u,,, (COO) —u, (COOQ)) are all about
143-205 cm'?, indicating that the carboxylate group in Alaarechelatedina
uni-negatively manner to the metal ions %9,

(3)At the wavenumber 3500-3000 cnrregion of the ternary chelates, the
overlap of the various u(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
NH, stretching, NH, scissoring and NH, bending are found in the spectraof
the free alanine ligand at 3084, 1519 and 649 cm?, respectively >34, The
participation of the NH, group in chelation is evidenced from the shift of
the band to lower or higher wavenumbersto the extent of 12—-30 cm?*in all
the complexes confirming coordination of the NH, group to the metal ions
B-39(Table 2).

(4)New bands are found in the spectra of the ternary complexes in the
region 493-574 which are assigned to u(M-0O) stretching vibrations of
carbonyl oxygen, carboxylate oxygen and coordinated water. The metal—
oxygen stretching frequencies could not be assigned unambiguously dueto
the presence of three types of u(M-O) vibrationsi.e., M—COO-, M-H,O
and M—C=0. The bands at 411-456 cm™ have been assigned to u(M-N)
stretching vibration. Thisis ensured the participation of amino group inthe
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 %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).

(I1) The CH, puckering, CH, deformation and CH stretching in CH, bands
are observed at 1362, 1455 and 2943 cm?, respectively, for alanine free
ligand [2%3%. 38, These bands are shifted in position to 1383-1323, 1453-
1471 and 2927-2974 cm?, respectively, for M-LFX-Alacomplexes (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 viathe carbonyl oxygen and protonated
carboxylic oxygen.

(b) dI-alanine behaves asauninegatively bidentate ligand whereit bindsto
the central metal ions through its deprotonated carboxylate group and its
amino group.

HNMR spectra

A survey of literature reveal ed that the NMR spectroscopy has been proved
useful in establishing the nature and structure of fluoroquinolone
antimicrobials as well as their complexes in solutiond 7. The 1H NMR
spectrum of lomefloxacin was recorded in d6-dimethylsulfoxide (DM SO-
d6) solution using tetramethylsilane (TMS) asinternal standard.

The 'H-NMR spectral data for [[Zn(LFX)(Ala)(H,0),]+Cl and its
deuterated spectrum were found that:

*Thearyl protonsin 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-Alacomplex.

*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, CH, of
carbon 5', 6') and 3.55, 3.37, 3.37 and 3.40 ppm (d, 2H, CH,, 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, CH, of carbon 1b) in addition to the bands observed at 1.44, 1.44, 1.44
and 1.45 ppm (d, 3H, CH, of carbon 3&). 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 complexesin accordance with the IR spectral data. Although
the LFX ligand coordinated to the metal ionswithout proton displacement,
the disappearance of this signal can be attributed to Zwitter-ion formation
shown in scheme (5)[%6.41,e

O —
= COO
; |
LA |
4 2 K\N N
H“xﬁJ CH ,CH; H+ |
(%“1 a 1b > N F CH,CH,
¥n"
L omefloxacin (LFL X) CH,

Scheme (1). Zwitter-ion formation of LFX.
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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 measurementsarein agreement
with each other.

X-ray powder diffraction

X-ray powder diffraction pattern in the 0g< 2q < 60q of the LFX, and
alanineligands and the metal complexeswere carried out in order to givean
insight about the lattice dynamics of these compounds. The X-ray powder
diffraction obtained reflects a shadow on the fact that each solid represents
adefinite compound of adefinite 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 Alato 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 Alaligands. 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)(H,0),]+Cl and [UO,(LFX)(Ala)]*(NO,)]
chelates, where they can considered as amorphous structures.

Thermal analyses (TG, DTG and DTA) of the metal chelates

The thermogram of [Fe(LFX)(Ala)(H,0),]Cl.»H.O chelate shows five
decomposition steps within the temperature range 50-650 °C asillustrated
in Table (3). Thefirst step of decomposition within the temperature range

30-90°C, shows loss of water molecule of hydration with a mass loss
2.62% (calcd. 2.90%). The second stage at temperature range 130-230°C
corresponds to the loss of two molecules of coordinated water and the loss
of Cl, gaswith weight loss 18.31% (calcd. 17.28%). The subsequent steps
in the ternary chelates within the temperature ranges given in Table (3)
correspondsto 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 datalisted in Table (3) showed that these mass losses
are accompanied by exothermic (288, 325, 456 and 581°C) and endothermic
(221°C) peaks.

On the other hand [Ni(LFX)(Ala)(H,0),]ClH.O chelate exhibits three
decomposition steps. The first step corresponds to the loss of the water
molecules of hydration in the temperature rang 30-100°C (mass loss =
2.34% (calcd. 3.06%)). The second stage within the temperature range 100-
285°C 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 250-800°C correspondsto the removal of the organic
part of theligandsleaving metal oxide asaresidue. The DTA dataarelisted
inTable(3). Itisclear from these datathat these mass|osses are accompanied
by exothermic (335, 490 and 621°C) peaks.

The TG curve of , [Cu(LFX)(Ala)(H,0),]Cl+2H,0 chelate shows four
decomposition steps within the temperature range 30-700°C as illustrated
in Table (3). Thefirst step for the Cu(l1) complex isthe loss of the water of
hydration in the temperature range 35-120°C (mass loss = 4.62% (calcd.
5.90%)). The second stage within the temperature range 120-225°C
correspondsto the loss of coordinated water mol ecules and the loss of HCI
gasand removal of apart of organic ligand with weight |0ss 16.62 % (cal cd.
15.25%). The subsequent steps (225-700 °C) correspond to the removal of

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

Complex TG DOTGmax n* Mass loss Assignment Metallic DOTA
range (0 Total mass loss residue ()]
(0 Estim (Calcd) %

Alanine 170-330 264 1 99.09 (100.0) -Loss of CH,NO, 272(+)

[Fe(LFX)(@a)(H,0),ICl,H,O 30-90 59 1 2.62 (2.90) - Lossof H,0. 221(+), 288(-), 325(-),
130-230  214.57 1 1831 (17.28) - Lossof 2H,0 and Cl,. Y2Fe,0,  456(-), 581(-)
230-630 290, 399, 580 3 66.73 (66.60) 87.63 (86.76) - Lossof C,H,F,N,O,..

[Ni(LFX)(Ala)(H,0),]CI-H,0 30-100 56 1 2.34(3.06) - Loss of H,0. 335(-), 490(-), 621(-)
100-285 262 1 5.95 (6.11) - Lossof 2H,0. NiO
285-780 353 1  7894(78.07) 87.23(87.25) - Lossof C,H,Cl FN,0O,.

[Cu(LFX)(Alg)(H,0),ICI-2H,0 35-120 68 1 4.62 (5.90) - Lossof 2H,0. 69(-), 219(+), 281(+),
120-225 202 1 1662 (15.25) - Lossof 2H,0, HCl and CH,NO.  CuO 455(-), 577(-)
225-630 364, 579 2 61.22 (61.77) 8207(8292) - Lossof CH,FN.O,.

[UO,(LFX)(Ala)](NO,) 80-370 224 1 34.078 (34.37) - Loss of NO, and C_H,FN,0,.  UO, 232(-), 517(-)
370-710 520 1 18.58 (18.51) 52.66 (52.08) - Lossof CH,N,O.

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

Complex Decomp. E* As?t DSs* DH* DG*
Temp.°C kJmol* KJmol* kJmol*  kJmol+*
Alanine 170-330 20.54 x10* 7.46x10% 213.1 20.32 43.65
[Fe(LFX)(aa)(H,0),]Cl,H,0 30-90 30.77 1.25x10° -120.7 29.77 44.37
130-230 85.07 2.49x10° -145.9 80.91 153.9
230-630 41.11 7.59x10° -138.8 35.68 126.3
[Ni(LFX)(Ala)(H,0),]CI-H,0 30-100 31.73 4.71x10° -126.8 30.94 43.03
100-285 79.35 4.69%10° -116.3 77.10 108.5
285-780 219.8 5.15x10* -7.24 214.8 219.1
[Cu(LFX)(Alg)(H,0),]CI-2H,0 35-120 38.21 5.92x10° -120.7 37.73 44.68
120-225 32.78 9.82x10°8 -109.3 30.77 57.10
225-630 102.9 3.83x107 -100.9 100.1 135.0
[UO,(LFX)(Ala)] (NO,) 80-370 55.40 3.48x10° -139.1 52.82 95.95
370-710 158.1 3.44x10° -46.83 154.3 175.8
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the organic part of theligandsleaving metal oxide asaresidue. The overall
weight loss amountsis 82.07% (calcd. 82.92%). The DTA dataarelistedin
Table(3). Itisclear from these datathat these mass | osses are accompanied
by exothermic (69, 455 and 577°C), and endothermic (219 and 281°C)
peaks.

The TG curve of the UO,(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 °C 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 °C) corresponds to
the removal of the organic part of the ligands leaving metal oxide as a
residue. The overall weight loss amountsto 82.07% (calcd. 82.92%) .

The DTA data clearfy that the mass losses are accompanied by exothermic
peaks at 69, 455 and 577°C and endothermic peaks at 219 and 281°C
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 Severa
techniques have been used for the eval uation of temperatureintegral. 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, DS*, the enthal py of activation DH*, and Gibbs
free energy, DG*, 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 DS* valuesindicate the activated fragment has
ordered structures. In addition, the positive DH* reflects the endothermic
decomposition process, while the positive DG* 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. Thisresultsfrom increasing
TDS* clearly from one step to another which override the values of DH*
reflecting that the rate of removal of the subsequent species will be lower
than that of the precedent one“Z.

Structural interpretation

The structures of the ternary complexes of LFX with Cr(l1l), Mn(l1),
Fe(l11), Co(I1), Ni(I1), Cu(ll), Zn(11), UO,(I1) and Th(IV) ions are confirmed
by the elemental analyses, IR, *H 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 viathe carbonyl oxygen and protonated
carboxylic oxygen.

(b) dlI-alanine behaves as auninegative bidentate ligand with NO donor sites
and coordinated to the metal ions viathe amino group N and deprotonated
carboxylic oxygen.

From the molar conductance data (L m), it is concluded that the complexes
of theFe(I11) and Cr(111) are considered as 1:2 electrolytes. In addition, the
results indicate also that M(Il) complex is considered of the type 1:1
electrolyte. Meanwhile, Th(VI) complex is considered as 1:3 electrolyte.

The'H NMR spectraof thefreeligands and the diamagnetic Zn(l1) 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 NH, and deprotonated COOH
signal of alanine amino acid involved in chelation with metal ions. The OH
signal disappearsin the spectraof the complexesin accordancewith the IR
spectral data. Although the LFX ligand coordinated to the metal ionswithout
proton displacement, the disappearance of this signal can be attributed to
Zwitter-ion formation(“54,

XRD data suggest that the LFX ligand and itsternary chelates under study
are crystalline, except [Co(LFX)(Ala)(H,0),]*Cl and [UO,(LFX)
(Ala)]*(NO,)] 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).

HZO H N _
H.N—C.H O M2 C,H
y | N\ 1
Hzo—7M\—Ooco O—/U\OOCO
F c=0 = c=0
| Clm .nH,0 | (NO,),
//\N N //\N
+ | HON |
H, Nj) g CH,CH, 2 F CH,CH;
CH, CH,
M = Cr(111), Mn(l1), Fe(111),Co(11), Ni(l1), Cu(l1), Zn(11) and Th(IV) .
m=1-3,n=0-2, CH = -CHCH,
Figure (1). Structural formulae of LFX and its ternary complexes.
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Biological activity

Antimicrobial activity

On comparing the biological activity of the LFX and itsternary complexes,
in general, the synthesized metal complexes have higher biological activities
compared to the free ligands. Theincreased 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 agreater extent dueto the overlap of theligand 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 increasesthe
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 complexesinto lipid membranesand blocks the metal binding sitesin
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 betweenmetal and the
carbonyl and carboxyl groups. Ingeneral, 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 hiological
activity against the two gram positive and gram negative bacteria of al
ternary metal complexesishigher than that of the LFX drug, alanineligands
and tetracycline standard images.

(a) Gram-negative bacteria

The biological activity has the order UO,(I1) > Zn(I1) > Co(ll) > Fe(lll)
SLFEX =Th(1V) > Mn(l1) > Ni(Il1) = Cu(ll) = Cr(l11) > tetracycline > alanine
for E. coli and Cr(111) > LEX = Mn(ll) = Cu(ll) > Co(Il) = Ni(Il) > Fe(lll) =
Zn(I1) >Th(1V) = UO,(II) > tetracycline > alaninefor Neisseria gonorrhoeae
bacteria

(b) Gram-positive bacteria

The biological activity has the order Co(ll) = Cr(I11) > Ni(ll) > Cu(ll) >

Mn(I1) > Zn(11) > Th(1V) = UO,(II) = Fe(lll) > tetracycline> LFX = alanine
“ﬂEa-;IIus
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= 0 for Saphylococcus aureus and hasthe order Cr(I11) > Mn(ll) = Cu(ll) >
Co(ll) = Ni(ll) > Fe(l11) = Zn(11) > Th(IV) = UO,(I1) > tetracycline > LFX
> aaninefor 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(ll) and Ni(ll) complexes. The biological activity is found to
follow the order:

Ni(ll) > Co(ll) > amphotricine standard > Fe(lll) > Cu(ll) = Cr(Il1) =
Zn(Il) = VO, (I1) = Th(IV) > Mn(l1) = LFX.

Theimportance of thisliesin thefact that these complexes could be applied
fairly in the treatment of some common diseases caused by E. cali e.g.
Septicaemia, Gastroenteritis, Urinary tract infections and hospital acquired
infections 56. However, the complexeswere specialized in inhibiting Gram-
positive and Gram-negative bacterial strains. Theimportance of thisunique
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.

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

Sample Inhibition zone diameter (mm / mg sample)

BEtaphylocacaus

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)]-CI2 40 45 45 45
[Mn(LFX)(Ala)]-Cl 42 44 40 44
[Fe(LFX)(Ala)(H,0),]ICl,H,0 44 40 35 40
[Co(LFX)(Alg)(H,0),]-Cl 45 42 45 42
[Ni(LFX)(Alg)(H,0),ICI-H,0 40 42 43 42
[Cu(LFX)(Ala)(H,0),]CI-2H,O 40 44 42 44
[Zn(LFX)(Alg)(H,0),]-Cl 46 40 37 40
[Th(LFX)(Al)]-Cl, 43 38 35 38
[UO,(LFX)(Ala)].(NO,)]-3H,0 49 38 35 38
Standard Tetracycline 34 33 30 30
= = = = = = .
=] = -: t : I_-- i c:_-
= T =
= -

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

The LFX drug, alanine and the ternary metal complexes were tested for
their activity against breast cancer cell line (MCF7) by using 100 pg/ ml
drug concentration. From these result (Table (6) and Fig.(3)), itisclear that
LFX and its metal complexes of Mn(Il), Co(ll), Ni(Il), Cu(ll) and Zn(I1)
metalswerefound to be very active against breast cancer cellswith inhibition
ratio values between 70-85.5 %, while other complexes utilized in this
work had been shown to be inactive (less than 70% inhibition). It is clear
that apattern of activity can be determined using different drug concentrations
(Table 6) and Fig. (3)). The IC_ values are found to be 11.2-46 and follow
the order [Ni(LFX)(Ala)(H,0),]CleH,O =LFX > [Zn(LFX) (Ala)(H,0),]+Cl
>[Co(LFX)(AIa)(H,0),]+Cl > [Mn(LFX)(Al&)]*Cl .While alanine and other
complexes had been shown to be inactive at lower concentration than 100
pg/ ml. Theresults may be dueto the presence of chlorideion in complexes
which may enhanced antimicrobial activity due to the formation of
hypochlorous acid that formed when free chloride upon oxidation resulting
into chlorine that reacts with water to yield hypochlorous acid®l. The
formed acid was, further decomposesto hydrochloric acid and oxygen. The
later, a strong oxidizing agent destroys microbes by oxidizing cellular
components!*?. Antimicrobial action of chlorine compoundsisalso may be
dueto the combination of chlorinewith proteins and enzymes of membranes.

Table (6). Antibreastic cancer activity of LFX and its alanine ternary
complexes

Complex Surviving fraction (MCF7) IC,,
Concn.(ny/ ml) 0.0 5 12.5 25 50 (ny/ ml)

LFX 1.00 0.64 0.53 0.27 0.19 14.0
[Mn(LFX)(Ala)]-Cl 1.00 0.76 0.69 0.57 0.49 46.0
[Co(LFX)(Ala)(H,0),]-Cl 1.00 0.72 0.57 0.26 0.18 15.6
[Ni(LFX)(Al&)(H,0),]CI-H,O 1.00 0.54 0.54 0.21 0.21 14.0
[Cu(LFX)(Alg)(H,0),ICI-2H,0  1.00 0.96 0.86 0.63 0.71 -

[Zn(LFX)(Alg)(H,0),]-CI 1.00 0.83 0.56 0.26 0.21 14.9

Figure (3). Anticancer activity of LFX and itsternary complexes with
alanine.
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using the different spectral and physicochemical studies. The analytical
and spectral datareveal that the synthesized complexes exhibit octahedral
geometry around the central metal ions. The results of in-vitro biocidal
activities of the ligand and its metal complexes clearly show that the
compounds have both antibacterial and antifungal potency against thetested
organisms. The complexes showed more activity than free ligand. Further
investigations on their antitumor activity revealed that such complexes
possessed a considerable antitumor activity which wasthought to berelated
with its DNA-binding affinity.
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