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a  b  s  t  r  a  c  t

The  synthesis  and  characterization  of  binary  Cu(II)-  (1),  Co(II)-  (2),  Ni(II)-  (3),  Mn(II)-  (4),  Cr(III)-  (5),  Fe(III)-
(6),  La(III)-  (7),  UO2(VI)-  (8)  complexes  with  sparfloxacin  (HL1) and  ternary  Cu(II)-  (9),  Co(II)-  (10),  Ni(II)-
(11), Mn(II)-  (12),  Cr(III)-  (13),  Fe(III)-  (14),  La(III)-  (15),  UO2(VI)-  (16)  complexes  with  sparfloxacin  (HL1)
and  dl-alanine  (H2L2) complexes  are  reported  using  elemental  analysis,  molar  conductance,  magnetic
susceptibility,  IR,  UV–Vis,  thermal  analysis  and 1H-NMR  spectral  studies.

The  molar  conductance  measurements  of  all  the  complexes  in  DMF  solution  correspond  to non-
electrolytic  nature.

All  complexes  were  of  the high-spin  type  and  found  to have  six-coordinate  octahedral  geometry  except
the  Cu(II)  complexes  which  were  four  coordinate,  square  planar  and  U-  and  La-atoms  in the  uranyl
hermal analysis
ntimicrobial activity

and  lanthanide  have  a pentagonal  bipyramidal  coordination  sphere.  The  antimicrobial  activity  of  these
complexes  has  been  screened  against  two  Gram-positive  and  two  Gram-negative  bacteria.  Antifungal
activity  against  two  different  fungi  has  been  evaluated  and  compared  with  reference  drug sparfloxacin.
All  the  binary  and  ternary  complexes  showed  remarkable  potential  antimicrobial  activity  higher  than
the  recommended  standard  agents.  Ni(II)-  and  Mn(II)  complexes  exhibited  higher  potency  as  compared
to the  parent  drug  against  Gram-negative  bacteria.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

The development of metal complexes as artificial nucleases is
n area of interest. Floroquinolone derivatives possess a broad
pectrum of activity against various pathogenic microorganisms,
hich are resistant to aminoglycosides, penicillins, cephalosporins,

etracyclines and other antibiotics. This class of compounds, when
ompared to existing bactericidal drugs, shows improved phar-
acokinetic properties and a broad spectrum of activity against

arasites, bacteria, and mycobacteria, including resistant strains;
n addition to that they displayed significant in vitro antibacterial
ctivity against many Gram-positive and Gram-negative bacteria
hrough inhibition of their DNA gyrase [1].

Sparfloxacin (HL1, 5-amino-1-cyclopropyl-7-(3,5-dimethyl-
-piperazinyl)-6,8-difluoro-1,4-dihydro-4-oxo-3-quinoline-
arboxylic acid) (Fig. 1) is widely used in the treatment of urinary
ract infections and is reported to exhibit higher activity against

he major respiratory pathogens and typical pathogens that cause
neumonia [2].

∗ Corresponding author. Tel.: +20 20112363028.
E-mail address: nadinealy@hotmail.com (N.E.A. El-Gamel).

386-1425/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.saa.2011.07.072
Metal coordination to biologically active molecules can be used
in order to enhance their biological activity; therefore, numerous
studies regarding the interaction between quinolones with sev-
eral metallic cations have reported in the literature. Some of these
metal complexes represented potential antibacterial activity [3],
for example Co(II) and Cu(II) complexes with sparfloxacin exhib-
ited a significant enhancement against several pathogenic bacteria
than sparfloxacin [4].

The antibacterial and antifungal properties of palladium and
platinum complexes with sparfloxacin have also been reported,
where the complexes showed activity against Mycobacterium tuber-
culosis strain [5].

Fluoroquinolones behaved as bidentate ligands binding to the
metallic ion through the carboxylate and carbonyl oxygens as
observed in case of complexes with metal ions such as Co(II), Ni(II),
Zn(II), Cd(II), Mn(II) and Cu(II) [6].  Nevertheless, it was mentioned
that the platinum complexes were chelated with fluoroquinolones
via piperazine nitrogen atoms which is much less common [5a].
Recently some transition and earth metal complexes of sparfloxacin
were prepared and characterized and the antifungal activity were

evaluated where Fe(II), and Cd(II) complexes showed remarkable
activity [7].

In this context, the present work describes the synthesis of
binary and ternary complexes of sparfloxacin with dl-alanine

dx.doi.org/10.1016/j.saa.2011.07.072
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:nadinealy@hotmail.com
dx.doi.org/10.1016/j.saa.2011.07.072
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of the piperazinyl moiety [12,13], therefore it is quite difficult to
Fig. 1. The structure of sparfloxacin (HL1).

ith various metal ions like Cu(II), Co(II), Ni(II), Mn(II), Cr(III),
e(III), La(III) and UO2(VI), in order to continue the exploration of
he coordination behavior adopted by fluoroquinolones. For the
haracterization of the compounds the following spectroscopic
nd analytical techniques were employed: elemental analyses, IR
nd 1H-NMR spectroscopy, UV–Vis, solid reflectance, magnetic
oment, ESR and thermogravimetric analysis. The biological activ-

ty of the parent ligand and its metal complexes is evaluated where
igh antimicrobial is recorded.

. Experimental

.1. Materials and reagents

All chemicals used were of the analytical reagent grade (AR)
nd of highest purity available. They included sparfloxacin, dl-
lanine, Cu(II)Cl2·2H2O, La(NO3)3·6H2O, UO2(NO3)2·6H2O, and
nCl2 (Sigma), Co(II)Cl2·6H2O, CrCl3·6H2O and Ni(II)Cl2·6H2O

BDH); FeCl3·6H2O (Prolabo) were used. Absolute ethyl alcohol,
iethyl ether (Adwic), yeast extract and agar (Sigma) were also
sed. De-ionized water collected from all glass equipments was
sually used in all preparations.

.2. Instruments

FTIR spectra were obtained from dispersions in KBr using a
erkin-Elmer FT-IR type 1650 spectrophotometer. The spectra were
ollected in the range from 200 to 4000 cm−1 with a resolution of

 cm−1. UV–Vis spectrophotometric measurements were carried
ut using automated spectrophotometer UV-Vis Thermo Fischer
cientific Model Evolution 60 ranged from 200 to 900 nm.  The molar
agnetic susceptibility was measured on powdered samples using

he Faraday method. The diamagnetic corrections were made by
ascal’s constant and Hg[Co(SCN)4] was used as a calibrant. The
olid reflectance spectra were performed on a Shimadzu 3101pc
pectrophotometer. The ESR spectra were recorded on JES FA-300
pectrophotometer at room temperature. Molar conductance was
easured on a ELICO(CM82T) conductivity bridge. 1H-NMR spectra
ere recorded on a BRUKER DPX 400 instrument at room temper-

ture (d6-DMSO solution with TMS  as internal standard). Thermal
nalyses of the complexes were carried out using a Shimadzu
GA-50H and DTA-50H thermogravimetric analyzer in a dynamic
itrogen atmosphere (flow rate 20 ml  min−1) with a heating rate of

0 ◦C min−1. The percentage weight loss was measured from ambi-
nt temperature to 1000 ◦C. Highly sintered �-Al2O3 was used as
eference.
ica Acta Part A 82 (2011) 414– 423 415

2.3. Antimicrobial activity

Antimicrobial activity of the tested samples was  determined
using a modified Kirby-Bauer disc diffusion method [8].  100 �l of
the test bacteria/fungi were grown in 10 ml of fresh media until
they reached a count of approximately 108 cells/ml for bacteria
or 105 cells/ml for fungi [9].  100 �l of microbial suspension was
spread onto agar plates. Plates inoculated with filamentous fungi
as Aspergillus flavus,  Candida albicans at 25 ◦C for 48 h; Gram (+) bac-
teria as Staphylococcus aureus;  Gram (−) bacteria as Escherichia coli;
they were incubated at 35–37 ◦C for 24–48 h and yeast as C. albi-
cans incubated at 30 ◦C for 24–48 h and, then the diameters of the
inhibition zones were measured in millimeters [9].  Standard discs
of Tetracycline (antibacterial agent), Amphotericin B (antifungal
agent) served as positive controls, while filter discs impregnated
with 10 �l of solvent (distilled water, chloroform, DMSO) were used
as a negative control.

2.4. Synthesis of the complexes

Metal complexes were synthesized by addition of a hot
water–ethanolic solution (60 ◦C) of the metal chlorides for Cu(II),
Co(II) Ni(II), Mn(II), Cr(III) and Fe(III), nitrate for UO2(VI) and
La(III) (25 ml,  0.1 mmol) to a hot ethanolic solution of HL1 (25 ml,
0.2 mmol  in case of binary or 0.1 mmol  in case of ternary complexes)
and dl-alanine (0.1 mmol). The resulting mixture was  stirred under
reflux for 2 h and left to cool, whereby the complexes precipitated
as fine powders. The solid complexes were filtered, washed with
ethanol, then with diethyl ether, and dried in a vacuum desiccator
over anhydrous calcium chloride.

3. Results and discussion

The found and calculated percentages of elemental analysis
(CHN) data are in well agreement with each other and prove the
suggested molecular formulas of the complexes (Tables 1 and 2).
The molar conductance measurements of all the complexes in DMF
solution were in the range of 18.10–11.99 �2 cm−1 mol−1. These
relatively low values indicate non-electrolytic nature of the com-
plexes [10].

3.1. IR spectral studies

All the characteristic absorption bands of the complexes are
represented in Table 3. The pyridone stretch �(C O)p in HL1
appears at 1641 cm−1 and the asymmetric and symmetric stretch-
ing �(COO)carb appeared at 1716 and 1371 cm−1, respectively.
The pyridone band is shifted to lower frequency (3–9 cm−1) and
(3–11 cm−1) in binary and ternary complexes, which indicates the
involvement in the chelation [3a]. The participation of the carboxy-
late O atom in the binary and ternary complexes is confirmed by
low shift in position of these bands to (1613–1555 cm−1) and high
shift to (1400–1380 cm−1) for asymmetric and symmetric bands,
respectively [3a].

IR spectrum of H2L2 shows sharp bands at 1594 and 1410 cm−1

assigned to the asymmetric and symmetric stretching vibrations
of the carboxylate moiety, respectively. These bands are shifted to
lower (3–63 cm−1) or higher (6–22 cm−1) frequencies, indicating
that H2L2 coordinates to the metal ions via deprotonated carboxy-
late [11].

The IR spectra of all complexes exhibit a broad split band
between 3400 and 3150 cm−1 which the N–H stretching vibration
detect the coordination vibration band of NH2 of H2L2; therefore we
focused on in-plane bending, (NH2) vibration and the shift of this
band from 1521 cm−1 to 1502–1517 cm−1 indicates participation in
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Table  1
Analytical and physical data of binary metal complexes.

Compound Color (% yield) m.p  (◦C) Found (calculated) (%) �eff (B.M.) �m (�2 mol−1 cm−1)

C H N

Sparfloxacin (HL1) Yellow 240 57.95 5.55 14.20 – –
C19H22F2N4O3 (58.16) (5.65) (14.28)
[Cu(II)(L1)2]·2H2O Green 290 51.50 5.45 12.53 1.74 18.10
C38H46CuF4N4O8 (75) (51.73) (5.25) (12.70)
[Co(II)(L1)2·2H2O] Olive green >300 52.16 5.92 12.03 4.9 15.26
C38H46CoF4N8O8 (85) (52.00) (5.28) (12.77)
[Ni(II)(L1)2·2H2O] Yellowish green >300 52.41 5.22 12.63 3.23 12.29
C38H46F4N8NiO8 (75) (52.01) (5.28) (12.77)
[Mn(II)(L1)2·2H2O] Mustard 286 51.94 5.59 12.55 5.73 14.25
C38H46F4MnN8O8 (88) (52.24) (5.31) (12.82)
[Cr(III)(L1)2Cl·H2O]·H2O Dark green >300 50.00 5.10 12.42 3.87 13.95
C38H46ClCrF4N8O8 (85) (50.36) (5.12) (12.36)
[La(III)(L1)2·NO3·H2O]·2H2O Golden yellow 270 43.35 4.55 12.69 Diamagnetic 13.32
C38H48F4LaN9O12 (87) (43.98) (4.66) (12.15)
[Fe(III)(L1)2·Cl·H2O]·H2O Brown 289 50.32 5.20 12.02 5.90 17.24
C38H46ClF4FeN8O8 (72) (50.15) (5.09) (12.31)
[UO2(VI)(L1)2·H2O] Orange 279 42.50 4.20 10.02 Diamagnetic 15.14
C38H44F4N8O9U1 (65) (42.62) (4.14) (10.46)

Table 2
Analytical and physical data of ternary metal complexes.

Compound Color (% yield) m.p  (◦C) Found (calculated) (%) �eff (B.M.) �m (�2 mol−1 cm−1)

C H N

[Cu(II)(L1)(HL2)]·2H2O Green >300 45.95 5.25 12.12 1.81 –
C22H31CuF2N5O7 (45.63) (5.40) (12.09)
[Co(II)(L1)(HL2)·2H2O] Green 290 46.23 5.45 12.53 5.10 17.66
C22H31CoF2N5O7 (75) (46.00) (5.44) (12.19)
[Ni(II)(L1)(HL2)·2H2O] Light green >300 46.16 5.42 12.03 3.36 16.94
C22H31F2N5NiO7 (65) (46.02) (5.44) (12.20)
[Mn(II)(L1)(HL2)·2H2O] Mustard yellow >300 46.41 5.28 12.63 5.41 11.99
C22H31F2MnN5O7 (78) (46.32) (5.48) (12.28)
[Cr(III)(L1)(HL2)Cl·H2O]·H2O Dark green >300 42.94 5.29 11.55 3.85 14.95
C22H31ClCrF2N5O7 (85) (43.82) (5.18) (11.62)
[La(III)(L1)(HL2)·NO3·H2O]·H2O Dark yellow >300 36.00 4.19 11.42 Diamagnetic 13.95
C22H31F2LaN6O10 (95) (36.88) (4.36) (11.73)
[Fe(III)(L1)(HL2)Cl·H2O]·H2O Reddish brown >300 43.35 5.55 11.69 5.92 17.78

43.55)
3.64 

43.52)
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r
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C22H31ClF2FeN5O7 (89) (
[UO2(VI)(L1)(HL2)·H2O] Orange >300 4
C22H29F2N6O7U1 (87) (

omplex formation [14]. New bands in the complexes at 599–571
−1
nd 560–518 cm can be assigned to the (M–O) stretching vibra-

ions of the pyridone and carboxylate groups, respectively [14]. In
ernary complexes bands in the 543–524 cm−1 and 430–415 cm−1

egions are attributed to the (M–O)carb and (M–N)amino stretch-

able 3
R spectral data (4000–400 cm−1) of binary and ternary complexes.

Compound �(C O)p �(COO) (asym) �(COO) (sym.) �NH2 �(COO) am
(sym.)

HL1 1641 1716 1371 – – 

1  1632 1555 1384 – – 

2  1638 1609 1384 – – 

3  1635 1612 1384 – – 

4  1634 1613 1390 – – 

5 1634 1611 1384 – – 

6  1636 1610 1385 – – 

7  1638 1608 1388 – – 

8  1638 1611 1385 – –– 

9  1634 1612 1400 1515 1578 

10  1635 1611 1387 1517 1580 

11  1632 1606 1387 1509 1575 

12  1633 1607 1383 1508 1555 

13 1633 1608 1389 1505 1560 

14  1630 1607 1383 1508 1540 

15 1638 1610 1380 1512 1583 

16  1636 1610 1383 1502 1583 
 (5.15) (11.54)
3.29 10.52 Diamagnetic 15.24

 (3.82) (10.98)

ing vibration of the carboxylate and amino groups [14]. There is

a paucity of such assignments in the literature concerning lan-
thanide complexes, new band at 620 cm−1 and the new shoulder
at 524 cm−1 and 361 cm−1 can be due to the La–O, La–N interac-
tions, respectively [15]. Several bands are observed which are at

ino �(COO) amino
(asym)

�(M–O)carb �(M–O)p �(M–O)carb �(M–N)

– – – – –
– 529 587 – –

–– 525 597 – –
– 526 598 – –
– 528 588 – –
– 523 593 – –
– 528 571 – –
– 525 580 – –
– 518 586 – –

1419 520 588 540 420
1420 520 592 530 425
1419 540 599 534 419
1408 533 590 532 415
1418 530 585 543 418
1402 533 590 548 418
1512 520 588 524, 620 426
1422 528 589 543 430
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tivities were in range of (1.36–4.25) × 10 L mol cm ; these
peaks could be assigned to �–�* and n–�* transition within the
organic ligand [24]. In all binary complexes the maximum absorp-
tion peaks had relatively high bathochromic shifts (�� was in
N.E.A. El-Gamel, M.A. Zayed / Spectr

105, 1490 and 1300 cm−1 can be assigned for symmetric bending,
ymmetric and asymmetric stretching of bidentate nitrate anions,
hich confirm that the NO3 anion is used as bi-dentate in lan-

hanide complexes [16].
In uranyl chelates two intense sharp bands (920, 917 cm−1);

775, 776 cm−1) were reliably assigned to asymmetric and symmet-
ic stretching vibrations of O U O in binary and ternary chelates,
espectively [17]. In Cr(III) and Fe(III) complexes, medium bands
elow 300 cm−1 are observed due to �(MCl) vibrations and fur-
her substantiate the mode of coordination as suggested by NMR
pectral studies.

.2. Electron spin resonance spectra

The ESR spectra for copper complex at room temperature gave
he corresponding parameters of spin-Hamiltonian (g⊥ = 2.090,
.071; g11 = 2.406, 2.342) for binary and ternary complexes; respec-
ively. This trend, g11 > g⊥ observed for the copper complexes
uggests that the unpaired electron lies in the dx2−y2 orbitals giving
B1g as the ground state with g11 > g⊥ > 2; the ESR parameters of the
omplexes coincide well with related systems which suggest that
he complexes have square-planar geometry and the system is axi-
lly symmetric [18]. According to Hathaway [19] G = gII − 2/g⊥ − 2;
f the value of G is larger than four, exchange interaction is negligi-
le because the local tetragonal axes are misaligned. The g values
re 4.5 and 4.8 for the binary and ternary complexes, respec-
ively, which suggests that the local tetragonal axis is aligned
arallel or slightly misaligned and consistent with dx2−y2 ground
tate.

.3. Magnetic susceptibility and electronic spectra measurements

The magnetic moment values are calculated and reported
n Tables 1 and 2. Cu(II) complexes have �eff values of 1.94
nd 1.92 B.M., for 1 and 9, respectively, indicating a square
lanar geometry; this was confirmed by the presence of one
and in the spectrum at 13.385 cm−1 with two  shoulders on
ither side at 18.860 and 11.900 cm−1. These are assigned to
B1g → 2A1g, 2B1g → 2B2g and 2B1g → 2E2g transitions, respec-
ively [20]. Cobalt(II) complexes have values of 4.9 and 5.1 B.M.
or 2 and 10,  respectively, which indicate a high-spin octahe-
ral configuration [17,21].  These complexes displaced three
ands at 15.690–15.365, 17,467–18.019 and 21,930–22.120 cm−1

ssigned to 4T1g(F) → 4T2g(F)(�1), 4T1g(F) → 4A2g(F)(�2) and
T1g(F) → 4T2g(P)(�3) transitions, respectively, confirming the
ctahedral geometry. Bands at 24.580–24.650 cm−1 could be
ttributed to charge transfer bands [22]. Nickel(II) complexes
ave a magnetic momentum of 3.23 and 3.36 B.M. for 3 and
1, respectively indicating a high spin octahedral configuration
17,21]. The electronic spectra give three bands at �1 = 16.095 cm−1,
2 = 18.219 cm−1 and �3 = 21.410 cm−1; these bands are assigned
o 3A2g → 3T2g, 3A2g(F) → 3T1g(F) and 4A2g → 3T1g(P) transitions,
espectively. Bands at 24.550–24.680 cm−1 were observed, which
ould be attributed to LMCT [22]. Mn(II) complexes have �eff
alues of 5.73 and 5.84 B.M., for 4 and 12,  respectively indicating

 high spin octahedral [22]. The electronic spectra of Mn(II) com-
lexes show adsorption bands in the range (16,940–19,530 cm−1),
22,218–24,268 cm−1) and (26,310–27,765 cm−1). These adsorp-
ion bands are assigned to 6A1g → 4T1g(4G), 6A1g → 4T2g(4G)
nd 6A1g → 4Eg,

4A1g(4G) transitions, respectively. These bands
uggest the Mn(II) complexes posses an octahedral geometry

22]. �eff values for Cr(III) complexes have been reported to be
.87 and 3.85 for 5 and 13,  respectively, this is in accordance
o high spin octahedral geometry [22,23]. The solid reflectance
pectra of Cr(III) complexes exhibited absorption bands in
Fig. 2. UV–Vis absorption spectra (2.5 × 10−4 M) of binary complexes.

the range (13,260–19,415 cm−1), (24,930–27,390 cm−1) and
37,035–38,025 cm−1 due to 4A2g(F) → 4T2g(F), 4A2g(F) → 4T1g(F)
and 4A2g(F) → 4T1g(P) d–d transitions, respectively. These bands
suggest an octahedral geometry for the Cr(III) complexes [22].
Iron(III) complexes showed magnetic moment 5.90 and 5.92 B.M.
for 6 and 14,  respectively corresponding to high spin octahedral
geometry [17]. The reflectance spectra exhibited a band at the
range of 21,295–20.904 cm−1, assigned to the 6A1g → 6T2g(G)
transition in octahedral geometry of the complex [36]. The
6A1g → 6T1g transition split into two  bands at the range of
17,543–18.201 cm−1 and 14,995–12.141 cm−1. These data are
consistent with octahedral geometry [22]. The spectra showed
bands at the range of 30.665–31.680 cm−1 attributed to ligand to
metal charge transfer [22]. La(III) and UO2(VI) and complexes are
diamagnetic.

3.4. UV–Vis absorption spectra

The UV–Vis absorption spectra of the binary and ternary com-
plexes (2.5 × 10−4 M)  in ethanol–water mixture are shown in
Figs. 2 and 3, respectively. The absorption spectrum of HL1 showed
three absorption peak at 224, 292 and 366 nm and its molar absorp-

3 −1 −1
Fig. 3. UV–Vis absorption spectra (2.5 × 10−4 M)  of ternary complexes.
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he range of 1–16 nm)  and their molar absorptivities were in the
ange of (0.25–4.18) × 103 L mol−1 cm−1, this can be attributed to
he reaction of the metal ions with the ketonic oxygen and car-
oxylic oxygen in the conjugated system of the drug, which directly
esulted in the changes of absorption spectra and bathochromic
hifts of the maximum absorption peaks. Whereas in the case of
ernary complexes new absorption peaks appeared in 340–352 nm
nd all the other absorption peaks are bathochromic shifted in
he range of (1–11 nm)  and their molar absorptivities were in the
ange of (0.59–3.61) × 103 L mol−1 cm−1, The shift of �max to higher
alues (bathochromic shift) and the decrease of the absorbance
ntensities in all of the mentioned complexes are indication to
he complexation behavior towards metal ions. It was observed
hat in the case of lanthanides the energy of f–f transitions in
he complexes is slightly reduced, this may  be due to covalent
nteraction of 4f orbitals with vacant ligand orbitals or increased
uclear shielding of f-orbitals due to slight L–M electron transfer
25].

.5. 1H-NMR spectra

1H-NMR spectra of uranyl and lanthanide complexes are
ecorded in DMSO-d6. The ligand HL1 showed signals at 8.76 ppm
ue to NH2 proton, which did not show any appreciable change

n the complexes, confirming non-coordination of NH2 moiety.
he signals for the aliphatic piperazine and the methyl protons
re practically unchanged since they lie far from the binding site
f the ligand, also the cyclopropane protons remain practically
nchanged as they were not involved in coordination. HL1 dis-
layed a signal at 12.26 ppm characteristic of OH of carboxylic
hich was shifted downfield to about 1.24–1.64 ppm, indicative

f coordination by the carboxylic group with deprotonation. In
ernary complexes the carboxylic and amino protons are shifted
ownfield in comparison with alanine to about 0.52–1.39 ppm,

ndicating that the nitrogen and oxygen atoms are the probable
oordination sites of alanine to the metal. A higherfield shift is
bserved for CH and methyl groups of dl-alanine on comparison
ith the spectra of the free amino acid; this may  be due to forma-

ion of hydrogen bonding to the sulfoxide oxygen. In the complexes
 broad peak is observed at 2.89 ppm, due to the presence of water
olecules.

.6. Thermal analysis

Thermal studies of the complexes have been done success-
ully by studying their simultaneous thermal analysis (TG/DTA).
he decomposition data for the complexes is presented in
ables 4 and 5. The complexes are decomposed by losing water
olecules and ligands in parts in different heating steps and ulti-
ately in the final step metal oxide are found at high temperature.
The thermal decomposition of copper complexes are similar

here the loss of hydrated water molecules are observed in the
rst step in case of ternary complex and second mass loss step in
he case of binary complex between 50 and 250 ◦C. This process is
trongly endothermic. A third mass loss step occurs in the range
f 250–650 ◦C, the decomposition of the ligand is observed leaving
uO as a residue. This degradation process is accompanied by three
uccessive exothermic peaks.

The same trend is observed in the case of the cobalt and nickel
omplexes, where the coordinated water is eliminated with an
ndothermic effect within the range of 50–400 ◦C in the first and
econd steps in case of cobalt and nickel binary complexes. While

n case of ternary complexes the coordinated water is eliminated in
he first step and connected with the exothermic processes within
he temperature range of 50–200 ◦C. The third and fourth steps in
obalt and nickel binary chelates are accompanied with the decom-
ica Acta Part A 82 (2011) 414– 423

position of the ligand between 300 and 650 ◦C leaving NiO and CoO
as a residue. This decomposition is connected with endothermic
process. In the second and third steps in cobalt and nickel ternary
complexes the decomposition of the ligand took place in the range
of 200–750 ◦C leaving NiO and CoO as a residue. This decomposition
is connected with exothermic process. In the last steps of decom-
position, loss of the ligands took place leaving residual NiO and CoO
between 200 and 750 ◦C. DTA shows three successive exothermic
signals.

On the other hand the decomposition of manganese complexes
exhibited three successive decomposition steps, the first step in
the temperature range of 50–300 ◦C in which the complexes lose
the coordinated water with an endothermic effect. The subsequent
second and third steps (300–650 ◦C) correspond to the removal
of the organic part of the ligand leaving metal oxide (MnO) as a
residue. These steps are accompanied by two successive endo- and
exothermic process.

TG of Cr(III)- and Fe(III) complexes showed liberation of
hydrated and coordinated water and hydrated water molecules in
the first and second steps with an endothermic effects. The third
fourth and fifth steps are accounted for decomposition of ligands
and loss of 0.5Cl2 leaving Cr2O3 and Fe2O3 residues, these three
steps are accompanied by two  endothermic and three exothermic
DTA signals.

The TG of binary La(III) complex showed that the decomposi-
tion occurred in three closed steps within the temperature range
of 50–650 ◦C. The first step in the range of 50–150 ◦C may  be due
to the liberation of hydrated water molecules accompanied with
an endothermic effect. The second and third decomposition steps
at 150–650 ◦C correspond to loss of coordinated water, liberation
of NO2 and 0.5O2 and decomposition of the ligand and forma-
tion of La2O3 as a final residue. These steps are connected with
two  endothermic effects. The thermal decomposition of ternary
lanthanide complex showed similar behavior in four successive
steps within the range of 50–630 ◦C, the first and second steps are
responsible for removal of coordinated and hydrated water with
an exothermic process. The third and fourth steps are accompanied
with liberation of NO2 and 0.5O2 and decomposition of ligands in
the range of 240–630 ◦C. DTA represented an exothermic signal.

Uranyl binary and ternary complexes thermally decomposed
in three and fifth decomposition steps, respectively. The first step
in the range of 50–300 ◦C can be assigned to liberation of coordi-
nated water with endothermic effects. The second till last mass loss
steps in the range of 300–650 ◦C are accounted for the decompo-
sition of both ligands molecules and formation of UO2 as a final
residue, this decomposition is followed by two endothermic and
two  exothermic signals.

3.7. Structures of the complexes

The structures of the binary Cu(II)- (1), Co(II)- (2), Ni(II)-
(3), Mn(II)- (4), Cr(III)- (5), Fe(III)- (6), La(III)- (7), UO2(VI)-
(8) complexes with sparfloxacin (HL1) and ternary Cu(II)- (9),
Co(II)- (10), Ni(II)- (11), Mn(II)- (12), Cr(III)- (13), Fe(III)- (14),
La(III)- (15), UO2(VI)- (16) complexes with sparfloxacin (HL1)
and dl-alanine (H2L2) complexes are confirmed by the elemen-
tal analyses, IR, molar conductance, magnetic, UV–Vis, ESR, NMR
and simultaneous thermal analysis. IR spectra revealed that HL1
drug behaves as a deprotonated bidentate ligand coordinated
to the metal ions via pyridone oxygen and carboxylate oxygen.
dl-Alanine is a uninegative bidentate ligand coordinated to the
metal ions via the deprotonated carboxylate-O and amino-N. The

molar conductance data, it is found that the complexes are non-
electrolytes.

1H-NMR spectra of HL1 displayed a signal at 12.26 ppm char-
acteristic of OH of carboxylic, this signal shifted downfield by
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Table 4
Thermal analysis data for binary complexes.

Complex TG range, (◦C) DTG, (◦C) n Mass loss Total mass loss Assignment Metallic residue

Found (calculated) (%)

1 30–200 193 1 04.33 (04.07) Loss of hydration water.
200–720  623 1 86.55 (86.93) 90.88 (91.00) Decomposition of the HL1 ligand. CuO

2  50–400 80,306 2 04.51 (04.10) Loss of coordinated water.
400–650 446,570 2 87.05 (87.37) 91.56 (91.47) Decomposition of the HL1 ligand. CoO

3 50–300 78, 292 2 04.07 (04.10) Loss of coordinated water.
300–600 409,465 2 87.50 (87.39) 91.57 (91.94) Decomposition of the HL1 ligand. NiO

4  50–280 215 1 04.61 (04.12) Loss of coordinated water.
280–650 332,553 2 86.94 (87.78) 91.55 (91.90) Decomposition of the HL1 ligand MnO

5  50–240 90, 167 2 03.05 (03.97) Loss of hydrated and coordinated
water.

240–600 301, 89,580 3 79.67 (79.26) 82.72 (83.23) Loss of 0.5Cl2 and decomposition of the
HL1 ligand

Cr2O3

6 50–200 98 1 02.08 (01.98) Loss of hydrated and coordinated
water.

200–650  279, 502 2 80.00 (80.49) 82.08 (82.47) Loss of 0.5Cl2 and decomposition of the
HL1 ligand

Fe2O3

7 50–150 82 1 03.44 (03.47) Loss of hydration water.
150–650  302,521 2 64.08 (65.14) 67.52 (68.61) Loss of coordinated water, liberation of

NO2 and 0.5O2 and decomposition of
the HL1 ligand.

La2O3

8 50–300 200 1 01.80 (01.68) Loss of coordinated water. UO
74.0

n

t
a
n
i
f
s
c
a
T
(

T
T

1

1

1

1

1

1

1

n

300–650 273, 553 2 72.27 (73.10) 

, number of decomposition steps.

he effect of complexation, In ternary complexes the carboxylic
nd amino protons are shifted downfield in comparison with ala-
ine, indicating that the nitrogen and oxygen atoms are involved

n the coordination. On the basis of the above observations and
rom the magnetic measurements, most of the complexes are
ix-coordinated with distorted octahedral geometry while Cu(II)

omplexes adopted square planar structure on the other hand U-
nd La-atoms have a pentagonal bipyramidal coordination sphere.
he structures of the metal complexes can be given as shown below
Fig. 4).

able 5
hermal analysis data for ternary complexes.

Complex TG range, (◦C) DTG, (◦C) n Mass loss 

Found (calculated) (%)

9 50–200 168 1 05.95 (06.21) 

200–650  210, 306, 579 3 80.57 (80.06) 

0  50–200 80 1 06.40 (06.27) 

200–750 334, 561 2 80.40 (80.69) 

1  50–200 70 1 06.22 (06.27) 

200–600 285, 322, 489 3 80.38 (80.72) 

2  60–300 105 1 06.25 (06.31) 

300–600 323, 487, 530 2 81.11 (81.26) 

3  50–300 103 1 05.43 (05.97) 

300–650 395, 503, 600 3 68.99 (68.82) 

4  50–200 80, 145 1 03.25 (02.97) 

200–600  240, 403, 587 3 70.17 (70.73) 73.42 (73.70) 

5 50–240 118, 208 2 05.11 (05.02) 

240–630  397, 540 2 50.03 (49.41) 

6 50–300 228 1 02.10 (02.35) 

300–600 280,365,480, 574 4 61.93 (62.38) 

, number of decomposition steps.
2

7 (47.78) Decomposition of the HL1 ligand.

3.8. Anti microbial studies

From a medical point of view, the discovery of new therapeutical
targets and the development of new antibacterial, antiparasiti-
cal and antiviral drugs are urgently required, that is due to the
emergence and alarming spread of bacterial, parasitical and viral

strains that are resistant against the drugs used at present in
clinics. Metal ions play a vital role in a vast number of widely
different biological processes. The interaction of these ions with
biologically active ligands, for example in drugs, is a subject

Total mass loss Assignment Metallic residue

Loss of hydration water.
86.52 (86.27) Decomposition of the HL1 and H2L2

ligands.
CuO

Loss of coordinated water.
86.80 (86.96) Decomposition of the HL1 and H2L2

ligands
CoO

Loss of coordinated water.
86.60 (86.99) Decomposition of the HL1 and H2L2

ligands
NiO

Loss of coordinated water.
87.36 (87.57) Decomposition of the HL1 and H2L2

ligands
MnO

Loss of hydration and coordinated
water.

Cr2O3

74.42 (74.79) Loss of 0.5Cl2, decomposition of the
HL1 and H2L2 ligands
Loss of hydration and coordinated
water.
Loss of 0.5Cl2, decomposition of the
HL1 and H2L2 ligands

Fe2O3

Loss of hydrated and coordinated
water.

55.14 (54.43) liberation of NO2 and 0.5O2 and
decomposition of the HL1 and H2L2

ligands

La2O3

Loss of coordinated water. UO2

64.03 (64.73) Decomposition of the HL1 and H2L2

ligands
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UO2(VI) binary  complex

UO2(VI) ternary complex
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Fig. 4. Proposed chemical st

f considerable interest. Some of the biologically active com-
ounds act via chelation [26], but for most of them is known
bout how metal binding influences their activity. Our target is
o produce and evaluate some potential antimicrobial compounds
ithout causing any side effects on the patients; therefore we
ave been interested in studying the complexing ability of biolog-

cally active ligands like sparfloxacin and discuss the coordination

hemistry behavior of some metal ion and/or in presence of dl-
lanine.

In evaluating the antimicrobial activity of the mentioned
omplexes we used more than one test organism in order to
res of the metal complexes.

increase the chance of identify and observe the biological effi-
ciency of the tested materials. The studies were carried out
on, S. aureus (G+), E. coli (G−) species in bacteria and A. flavus
and C. Albicams among fungi using assay plates disc method
on appropriate nutrient medium. The results are included in
Figs. 5 and 6, the inhibition zone diameters were measured
after 48 h at 37 ◦C of incubation for all the mentioned complexes

(Table 6). On comparing the biological activity of the sparfloxacin
and its metal complexes with the standard (tetracycline, antibac-
terial) and (Amphotericin B, antifungal), the following results are
obtained:
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Fig. 5. Biological activity of HL1 and its complexes against (A, G+), (B, G−) bacteria.

Fig. 6. Fungal activity of HL1 and its complexes against Aspergillus flavus and Candida albicans fungus.
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Table  6
Antimicrobial activity of metal complexes and the standard effects of antibacterial and antifungal agents.

Diameter of zone of
inhibition (mm)

Complexes Stapylococcus
aureus (G+)

Tetracycline
(antibacterial
agent)

Escherichia coli (G−) Tetracycline
(antibacterial
agent)

Aspergillus
flavus

Amphoterician B
(antifungal agent)

Candida
albicans

Amphoterician B
(antifungal agent)

Distilled water,
chloroform, DMSO

0 0 0 0 0 0 0 0

HL1 32 31 36 33 0 16 0 19
1  35 31 34 33 15 16 18 19
2  35 31 34 33 13 16 12 19
3 37 31 37 33 14 16 12 19
4 33 31 36 33 0 16 0 19
5 37  31 36 33 0 16 0 19
6  35 31 36 33 0 16 0 19
7 32  31 36 33 0 16 0 19
8  32 31 36 33 0 16 0 19
9  33 31 36 33 0 16 0 19
10  39 31 36 33 14 16 17 19
11  35 31 38 33 13 16 12 19
12  34 31 37 33 0 16 0 19
13 33 31 35 33 0 16 0 19

33 

33 

33 

3
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14  38 31 35 

15 32  31 36 

16  32 31 36 

.8.1. Staphylococcus aureus (G+)
The free HL1 ligand showed higher antibacterial effect that

he standard tetracycline, furthermore, the biological activity
f binary and ternary complexes of Cu(II), Co(II), Ni(II), Mn(II),
r(III), and Fe(III) complexes is higher than that of the free HL1

igand and standard tetracycline. While, UO2(VI) and La(III)
inary and ternary complexes have the same biological activity
f HL1 ligand and higher than that of tetracyclin. (Fig. 5), the
iological activity of the complexes are found to follow the order
0 > 15 > 3 = 5 > 4 > 6 = 1 = 2 = 11 > 12 > 9 > HL1 = 15 = 16 > 13 > stand-
rd tetracycline.

.8.2. Using Escherichia coli (G−)
The biological activity of the HL1 ligand is found to be higher

han that of the tetracycline standard, whereas binary [Mn(II),
r(III), Fe(III), La(III) and UO2 (VI)] and ternary [Cu(II), Co(II),
a(III) and UO2(VI)] complexes represented an equal activity
o HL1 ligand, while binary Ni(II) and ternary Ni(II) and Mn(II)
omplexes showed a higher biological activity than both HL1
igand and standard tetracycline. On the other hand binary
Cu(II) and Co(II)] and ternary [Cr(III) and Fe(III)] complexes
epresented less activity than HL1 but higher than standard
etracycline (Fig. 5). The order of activity can be arranged as follow
1 > 12 = 3 > HL1 > 4 > 5 > 6 > 7 > 8 > 9 > 10 > 15 > 16 > 13 = 14 > 1 > 2>
tandard tetracycline.

The significance of these results could be applied completely
n the treatment of some diseases caused by E. coli like, Gastroen-
eritis, Septicaemia, Urinary tract infections and hospital required
nfections [27,28].  Many clinical research have been interested
n finding new anti-tumours depends mainly on attacking Gram-
egative bacteria [29–31],  and since there are certain organisms
ifficult to attack as most of them are Gram-negative rods, there-
ore the complexes which showed higher biological activity against
he Gram-negative strains may  represent powerful attacking to the
arrier function as mentioned by Brown [31] and Nikaido et al.
29]; therefore, the synthesis of these complexes might be recom-

ended in order to establish a new branch of research dealing with

he anti-tumour effect of many synthetic compounds as described
y Hodnett et al. [31] and Hickman [32]. Thus we  are claimed that
hese complexes may  have a possible anti-tumour effect depending
n the fact that, Gram-negative bacteria can be considered a quan-
0 16 0 19
0 16 0 19
0 16 0 19

titative microbiological method examine potent and useful drugs
in both clinical and experimental tumour chemotherapy [33].

3.8.3. Using Aspergillus flavus and Candida albicans (Fungus)
HL1 and most of binary and ternary complexes did not repre-

sent any fungal activity comparing to the standard Amphoterician
B, nevertheless binary and ternary Co(II) and Ni(II) as well as ternary
Mn(II) complexes showed some fungal activity, this activity is rela-
tively less than the standard Amphoterician B (Fig. 6). The order
of activity can be arranged as follow: standard Amphoterician
B > 1 > 3 = 10 > 2 = 11 (in case of A. flavus)  while in case of C. albicans
the order can be as follows Amphoterician B > 10 > 2 = 3 = 11.

By comparing the evaluation of the antimicrobial activity of
these complexes with the previous published quinolones com-
plexes, similar effects have been reported, very recently Sadeek
et al. represented, that uranium, zirconium and yttrium com-
plexes with sparfloxacin and gatifloxacin showed a good activity
against Gram −ve and Gram +ve than drugs alone, while no anti-
fungal activity is observed for both drugs and metal complexes
[34], on the other hand Ni(II) and Ag(I) enoxacin complexes rep-
resented slight activity against Gram +ve and Gram −ve bacteria
[35], while Cu–ciprofloxacin showed high standard antibacterial
activity against Gram +ve and Gram −ve [36], the same effect is
reported in the case of Fe–ciprofloxacin, where also no significant
inhibition towards the growth of fungal strains are reported [37].

4. Conclusion

In this article, we describe the synthesis and characterization
of binary and ternary complexes of sparfloxacin (HL1) with dl-
alanine (H2L2). Elemental analysis of C, H and N data obtained
were in agreement with the predicted formula. Data of the infrared
and 1H-NMR spectroscopy represented that sparfloxacin acts as a
bidentate deprotonated ligand bound to the metal through pyri-
done oxygen and carboxylate oxygen. dl-Alanine is a uninegative
bidentate ligand coordinated to the metal ions via the deprotonated
carboxylate-O and amino-N. All the complexes are six-coordinated

with distorted octahedral geometry while Cu(II) complexes which
have square planar structure from ESR parameters, magnetic and
solid reflectance measurements. On the other hand uranyl and
lanthanide complexes have a pentagonal bipyramidal coordina-
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ion sphere. It has been observed that the metal complex have a
igh activity than ligand against same organisms under the iden-
ical experimental condition. The comparison of inhibition zone
alues for the newer metal complexes (Table 6) with another pre-
ious quinolones complexes reveals that the antimicrobial activity
s quite high which could be an indication to generate useful infor-

ation that contributes to the differentiation of new biomedical
ranches.
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