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ABSTRACT  
The work presented in this paper is related to the preparation, characterization and biological evaluation of Zn(II), Cu(II), Ni(II), Co(II), Mn(II), Cr(II) and 
Cd(II) transition metal complexes of Schiff bases salicylidenegemifloxacin derived from Gemifloxacin and Salicylaldehyde. In these complexes amino 
group available in the drug substances was allowed to react with Salicylaldehyde, to obtain Schiff bases which were, subsequently, allowed to react with 
Zn(CH3COO)2.2H2O, Cu(CH3COO)2.H2O, NiCl2.6H2O, CoCl2.6H2O, MnCl2.4H2O, CrCl3.6H2O and CdCl2.2.5 H2O separately to form Schiff base metal complexes. 
The Schiff base prepared was salicylidenegemiflxacin, and metal complexes were: Salicylidenegemifloxcin-M(II).2H2O Where (M= Zn, Cu, Ni, Co, Mn, Cr 
and Cd). The Schiff base ligands and the transition metal (Zn(II), Cu(II), Ni(II), Co(II), Mn(II), Cr(II) and Cd(II)) complexes of Schiff bases prepared were 
characterized on the basis of physical properties, conductance measurements, thermogravimetry, UV-Visible spectroscopy, FT-IR spectroscopy, atomic 
absorption spectroscopy and NMR spectroscopy. Schiff base was obtained by reacting salicyldehyde with amino group present in antibiotic in equimolar 
quantities (1:1). Transition metal compolexes were obtained by subsequently reacting metal salts with Schiff bases. The complexes were found to be 
ML2 type. Conductance measurements showed that complexes were non-electrolytes. Thermogravimetric analysis showed that the complexes were 
hydrated. The IR study showed that ligand is a bidentate and coordinate to the central metal ion though the azomethine nitrogen -C=N and the oxygen 
OH of phenol. All the complexes under investigation possess antibacterial activity. NMR studies confirmed prescence of -C=N group singlet at 8.6 ppm. 
The singlet at 8.6 ppm for -C=N- shifted to downfield because of complexation in salicylidenegemifloxacin-Zn(II).2H2O. The antibacterial activity showed 
the following trend: Metal complexes > Schiff base ligands> Parent drugs.  

Keywords: Zinc complexes; Copper complexes; Nickel complexes; Cobalt complexes, Manganese complexes; Antibacterial; Schiff base complexes. 

 

INTRODUCTION 

The most applications of antibiotics in man and animal and their 
higher use in areas other than the treatment and prophylaxis of 
disease have resulted in a great problem of drug resistance. Many 
more bacterial strains have become resistant to the available drugs. 
Various strategies have been carried out and tried upon to cope with 
the resistance problem and enhance the activity, or broaden the 
spectrum of the drugs [1,2]. Preparation of various synthetic 
derivatives of antibiotics based on structure-activity relationship 
has been one of the best approaches. In the present research work 
we have tried to widen the scope of derivatization by providing 
more flexibility through Schiff base formation with the drug 
substances containaing –NH2 groups and complexation with metallo-
elements. The Schiff base structures provide for a greater choice and 
flexibility, and complexation with a metallo-element adds to stability 
and versatility of the molecule. The drug molecules used in the 
present research work contain –NH2, -COOH and other donor groups; 
construction of molecular models indicates that the structures are 
suitable for chelate formation. 

MATERIAL AND METHODS 

All the chemicals and reagents used in experiments were of 
analytical grade and were used as such without further purification. 
Drug substances were obtained from pharmaceutical companies and 
were used without purification. Standard procedures were used to 
purify and dry solvents. List of the chemicals and reagents used for 
the preparation of Schiff base and Schiff base metal complexes such 
as Gemifloxacin, was purchased from Glaxosmithkline Pakistan. 
Salicylaldehyde, Methanol, Zinc acetate.2H2O, Copper acetate.H2O, 
Nickel chloride. 6H2O, Cobalt chloride. 6H2O, Manganese chloride. 
4H2O, Chromium chloride. 6H2O, Cadmium chloride.2.5H2O, 
Potassium hydroxide, HNO3, Ethanol, Acetone, Chloroform, Dimethyl 
sulfoxaide(DMSO), Dimethylfomamide (DMF), Acetone were 
purchased from Merck Germany. 

Gallenkemp was used for the determination of melting point of Schiff 
base and decomposition point of metal complexes. FTIR spectra of 
all the compounds prepared were determined on IR Prestige-21 FT-
IR Spectrophotometer SHIMADZU, Japan using KBr pellets. 

Electronic absorption spectra were taken on UV-1700 UV-Visible 
spectrophotometer SHIMADZU Japan. Thermal analysis was carried 
out on TA- SDTQ600, USA. Metal to ligand ratio was calculated on 
AA-6300-SHIMADZU-AA spectrophotometer. NMR spectra were 
recorded on Bruker Spectrospin Avance AV 300 and Bruker 
Spectrospin AV 600. In DMSO conductance measurements were 
carried out on Conductivity Meter model 160(Orion). 

Preparation of Schiff base ligands 

Schiff base ligands were prepared by reacting the drug substances 
gemifloxacin with salicylaldehyde [1]. The method of preparation 
was as followed shown in schemes 1-7. 

Preparation of salicyildenegemifloxacin 

Gemifloxacin mesylate (1mmol, 0.4854 g) dissolved in methanol 
(12.5cm3) was mixed with salicylaldehyde (1mmol, 0.1046 ml) 
dissolved in methanol (12.5cm3) in a round bottom flask. To this 
methanolic solution of KOH (0.1%) was added to adjust pH of the 
solution between 7- 8 and the mixture was subjected to reflux for 30 
min. A clear orange colored solution was obtained. After volume 
reduction by evaporation Schiff base was obtained. It was dried 
under vacuum.  

Preparation of Schiff base transition metal complexes 

Transition metals complexes were prepared by following methods 

1- The drug and the salicylaldehyde were dissolved in methanol 
separately and then mixed together in 1:1 molar ratio. The metal salt 
was added to the resulting yellow to orange solution and was 
refluxed. 

2- The drug and the salicylaldehyde were dissolved in methanol 
separately and then mixed together in 1:1 molar ratio. The PH of the 
solution was adjusted to 7-8 by using 0.1% KOH. The metal salt was 
to the resulting yellow to orange solution and was refluxed. 

3-The appropriate quantities of the drug, salicylaldehyde and the 
metal salt were dissolved in methanol, pH 7-8 was adjusted by 
introducing the 0.1% solution of the potassium hydroxide. And then 
it was refluxed for about two hours. Metals acted as template. 
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Gemifloxacin   salicylaldehyde   salicylidenegemifloxacin 

Scheme 1: Preparation of salicyildenegemifloxacin 

 

Preparation of salicylidenegemifloxacin-Zn (II) 

Gemifloxacin mesylate (1mmol, 0.4854g), salicylaldehyde (1mmol, 
0.1046 ml) and Zn(CH3COO)2.2H2O (0.5mmol, 0.1097g) were 
dissolved in methanol (12.5 cm3) separately. After mixing these, pH 

of the solution was adjusted by KOH (0.1%methanol). The reaction 
mixture was refluxed for 2-3 h. The product was isolated after 
evaporation of the excess solvent. Product was filtered off, washed 
with methanol and dried. 
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 Salicylidenegemifloxacin   salicylidenegemifloxacin-Zn(II) 

Scheme 1: Preparation of salicyildenegemifloxacin 

 

Preparation of salicylidenegemifloxacin Cu (II) 

Gemifloxacin mesylate (1mmol, 0.4854g), salicylaldehyde (1mmol, 
0.1046 ml) and Cu(CH3COO)2.H2O (0.5mmol, 0.9982g) were 
dissolved in methanol (12.5 cm3) separately. After mixing these, pH 

of the solution was adjusted by KOH (0.1%methanol). The reaction 
mixture was refluxed for 2-3 h. The product was isolated after 
evaporation of the excess solvent. Product was filtered off, washed 
with methanol and dried. 
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 Salicylidenegemifloxacin  salicylidenegemifloxacin-Cu(II) 

Scheme 2: Preparation of salicylidenegemifloxacin Cu (II) 

 

Gemifloxacin mesylate (1mmol, 0.4854g), salicylaldehyde (1mmol, 
0.1046 ml) and NiCl2.6H2O (0.5mmol, 0.1188g) were dissolved in 
methanol (12.5 cm3) separately. After mixing these, pH of the 
solution was adjusted by KOH (0.1%methanol). The reaction 

mixture was refluxed for 2-3 h. The product was isolated after 
evaporation of the excess solvent. Product was filtered off, washed 
with methanol and dried. 
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Salicylidenegemifloxacin    salicylidenegemifloxacin Ni(II) 

Scheme 3: Preparation of salicylidenegemifloxacin Ni (II) 

 

Preparation of salicylidenegemifloxacin-Co (II) 

Gemifloxacin mesylate (1mmol, 0.4854g), salicylaldehyde (1mmol, 
0.1046 ml) and CoCl2.6H2O (0.5mmol, 0.1189g) were dissolved in 
methanol (12.5 cm3) separately. After mixing these, pH of the 

solution was adjusted by KOH (0.1%methanol). The reaction 
mixture was refluxed for 2-3 h. The product was isolated after 
evaporation of the excess solvent. Product was filtered off, washed 
with methanol and dried. 
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Salicylidenegemifloxacin   salicylidenegemifloxacin Co (II) 

Scheme 4: Preparation of salicylidenegemifloxacin Co (II) 

 

Preparation of salicylidenegemifloxaci –Mn (II) 

Gemifloxacin mesylate (1mmol, 0.4854g), salicylaldehyde (1mmol, 
0.1046 ml) and MnCl2.4H2O (0.5mmol, 0.0989) were dissolved in 
methanol (12.5 cm3) separately. After mixing these, pH of the 

solution was adjusted by KOH (0.1%methanol). The reaction 
mixture was refluxed for 2-3 h. The product was isolated after 
evaporation of the excess solvent. Product was filtered off, washed 
with methanol and dried. 
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Salicylidenegemifloxacin    salicylidenegemifloxacin-Mn(II) 

Scheme 5: Preparation of salicylidenegemifloxacin Mn (II) 

 

Preparation of salicylidenegemifloxacin Cr (II) 

Gemifloxacin mesylate (1mmol, 0.4854g), salicylaldehyde (1mmol, 
0.1046 ml) and CrCl3.6H2O (0.5mmol 0.133) were dissolved in 
methanol (12.5 cm3) separately. After mixing these, pH of the 

solution was adjusted by KOH (0.1%methanol). The reaction 
mixture was refluxed for 2-3 h. The product was isolated after 
evaporation of the excess solvent. Product was filtered off, washed 
with methanol and dried. 
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Salicylidenegemifloxacin   salicylidenegemifloxacin Cr(II) 

Scheme 6: Preparation of salicylidenegemifloxacin Cr (II) 

 

Preparation of salicylidenegemifloxacin Cd (II)  

Gemifloxacin mesylate (1mmol, 0.4854g), salicylaldehyde (1mmol, 
0.1046 ml) and CdCl2.2.5H2O (0.5mmol 0.144) were dissolved in 
methanol (12.5 cm3) separately. After mixing these, pH of the 

solution was adjusted by KOH (0.1%methanol). The reaction 
mixture was refluxed for 2-3 h. The product was isolated after 
evaporation of the excess solvent. Product was filtered off, washed 
with methanol and dried. 
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Salicylidenegemifloxacin    salicylidenegemifloxacin-Cd(II) 

Scheme 7: Preparation of salicylidenegemifloxacin Cd (II) 
 

RESULT AND DISCUSSION 

Characterization 

In this study the ligands and metal complexes prepared were studied. 
In the case of the ligand IR all the absorption bands for the individual 
components of the gemifloxacin and the salicylaldehyde were present 
except amine band in the range of the 3325-3245cm-1of drug 
substance (Gemifloxacin) and –HC=O group in the range of 2750-
2815cm-1 in the case of the salicylaldehyde was absent. There is 
appearance of the new band in the range of 1610-1630 cm-1 indicating 
the presence of the–C=N- showing the formation of the Schiff base 
[1],[3].  

NMR studies of L and its zinc complex showed that there is presence of 
singlet at 8.6 ppm (of -HC=N-) Schiff bases which shifted to higher 
value in Zn complex. Here the metal complexes of the Schiff bases were 
prepared and characterized. All the complexes of the zinc, copper, 
nickel, cobalt, manganese, chromium and cadmium Table1 were used 
to prove the versatility of the above mentioned Schiff base as chelating 
agents. From the information obtained from the microanalytical data, 
it is found that the molar ratio between the ligand/Schiff base and the 
metal ion is in the ratio of 1:2 ML2 where 1 stand for molar 
concentration of metal ion and 2 for the molar concentration of the 
ligand. In addition to this the complexes have one or two water 
molecules with each. All the complexes do not possess the sharp 
melting point but decompose above the 350 to 400 ˚C. The 
decomposition points of the complexes are given in the Table 3. 

Solubility 

The solubility of the ligand and the complexes was checked in water 
and many organic solvents. Ligands were soluble in methanol, DMF 

and DMSO while complexes were soluble in DMF and DMSO. 
Solubility data is given in Table 2. 

Conductivity Measurements 

The conductance values in the DMF at the concentration 10-3 
mole/dm3 fall in the range of 4.03-8.32µS cm-1, thus indicating the 
non-electrolytic nature of the complexes [3-5]. The data are given in 
below Table 4.  

Electronic absorption spectra of the complexes 

The Electronic absorption spectra when the drug and the 
salicylaldehyde is mixed together the Schiff base formation occur 
indicated by the pale yellow to orange color solution, and 
development of the absorption band [6] in the visible region. The 
isolated electronic absorption spectra of the free ligand and the 
metal complexes of the Schiff base are given in the Table 6. 

The bands in 260-280 nm showed π-π* transition and can be 
assigned to aromatic ring [7] while in the bands in the range of 325-
350 nm and these are attributing to the n-π* transition which is 
originating in the –CH=N- chromophore which corresponds to an 
intra-ligand n-π* transition. The bands in the range of 325-350 nm 
showed a bathochromic shift. Shifting of this band together with the 
colour change support complex formation. The bands at 624 nm in 
the case of the copper complex are due to the d-d transition and 
indicating the distorted square planar geometry [8]. 

Infrared spectra 

The investigation of the peaks or the bonding of the free ligand 
and the metallo elements was carried out by comparing the FT-IR 
spectra of the complexes with that of the free ligand. In FT-IR 
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spectra of the complexes the absorption bands or peaks of the free 
ligand 1610-1630 cm -1 were present along with new absorption 
bands indicative of the complex formation with metal ions through 
nitrogen of -HC=N- bond and oxygen of phenolic group [8]. The 
band spectra of around about 3300-3500 cm-1 assigned to the 
water molecule, υ (OH), associated with the complexes. In addition 
to these coordinated water showed the ρr (H2O) rocking in the 
range of 900-820 cm-1. Since the IR spectra of the free ligand have 
the band at the range 1610-1630 cm-1 and it value was shifted to a 
higher value in all the complexes showing that the ligand is 
coordinated to the metal ion through the –HC=N- [9]. The 
absorption of the carboxylic acid group did not change in spectras 
of complexes showing that it is not involved in the coordination. 
Whereas the band υ(MN) at 530-563 cm-1 [10] in the IR spectra of 
the metal complexes showing that there is coordination of the 
ligands through the nitrogen atoms to the central metal ion [11] 
band υ (MO) at 435-460 cm-1shows coordination through oxygen. 
Moreover the complete interpretation of the IR spectras of the 
ligand and the Schiff base metal complexes are given in the Table 
5. The assignments were made by comparison with related Schiff 
base complexes. 

NMR 

From the literature survey it revealed that Nuclear Magnetic 
Resonance (NMR) spectroscopy has been proven to be very useful in 
characterizing the nature and structure of many Schiff bases, as well as 
their complexes in solutions. The NMR spectra of Schiff bases were 
recorded in d6-dimethylsulfoxide solution, using tetramethylsilane as 
internal standard [12]. 

1H-NMR spectra were recorded for salicylidenegemifloxacin and 
salicylidenegemifloxacin-Zn(II).2H2O. In 1H NMR spectrum along with 
all the signals of gemifloxacin mesylate 1.03 (s, 2H, cyclopropyl-2-H), 
1.12 (d, 2H, cyclopropyl-3-H), 2.28 ( s, 3H, mesylate-H), 3.3 (m, 2H, 
aminomethyl-H), 3.86 (s, 1H, cyclopropyl-1H), 3.90 (s, 3H, methoxy H), 
4.57 (s, 2H, pyrrolidinyl-5-H), 7.35-7.37 (d, 1H, 1-8 naphthyridine-5-
H), 8.51 (s, 1H, 1-8 naphthyridine-5-H) interpreted on the basis of 
literature [12] new signals at 6.7-6.8 (m, 4H, phenyl), 8.6 (s, 1H, 
azomethine) were observed these are multiplets observed at 6.6-
6.8ppm are assigned to aromatic ring protons and the singlet at 8.6 
ppm has been assigned to the single protons of the azomethine group. 
The singlet at 8.6 ppm for -C=N- shifted to downfield because of 
complexation in salicylidenegemifloxacin-Zn(II).2H2O [13]. 

Metal-complexes > Schiff base ligand > parent drugs 
 

Table 1: Complexes formula and molecular weight 

Complexes Formula Molecular weight 
Salicylidenegemifloxacin L 493.486 
Salicylidenegemifloxacin-Zn(II).2H2O [Zn(L)2(H2O)2] 1086.39 
Salicylidenegemifloxacin-Cu(II).2H2O [Cu(L)2(H2O)2] 1084.53 
Salicylidenegemifloxacin-Ni(II).2H2O [Ni(L)2(H2O)2] 1079.68 
Salicylidenegemifloxacin-Co(II).2H2O [Co(L)2(H2O)2] 1079.68 
Salicylidenegemifloxacin-Mn(II).2H2O [Mn(L)2(H2O)2] 1075.92 
Salicyldenegemifloxacin-Cr(II).2H2O [Cr(L)2(H2O)2] 1072.98 
Salicylidenegemifloxacin-Cd(II).2H2O [Cd(L)2(H2O)2] 1133.39 
 

Table 2: Solubility Data 

Complexes Water Methanol CCl4 DMSO DMF 
Salicylidenegemifloxacin IS S IS S S 
Salicylidenegemifloxacin-Zn(II).2H2O IS IS IS S S 
Salicylidenegemifloxacin-Cu(II).2H2O IS IS IS S S 
Salicylidenegemifloxacin-Ni(II).2H2O IS IS IS S S 
Salicylidenegemifloxacin-Co(II).2H2O IS IS IS S S 
Salicylidenegemifloxacin-Mn(II).2H2O IS IS IS S S 
Salicyldenegemifloxacin-Cr(II).2H2O IS IS IS S S 
Salicylidenegemifloxacin-Cd(II).2H2O IS IS IS S S 

Where S=soluble and IS=insoluble. 
 

Table 3: Physical properties and microanalytical data of the Schiff base ligand and its metal complexes. 

Complexes Color Decomposition point 0C Metal% found (calculated) 
M 

Salicylidenegemifloxacin Orange 222 - 
Salicylidenegemifloxacin-Zn(II).2H2O Off-white 209 6.02(5.02) 
Salicylidenegemifloxacin-Cu(II).2H2O Dark green 202 5.86(5.80) 
Salicylidenegemifloxacin-Ni(II).2H2O Dark yellow 205 5.44(5.55) 
Salicylidenegemifloxacin-Co(II).2H2O Brick red 232 5.46(5.29) 
Salicylidenegemifloxacin-Mn(II).2H2O Light green 215 5.11(5.00) 
Salicyldenegemifloxacin-Cr(II).2H2O Green black 160 4.85(4.55) 
Salicylidenegemifloxacin-Cd(II).2H2O Brown black 253 9.92(8.90) 
 

Table 3: Physical properties and micro analytical data of the Schiff base ligand and its metal complexes 

Complexes Formula Calculated 
(experimentally found) 
C H N Metal 

Gemifloxacin - C18H20FN5O4 - - - - 
Salicylidenegemifloxacin L C25H24FN5O5 60.85 4.90 14.19 - 
Salicylidenegemifloxacin-Zn(II).2H2O [Zn(L)2(H2O)2] C50H50F2N10O12Zn 55.28 (53.09) 4.64 (4.06) 12.8 (11.9) 6.02(5.02) 
Salicylidenegemifloxacin-Cu(II).2H2O [Cu(L)2(H2O)2] C50H50F2N10O12Cu 55.37 (56.49) 4.65 (4.80) 12.91 (12.6) 5.86(5.80) 
Salicylidenegemifloxacin-Ni(II).2H2O [Ni(L)2(H2O)2] C50H50F2N10O12Ni 55.62 (54.9) 4.67 (4.32) 12.97 (11.99) 5.44(5.55) 
Salicylidenegemifloxacin-Co(II).2H2O [Co(L)2(H2O)2] C50H50F2N10O12Co 55.61 (57.98) 4.67 (4.55) 12.97 (13.88) 5.46(5.29) 
Salicylidenegemifloxacin-Mn(II).2H2O [Mn(L)2(H2O)2] C50H50F2N10O12Mn 55.82 (56.32) 4.68 (5.02) 13.02 (12.98) 5.11(5.00) 
Salicyldenegemifloxacin-Cr(II).2H2O [Cr(L)2(H2O)2] C50H50F2N10O12Cr 55.97 (53.92) 4.70 (4.89) 13.05 (14.89) 4.85(4.55) 
Salicylidenegemifloxacin-Cd(II).2H2O [Cd(L)2(H2O)2] C50H50F2N10O12Cd 52.99 (53.11) 4.45 (4.58) 12.36 (12.98) 9.92(8.90) 
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Table 4: Conductivity Data 

Complexes Conductance µS/cm 
Salicylidenegemifloxacin 4.14 
Salicylidenegemifloxacin-Zn(II).2H2O 7.00 
Salicylidenegemifloxacin-Cu(II).2H2O 6.69 
Salicylidenegemifloxacin-Ni(II).2H2O 6.05 
Salicylidenegemifloxacin-Co(II).2H2O 5.95 
Salicylidenegemifloxacin-Mn(II).2H2O 12.9 
Salicyldenegemifloxacin-Cr(II).2H2O 4.03 
Salicylidenegemifloxacin-Cd(II).2H2O 8.32 

 

Table 5: Observed infrared frequencies (cm-1) and assignments of Schiff base ligand and its complexes. 

Compound υ(OH) υ(C=N) ρr (H2O) υ(M-N) υ(M-O) 
Salicylidenegemifloxacin 3442 1618 970,879 - - 
Salicylidenegemifloxacin-Zn(II).2H2O 3441 1631 923,902 549 455 
Salicylidenegemifloxacin-Cu(II).2H2O 3300 1625 979,893 532 435 
Salicylidenegemifloxacin-Ni(II).2H2O 3313 1625 900,896 543 445 
Salicylidenegemifloxacin-Co(II).2H2O 3381 1624 900,829 547 435 
Salicylidenegemifloxacin-Mn(II).2H2O 3280 1624 972,898 543 424 
Salicyldenegemifloxacin-Cr(II).2H2O 3591 1625 881,833 538 435 
Salicylidenegemifloxacin-Cd(II).2H2O 3537 1625 974,889 563 433 

 

Table 6: Electronic absorption spectral data 

Complexes λ nm 
π - π* n - π* d-d bands 

Salicylidenegemifloxacin 262 342 - 
Salicylidenegemifloxacin-Zn(II).2H2O 271 343 - 
Salicylidenegemifloxacin-Cu(II).2H2O 272 342 614 
Salicylidenegemifloxacin-Ni(II).2H2O 272 327 - 
Salicylidenegemifloxacin-Co(II).2H2O 275 329 - 
Salicylidenegemifloxacin-Mn(II).2H2O 276 328 - 
Salicyldenegemifloxacin-Cr(II).2H2O 270 347 - 
Salicylidenegemifloxacin-Cd(II).2H2O 273 341 - 

 

Thermal Analysis 

The thermogravimetric analyses (TGA and DTA) of the Schiff base 
ligands and their chelates were used: (1) To get information about 
the thermal stability of these new complexes. (2) To decide whether 
the water molecules (if present) are inside or outside the inner 
coordination sphere of the central metal ion. (3) To prepare a 
general scheme for thermal decomposition of these chelates [12]. In 
the present investigation, heating rates were suitably controlled at 
10˚C min−1 under nitrogen atmosphere, and the weight loss was 
measured from the ambient temperature up to 1000˚C. TG weight 
loss data and DTA peak temperatures are given below in Table7.  

There was a weight loss equivalent and two water molecules 3.18%- 
3.42% in complexes at 200˚C showing that the water is coordinated. 
Coordinated waters are usually eliminated at higher temperatures 
than those of hydration 1 usually in the temperature range 100–
350˚C. From 225˚C to 600˚C, a sharp decrease in weight showed the 
loss of one Schiff base from the complexes with estimated mass loss 
of 43.54–45.99% for all the complexes, respectively. The complexes 
begin to lose of weight around 80-150˚C show the presence of the 
moisture and around 200˚C suggesting the presence of the 
coordinated water, it is the dehydration stage at which the water 
molecules are eliminated. This indicates that the complexes are 
hygroscopic as well as hydrated. A sharp decrease from 200 to 600˚C 
in the weight indicates the loss of the Schiff base ligand from the 
complexes. 

The general thermal decomposition of the complexes may be 
considered by the Equation 1 [8]. 

ML2 xH2O → ML2 + xH2OEquation 1 

ML2 → ML +L Equation 2 

The general thermal decomposition of the complexes 

Atomic Absorption spectroscopy for Metal to ligand ratio 

Atomic absorption spectroscopy was used for determination of 
metal to ligand ratio. The analysis showed that metal content was 
found to be in 1:2 ratios to that of ligand portion. There was a little 
difference in the theoretical and calculated values which may be due 
to the presence of water molecules. The metal % calculated and 
found has been given in Table 3. Microanalytical data has been given 
in Table 3. 

Unsuccessful attempts to isolate crystals suitable for x-ray analysis 
prevented further structure elucidation. 

Minimum inhibitory concentration 

MIC was the lowest concentration of a substance at which the 
inhibition of growth occurred given in the Table 8. The MIC of these 
compounds varied from 4->500 μgcm-3. Some of the compounds 
showed good antibacterial activity against some bacterial species. 
This increase in the activity is rationalized on the basis of the 
structures of (L) by possessing an additional azomethine (C=N) 
linkage important in explaining the mechanism of transamination 
and resamination reactions in biological system [1],[14]. It has also 
been suggested that ligand with nitrogen and oxygen donors might 
inhibit enzyme production, because the enzymes which require 
these groups for their activity appear to be more susceptible to 
deactivation by the metal ions on chelation.  

Biological activity 

All compounds were analyzed against bacterial strains S. aureus, E. 
coli and P. aeruginosa according to literature protocol. The ligand 
was active against one or more bacterial strains. Zinc (II), Copper 
(II), Nickel (II), Cobalt (II), Manganese (II), Chromium (II), Cadmium 
(II) , metal complexes of these synthesized ligand (L) were also 
screened against the same bacterial strains. The potency of the 
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uncoordinated ligand was enhanced on coordination with metal. The trend of biological activity observed was as following: 
 

Table 7: Thermal Data 

Complex  Temp. range 
0C 

Stage TG Wt. Lose in % DTA Temp. Peak. 0C Evolved moiety 
Formula Mass calcd. % 

Salicylidenegemifloxacin-Zn(II).2H2O 100-205 
200-600 

1 
2 

3.32 
45.43 

194.21(Exo) 
490.43(Exo) 

2H2O 
ligand 

3.42 
47.50 

Salicylidenegemifloxacin-Cu(II).2H2O 100-210 
200-600 

1 
2 

3.34 
45.50 

204.66(Exo) 
433.04(Exo) 

2H2O 
ligand 

3.26 
48.6 

Salicylidenegemifloxacin-Ni(II).2H2O 150-225 
225-600 

1 
2 

3.37 
45.70 

208.38(Exo) 
444.79(Endo) 

2H2O 
ligand 

3.32 
47.06 

Salicylidenegemifloxacin-Co(II).2H2O 100-200 
200-600 

1 
2 

3.34 
45.69 

198.95Exo) 
445.41(Endo) 

2H2O 
ligand 

3.33 
49.0 

Salicylidenegemifloxacin-Mn(II).2H2O 150-230 
230-600 

1 
2 

3.48 
45.86 

222.7(Exo) 
462.05(Endo) 

2H2O 
ligand 

3.40 
46.0 

Salicyldenegemifloxacin-Cr(II).2H2O 120-250 
200-700 

1 
2 

3.36 
45.99 

152.74(Exo) 
637.36(Endo) 

2H2O 
ligand 

3.39 
44.3 

Salicylidenegemifloxacin-Cd(II).2H2O 150-240 
200-600 

1 
2 

3.20 
43.54 

207.01(Exo) 
467.92(Exo) 

2H2O 
Ligand 

3.18 
44.0 

 

Table 8: Minimum inhibitory concentrations (μg cm-3) 

Complexes MICs (μg cm-3) 
E. coli S. aureus P. aeruginosa 

Gemifloxacin 30 15 >500 
Salicylidenegemifloxacin 11 14 >500 
Salicylidenegemifloxacin-Zn(II).2H2O 4.0 9.3 >170 
Salicylidenegemifloxacin-Cu(II).2H2O 8.3 5.0 >150 
Salicylidenegemifloxacin-Ni(II).2H2O 9.0 2.3 >200 
Salicylidenegemifloxacin-Co(II).2H2O 8.8 3.5 >300 
Salicylidenegemifloxacin-Mn(II).2H2O 5.6 5.0 >200 
Salicyldenegemifloxacin-Cr(II).2H2O 5.8 5.5 >300 
Salicylidenegemifloxacin-Cd(II).2H2O 6.0 9.3 >190 

 

CONCLUSION 

In this work it is clearly showed that the Schiff bases formed in this 
work form the stable coordinate complexes with the central metal 
ion and this is evidenced by thermal analysis, atomic absorption and 
the spectroscopic data. The formation of the Schiff base was carried 
out at the alkaline pH by using the equimolar quantities of the 
Salicylaldehyde and antibiotics. The bond formation is done 
between the carbon of Salicyladehyde and the nitrogen atom of 
amine (NH2) of the antibiotics. In addition to this, the presence of the 
salicylaldehyde moiety on the azomethine group causes to enhance 
the electron density on the nitrogen which is associated with the 
salicylaldehyde, rendering it a preferred donor. The ligand and metal 
complexes showed enhancement in the antibacterial effect as 
compared to original drugs (Gemifloxacin). Since crystal cannot be 
isolated for the X-ray analysis, prevented further elucidation. 
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