
 

 

 

ABSTRACT 

        Background and objectives: Synthesis and characterization of several metal 

complexes (metal ions: Co2+, Ti4+ and Ce3+) of macroacyclic Schiff base ligand have been 

reported. The Schiff base ligand is prepared from the condensation reaction of 1, 4-di-(4-

fluoro-2-aminophenoxy) butane with salicylaldehyde in ethanol. In addition, antibacterial 

activity of metal ions, Schiff base ligand and their complexes have been investigated. Recent 

studies show that many Schiff base complexes have antibacterial activity against Gram-

positive and Gram-negative bacteria. Therefore, we aimed to synthesize new Schiff base 

complexes and evaluate their antibacterial activity against a number of Gram-positive and 

Gram-negative bacteria. 

         Methods: Schiff base ligand and their complexes were characterized by mass 

spectrometry, FTIR, 1H-NMR and 13C-NMR spectroscopy. The invitro antibacterial activity of 

the Schiff base ligand, metal ions and their complexes were evaluated against some Gram-

positive and Gram-negative bacteria by disk diffusion method and determining minimum 

inhibitory concentration. 

          Results: In this study, the Schiff base complexes had good antibacterial activity, but 

the Schiff base ligand and metal ions did not show any antibacterial effect. In some cases, 

the antibacterial effect of the complexes was higher than that of the standard antibiotics 

tetracycline and gentamycin. The titanium complex showed the highest antibacterial activity 

in both methods. This complex created the largest growth inhibition zone (diameter: 

100mm) against Staphylococcus aureus, and had the lowest minimum inhibitory 

concentration against Bacillus subtilis (6.75 mg/mL). 

          Conclusion: The compounds synthesized in our study have strong antibacterial 

activity. 

          Keywords: Schiff base complex, Schiff base ligand, antibacterial activity, 

Staphylococcus aureus, Bacillus subtilis. 
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(VERTEX 70, Bruker Co.). 
13

CNMR and 
1
HNMR spectra were assessed by NMR device 

(model AV400, Bruker Co.) with the field 

strength of 9.4 T. Mass spectra were assessed 

by HP Agilent 5973 mass spectrometer.  

Preparation of the Schiff base ligand 

For the preparation of the ligand, 2 mmol of 

salicylaldehyde (0.24 g) were dissolved in 

warm ethanol. Then, 1 mmol (0.390 g) of 

amine salt 1, 4-D-(4-fluoro-2-aminophenoxy) 

butane was dissolved in 20 mL of water. After 

adding 50 mL of ethanol to the mixture, the 

solution containing amine salt was added to 

the aldehyde solution dropwise. The pH of the 

solution was measured and NaOH was added 

to the reaction mixture to achieve pH of 7. The 

mixture was refluxed for 48 hours until a 

mixture of brown sediment and ethanol was 

achieved. The sediment (Schiff base ligand) 

was removed for use in future experiments 

(Figure 1). The best characteristic of the 

formation of the Schiff base ligand is the 

presence of an absorption band associated with 

imine bond that appears in the 1618 cm
-1

 

region. In addition, the study of the mass 

spectrum of this compound shows a peak in 

the m/z 517 region, which confirms the 

preparation of the Schiff base ligand. The 1H 

NMR spectra of DMSO-d6 was obtained. 

There are eight protons in the aliphatic region, 

which appear in two sets of multiple peaks. A 

set of these peaks appear in the chemical shift 

1.92 ppm, which is related to Ha protons. The 

integral below these peaks confirms the 

relatively correct number of protons in this 

compound. The other set is evident in the 

chemical shift 4.09 ppm, which is related to Hb 

hydrogens. The Hb protons appear in chemical 

shifts more than Ha protons because of their 

lower electron coverage. The integral of these 

peaks corresponds to the relatively correct 

number of hydrogens. There are 14 aromatic 

hydrocarbons in chemical shift 6.90-7.59 ppm. 

The area under these peaks corresponds to the 

relatively correct number of aromatic 

hydrocarbons. Imine hydrogens are observed 

in chemical shift 8.99 ppm. A peak related to 

the O-H phenolic group was noted in chemical 

shift 13.69 ppm. 

Preparation of large Schiff base complexes 

using ligand and some transition metals by the 

template method 

1 mL salicylaldehyde (0.224 g) was dissolved 

in 170 mL of ethanol.  

INTRODUCTION 

      Schiff bases R2C=NR are imines that are 

resulted from the condensation reaction of 

aldehydes or ketones with primary amines and 

their derivatives, which are considered as 

important ligands in the development of 

coordination chemistry. These compounds are 

characterized by the presence of azomethine 

(C=N) in their structure (1). Schiff bases 

ligands and their complexes are important in 

coordination chemistry because of their 

electron properties, application in industry and 

biochemistry, solubility in conventional 

solvents, availability, and wide structural 

range (2-6). 

In recent years, researchers have been 

interested in studying Schiff bases and 

heteroatom donors such as nitrogen and 

oxygen due to the stability and biological 

activity of their complexes. Examination of 

these complexes shows that some drugs may 

become more active than free ligands when 

they are prepared in the form of metal 

complexes (7-10). Schiff base ligands are 

interesting because of their antibacterial, 

antiviral, antifungal and anti-tumor properties 

(11-16). In addition, some of these bases have 

anti-cancer properties specially when used in 

the form of metal complexes (17). Schiff base 

ligands can easily form stable complexes with 

most transition-metal ions. Recent studies have 

shown that some of the complexes of 

cobalt(III) Schiff base have anti-tumor 

properties, indicating the need for evaluation 

of the interactions of cobalt(III) with proteins 

and nucleic acids. Cobalt(III) Schiff base with 

two amines in the axial position has been used 

as an antibacterial and antiviral agent (18). In 

this study, a Schiff base ligand and its Co(II), 

Ce(III) and Ti(IV) complexes were prepared 

and their antibacterial activity was investigated 

against a number of Gram-positive and Gram-

negative bacteria. 

 

MATERIAL AND METHODS 

       In this study, a Schiff base ligand and its 

Co(II), Ce(III) and Ti(IV) complexes were 

prepared. The antibacterial properties of these 

compounds were investigated. The ligand and 

its complexes were identified by Fourier 

transform infrared spectroscopy (FTIR), 

nuclear magnetic resonance (
13

CNMR and 
1
HNMR) and mass spectrometry (MS). FTIR 

spectra of the ligand and the complexes 

synthesized were measured by FTIR device   
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culture of each bacterium in nutrient agar, 

standard discs with diameter of 6 mm were 

dipped in the prepared solutions. This 

procedure was performed for all synthesized 

compounds. Afterward placing the discs on the 

culture medium, the plates were incubated at 

37 °C for 24 hours. Then, the diameter of 

inhibition zones was measured. These 

experiments were repeated three times. The 

mean diameter of the inhibition zones created 

by each compound was calculated. Methanol-

treated discs were used as controls. In 

addition, commercial standard antibiotics 

(gentamicin and tetracycline) were used as 

positive controls. In order to evaluate the 

minimum inhibitory concentration (MIC) of 

various concentrations of the Schiff base 

ligand, the metal ions and complexes 

containing the ligand were used in the 

microdilution method (19-21). In this method, 

solutions containing different concentrations 

of the samples were prepared. Then, 13 serial 

dilutions were prepared from the solutions by 

adding one ml of the antimicrobial solution to 

tube 1, and then transferring one ml of the 

solution from tube 1 to tube 2. The steps were 

continued until tube 13. At the end of this 

process, tubes 1 and 13 had the highest and 

lowest concentration, respectively. 

Data analysis 

The obtained data was analyzed using SPSS 

(version 20). One-way ANOVA was used to 

determine differences between groups. 

Duncan's new multiple range test was used to 

determine statistically significant differences. 

P-values less than 0.05 were considered as 

statistically significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After heating the solution, 1 mL of metal salt 

(Ti
4+

, Ce
+3

, Co
+2

) was added and left for two 

hours for the reaction between the metal and 

aldehyde. Then, 2 mmol (0.390 g) of amine 

salt was dissolved in 20 mL of water and 50 

mL of ethanol. The solution containing amine 

salt was added dropwise to the metal-aldehyde 

solution. After measuring the pH of the 

solution, NaOH was added to the reaction 

mixture to reach pH of 7. The reaction was 

placed under reflux conditions. The reaction 

was completed after about 40 hours. The 

sediment remaining in the bottom of the 

container was separated using a separatory 

funnel. The sediment was purified by 

methanol and acetonitrile. The sediment 

obtained is the Schiff base complex prepared. 

The general structure of these complexes is 

shown in Figure 2. The absorption bands in the 

FTIR spectrum are observed in the 1620, 1619 

and 1619 cm-1 regions that are related to 

formation of imine bonds in the Schiff base 

complexes of Ce
3+

, Ti
4+

 and Co
2+

, respectively. 

Peaks in the 655, 561 and 572 regions are 

related to Schiff base complexes Ce
3+

, Ti
4+

 and 

Co
2+

, which indicate the formation of the 

Schiff base complexes. 

The antibacterial activity of the metal ion, free 

ligand and their complexes were tested against 

a number of bacteria including Staphylococcus 

epidermidis, Klebsiella pneumonia, 

Staphylococcus aureus, Enterococcus faecalis, 

Bacillus subtilis, Pseudomonas aeruginosa and 

Escherichia coli by disc diffusion method and 

determining minimum inhibitory concentration 

(MIC). First, 5 μl of each compound 

synthesized was dissolved in methanol. After  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Synthesis of the Schiff’s base ligand (L( 

 

 

Figure 2- Structure of Schiff base metal complexes (Co2+, Ce3+, Ti4+) 
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zone: 33 mm),respectively. In the case of Gram-

positive bacteria, the highest and lowest 

inhibitory effects of the Co(II) complex were 

against E. faecalis and S. aureus, respectively. In 

the case of Gram-negative bacteria, the highest 

and lowest inhibitory effects of the Co(II) 

complex were observed against E. aerogenes 

and P. aeruginosa, respectively. Considering the 

MIC values, the highest and lowest effects of 

Ce(III) complex were against S. epidermis (7.14 

mg/mL) and P. aeruginosa (65.2 mg/mL), 

respectively. The highest and lowest effects of 

the Ti(IV) complex were against B. subtilis 

(MIC=6.75 mg/mL) and K. pneumonia (MIC=45 

mg/mL), respectively. In addition, the Co(II) 

complex had the highest effect on B. subtilis 

(MIC=8.24 mg/mL) and the lowest effect on K. 

pneumoniae (MIC=73 mg/mL).  

Overall, the Ti(IV) complex had more 

antibacterial activity compared to the other two 

complexes (Table 1). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

      In this study, the antimicrobial properties of 

metal ions, Schiff base ligand, and Ce(III), 

Co(II) and Ti(IV) complexes were investigated. 

The Schiff base ligand and metal ions had no 

antibacterial activity, while the complexes had 

strong antibacterial effects. In the disc diffusion 

method, the highest antibacterial effect was 

related to the Ce(III) complex against the Gram-

positive S. aureus (diameter of inhibition zone: 

81 mm), while the least antibacterial effect was 

against E. faecalis (diameter of inhibition zone: 

40 mm). In   the case   of Gram-positive 

bacteria, the Ti(IV) complex had the highest 

inhibitory effect on S. aureus (diameter of 

inhibition zone: 100 mm) and the least inhibitory 

effect on E. faecalis (diameter of inhibition 

zone: 56 mm). In the case of Gram-negative 

bacteria, the highest and lowest inhibitory 

effects of Ti(IV) complex were against P. 

aeruginosa (diameter of inhibition  zone: 72 

mm)   and  E. aerogenes  ( diameter of inhibition  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diameter of growth inhibition zone (mm) 

Bacteria Ce3+ 

Complex 

Ti4+ 

Complex 

Co2+ 

Complex 

L Ce(NO3)3.6H2O TiCl4 CoCl2 Tetracycline Gentamycine 

S. epidermidis 40 95 33 - - - - 25 25 

S. aureus 81 100 21 - - - - 25 30 

E. faecalis 54 56 54 - - - - 30 15 

B. subtilis 56 86 43 - - - - 20 20 

P. aeruginosa 20 72 23 - - - - - 15 

K. pneumonia 52 65 54 - - - - 20 20 

E. aerogenes 36 33 65 - - - - 20 15 

E. coli 30 38 35 - - - - 18 10 

MIC (mg/mL) 

S. epidermidis 12 14.25 15.28 - - - -   

S. aureus 12 13.15 11.5 - - - -   

E. faecalis 26 13.25 32 - - - -   

B. subtilis 7.14 6.75 8.24 - - - -   

P. aeruginosa 65.2 34 34 - - - -   

K. pneumonia 41.56 45 73 - - - - - - 

E. aerogenes 51 25 47 - - - - - - 

E. coli 8.75 9.25 11 - - - - - - 

 

Table 1 - Antibacterial activity of Schiff base ligand, metal ions and Ce3+, Ti4+ and Co2+ complexes compared with the positive 

controls 
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in the body. In 2015, Mobinikhaledi et al. 

synthesized complexes containing Schiff base 

ligand and evaluated the antibacterial activity of 

these complexes against bacteria including S. 

aureus, B. subtilis and E. coli. Comparison of 

results of the mentioned study with our findings 

indicates that the complexes synthesized in our 

study have significantly higher antibacterial 

activity compared to those synthesized by 

Mobinikhaledi et al. (25). Patil et al. and 

Abdallah et al. also synthesized complexes 

containing Schiff base ligand. Comparison of the 

two mentioned study with the present study 

showed that the complexes we have synthesized 

have significantly higher antibacterial activity 

against bacteria including E. coli and S. aureus 

(26, 27). 

 
CONCLUSION 

      Nowadays, the antibiotic resistance in a 

large population of bacteria is a major problem 

in the field of treatment, which raises the need 

for more suitable compounds (28). Therefore, 

Schiff base complexes with strong antibacterial 

properties could be used to eliminate some of 

these antibiotic resistant bacteria. 

 
ACKNOWLEDGMENTS 

     Hereby, the authors would like to thank the 

colleagues and authorities at Ilam University and 

Islamic Azad University, North Tehran Branch 

who helped us in this project. 

 
CONFLICT OF INTEREST 

       The authors declare no conflicts of interest 

regarding this manuscript. 

 
 

phenoxo bridges and single molecule magnetism. 

Polyhedron. 2009; 28(7): 1253-1260. 
 

5. da Silva CM, da Silva DL, Modolo LV, Alves RB, 

deResende MA, Martins CVB, et al. Schiff bases: A short 

review of their antimicrobial activities. Journal of 

Advanced Research. 2011; 2(1): 1-8. 
 

6. Singh K, Barwa MS, Tyagi P. Synthesis, 

characterization and biological studies of Co(II), Ni(II), 

Cu(II) and Zn(II) complexes with bidentate Schiff bases 

derived by heterocyclic ketone. Polyhedron. 2006; 41(1): 

147-153. 
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characterization, structural investigation and 

antimicrobial studies of mononuclear Cu (II), Ni (II) Co 

(II), Zn (II), and Cd (II) complexes of a new potentially 

hexadentate N2O4 Schiff base ligand. Journal of Molecular 

Structure. 2013; 1032(2): 62-69.  

DISCUSSION 

     We have determined the antibacterial 

properties of the chemical compounds studied. 

According to the results, all complexes prepared 

had high antibacterial activity when compared 

with the standard antibiotics, indicating the 

suitability of these compounds as alternatives for 

other chemical antibiotics. The results also 

showed that these complexes have better 

antimicrobial properties compared with the 

ligands. On the other hand, the difference in the 

effect of a complex against different bacteria is 

due to the difference in the biochemical and 

genetic characteristic of each bacterium (22). 

However, the difference in the behavior of the 

synthetized complexes against a bacterium is 

due to the difference in the metal ion linked to 

the ligand because the Schiff base ligand in is 

identical in all complexes. Generally, 

antibacterial agents are more effective against 

Gram-positive bacteria, which is due to the 

difference in the composition of the cell wall of 

Gram-positive and Gram-negative bacteria (23). 

The cell wall of Gram-negative bacteria is 

mainly composed of lipopolysaccharides, which 

prevents accumulation of compounds in the cell 

membrane. For this reason, Gram-positive 

bacteria are more sensitive compared to Gram-

negative bacteria (24). Since nitrogen and 

oxygen functional groups are not linked to the 

central metal in the Schiff base ligand, the ligand 

may cause toxicity after entering the body and 

interfere with metabolic reactions. In the case of 

Schiff base complexes, these functional groups 

are linked to the central metal that significantly 

reduces the amount of toxicity. Therefore, it may 

be appropriate to take appropriate doses of the 

Schiff base  complexes prepared to kill  bacteria 
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