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Abstract 

2-Aminobenzylamine derived Schiff base and its Cu(II), Ni(II),Co(II)  and  Fe(III)  

metal  complexes  were  researched  in  terms  of their antioxidant and antibacterial 

activities in this study. 1,1-Diphenyl-2-picrylhydrazyl radical scavenging (DPPH) 

method, ferric reducing antioxidant power (FRAP) method and cupric reducing 

antioxidant capacity (CUPRAC) method were carried out for determination of 

antioxidant effects of compounds. The antioxidant activity of the compounds was 

compared with the standard antioxidants butylated hydroxyanisole (BHA) and 

butylated hydroxytoluene (BHT). Fe, Ni and Cu complexes exhibited more 

scavenging activity than BHT. All compounds exhibit lower ferric reducing activity 

than BHA and BHT. Fe complex, Ni complex and the ligand have more antioxidant 

capacity than corresponding to BHT according to CUPRAC method. These assays 

showed that all compounds researched can use as synthetic antioxidants. 

Antibacterial effects of Schiff base and its metal complexes were investigated by agar 

disc diffusion method. Antibacterial studies of the compounds were achieved against 

some gram-positive and gram-negative bacteria. Enterococcus faecium, 

Pseudomonas aeroginosa, Klebsiella pneumoniae and Escherichia coli were used as 

bacterial strains. The beneficial datas were acquired. 
 

 
1. Introduction 

 

Shiff bases are obtained from the reaction of 

aldehydes and ketones with primary amines. Then, 

these synthesized Schiff bases form complex 

compounds with transition metal ions [1]. In addition, 

Schiff bases are useful ligands and employed in 

biochemistry field such as effects of antioxidants to 

oxidative stress damage of cells [2]. Therefore, they 

have been researched for their antioxidant, 

antibacterial and antifungal effects [3-5]. Similarly, 

Schiff bases and their metal complexes show 

important biological activity and they have been 

considered because of these properties recently [6-

11].  

Various properties of metal complexes are 

effected by the structure of the metal ion and the 

ligand. Metal ions increase the activity of the ligand 

due to the synergistic effect. Accordingly, metal 

complexes of salen-type Schiff bases are found to 
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have antioxidant effects [12]. Moreover salen-type 

Schiff bases show antimicrobial activity as they have 

donor O and N atoms [13]. 

After the COVID-19 epidemic, which 

effected the whole world, studies on new antioxidant 

and antibacterial agents has increased. Because, 

antioxidant substances make the body more resistant 

to diseases, while antibacterial substances are seen as 

an important factor in preventing the further spread of 

this epidemic. As a result, Schiff bases and metal 

complexes appear as alternative substances that can 

be investigated with their antioxidant and 

antibacterial properties. For that reason, 2-

Aminobenzylamine derived Schiff base and its Cu(II), 

Ni(II), Co(II) and Fe(III) metal complexes were 

investigated in terms of  their antioxidant and 

antibacterial activities in this study. Different 

methods were used for antioxidant analysis of the 

compounds. Antibacterial effects of Schiff base and 
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its metal complexes were investigated by agar disc 

diffusion method. 

 

2. Material and Method 

 

2.1. Material 

 

Schiff base and its metal complexes were prepared 

according to reported method [14]. Structures of the 

compounds are shown in Figure 1. 1 represents Schiff 

base structure. 2 represents general formulas of the 

metal complexes of Schiff base which M indicates 

Cu(II), Ni(II), Co(II) and Fe(III) seperately. Other 

chemicals were bought from Sigma Aldrich. Bacterial 

strains were obtained from Hatay Mustafa Kemal 

University Research Hospital Microbiology 

Laboratory. Antioxidant effects of samples were 

examined in spectrophotometer. Antibacterial studies 

were carried out with incubator.  Autoclave was used 

for sterilization of tools. The assays were achieved in 

triplicate.  
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M
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                               H2L                                           M: Cu(II), Ni(II), Co(II) and Fe(III) 

1      2 

Figure 1. Structures of the compounds 

 

1: FT-IR (U-ATR, cm−1 ): 3062 cm−1 (Ar-H), 2978–

2850 cm−1 (CH2), 1611 cm−1 (CH=N). 

1H NMR (CDCl3 as solvent, δ in ppm): 16.0 (s, OH), 

12.9 (s, OH), 8.6 (s, CH=N), 8.5–6.7 (m, Ar-H), 4.9 

(s, CH2), and 2.5 ppm (s, -CH3).  

13C NMR (CDCl3 as solvent, δ in ppm): 175 (C=N), 

172 (CH=N), 163 (C-OH), 144–109 (Ar), 45 (-CH2-), 

and 15 ppm (-CH3). 

[CuL]; FT-IR (U-ATR, cm−1): 3442 (O-H), 3047 

(Ar,C-H), 2926 (C-H), 1608 (C=N), 1258 (C-O), 549 

(Cu-O), 459 (Cu-N).  

 

[NiL]; FT-IR (U-ATR, cm−1): 3045 (Ar,C-H), 2997 

(C-H), 1608 (C=N), 1255 (C-O), 556 (Ni-O), 465 (Ni-

N).  

[CoL]; FT-IR (U-ATR, cm−1): 3300 (O-H), 3049 (Ar, 

C-H), 2950 (C-H), 1594 (C=N), 1259 (C-O), 582 (Co-

O), 462 (Co-N).  

[FeL]; FT-IR (U-ATR, cm−1): 3048 (Ar, C-H), 2920 

(C-H), 1609 (C=N), 1251 (C-O), 574 (Fe-O), 477 (Fe-

N). 
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2.2. Methods 

 

2.2.1. Antioxidant Activity 

 

2.2.1.1. Free Radical Scavenging (DPPH) Assay 

2,2-diphenyl-1-picrylhydrazyl (DPPH) was used to 

determinate radical scavenging activities of samples.  

The method was modified by Brand-Williams [15] 

and used by Blois firstly [16]. 3.75 mL of 0.06 mM 

DPPH in methanol was added into various 

concentrations (1.25 mL) of DMSO solutions of 

compounds. Absorbances of solutions were observed 

at 517 nm by spectrophotometrically. BHA and BHT 

were used as standards. Percentage inhibition was 

calculated by using the following formula: 

% Inhibition =[(Acontrol−Asample)/Acontrol]×100              (1)                                                   

 Acontrol: DPPH absorbance only, Asample: DPPH 

absorbance with an antioxidant. 

Furthermore, IC50 values mean that   

concentrations of  antioxidants  cause 50 % 

scavenging of DPPH radical were calculated.                                        

 

2.2.1.2. Ferric Reducing Antioxidant Power 

(FRAP) Assay 

 

Reducing activities of compounds were investigated 

according to the FRAP method [17]. DMSO solutions 

of samples in various concentrations added to 

phosphate buffer. Then, the mixtures were incubated 

at 50 °C for 20 min. After addition of potassium 

ferricyanide (1.0 mL, 1.0%). Trichloroacetic acid 

(10%) was added, and the mixtures were utilized for 

10 min. centrifugation. 1.0 mL of the supernatants 

were mixed with FeCl3 and the absorbances were 

measured at 700 nm. FRAP values were calculated for 

the compounds as the ratio of compounds’ molar 

absorptivities to ascorbic acid’s molar absorptivity. 

 

  2.2.1.3. CUPRAC Antioxidant Capacity Assay 
 

The antioxidant effects of the compounds were 

investigated by CUPRAC method [18]. CuCl2.2H2O, 

Nc, ammonium acetate buffer solution and sample 

solution were mixed. Mixtures were incubated at 

25οC for 30 min., and the absorbances were measured 

at 450 nm. The ratio of each compound’s molar 

absorptivity to molar absorptivity of trolox were 

calculated as TEAC values (trolox equivalent 

antioxidant capacity). 

 

2.2.2. Antibacterial Activity 

Antibacterial effects of Schiff base and its metal 

complexes were investigated by agar disc diffusion 

method [19]. Enterococcus faecium, Pseudomonas 

aeroginosa, Klebsiella pneumoniae and Escherichia 

coli were used as bacterial strains. Besides, 

chloramphenichol was used as standard antibacterial 

agent. The bacteria were cultured at 37 οC. The 

bacterial suspensions were transferred to sterile Petri 

plates covered by Muller Hinton agar medium. Filter 

paper disks were placed on to sterile Petri plates. 

Solutions of the compounds were dissolved in 

DMSO. The disks were saturated with 30 𝜇L of the 

samples. Incubation was applied to plates at 37 οC. 

Diameter of the inhibition zones were measured for 

determination of antibacterial activity of compounds 

[20]. 

 

3. Results and Discussion 

 

3.1. Synthesis 

 

The 1H NMR and 13C NMR spectra of Schiff base are 

given in Figure 2 and Figure 3, respectively. The 

observation of peaks in the 1H NMR spectrum at 8.6 

ppm and 12.9 ppm attributed to the formation of 

CH=N and OH, respectively, are the most important 

evidences of the formation of 1. In addition, the 

multiplets in the 6.5–8.5 ppm range can be attributed 

to the protons of benzene rings of H2L. Also, the -

CH2- protons of these compounds were observed in 

the 4.9–5.2 ppm region. In the 13C NMR spectrum of 

H2L, a band observed at 170 ppm due to CH=N 

carbon atom. In addition, in the 13C NMR spectrum of 

this compound, the peaks of the carbon atoms of -CH3 

and -CH2- are observed at 15 ppm and 45 ppm, 

respectively. 

 

Figure 2. The 1H-NMR spectrum of 1. 
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Figure 3. The 13C-NMR spectrum of 1. 

 

The FT-IR spectra of the ligand and its metal 

complexes are given in Figure 4. The FT-IR spectrum 

Schiff base ligand, H2L, exhibit strong band 1611 cm-

1, attributed to the characteristic peak of CH=N 

stretching vibration frequency. The spectrum also 

shows several weak bands for the aliphatic and 

aromatic C-H stretching vibration frequencies at the 

region of 2845-3070 cm-1 and strong bands. The band 

at 1205 cm-1 for H2L is ascribed to the phenolic C-O 

stretching vibration. 

The FT-IR spectra of the metal complexes 

also showed new bands in the 582–549 and 477–459 

cm−1 regions, which are probably due to the formation 

of M-O and M-N bonds, respectively. The peak 

observed in the FTIR spectra of metal complexes at 

around 1600 cm−1, partially differ from the ligand. 

This can be explained by the formation of a 

coordination bond between the C=N group of the 

ligand and the metal ion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The FT-IR spectra of H2L(a), [CuL] (b), [NiL](c), [CoL](d) and [FeL](e). 

 

 3.2. Antioxidant Activity 

 

3.2.1. Free Radical Scavenging (DPPH) Assay 

 

4000,1 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400,0 
cm-1 

%T  

b 

c 

d 

e 



S. Göycıncık, H. Danahaliloğlu / BEU Fen Bilimleri Dergisi 12 (12), 329-336, 2023 

333 
 

Radical scavenging activity of the samples and 

standards were determined by DPPH assay. IC50 

values (amount of antioxidant that scavenged 50% 

of DPPH radical) were given in Table 1. Low IC50 

value represents more scavenging activity. 

Therefore, BHA is the best antioxidant in Table 1. 

According to free radical scavenging (DPPH) assay 

results the metal complexes showed more 

scavenging activity than the ligand because of 

chelation theory [21-24]. Ni complex with the 

lowest IC50 value has the highest scavenging 

activity among the all metal complexes and the 

ligand has the lowest scavenging activity because 

of the highest IC50 value. Furthermore, Fe, Ni and 

Cu complexes exhibited more scavenging activity 

than BHT.  

 

Table 1. IC50 values of compounds and standards 

Compounds IC50 

Fe complex 0.265 ± 0.056 

(mg/mL) 

Co complex 0.430 ± 0.018 

(mg/mL) 

Ni complex 0.050 ± 0.006 

(mg/mL) 

Cu complex 0.067 ± 0.008 

(mg/mL) 

Ligand 0.477 ± 0.079 

(mg/mL) 

BHA 7.335 ± 0.870 

(µg/mL) 

BHT 0.359 ± 0.013 

(mg/mL) 

 

3.2.2. Ferric Reducing Antioxidant Power 

(FRAP) Assay 

 

Reducing power of the samples and standards were 

determined by FRAP assay. FRAP values for 

FRAP assay were given in Table 2. High FRAP 

value means high activity whereas low FRAP value 

means low activity. For that reason, the metal 

complexes showed more reducing activity than the 

ligand as FRAP assay results [25]. Even if all of the 

metal complexes have similar reducing activity, it 

is observed that Cu complex has the most reducing 

activity. Fe complex comes after Cu complex. 

Besides, ligand has the lowest reducing activity. 

Both metal complexes and ligand exhibit lower 

reducing activity than BHA and BHT. 

 

Table 2. FRAP values of compounds and standards 

Compounds FRAP values 

Fe complex 0.153 ± 0.07 

Co complex 0.110 ± 0.001 

Ni complex 0.103 ± 0.006 

Cu complex 0.158 ± 0.002 

Ligand 0.015 ± 0.005 

BHA 2.695 ± 0.311 

BHT 1.479 ± 0.234 

 

 

3.2.3. CUPRAC Antioxidant Capacity Assay 

 

Cupric reducing antioxidant activity of the Schiff 

base ligand, its metal complexes and standards 

were determined by CUPRAC assay. TEAC values 

for CUPRAC assay were given in Table 3. High 

TEAC value shows more antioxidant capacity. In 

accordance with CUPRAC assay results, the metal 

complexes exhibited less antioxidant activity than 

the ligand due to donor phenolic hydroxyl groups 

[26, 27 ]. Ligand has the most antioxidant capacity. 

Among the metal complexes, Co complex has the 

lowest antioxidant capacity while Ni complex has 

the highest antioxidant capacity. Additionally, Fe 

complex, Ni complex and the ligand have more 

antioxidant capacity than corresponding to BHT. 

 

Table 3. TEAC values of compounds and standards 

Compounds TEAC values 

Fe complex 1.573 ± 0.119 

Co complex 0.997 ± 0.036 

   Ni complex 2.210 ± 0.031 

Cu complex 1.235 ± 0.064 

Ligand 2.437 ± 0.026 

BHA 3.928 ± 0.181 

BHT 1.412 ± 0.248 

 

3.3. Antibacterial Activity 

 

In vitro antibacterial activity of compounds was 

investigated against Enterococcus faecium, 

Pseudomonas aeroginosa, Klebsiella pneumoniae 

and Escherichia coli strains by agar disc diffusion 
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method. Zone of inhibition data was given in Table 

4. Accordingly, chloramphenicol performed more 

antibacterial activity on each bacterium than  the 

other compounds. Fe complex showed antibacterial 

effect to all bacteria except Klebsiella pneumoniae. 

Co and Cu complexes inhibited the growth of 

Pseudomonas aeroginosa and Escherichia coli 

only. Ni complex exhibited antibacterial effect 

against to all bacteria except to Enterococcus 

faecium. Finally, ligand showed antibacterial effect 

to all bacteria. 

 

Table 4. Antibacterial activity values of compounds 

Compounds Zone of inhibition (mm) 

 E. faecium P. aeroginosa K. pneumoniae E. coli 

Fe complex 13 9 - 10 

Co complex - 12 - 10 

Ni complex - 10 12 10 

Cu complex - 13 - 13 

Ligand 15 10 11 13 

Chloramphenichol 35 25 30 13 

 

4. Conclusion and Suggestions 

 

In this study, 2-Aminobenzylamine derived Schiff 

base and its Cu(II), Ni(II), Co(II) and Fe(III) metal 

complexes were investigated in terms of  their 

antioxidant and antibacterial activities. Different 

methods were used for antioxidant analysis of the 

compounds. According to the results, all of the 

compounds can be utilized as antioxidant. Likewise, 

all of the compounds exhibited important 

antibacterial activities. 
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