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ABSTRACT: This study reports the synthesis of Co(II), Fe(II), Pd(II), and Ru(II) complexes  

with Schiff base obtained by the condensation of 2-amino-methyl-4,5,6,7-tetrahydrothieno[2,3-

c]pyridine-3-carboxylate with salicylaldehyde. The characterization of the ligand and its complexes  

was arranged and studied by FT-IR, UV-Vis., 1H, and 13C NMR, microanalyses (C, H, N, S),  

X-Ray Diffraction (XRD) analysis, magnetic susceptibility, mass spectra, and ThermoGravimetry 

Analysis (TGA) and further screened for antimicrobial, antioxidant, and antiradical activities. 

The antioxidant activity of the ligand and its metal complexes was examined by using different 

methods including the total antioxidant activity method, total reduction method, and DPPH.  

The antimicrobial activities of Schiff base and metal complexes were investigated on bacterial 

and fungal strains. DNA cleavage experiments of metal complexes with supercoiled pBR322 DNA 

were detected by gel electrophoresis in the being of H2O2.  
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INTRODUCTION 

Schiff bases are compounds that contain azomethine 

(C=N) structure obtained from the condensation of ketones 

or aldehydes having the carbonyl (C=O) group and 

primary amines having amine (NH2) groups [1,2]. Thanks 

to the easy adjustment of their molecular structures and 

electronic properties, and their inert properties against air 

and moisture, by using the Schiff bases and many of  

the transition metals, new stable complexes can be formed 

easily [3]. Recently, many different compounds having  

the Schiff base structure, due to their use in a variety of areas, 

have attracted the attention of scientists who study on 

synthesis and characterization of compounds. The ease  

of preparation of transition metal complexes obtained  

from Schiff base ligands, the presence of low-cost raw 

materials, the formation of stable and chelated 

coordination complexes in most transition metal 

complexes, and having a rich coordination step have led 

them to be preferred material in the fields of organic 

chemistry, inorganic chemistry, and biochemistry [4-7]. 

Schiff bases including salicylaldehyde and p-aminophenol 

are a few examples of these complexes and these Schiff 

bases, due to a lot of oxygen, nitrogen, and donor atoms, 

have got much different coordination modes [8]. Schiff bases 

and their transition metal complexes exhibit biological 

activities such as antimicrobial, analgesic, antioxidant,  

anti-inflammatory, and antiviral, and they are also known 

to be the leading actors in the catalytic field [9-11]. 

Furthermore, in addition to all these properties, these 

complexes have been reported to be examined in terms of 

synthetic flexibility, selectivity, sensitivity to various organisms, 

and catalytic activity in chemical and photochemical 

reactions [12,13]. Many studies carried out on the metal 

complexes have reported that these complexes exhibit 

superior properties in various fields, having significant 

value in the development of a country, such as 

electrochemistry, analytical chemistry, food, pesticides 

and dye industries, pharmaceutical chemistry, molecular 

electronics, and information processing and optical 

memory devices [14-21]. 

Schiff bases with donors (N, O, S, etc.) have structural 

similarities with neutral biological systems, and due to  

the presence of the imine group is utilized in elucidating 

the mechanism of transformation of insemination reaction 

in biological systems [22]. One of the important 

exogenous antioxidants is Schiff bases, which have 

significant biological and chemical importance because of 

their azomethine/imine (-C=N-) bonds in their structures. 

The great interest in this field has focused on the 

complexes formed by Schiff bases and their transition 

metal ions because of the nitrogen and oxygen-giving 

atoms in the molecular structure of these ligands. Schiff 

bases, which also include halogen groups, and their metal 

complexes, have been the focus of special interest in their 

antimicrobial properties. It was reported that the 

compounds that include one or more nitrogen atoms in the 

aromatic ring have biological activities, such as being 

antitumor, antioxidant, antibacterial, and antifungal [23]. 

Metal-based medications have gained a lot of importance 

in the medical field in recent years, and are used as 

medicine for the treatment of diabetes, cancer, and anti-

inflammatory and cardiovascular diseases. Some of the 

Schiff bases and their transition metal complexes are also 

used as bactericidal, fungicidal, anti-tuberculosis, and 

antiviral agents [24-28].  

Deoxyribonucleic acid (DNA) is a very significant 

genetic molecule in living things. DNA is the main 

molecular target for most drugs used to fight cancer. Schiff 

bases containing aromatic moieties and transition metal 

complexes have been extensively investigated by many 

scientists with their strong interactions with DNA, 

interfering or surface joining, and potential DNA cleavage 

activities. As a result, over the last decade, DNA 

degradation research has been studied with great interest 

by biologists and chemists. Numerous transition metal 

complexes that cleave DNA under physiological conditions 

are developed as an artificial nucleases. The structure  

of ligands and metals will lead the way in the design  

of complexes, and new drugs. Moreover, it has a key role 

in their interaction with the DNA molecule, which helps  

to develop new, selective, and effective DNA recognition 

and separation agents. Numerous transition metal 

complexes have been discovered that influence DNA 

cleavage due to their redox properties [29,30]. 

In this study, the synthesis of Co(II), Fe(II), Ru(II),  

and Pd(II) complexes with new Schiff base ligand  

and their structures using various spectroscopic methods 

were clarified. In addition, the study of DNA interaction 

with the biological properties of all compounds was presented. 

This was the first study to synthesize, characterize  

and investigate the properties of this ligand and its metal 

complexes. 
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EXPERIMENTAL SECTION 

Materials and methods 

All the chemicals and solvents (95-99% purity) used  

in the present work were purchased from Merck or  

Sigma-Aldrich and used without further purification.  

2-amino-methyl-4,5,6,7-tetrahydrothieno[2,3-c]pyridine-

3-carboxylate was synthesized using a similar method 

described in a previous paper [31]. Reference antibiotic 

discs were attained from Oxoid, Thermo Fisher Scientific 

(Wade Road, Basingstoke and Hampshire RG24 8PW, UK). 

Super wound pBR322 DNA was purchased from Thermo 

Scientific and stored at -20 °C. Double distilled water  

was used to prepare all buffer solutions for DNA binding 

studies. FT-IR spectra were measured as pellets using KBr 

on a Perkin Elmer 65 spectrometer. The proton (1H-NMR) 

and carbon (13C-NMR) NMR spectra were performed  

by Bruker GmbH DPX-400 MHz FT spectrometer.  

The electronic spectra of all the compounds were recorded 

on Shimadzu 1800 spectrophotometer using EtOH  

as the solvent in the range of 200-800 nm. Mass spectra 

were recorded via an AGILENT 1100 MSD spectrophotometer. 

Microanalysis was recorded on a LECO 932 CHNS 

analyzer. Magnetic sensitivity measurements were 

recorded using Hg[Co(SCN)4] calibrated through Gouy 

balance. UltimaIV X-ray diffractometer by Rigaku 

(CuKα=1.540562 A°) was performed by the crystal 

properties of the complexes. Thermogravimetric analysis 

(TGA) was measured through a Perkin Elmer Pyres 

Diamond TG/DTA at a heating rate of 10 °C/min. 

 

Synthesis and characterization of Schiff base ligand 

((E)-methyl 2-(2-hydroxybenzylideneamino)-6-methyl-

4,5,6,7-tetrahydrothieno[2,3-c]pyridine-3-carboxylate)  

The Schiff base ligand was synthesized using 1 g  

(4.42 mmol) amine compound (2-amino-methyl-4,5,6,7-

tetrahydrothieno[2,3-c]pyridine-3-carboxylate) dissolved 

in 10 mL ethanol and 0.46 mL (4.42 mmol) salicylaldehyde 

dissolved in 10 mL ethanol. The reaction mixture  

was heated for 3 h. The obtained pale yellow product  

was separated by filtration, washed with ethanol several 

times, and dried under in vacuum. The product was recrystallized 

with aqueous methanol and chloroform (1/2) mixture. 

Schiff base: Yield: 90%; m.p.: 132 °C; Anal. Calc. for 

(C17H18N2O3S) (FW: 330.23 g/mol) (%): C 61.80, H 5.44, 

N 8.47, S 9.70. Found: C 61.80, H 5.47, N 8.48, S 9.71; 

FT-IR (KBr, cm-1): 3434-3385, 3050, 2941, 2850, 1700, 

1601, 1561, 1377, 1221, 750; 1H-NMR (400 MHz, CDCl3, 

δ, ppm):12.83 (s, H, OH), 8.44 (s, H, CH=N), 7.30-6.85 

(m, 4H, Ar.-H), 3.86 (s, 3H, -OC=O-CH3), 3.49-2.64 (m, 

6H, CH2), 2.41 (s, 3H, N-CH3); 13C-NMR (100 MHz, 

CDCl3, δ, ppm): 163.54 (C=O), 159.27 (CH=N), 153.66 

(C-OH), 134.46-132.08 (C2-thiophene), 128.72-117.61 (C1-

benzene), 14.29, 26.78, 60.99 (Cpiperidine), 51.55 (-OC=O-

CH3), 45.52 (N-CH3); UV-vis (λmax, nm): 212, 260, 314; 

Mass spectra: m/z 330.37 (calcd.), 331.37 (found) [M]+. 

 

Synthesis and characterization of Co(II), Fe(II), Pd(II) 

and Ru(II) complexes 

15 mL hot ethanol of 0.19 g (0.9 mmol) of FeCl2∙4H2O 

and 0.23 g (0.9 mmol) of CoCl2∙6H2O was added dropwise 

to 15 mL hot ethanol 0.33g (1.0 mmol) Schiff base ligand 

solution and the reaction mixture was refluxed at 80 °C 

with stirring for 8 h. For the PdCl2(CH3CN)2, 0.26 g  

(1.0 mmol), and [RuCl2(p-cymene)]2, 0.31 g (0.5 mmol), 

salts were used in toluene for 4 h after completion of  

the reaction and the obtained solid product was filtered off. 

The product was washed several times with diethyl ether 

and crystallized from the methanol/dichloromethane (1/3) 

mixture. The product obtained was recrystallized twice 

with aqueous ethanol and chloroform. The synthesis 

scheme of ligand and its metal complexes was shown  

in Scheme 1. 

[FeL2(H2O)2]∙H2O: Yield: 84%; m.p.: 300-306 °C; 

FW: 768.30 g/mol; FT-IR (KBr, cm-1): 3555-3476, 3051, 

2971, 2734, 1702, 1610, 1571, 1535, 1374, 1207, 751, 580, 

522, 491, 457; Anal. calc. for (C34H40FeN4O9S2): C 53.14, 

H 5.20, N 7.28, S 8.34; Found: C 53.14, H 5.20, N 7.30, S 

8.38; UV-vis bands (λmax, nm): 205, 269, 398, 439, 530, 

640; Mass spectra: m/z 771.30 (calcd.), 769.93 (found) 

[M-2H]-; Color: Black.  

[RuCl(p-cymene)L]∙2H2O: Yield: 82%; m.p.: 200 °C; 

FW: 635.85 g/mol; FT-IR (KBr, cm-1): 3434, 3055, 2959, 

2869, 1702, 1609, 1567, 1522, 1380, 1202, 751, 548, 525, 

459, 469; 1H-NMR (400 MHz, CDCl3, δ, ppm): 8.77 (s, H, 

CH=N), 7.45-6.92 (m, 8H, Ar-H), 3.90 (s, 3H, -OC=O-

CH3), 3.64-2.70 (m, 6H, CH2), 2.26 (s, 3H, N-CH3), 2.83-

2.79 (m, 1H, CH of p-cymene moiety), 2.25 (s, 3H, CH3), 

1.23-1.18 (d, 6H, CH3 of p-cymene moiety); Anal. calc. for 

(C27H35N2O5ClRuS): C 50.99, H 5.50, N 4.40, S 5.04; 

Found: C 51.00, H 5.51, N 4.38, S 5.07; UV-vis (λmax, nm): 

229, 269, 382, 426; Mass spectra: m/z 635.85 (calcd.), 

636.50 (found) [M]+; Color: Dark brown.  
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Scheme 1: Synthetic protocol of Schiff base and its metal complexes. 

 

[PdClL(H2O)]∙2H2O: Yield: 77%; m.p.: 210 °C; FW: 

525.10 g/mol; FT-IR (KBr, cm-1): 3506-3429, 3001, 2953, 

2869, 1701, 1610, 1571, 1522, 1377, 1200, 751, 550, 501, 

457; 1H-NMR (400 Mz, CDCl3, δ, ppm): 8.87 (s, H, 

CH=N), 7.46-6.99 (m, 4H, Ar.-H), 3.85 (s, 3H, -OC=O-

CH3), 3.71-2.85 (m, 6H, CH2), 2.51 (s, 3H, N-CH3); Anal. 

calc. for (C17H23N2O6PdSCl): C 38.88, H 4.38, N 5.33, S 

6.10; Found: C 39.00, H 3.92, N 5.30, S 6.10; UV-vis 

(λmax, nm): 212, 279, 309, 457; Mass spectra: m/z 525.10 

(calcd.), 525.96 (found) [M]+; Color: Light brown.  

[CoL2(H2O)2]∙H2O: Yield: 87%; m.p.: 280 °C; FW: 

771.39 g/mol; FT-IR (KBr, cm-1): 3445-3413, 3051, 2975, 

2728, 1701, 1612, 1579-1535, 1378, 1204, 752, 588, 556, 

489; Anal. calcd. for (C34H40CoN4O9S2): C 52.93, H 5.18, 

N 7.25, S 8.31. Found: C 52.88, H 5.16, N 7.26, S 8.32; 

UV-vis (λmax, nm): 212, 322, 480, 502, 608, 673; Mass 

spectra: m/z 771.39 (calcd.), 770.30 (found) [M+H]+; 

Color: Brick-color.  

 

Antioxidant activities 

Total antioxidant capacity 

The total antioxidant activity of all compounds was defined 

according to the method determined by Mitsuda et al. [32]. 

According to this method, the peroxide oxidation  
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in linoleic acid was metered spectroscopically at 500 nm. 

The absorbance values of all compounds at 500 nm  

for every 10 h were measured through the 50 h and the 

experiment was finished at 40th h when the control sample 

reached the highest absorbance values. Butylated 

hydroxyanisole (BHA) and Butylated hydroxytoluene (BHT) 

were used as standards. The percentages of reduction of 

peroxidation of compounds and standards were calculated 

using the following Equation (1): 

 0 1 0
%  I n h i b i t i o n A b s A b s A b s 1 0 0 


 


             (1) 

Abs0 and Abs1 are the absorbance values of the control 

and sample, respectively. 

 

Total reduction capability 

The capacity of the compounds to reduce Fe3+ ions 

to Fe2+ was determined according to the Oyaizu method [33]. 

The basis of this method is to measure the complexes 

formed by K3Fe(CN)6, TCA, and FeCl3 by means of color 

change in the spectrophotometer at 700 nm. Reagents used 

were phosphate buffer (0.2 M, pH = 6.6), K3Fe(CN)6 (1%), 

TCA solution (10%), FeCl3 (0.1%), BHT (mg/mL), BHA 

(mg/mL). 

The test tubes were mixed and allowed to incubate  

at 50 °C for 20 minutes. After the incubation, 2.5 mL  

of 10% TCA solution was added to each test tube brought 

to room temperature and centrifuged (3000 rpm; 10 min). 

2.5 mL of supernatant was transferred to test tubes and 

2.5 mL of water was added to the solution followed  

by 0.5 mL of FeCl3 solution. The blank solution consists 

of 2.5 mL of TCA, 2.5 mL of deionized water, and 0.5 mL 

of FeCl3 solution. Finally; dark navy-blue absorbance 

was measured. 

 

DPPH scavenging effect 

The Blois method was used to determine the antiradical 

properties of the compounds and standard antioxidants 

[34]. For this purpose, the samples were placed in different 

concentrations (25µL, 50 µL, and 100 µL). The total 

volume was then made up to 3 mL with ethyl alcohol. Then 

10-3 M DPPH radical solution was added to all test tubes 

and incubated in dark for half-hour. Finally, absorbances 

were measured at 517 nm against ethanol. The percentage 

DPPH radical removal activity was calculated using  

the following equation (2):  

D P P H s c a v e n i n g a c t i v i t y ( % )                                     (2) 

 0 1 0
A b s A b s A b s 1 0 0 

 
   

 

Microorganisms and antimicrobial assays 

The in vitro antimicrobial activity of the samples and 

standards was performed by using the hole agar diffusion 

method. Antimicrobial studies were performed with 

different Gram-negative (Escherichia coli ATCC 11229, 

Pseudomonas aeruginosa ATCC 9027, Enterobacter 

aerogenes ATCC 13048, Klebsiella pneumoniae ATCC 

13883) and Gram-positive (Bacillus subtilis ATCC 6633, 

Staphylococcus aureus ATCC 25923, Bacillus megaterium 

DSM 32 bacteria, fungi (Yarrowia lipolytica, Candida 

albicans ATCC 10231, Saccharomyces cerevisiae) and 

antibiotics used in our previous study [34]. All bacteria, 

fungi, and antibiotics were obtained from the Microbiology 

laboratory of Muş Alparslan University (Turkey). 25 mg 

of the compound and standards were dissolved in 1 mL 

DMSO to form the stock solution. Then, at different 

concentrations (10 µL, 20 µL, 40 µL, and 80 µL) stock 

solutions were taken and put into the opened holes. 

Microorganisms were added to plates and allowed to incubate 

(24-48 h, 37 ºC). 

 

Investigation of the effects of Schiff base and its M(II) 

complexes on DNA 

The effect of Schiff base and its metal complexes  

on DNA was determined by the agarose gel 

electrophoresis method using pBR322 plasmid DNA [35]. 

Compounds were dissolved in DMSO and 20 mg/mL stock 

solutions were prepared. Intermediate solutions at concentrations 

of 10, 5, and 2.5 mg/mL were prepared from the stock 

solutions prepared. Samples were incubated at 37 ºC  

for 24 h in dark. After incubation, 10 µL of the DNA 

mixture of the compounds was mixed with a loading 

buffer. The mixture loaded in 1% agarose gel was applied 

in 40 V in TBE buffer for 2 h electrophoresis. After 

electrophoresis, gels were stained with ethidium bromide 

and photographs were taken in the imaging system [36].  

 

RESULTS AND DISCUSSION 

X-ray diffraction analysis 

To analyze the structure of the complexes, it was worked 

with an UltimaIV X‐ ray diffractometer (Rigaku model, 

CuKα=0.1540562 nm). These are the working condition  
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of XRD measurement; scan step: 0.02°, scanning range: 

10-90°, scanning mode: 2Theta/Theta, scanning type: 

continuous scanning, operating current: 30 mA, operating 

voltage: 40 kV. XRD results of Co(II), Fe(II), Pd(II),  

and Ru(II) complexes were given (in Fig. 1 and Fig. 2). 

Grain sizes of the complexes were calculated with  

the following Scherer’s formula; 

T =   
hλ

WCosθ
                                                                          (3) 

λ shows X-ray wavelength, θ shows Bragg’s diffraction 

angle, h=0.94 shows constant, W shows full width of half 

maximum intensity. Average grain sizes (T) of the 

complexes were calculated from the detected highest peak 

intensity. Crystal parameters of these complexes were shown 

in Table 1 and Table 2.  

 

XRD analysis of Co(II) complex 

Fig. 1 was the XRD measurement result of Co(II) 

complex. As it was observed from this figure, XRD 

showed a wide bump behavior. This was the scattering  

of the X-ray in all directions. This result proved the Co(II) 

complex had in the amorphous phase.  

 

XRD analysis of Fe(II) complex  

Fig. 2 provided the XRD result of Fe(II) complex.  

As it can be seen from this figure, an intense peak at 25.6° 

(intensity 221 (a.u)) was obtained. No other peak was observed. 

The complex was produced for the first time, so the 

orientation of the observed peak cannot be given. By using 

formula 3, we had the grain size of the complex. Table 2 

provided the grain size of the complex. The grain size  

of Fe(II) complex was 13.05 nm. 

 

XRD analysis of Pd(II) complex  

Fig. 2 was the XRD measurement result of Pd(II) 

complex. As detected from this figure, XRD showed  

a wide bump behavior. This was the scattering of the X-ray 

in all directions. This result proved the Pd(II) complex had 

in the amorphous phase. 

 

XRD analysis of Ru(II) complex  

In Fig. 2, the XRD measurement result of Ru(II) 

complex can be seen. We had 4 distinct peaks, which 

were at 11.5° (intensity 270 a.u), 14.6° (intensity  

304 a.u), 16.3° (intensity 232 a.u), and 18.6° (intensity 178.5). 

Our complex had in polycrystalline nature as proved  
 

Table 1: Grain sizes of the Fe(II) complex. 

Full Width Half Maximum (W) (°) 2θ (°) Grain Size (T)(nm) 

0.64 25.6 13.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: X-ray diffraction patterns of Co(II) and Fe(II) 

complexes. 

 

from the XRD result. By using formula 3, we had the grain 

sizes of the complex. Table 3 provided the grain sizes  

of the complex. The highest grain size was found at 11.5° 

diffraction angle, while the lowest grain size was found  

at 18.6° diffraction angle.  

The complex was produced for the first time and  

the structural properties of similar complexes can be given 

in References [35,37]. 

 

Spectroscopic characterization 

Characteristic FT-IR data of Schiff base ligand and its 

Co(II), Fe(II), Ru(II), Pd(II) complexes were given  

in the experimental part. All complexes, large and broad 

peaks in the range 3555-3413 cm-1, were attributable  

to the coordinated water molecules. The broad bands at 3434 
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Table 2: Grain sizes of the Ru(II) complex. 

Full Width Half Maximum (W) (°) 2θ (°) Grain Size (T)(nm) 

0.04 11.5 207.5 

0.49 14.6 16.9 

0.54 16.3 15.4 

0.58 18.6 14.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: X-ray diffraction patterns of Pd(II) and Ru(II) complexes. 

 

and 3385 cm-1 in the ligand indicated the phenolic hydroxyl 

group. These bands were not observed in the complexes. 

This showed that the hydroxyl group was involved  

in coordination with the oxygen atom. The hydroxyl group 

attached to the benzene ring of salicylaldehyde was observed 

at a peak of 1221 cm-1. The values of the hydroxyl group 

in the complexes showed lower frequency at 1207-1200 cm-1 

respectively, which was indicating that there was 

coordination between the metal ion and the oxygen atoms 

of the (C–O) group. The ligand also observed at 1601 cm-1 

distinct signal was assigned to the azomethine (CH=N) 

group. In the spectrum of complexes, the vibrations  

of the azomethine group were shifted to the higher region 

of 1612-1609 cm-1. These shifts confirm that the nitrogen 

atom belonging azomethine group was coordinated  

with metal ions. 588-501 cm−1 and 491-457 cm−1 the bands  

in the range of (M–O) and (M–N) showed vibrations 

respectively [21,30,35,37]. Also, the IR spectra of Fe(II) 

and Co(II), and Pd(II) complexes that showed a wide 

absorption band around 3555-3413 cm-1 may be stretching 

vibrations of (OH) of water molecules associated with  

the complex [38,39]. 

Electronic spectra and magnetic measurements were made 

to determine the geometries of the complexes. All 

complexes exhibited three intense absorptions at 205-530 nm. 

The absorption spectra of Co(II), Fe(II), Pd(II), and Ru(II) 

complexes, dense bands around 205-269 nm and 309-386 nm 

indicated π → π* and n → π* transitions of the azomethine 

chromophore, respectively. By comparing the spectra  

of the ligand and its complexes the absorptions above 420 nm 

(e.g., 426, 439, 457, 480 nm) were indicated to the ligand  

to Metal Charge Transfer Transitions (MLCT). The electronic 

spectra for Pd(II) complex 457 nm indicated a square planar 

structure around the palladium ion. The electronic spectra for 

Ru(II)-p-cymene complex were similar to this observed  

in other octahedral half-sandwich Ru(II) complexes. Fe(II) 

and Co(II) complexes exhibited absorption bands at 520, 

530, 608, and 640-678 nm, which attributed to 2A1g → 2T1g, 

and 4T1g → 4T2g transitions. The observed magnetic moments  

for Co(II) and Fe(II) complexes were 4.72 B.M and 4.90 B.M 

respectively. This might be confirmed in their octahedral 

geometry [40-44].  

 

Thermal analysis 

Thermogravimetric (TG) studies for complexes were 

conducted from room temperature to 50 to 1000 °C. Decay 

pressures, temperature ranges, decomposition products, 

and percentages of mass loss found and calculated for all 

complexes are shown in Table 3. Thermograms of 

complexes, starting from 50 °C, the first decomposition 

products were seen to remove from the molecular water. 

Depending on the increase in temperature, fragmentation 

products were seen in up to five steps. Thermal decomposition 

data for each stage of degradation were given in Table 3 

and a general diagram. Thermal decomposition had been proposed 

with the correlation between the corresponding % weight 

losses and different weathering steps [1,37]. 
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Table 3: TGA data of Co(II), Fe(II), Pd(II) and Ru(II) complex compounds. 

Complexes Decomp. stages The temperature range in TG (°C) Wt. loss (mg) Calcd. (Found) Decomp. assignment 

[FeL2(H2O)2]∙H2O 1 50-130 2.34 2.69 H2O 

 2 130-290 23.18 23.54 2H2O, C8H18N2 

 3 290-485 18.10 18.14 C6H3O2S 

 4 485-760 17.32 17.32 C7H5ON2 

 5 760-900 29.69 29.55 C13H8O2S 

 Residue    FeO 

[PdClL(H2O)]∙2H2O 1 50-140 6.85 6.82 2H2O 

 2 140-280 10.18 10.15 H2O, Cl 

 3 280-420 16.95 16.92 C7H5 

 4 420-650 13.52 13.49 C4H9N 

 5 650-900 15.50 15.49 C6H3O2NS 

 Residue    PdO 

[RuCl(p-cymene)L]∙2H2O 1 50-150 5.66 5.64 2H2O 

 2 150-270 26.66 26.64 C10H14Cl 

 3 270-460 32.41 32.37 C12H16O2N 

 4 460-900 16.83 16.80 C5HNS 

 Residue    RuO 

[CoL2(H2O)2]∙H2O 1 50-150 2.33 2.69 H2O, 

 2 165-250 14.66 14.10 2H2O, C3H9O2 

 3 250-380 16.47 15.98 C7H15N2 

 4 380-540 33.99 33.84 C17H10O3 

 5 540-900 22.83 22.56 C7N2S2 

 Residue    CoO 

 

Total antioxidant activity results 

The determination of antioxidant activities of ligand 

and its complexes was done by the ferric thiocyanate 

method. When the activity results measured at different 

concentrations were examined, it was found that activities 

generally increased depending on the concentration (Fig. 3). 

According to the results; The percentage removal of 

linoleic acid peroxidation of the compound and standards 

at a concentration of 100 μL occurred in the following 

order: BHT (81.75%), Fe(II) complex (80.09%), BHA 

(78.51%), Co(II) complex (78.46%), L (78.37%), Ru(II) 

complex (78.29%), and Pd(II) complex (21.23%). 

The results showed that the Fe(II) complex had the best 

activity and that other ligand and metal complexes had 

similar activity to the standards. In previous studies 

investigating the antioxidant properties of Schiff base and 

metal complexes, it was reported that metal complexes 

increase the activity of ligands [45-48]. In our previous study, 

we observed that Ru(II) and Co(II) complexes inhibited lipid 

peroxides to a close degree to standard BHA and BHT 

antioxidants [35]. In the current study, the Co(II) and Ru(II) 

complexes exhibited activity close to the standards (BHA  

and BHT) and this supported previous studies. 

 

Reducing power results 

The capacity of ligand and its metal complexes  

and standards to reduce iron ions generally increased due to  

an increase in their concentration. According to the results,  



Iran. J. Chem. Chem. Eng. Synthesis, Characterization, X-Ray Diffraction Analysis ... Vol. 41, No. 8, 2022 

 

Research Article                                                                                                                                                                2643 

the iron ions reduction power of the compounds was realized 

in the following order (Fig. 4): BHA > BHT > Co(II) 

complex > Pd(II) complex > Fe(II) complex > 

 L > Ru(II) complex. 

When we looked at the results, standards have the 

highest reduction capacities, followed by Co(II) and Pd(II) 

complexes. In our previous study, we found that the Fe3+ 

reduction capacity of the Fe(II) complex performed better 

activity than the Schiff base ligand and the present study 

supported these results [46].  

 

Antiradical activity 

The antiradical properties of the ligand and its metal 

complexes and standard antioxidants were examined  

by looking at the sweep effects on DPPH radicals. The basis 

of this method is based on measuring the absorbance change 

by neutralizing the DPPH radical with antioxidants [49]. 

DPPH radical scavenging percentage of the samples (100 μL) 

were performed, respectively, as follows (Fig. 5): BHA 

(82.30%) > Ru(II) complex (64.30%) > BHT (52.50%) > 

Co(II) complex (36.80%) > Fe(II) complex (27.90%) > 

Pd(II) complex (11.60%) > L (9.10%). In the previous 

study, it was reported that Ru(II) and Pd(II) complexes 

exhibited DPPH radical scavenging activity close to 

standard ascorbic acid [49]. Another study reported that  

the Ru(II) complex performed better than standard 

ascorbic acid [27]. The current study, especially Ru(II) 

complex supported the previous studies by showing better 

radical removal activity than BHT used as the standard. 

 

Antimicrobial activity 

To compare the antimicrobial activity of the ligand and its 

metal complexes were tested against E. aerogenes, E. coli, P. 

aeruginosa, K. pneumoniae, B. subtilis, S. aureus, B. 

megaterium, Y. lipolytica, C. albicans, and S. cerevisiae. The 

observed antimicrobial and standard antibiotic inhibition 

zone values (mm) were summarized in Tables 4-6. 

The in vitro antimicrobial activities of the ligand and 

its metal complexes at 10 µL, 20 µL, 40 µL, and 80 µL 

aliquots were tested against ten microorganisms. The 

present results showed that the ligand and its metal 

complexes exhibited a broad antimicrobial activity 

producing 12-36 mm inhibition zones. The highest 

antimicrobial activity was demonstrated against the Co(II) 

complex P. aeroginosa (36±2.0 mm) while the lowest 

antimicrobial activity was detected against the Fe(II) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The total antioxidant activity of the ligand, its 

complexes, and standard antioxidants (BHA and BHT). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Reducing the power of the ligand, metal complexes, and 

standard antioxidants using Fe3+-Fe2+. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: DPPH free radical scavenging activity of ligand, its 

metal complexes, and standard antioxidants (BHA and BHT). 
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Table 4: Effect of Schiff base ligand and antibiotic discs on test microorganisms. 

Microorganisms 
Ligand Antibiotics  

10 µl 20 µl 40 µl 80 µl E-15 SAM-20 AK-30 RD-5 FCA-25 

G
ra

m
 P

o
si

ti
v
e 

B. subtilis N/A N/A 13±0.0 17±0.6 20±0.0 14±1.0 11±1.0 21±0.0 N/A 

S. aureus N/A N/A 13±0.0 16±0.0 21±1.0 10±0.0 9±0.0 18±1.0 N/A 

B. megaterium N/A 12±0.0 13±0.0 18±0.0 25±0.0 N/A 10±1.0 16±0.0 N/A 

G
ra

m
 N

eg
at

iv
e E. aerogenes N/A 12±0.0 14±0.0 18±0.6 27±1.0 10±1.0 9±0.0 16±1.0 N/A 

E. coli N/A N/A 13±0.6 17±0.0 19±1.5 13±0.0 13±0.0 18±0.0 N/A 

P.aeroginosa N/A N/A 14±0.0 18±0.6 19±0.0 N/A 14±1.0 8±0.0 N/A 

K. pneumonia 12±0.0 13±0.0 15±0.6 18±1.0 19±1.7 16±0.6 10±0.0 19±1.5 N/A 

F
u

n
g
u

s 

Y.lipolytica N/A 13±0.0 14±0.0 17±0.0 N/A N/A N/A N/A 21±0.0 

C.albicans N/A N/A 15±0.0 16±0.6 N/A N/A N/A N/A 23±1.5 

S. cereviciae N/A N/A N/A 14±0.0 N/A N/A N/A N/A N/A 

 

Table 5: Effect of Co(II) and Ru(II) complex compounds on test microorganisms. 

Microorganisms 
L+Co(II) L+ Ru(II) 

10 µl 20 µl 40 µl 80 µl 10 µl 20 µl 40 µl 80 µl 

G
ra

m
 P

o
si

ti
v
e 

B. subtilis 16±1.0 20±0.6 27±1.0 30±1.5 16±0.0 20±2.0 23±1.0 26±1.5 

S. aureus N/A N/A N/A N/A 17±0.6 20±0.6 24±2.0 27±1.0 

B. megaterium 16±0.6 21±1.0 25±0.0 28±0.6 16±1.0 19±1.0 22±1.5 25±0.6 

G
ra

m
 N

eg
at

iv
e E. aerogenes 16±1.0 21±0.6 26±1.0 30±1.0 15±0.6 19±2.0 22±0.6 24±2.0 

E. coli 16±0.0 22±1.0 27±0.6 30±1.5 16±1.0 18±1.0 21±2.0 24±1.5 

P. aeroginosa 23±0.0 27±1.5 33±2.0 36±2.0 15±0.0 18±0.6 24±1.0 27±2.0 

K. pneumonia 18±0.6 23±1.0 28±0.0 30±0.6 17±1.0 20±2.0 23±0.6 25±1.0 

F
u

n
g
u

s 

Y. lipolytica N/A 14±0.6 18±0.0 22±1.0 N/A 12±0.0 14±1.0 16±0.6 

C. albicans N/A 14±0.0 19±1.0 25±2.0 N/A 13±0.0 15±0.6 18±2.0 

S. cereviciae N/A 12±0.0 16±0.6 20±1.0 N/A 13±0.0 15±0.0 17±1.0 

N/A: No Available 

 

complex P. aeroginosa. Antimicrobial activity was increased 

due to increased concentrations of ligands and complexes. 

The Fe(II) complex exhibited antimicrobial activity, such 

as partial ligand. When the antimicrobial effects of the 

ligand and its metal complexes were compared, it was seen 

that metal complexes were more effective on microorganisms 

than ligand (Tables 4-6).  

The antibacterial activities of the ligand and its metal 

complexes were also compared with the reference antibiotics. 

As seen in Table 4, ligand and metal complexes, except  

for the ligand, exhibited better activity than standard antibiotics. 

N/A: No Available, Erythromycin (E-15), 

Ampicillin/Sulbactam(SAM-20), Amikacin (AK30), Rifampicin 

(RD-5), Fluconazole (FCA-25) 

Antimicrobial activity criteria are based on inhibition 

zone diameter (mm). They show significant activity when 

the zone diameter is more than 20 mm [50,51]. When  

all of the compounds, except ligand, were evaluated  

in general, they showed significant antimicrobial activity 

by creating an inhibition zone of more than 20 mm. The metal 

complexes have been found to show good antimicrobial 

activity by creating a larger 13 mm diameter inhibition  
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Table 6. Effect of the Pd(II) and Fe(II) complex compounds on test microorganisms.  

Microorganisms 
L+Pd(II) L+ Fe(II) 

10 µl 20 µl 40 µl 80 µl 10 µl 20 µl 40 µl 80 µl 

G
ra

m
 P

o
si

ti
v
e 

B. subtilis 18±0.6 20±1.0 24±0.6 28±0.6 N/A 12±0.0 20±1.0 25±0.6 

S. aureus 21±1.0 25±2.0 28±1.0 30±2.0 N/A N/A 17±0.0 22±1.0 

B. megaterium 16±0.6 20±0.0 24±0.6 28±1.5 N/A 12±0.0 17±0.6 22±0.0 

G
ra

m
 N

eg
at

iv
e E. aerogenes 20±1.0 23±1.5 25±2.0 28±1.0 N/A 13±0.0 16±0.0 22±1.5 

E. coli 20±1.0 24±1.0 28±1.5 29±2.0 12±0.0 16±0.6 25±1.0 28±0.6 

P. aeroginosa 20±1.0 25±1.0 28±2.0 30±1.5 12±0.0 15±0.0 20±0.6 25±1.0 

K. pneumonia 19±0.6 24±0.6 27±1.5 30±0.6 N/A 12±0.0 15±0.0 23±0.0 

F
u

n
g
u

s 

Y. lipolytica 13±0.0 18±0.6 23±1.0 30±1.0 N/A N/A 20±1.0 30±2.0 

C. albicans 13±0.0 16±0.6 20±0.6 27±1.5 N/A N/A 16±0.6 22±1.0 

S. cereviciae N/A 13±0.0 15±1.0 22±0.6 N/A N/A N/A 12±0.0 

N/A: No Available 

 

zone against bacteria and fungi [52]. The ligand and its 

metal complexes showed good antimicrobial activity  

by showing a high concentration (80 µL) of 14-36 mm 

inhibition zone. The ligand did not show activity against 

S. aureus, while complexes were found to show good 

activity. Except for the Co(II) complex, other compounds 

were found to show good antibacterial activity against  

S. aureus. The Schiff base ligand showed good antibacterial 

and antifungal activity against test organisms [53]. In studies 

of the antimicrobial activities of ligands and their metal 

complexes, it is observed that most metal chelates showed 

higher antibacterial activity than free ligands [54]. Such 

increasing activity of metal chelates can be explained  

on the basis of Overtone's concept [55] and Tweedy's 

theory of chelation [56]. In the study, it was determined 

that metal complexes showed high antimicrobial activity. 

Results were supported by the literature. 

 

DNA cleavage studies 

The DNA protective activity of the ligand and its Co(II), 

Fe(II), Pd(II), Ru(II) complexes was examined used  

by pBR322 plasmid DNA (Fig. 6). The effect of different 

molarities of ligands and their complexes on DNA damage 

in the presence of H2O2 and DMSO, the factors causing DNA 

damage, were assessed according to this method. 

According to the image obtained, it was observed that 

H2O2 fragmented Form I and completely destroyed DNA 

with DMSO (Fig. 6). DMSO had no effect on DNA alone.  

It was found that when only the Fe(II) complex was applied, 

it completely destroyed the DNA, while the Fe(II) complex 

stabilized plasmid DNA by removing and scavenging  

the effect of H2O2 + DMSO. In addition, when Co(II) complex 

was applied at low concentration alone, it was determined that  

it did not eliminate the scavenging effect of H2O2 + DMSO 

while leaving the plasmid DNA in a stable state. It was seen 

that Ru(II) and Pd(II) complexes did not eliminate  

the scavenging effect of H2O2 + DMSO and they eliminated 

DNA once they were applied alone (Fig. 6). 

In Iftikhar et al. study, Cu(II) complex of the Schiff base 

caused great damage to plasmid DNA at all concentrations 

[1]. In another study, they found that the metal complexes 

degraded plasmid DNA in a better ratio [57]. It was 

determined that the ligand and Ru(II) complex can convert 

DNA from Form I to Form II [25]. In our study, metal 

complexes have similar damage to plasmid DNA as  

in the literature. 

 

CONCLUSIONS 

The ligand containing salicylaldehyde and its four new 

metal complexes were synthesized. The structures of these 

compounds were determined by various spectroscopic 

techniques. All spectroscopic results showed that Co(II), 

Fe(II), and Ru(p-cymene) complexes had the octahedral 

geometry and the Pd(II) complex had the square plane. 

And then in vitro, antioxidant, antimicrobial, antifungal 

activities and DNA cleavage studies of Schiff base ligand 
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Fig. 6: The DNA protective activity of the ligand and its complexes A (10 mg/mL), B (5 mg/mL) and C (2.5 mg/mL). 

 

and complexes were evaluated. When the results of  

the study was evaluated, it was seen that both ligand  

and its metal complexes generally exhibited good 

antioxidant activity. When metal complexes were compared, 

it was found that Fe(II) and Co(II) complexes showed  

the best antioxidant effect and Pd(II) complexes showed 

the lowest antioxidant effect. When the antimicrobial 

activities of all synthesized compounds were examined,  

it was found that especially metal complexes showed 

better activity than ligands. Among the metal complexes, 

it was observed that the best microbial activity was exhibited 

by the Co(II) metal complex. Metal complexes exhibited 

better antifungal activity than ligands. DNA cleavage 

studies of the complexes show that the Fe(II) complex 

 can effectively cleave plasmid DNA in the existence  

of an oxidizing agent H2O2. In addition, among the complexes, 

Fe(II) complex was found to exhibit good antimicrobial, 

DNA binding, and cleavage properties. 
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