
Accepted Manuscript

Novel thiourea derivative and its complexes: Synthesis, characterization, calculation
of molecular orbitals, thermal and electrochemical behavior, antioxidant and antitumor
activities

Tuncay Yeşilkaynak, Harun Muslu, Celal Özpınar, Fatih Mehmet Emen, Ruken Esra
Demirdöğen, Nevzat Külcü

PII: S0022-2860(17)30491-X

DOI: 10.1016/j.molstruc.2017.04.049

Reference: MOLSTR 23672

To appear in: Journal of Molecular Structure

Received Date: 15 November 2016

Revised Date: 7 April 2017

Accepted Date: 12 April 2017

Please cite this article as: T. Yeşilkaynak, H. Muslu, C. Özpınar, F.M. Emen, R.E. Demirdöğen, N.
Külcü, Novel thiourea derivative and its complexes: Synthesis, characterization, calculation of molecular
orbitals, thermal and electrochemical behavior, antioxidant and antitumor activities, Journal of Molecular
Structure (2017), doi: 10.1016/j.molstruc.2017.04.049.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.molstruc.2017.04.049


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Novel thiourea derivative and its complexes: Synthesis, characterization, calculation of 
molecular orbitals, thermal and electrochemical behavior, antioxidant and antitumor 

activities  
 

Tuncay Yeşilkaynak 1, Harun Muslu1, Celal Özpınar2, Fatih Mehmet Emen3, Ruken Esra 
Demirdöğen4, Nevzat Külcü5  

 

1Afsin Vocational School, Sütcü İmam University, TR46500, Kahramanmaras, Turkey 
2Department of Chemistry Technology, Biga Vocational School,Çanakkale Onsekiz Mart 

University, Biga TR17200 Ҫanakkale, Turkey 
3Department of Chemistry, Faculty of Arts and Science, Mehmet Akif Ersoy University,TR15030, Burdur,Turkey 

4Department of Chemistry, Faculty of Science, Çankırı Karatekin Üniversitesi,TR18100, Çankırı,Turkey 
5Department of Chemistry, Faculty of Arts and Science, Mersin University,TR33343, Mersin,Turkey 

 
 
 

 

Abstract 

 

A novel thiourea derivative, N-((2-chloropyridin-3-yl)carbamothioyl) thiophene-2-
carboxamide,C11H8ClN3OS2 (HL) and its Co(II), Ni(II) and Cu(II) complexes (ML2 type) 
were prepared and characterized by elemental analysis, FT-IR ,1H-NMR and HR-MS 
methods. The crystal structure of HL was also investigated by single crystal X-ray diffraction 
study. The HL crystallizes in the orthorhombic crystal system with P 21 21 21 space group, 
Z=4, a=3.8875(3) Å, b=14.6442(13) Å, c=21.8950(19) Å.  The [ML2] complex structures 
were optimized by using B97D/TZVP level. Molecular orbitals of HL ligand were calculated 
at the same level. Thermal and electrochemical behaviors of the complexes were investigated. 
Anticancer and antioxidant activities of the complexes were also investigated. Antioxidant 
activities were determined by using DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2′-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) assays. Anticancer activities were studied 
via MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay in MCF-7 
(Michigan Cancer Foundation-7) breast cancer cells. 
 

Keywords: Thiourea complex; Single crystal structure; Molecular orbital; B97D/TZVP ; 

Thermal behavior 
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1. Introduction 

 

Thioureas and their metal complexes are being studied for a long time. Synthesis of thiourea 

compounds is facile. They have remarkable potential use as highly selective reagents for 

metal extraction [1]. In these type complexes, the metal ions are surrounded with S and O 

terminal atoms of the benzoylthioureas over a hexagonal ring chelate.  The delocalization 

occurs for the free pair of electrons on S, O and N in hexagonal ring. Thiourea derivatives 

show high bioactivity characteristics against to solid tumors. Previous studies showed that 

benzoylthiourea complexes have antibacterial, antifungal, antithyroid, antitubercular and 

insecticidal properties [2-4]. Benzoylthioureas have been reported as extractants for some 

transition metals [5, 6]. In previous studies, metal complexes of benzoylthiourea derivatives 

were synthesized and their properties were reported [7–9]. Hence, in present study we focused 

on synthesis, characterization and elucidating the crystal structure of new thiourea derivative 

ligand (Figure 1) and its metal complexes. Quantum chemical computations were made to 

investigate molecular orbitals of the HL ligand and optimized geometries of the ML2 

complexes. We investigated thermal behavior, antioxidant and anticancer activity of metal 

complexes and electrochemical behavior of the Cu complex.  

                                            
2. Material and Methods  

2.1. Experimental 

        2.1.1. Synthesis of the HL Ligand 

A solution of an appropriately substituted thiophene carboxylic acid chloride (0.01 mol) in 

acetone (50 mL) was added dropwise to a solution of KSCN (0.01 mol) in acetone (30 mL). 

The reaction mixtures were heated under reflux for 30 min and then cooled to room 

temperature. 3-amino-2-chloropyridine (0.01 mol) in acetone (10 mL) solution was added into 

cooled down reaction mixture. The reaction mixture was stirred for 2 h. Then, the mixture 

was poured onto HCl (0.1 N, 300 mL) and filtered. The obtained solid product was washed 

with pure H2O and re-crystallized by using C2H5OH/CH2Cl2 according to a method given by 

H. Arslan, et al., 2003  [10]. 

 

N-((2-chloropyridin-3-yl)carbamothioyl)thiophene-2-carboxamide, HL: White. Yield: 84%, 

m.p. 161–163 oC. Elemental analysis, found:  C, 44.3; H, 2.5; N, 14.0; S, 21.5; C11H8ClN3OS2 

calc.: C, 44.4; H, 2.7; N, 14.1; S, 21.5%. FT-IR (ATR, cm-1):  υ(N-H) 3105, υ(C-H aro.) 
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3062, υ(C=O) 1660 (s), υ(C=S) 1165, υ(C-Cl) 745. 1H-NMR (400 MHz, CDCl3, ppm): 8.31 

(s, 1H, N-H), 7.37–7.22 (m, 6H, Ar-H).  

 

2.1.2. Synthesis of the [ML2] complexes 

 

The complexes were synthesized using the following procedure at room temperature. 

MCl2.xH2O (0.001 mol) (M:Co2+, Ni2+ and Cu2+) in ethanol (10 mL) were added to the ligand 

(0.002 mol) in ethanol (40 mL) under constant stirring in 30 min. At the end of the synthesis 

procedure, the precipitate was filtered, washed with cold ethanol and dried in desiccator 

(Eq.1) [11]. 

 

 

Bis(N-((2-chloropyridin-3-yl)carbamothioyl)thiophene-2-carboxamide) cobalt(II), [CoL2]: 

Green. Yield: 78%. Elemental analysis, found; C, 41.6; H, 2.1; N, 13.2, S, 20.5; 

C22H14Cl2N6O2S4Co calc.: C, 41.3; H, 2.2; N, 12.9; S, 19.7%. FT-IR (ATR, cm-1): υ(C=N) 

1505 (s). HR-MS (ES+), m/z (calc./found): 652.4847/652.4958. 

 

Bis(N-((2-chloropyridin-3-yl)carbamothioyl)thiophene-2-carboxamide) nickel(II), [NiL2]: 

Pale green. Yield: 82%. Elemental analysis, found: C, 41.0; H, 2.2; N, 13.1, S, 20.3; 

C22H14Cl2N6O2S4Ni,  calc.: C, 40.9; H, 2.2; N, 12.9; S, 19.7%. FT-IR (ATR, cm-1): υ(C=N) 

1522 (s). 1H-NMR (400 MHz, CDCl3, ppm): 7.21–6.93 (m, 12H, Ar-H), 4.29 (m, 1H, N-H). 

HR-MS (ES+), m/z (calc./found): 652.2450/652.2534. 

 

Bis(N-((2-chloropyridin-3-yl)carbamothioyl)thiophene-2-carboxamide) copper(II), [CuL2]: 

Green. Yield: 77%. Elemental analysis, found: C, 42.1; H, 2.3; N, 12.5, S, 20.1; 
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C22H14Cl2N6O2S4Cu, calc.: C, 41.8; H, 2.2; N, 12.7; S, 19.5%. FT-IR (ATR, cm-1): υ(C=N) 

1573 (s). HR-MS (ES+), m/z (calc./found): 657.0976/657.1060. 

 

2.2. Instrumental 

 
1H-NMR spectra were studied on a Bruker Avance III 400 MHz NMR spectrometer.  1H-

NMR studies were made by using CDCl3 as solvent and TMS as internal standard. 1H-NMR 

signals were recorded. Perkin Elmer LX-125000B FT-IR spectrophotometer with ATR 

component (4000–30 cm−1) was used to obtain FT-IR spectra. Elemental analyses were made 

on a Costech ECS 4010 instrument. Melting points of the ligands were determined via Stuart 

model SMT30. Mass studies were made via Waters SYNAPT G1 MS instrument. The 

positive mode (ES+) with HR-MS (Da 50-1000, ESI-TOF-MS) was used for exact mass 

analysis. Single crystal X-ray data of the HL were collected on a Bruker D8 Venture 

diffractometer by using monochromated MoKα radiation. The structure was solved and 

refined using Bruker SHELXTL Software. The structure of the HL was solved by direct 

methods and refined on F2 by full matrix least-squares using SHELXL 2013[22]. All non-

hydrogen atoms were refined with anisotropic displacement parameters. The molecular 

structure plots were prepared by using Mercury CSD 2.4 [23]. TG/DTA analyses were carried 

out on a SEIKO-II instrument. The thermal decomposition behaviors of the complexes were 

investigated at a heating rate of 10 °C min-1 under N2 atmosphere via DTA/TG. The cyclic 

voltammetric measurements using glassy carbon electrode were carried out by using a BAS 

100 W (Bioanalytical System, USA) electrochemical analyzer. A glassy carbon working 

electrode (BAS; Φ: 3 mm diameter), a Ag/AgCl reference electrode (BAS; 3 M KCl) and 

platinum wire counter electrode were used. The standard one-compartment three electrode 

cell was used in all experiments. The cyclic voltammogram plots were taken at room 

temperature.  

 

2.3. Computations 

 

In this study, computations were made by using G09 [12] program package. HOMO and 

LUMO orbitals of the ligands were computed as single point calculation by using 

B97D/TZVP [13,14] level on the X-ray structure. DOS (density of state) spectrum was 

obtained by using Gaussum [15] program package. The proposed [ML2] complex structures 

were optimized by using the same computational level. The optimized bond distances and 
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angles were visualized by using CYLView[16] program package. Frequency calculations 

were made to verify that optimized structures are stationary points with no imaginary 

frequency. 

 

 

3. Results and Discussion 
 

3.1. FT-IR studies  

 

FT-IR studies were made to identify the types of bonds in the ligand and its metal complexes. 

In the FT-IR spectra of the HL broad vibration bands are observed at 3105 cm–1 and 3320 cm-

1 which indicate the N-H groups. The sharpest peak observed at 1660 cm–1 belongs to the 

stretching vibration of the carbonyl group in the HL. It was observed that the vibration band 

of the C=O and C=S disappeared after the complex formation reaction. At the same time, a 

new peak appeared in the 1470–1520 cm−1 range, which can be attributed to the absorption of 

C–N stretching vibration band. In the spectra of the complexes, there is another intense 

absorption band at 848–858 cm−1 corresponding to the C–S fragment. The stretching vibration 

band of the C=S group was observed at 1165 cm–1. The shifted vibration band of the C=S 

group in the complexes cannot be observed because of overlapping with other bands in that 

region.  

When HL is attached to metal, deprotonation occurs. So the stretching vibration band of the 

N-H group (3320 cm–1) cannot be observed in the FT-IR spectra of the metal complexes.  HL 

it is bonded to the metal atom (Table 1). The peaks of the C-Cl group in the compound are 

observed in the range 740-745 cm-1. Disappearance of the N–H band and shifting of the C=O 

and C=S bands confirmed formation of the complexes. These results are appropriate with our 

previous results [10,17-21]. The C–S , C–O and C–N stretching bands were also computed 

with B97D/TZVP for the complex structures. Theoretical calculations show the stretching 

vibration bands of the C-S, C-O and N-H groups at 1180 cm-1,  874 cm-1 and 3474 cm-1, 

respectively. The selected vibrational bands can be seen in Table 2 and the theoritical IR 

spectrum of the [NiL2] is also shown in Figure 2.  
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3.2. 1H-NMR Studies  

 

The molecular structures of the ligand and [NiL2] complex were also described by H1-NMR 

method. In 1H-NMR spectrum of the HL, the observed peaks at 8.29-8.31 ppm can be 

attributed to the N-H group. The aromatic C-H groups in HL appear as multiple peaks at 7.37-

7.22 ppm. Another N-H peak is also observed at 4.34 ppm. The N-H peaks, which are 

observed at 8.29-8.31 ppm, did not appear in the [NiL2]. These results are affirmative of the 

complexation reaction. The other N-H peak and aromatic C-H protons in the [NiL2] appeared 

at 4.29 ppm and 7.21-6.93 ppm respectively.  1H-NMR spectra of the [CoL2] and the [CuL2] 

complexes could not be obtained because of their paramagnetic properties.   

 

3.3. Crystal structure analysis of the HL 

 

The crystal and instrumental parameters were used to the unit-cell determination and data 

collection is summarized in the supporting information. Molecular structure scheme of the HL 

is given in Figure 3.  

       
Crystal data and the structure refinement parameters of the HL are given in Table 3. The 

experimental geometric parameters are also given in the supporting information. 

 

The structures were resolved and refined using the space group P 21 21 21, with Z = 4 for the 

formula unit, C11H8ClN3OS2 (HL) via Bruker SHELXTL Software Package. Specific bond 

lengths (Table 4) and angles (Table 5) of the HL are tabulated as below. 

 
The bond lengths and angles in the HL are typical for the thiourea derivatives; C6-S2 and C5-

O1 bonds displayed a typical double-bond character with 1,657(3) and 1,222(3) Å, 

respectively. The bond lengths of the N2-C6, N3-C6, N3-C5, and N2-C7 were determined to 

be 1,328(4), 1.392(3), 1.376(4) and 1,410(4) Å, respectively. Considering these results it 

could be interpreted with partial double bond character. The carbonyl and thiocarbonyl bond 

angles are N2-C6-S2, 119.3(2); N3-C6-S2, 118.5(2); N3-C5-O1, 122.1(3) and O1-C5-C4, 

122.1(3)o [17,19]. The crystal packing scheme of HL is given in Figure 4.  

 

There is one intermolecular, N-H…O hydrogen bond. The bond length of H…O in this is 

1,955 Å [10, 24, 25]. Orbital diagrams of the HL were given in Figure 5. For HL molecule, 
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HOMO are dominantly made up of π orbitals of the sulfur atom. On the other hand, the 

LUMO mainly delocalized over amide and thioamide moiety and thiophene ring of the HL 

molecule. 

 

3.4. The Complex Structure 

 

The [ML2] (M: Ni, Co, Cu) structures were proposed based on the reported cis-Bis(N,N-

dimethyl-N'-2-chlorobenzoylthioureato)Ni(II) crystal structure [26] and were optimized by 

using B97D/TZVP computational level. Figure 6 shows optimized bond distances and O-M-S 

bond angles of the [ML2] structures, respectively.  

 

The O-M-S bond angles in the [NiL2] and [CoL2] structures are very similar, but in the [CuL2] 

they slightly differ from those of the Ni and Co complexes. While the M-O distance in the 

complexes follows the order Ni-O < Co-O < Cu-O the order of the M-S distance follows the 

order Co-S < Ni-S < Cu-S. It can be said that the bond lengths of  the rest of the bond types 

(the C-O, C-S, C-N, C-C, and C-H bonds) are almost the same in all complex structures since 

the largest difference is only 0.02 Å. The C6-S2 bond distance elongates from 1.657 Å in the 

HL structure to 1.73 – 1.74 Å in the [ML2] structure. Similarly, the C5-O1 bond length also 

stretches from 1.222 Å to 1.28 – 1.29 Å for the [ML2]. Due to leaving proton from N3 atom, 

C6-N3 and C5-N3 bond lengths changed to 1.34 and 1.34 Å in the [ML2], respectively. The 

elongation of C-S, C-O and C-N bonds is estimated that the coordination possibly originating 

from back-donating character of the ligand. 

 

3.5. Thermal Behavior of the Complexes 

 

The DTA/TG curves of the [CoL2] are shown in Figure 7 and the thermo-analytical results are 

given in Table 6.                                                             

The TG curve reveals that the decompositions of the [CoL2] take place in four stages. The 

first decomposition stage occurs in the temperature range 145–251 oC. In this step, 1/3 mol 

ligand was eliminated via an experimental mass loss of 16.20% (calc.~15.2%) and the 

intermediate product formed is given with the formula [CoL5/3]. The second decomposition 

carried out between 251 and 395 oC with a mass loss of 12.10% (calc.:~11.4%). In this stage, 

1/4 mol ligand was decomposed and turned into gas products and an intermediate with the 

[CoL17/12] formula was formed. The third decomposition is observed between 395 oC and 587 
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oC with a mass loss of 29.80% (calc.:~30.4%). At the end of this stage, 2/3 mol ligand left 

from the structure and turned the gas products and an intermediate with the [CoL3/4] formula 

was formed. The last decomposition is observed at a temperature >587 oC. The remaining 

product is thought to be CoS [7,27]. The results obtained from TG/DTA curves are tabulated 

in Table 6. 

    

Thermal decomposition reactions of the [CoL2] are suggested to be as follows; 

 

 

The DTA/TG curves of the [NiL2] are shown in Figure 8 and the results are given in Table 7. 

The TG curve shows that the decomposition process of the [NiL2] occurs in three stages. The 

first decomposition stage occurs in the temperature range between 182–407 oC. In this step, 

1/3 mol of the ligand was eliminated corresponding to an experimental mass loss of 15.10% 

(calc.~15.2%) and an intermediate with the formula [NiL 5/3] was formed. The second 

decomposition is observed between 407 and 583 oC with a mass loss of 46.30% 

(calc.:~45.7%) and one mol ligand was decomposed and an intermediate with [NiL2/3] 

formula was formed. Then, this compound turns into NiS2 at >583 oC with a mass loss of 

21.20% (calc.:~20.3%)[18, 28, 29].  The TG/DTA results are given in Table 7. 

         

Thermal decomposition reactions of the [NiL2] are suggested to be as follows; 

[NiL 2] [NiL 5/3] [NiS2]
182-4070C

[NiL 2/3]
>5830C407-5830C

 

 

The DTA/TG curves of the [CuL12] are given in Figure 9 and the results are given in Table 8.             

The decomposition process of the [CuL2] takes place in three stages. The first decomposition 

occurs in temperature range of 145–285 oC. In this step, 1/3 mol of ligand was broken up 

resulting in an experimental mass loss of 15.20% (calc.~15.1%).  At the end of this stage, the 

intermediate with the formula [CuL5/3] was formed. The second decomposition stage is 

observed in temperature range of 285–575 oC with a mass loss of 45.90% (calc.:~45.3%). At 

this stage, 1 mol ligand was seperated and turned into gas products and an intermediate with 

the formula [CuL2/3] was formed. The last decomposition is observed between 575 and 935 oC 

and the remaining product is suggested to be Cu1.96S [18, 28, 29]. The TG/DTA results are 

given in Table 8.  
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Thermal decomposition reactions of the [CuL2] are recommended to be as follows; 

 

 

 
3.6. Antioxidant and Antitumor Activities 

  

The biological activities of the [CoL2], [NiL 2] and [CuL2] complexes were investigated by 

studying their antioxidant and antitumor activities in cell culture systems. The antioxidant 

activities were studied by using the DPPH and ABTS assays. The antioxidant activity of the 

complexes is proportional to DPPH, ABTS and reduction power values. The DPPH, ABTS, 

Reduction power and IC50 values are presented in Table 9.  

 

As a result of studies, it was observed that [CoL2] shows good antioxidant properties when 

compared to other complexes. These results show that antioxidant properties of the [CoL2] are 

better than those of Propyl gallate and worse than those of Vitamine E [30]. The anticancer 

activities were studied MTT assay in MCF-7 breast cancer cells. MTT assay is an important 

method fast, facile and highly accurate method for determining the anticancer activity. A 

tetrazolium salt MTT is a yellow colored, living cells bind specifically to the succinate 

dehydrogenase enzyme located in the mitochondria. The amount of living cells will be 

determined as a function of the amount of binding via spectrophotometric method. Thiourea 

compounds are known to exhibit high antitumor properties[31]. In other studies, it was 

suggested that the external N-H of the thiourea has a better hydrogen bond interaction with 

the protein [32]. Besides, it suggested that compounds with strong electron-drawing groups on 

aromatic ring (as Cl) may benefit for the antitumor activities of compounds [32]. It is known 

that the low value of IC50 means that the antitumor property of compound is good. In this 

study, the results showed that the [CuL2] also have good antitumor activity. The IC50 value of 

[CuL2] complex have a comparable activity as 5-FU which is widely employed in the 

treatment of cancer. Besides other compounds (IC50 values, >50 ppm) were less active against 

the tumor cells [33]. In a similar way, the researchers examined the antitumor properties of 

the Cu complex. They observed that the Cu complexes showed good antitumor properties 

against breast tumor [34, 35]. 
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3.7. The Electrochemical Behavior of the [CuL2]  

 

In previous studies, electrochemical behavior of thiourea derivatives was investigated [36, 

37]. In this work, to understand electrochemical behavior of the [CuL2], cyclic voltammetric 

(CV) studies were made. In the cyclic voltammogram of the [CuL2], two peaks were 

observed. One of them was observed at about +0.35 V, which is an oxidation peak, and the 

other one was observed at about -0.50 V which is a reduction peak. pH measurements showed 

that the optimum medium is pH=2 (in Britton-Robinson buffer solution, BRB) since the 

sharpest and best peak results were obtained in this medium. To understand whether the 

process diffusion or absorption controlled scan rate studies were carried out between 25 mV/s 

and 750 mV/s scan rates. Scan rate studies were made at pH=2 in BRB, where the best 

oxidation reduction results were obtained.  The typical scan rate curves of the [CuL2] are 

given in Figure 10. 

 

Scan rate studies were investigated between the 25-750 mV/s scan rate and at a concentration 

of 1 x 10-5 M. The linear dependence of the peak current Ip (µ) on the square root of the scan 

rate v1/2 (mVs-1) was found by GCE which indicated diffusional behavior. The equations 

regarding the scan rate studies for the [CuL2] is give via the below equation (1); 

 

Log Ip (µA) = 0, 1974 √v (mVs-1) – 0, 9191    (r2 = 0, 9109)                               (1) 

 

The linear relationship between Log Ip and Log v was investigated and the equations about 

these relationships are given via the below equation (2); 

 

Log Ip (µA) = 0, 5959 Log v (mVs-1) – 1, 0703 (r2 = 0, 9177)                               (2) 

          

The slope of the relationships fit the theoretically expected values for an ideal diffusion 

controlled reaction (0.5) [38]. The Cu (II) complexes could be investigated since they are 

stable in this pH range. However, the electrochemical behavior of other complexes could not 

be investigated for instability [39, 40]. 
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4. Conclusions 

N-((2-chloropyridin-3-yl)carbamothioyl)thiophene-2-carboxamide, C11H8ClN3OS2 (HL), and 

its Co(II), Ni(II) and Cu(II) complexes were synthesized. To define the structure of HL and its 

metal complexes elemental analysis, FT-IR, 1H-NMR and HR-MS methods were used. The 

HL was also characterized by single crystal X-ray diffraction study. X-ray diffraction study 

results showed that HL crystallizes in the orthorhombic system with P 21 21 21 space group 

and Z=4, and its unit cell parameters were a=3.8875(3) Å, b=14.6442(13) Å, c=21.8950(19) 

Å. Molecular orbitals of both HL and [ML2] structures were optimized by B97D/TZVP level. 

Thermal behaviors of the complexes were investigated. The [CoL2], [NiL 2] and [CuL2] 

complexes are thermally stable up to 145, 182 and 145 oC, respectively. The [NiL2] and 

[CuL2] complexes were decomposed in three stages while the [CoL2] complex was degrades 

in four steps. The anticancer and antioxidant activities of the metal complexes were also 

investigated. The antioxidant activities of the complexes were determined by using the DPPH 

and ABTS assays. Anticancer activities of the complexes were studied via MTT assay in 

MCF-7 breast cancer cells. The comparison of the results obtained with those obtained with 

other complexes showed that the [CuL2] complexes had better antitumor activities. However, 

only the cyclic voltammograms of [CuL2] could be obtained. Cu (II) complexes were stable in 

working pH range. The cyclic voltammograms of [CuL2] showed oxidation and reduction 

peaks at +0.35 V and -0.50 V, respectively.  

 

Appendix A. Supplementary material 

Crystallographic data for the structure reported in this paper have been deposited at the 

Cambridge Crystallographic Data Centre (CCDC), CCDC 1055244 (HL). This data can be 

obtained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. [Fax: int code +44(1223) 336-033; e-mail: deposit@ 

ccdc.cam.ac.uk]. Cartesian coordinates of optimized geometries and the computed IR spectra 

are also available.   
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Table 1 Selected vibration bands of ligands and their complexes. 
Table 2 The computed C–S , C–O and C–N stretching with B97D/TZVP in the complex  
              structures. 
Table 3 Crystal data and structural refinement parameters for the HL. 
Table 4 Bond lengths (oA) for the HL. 
Table 5 Bond angles (o) for the HL. 
Table 6 Thermoanalytical results of the decomposition reactions of the [CoL2]. 
Table 7 Thermoanalytical results of the decomposition reactions of the [NiL2]. 
Table 8 Thermoanalytical results of the decomposition reactions of the [CuL2]. 
Table 9 The antioxidant and antitumor activities of the metal complexes. 
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Figure 1 Molecule structures of the HL. 
Figure 2 An example of the calculated IR spectra with B97D/TZVP for HL-Ni complex structure. 
Figure 3 ORTEP view of the HL; thermal ellipsoids are shown at the 50% probability level. 
Figure 4 Crystal packing of the HL in P 21 21 21. 
Figure 5 Orbital diagrams of the HL computed using B97D/TZVP level on the X-ray structure. 
Figure 6 Optimized the [ML2] structure using B97D/TZVP level. 
Figure 7 The DTA/TG diagrams of the [CoL2] (10 °C min-1 heating rate, N2 atmosphere, 8.20 mg   
                sample mass) 
Figure 8 The DTA/TG diagrams of the [NiL2] (10 °C min-1 heating rate, N2 atmosphere, 8.05 mg  
                sample mass)                                 
Figure 9 The DTA/TG diagrams of the [CuL2] (10 °C min-1 heating rate, N2 atmosphere, 8.25 mg  
                sample mass)                    
Figure 10 Cyclic Voltammograms of [CuL2] compound with different scan rates. 
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Comp. υ(N3-H4)/  
cm–1 

υ(N2-H5)  
cm-1 

υ(C-H) (ring)/ 
cm–1 

υ(C=O)/ 
cm–1 

υ(C=N)/ 
cm–1 

υ(C=S)/ 
cm–1 

υ(C-Cl)/ 
cm–1 

HL 3320 3105 3062 1660 - 1165 745 
CoL2 - 3095 2972 - 1505 - 745 
NiL2 - 3075 2976 - 1522 - 741 
CuL2 - 3085 2971 - 1573 - 740 
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Vibrations (cm-1) Assignment 
3474 (N – H)  
3179 - 3109 (C – H)arom 
1568 – 1549 (C – N and C – C)pyridine 
1515 - 1502 (C – C)thiophene 

1452 - 1405 (CC=O – N – CC=S) 
1256 - 1258 (C – S)C=S and (C – O)C=O 

1180 (C – S)C=S   
874 (C – O)C=O 
836 (C – S)thiophene 
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Empirical formula C11H8ClN3OS2      
Formula weight(g/mol) 297.78 
T(K) 299                          
λ(Å) 0.71073 
Crystal system 
Space group 

Orthorhombic 
P 21 21 21 

Unit cell dimensions: (Å,º)  
A 3.8875(3) 
B 14.6442(13 
C 21.8950(19) 
Α 90 
β 90 
Γ 90 
V(Å3) 1246.47(18) 
Z 4 
µ (mm−1) 0.631 
ρ (g cm−3) 1.587 
F(000) 608 
Crystal size (mm) 0.02x0.05x0.1 
θ range for data collection(º) 2.32 to 25.32 
Index ranges -4≤h≤4 

-17≤k≤17 
-26≤l≤26 

Reflections collected 27017 
Independent reflections 
Coverage of independent ref. 

2266 
99.4% 

Data/parameters 2266/163 
Max. and min. transmission 0.988/0.940 
R1, wR2 [I ≥ 2σ(I)] 0.0288 

0.0558 
R1, wR2 (all data) 0.0405 

0.0590 
GOF on F2 1.077 
∆ρmax, ∆ρmin(e Å-3) 
 

0.168/-0.143 
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S2-C6 1.657(3) S1-C1 1.687(3) 

S1-C4 1.716(3) Cl1-C9 1.744(3) 

O1-C5 1.222(3) N2-C6 1.328(4) 

N2-C7 1.410(4) N2-H5 0.78(3) 

N3-C5 1.376(4) N3-C6 1.392(3) 

N3-H4 0.87(3) N1-C9 1.311(4) 

N1-C10 1.335(4) C7-C8 1.381(4) 

C7-C9 1.386(4) C4-C3 1.366(4) 

C4-C5 1.459(4) C8-C11 1.372(4) 

C8-H6 0.93 C3-C2 1.400(4) 

C3-H3 0.93 C11-C10 1.367(5) 

C11-H7 0.93 C2-C1 1.340(4) 

C2-H2 0.93 C1-H1 0.93 

C10-H8 0.93 
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C1-S1-C4 91.31(16) C6-N2-C7 126.8(3) 

C6-N2-H5 116.(2) C7-N2-H5 117.(2) 

C5-N3-C6 128.5(3) C5-N3-H4 118.2(19) 

C6-N3-H4 113.3(19) C9-N1-C10 116.5(3) 

C8-C7-C9 116.7(3) C8-C7-N2 123.6(3) 

C9-C7-N2 119.6(3) C3-C4-C5 131.4(3) 

C3-C4-S1 111.2(2) C5-C4-S1 117.4(2) 

N2-C6-N3 115.1(3) N2-C6-S2 126.4(2) 

N3-C6-S2 118.5(2) O1-C5-N3 122.1(3) 

O1-C5-C4 122.1(3) N3-C5-C4 115.8(3) 

C11-C8-C7 119.0(3) C11-C8-H6 120.5 

C7-C8-H6 120.5 C4-C3-C2 111.9(3) 

C4-C3-H3 124.1 C2-C3-H3 124.1 

N1-C9-C7 125.3(3) N1-C9-Cl1 116.0(2) 

C7-C9-Cl1 118.7(2) C10-C11-C8 119.3(3) 

C10-C11-H7 120.4 C8-C11-H7 120.4 

C1-C2-C3 113.0(3) C1-C2-H2 123.5 

C3-C2-H2 123.5 C2-C1-S1 112.6(2) 

C2-C1-H1 123.7 S1-C1-H1 123.7 

N1-C10-C11 123.2(3) N1-C10-H8 118.4 

C11-C10-H8 118.4 
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Comp. Stage DTA peak/oC TG temp. range/oC Mass loss% 
İnterm. product 

(or residue) 
    Exper. Theor.  

CoL1
2 I 232 145-251 16.2 15.2 CoL5/3 

 II 295 251-395 12.1 11.4 CoL17/12 
 III 417 395-587 29.8 30.4 CoL3/4 
 IV 636 587-830 27.8 29.0 CoS 
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Comp. Stage DTA peak/oC TG temp. range/oC Mass loss% 
İnterm. product 

(or residue) 
    Exper. Theor.  

NiL1
2 I 223 182-407 15.1 15.2 NiL5/3 

 II 452 407-583 46.3 45.7 NiL2/3 
 III 601 583-925 21.2 20.3 NiS2 
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Comp. Stage DTA peak/oC TG temp. range/oC Mass loss% 
İnterm. product 

(or residue) 
    Exper. Theor.  

CuL1
2 I 213 145-285 15.2 15.1 CuL5/3 

 II 320 285-575 45.9 45.3 CuL2/3 
 III 635 575-935 16.3 15.8 Cu1.96S 
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Comp. DPPH ABTS Red.p. IC50 (ppm) 
CoL2 19,894±0,625 68,248±0,354 8,908±0,843 135 
NiL 2 4,9739±0,8882 86,108±0,637 3,3885±0,4895 92 
CuL2 2,283±0,140 1,237± 0,029 0,735±0,067 48 

                         *DPPH, ABTS and reduction power; mg trolax eq./100 mg sample 
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