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Abstract: N-((6-methylpyridin-2-yl)carbamothioyl)thiophene-2-carboxamide,
C12H11N30S2 (HL) and its Co(II), Ni(II) and Cu(II) complexes (ML2 type) have been
synthesized and characterized by elemental analysis, FT-IR ,'H-NMR and HR-MS
methods. Moreover, HL was characterized by single crystal X-ray diffraction method. The
HL crystallizes in the monoclinic crystal system with P 1 2i/c 1 space group, Z=4,
a=7.2326(8) A, b=18.3492(16) A, c=9.7724(9) A. The [ML2] complex structures were
optimized by using B97D/TZVP level. Molecular orbitals of HL ligand were calculated at
the same level. Antioxidant activities of the complexes were determined via DPPH and
ABTS assays. Anticancer activity of the complex was studied via MTT assay in MCF-7
breast cancer cells.
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INTRODUCTION

Thiourea derivatives are important compounds due to their wide range of applications.
They have a long history as functional ligands in coordination chemistry and they
coordinate to metals via both O and S atoms [1]. Benzoylthioureas have been reported
as extractants for various valuable metals such as Ni, Co, Ag, Pd and Au [2-4]. In
previous studies, metal complexes of benzoylthiourea derivatives were synthesized and
their properties were reported [5-7]. It is known that thiourea derivatives show

antibacterial, antifungal, antitubercular, antithyroid, and insecticidal properties [8].

Therefore, this study is focused on the synthesis, characterization, and crystal structure
of new thiourea derivatives (Figure 1) and their metal complexes. Quantum chemical
computations were performed to investigate molecular orbitals of HL ligand and
optimized geometries of ML complexes. Also, antioxidant and anticancer activity of all

complexes and electrochemical behavior of the Cu complex were investigated.
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Figure 1 Molecular structures of the HL.
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MATERIAL and METHODS

Experimental
Synthesis of the ligand

All chemical reagents used for the synthesis were analytical purity. A solution of an
appropriately substituted thiophenecarboxylic acid chloride (0.01 mole) in acetone (50
cm?3) was dropwise added to a solution of KSCN (0.01 mole) in acetone (30 cm3). The
reaction mixtures were heated under reflux for 30 min. Then they were cooled to room
temperature. Solutions of 2-amino-6-methylpyridine (0.01 mole) in acetone (10 cm?3)
were added and the resulting mixtures were stirred for 2 h. The resulting mixture was
poured into HCI (0.1 N, 300 cm?3) solution and was filtered. The obtained solid product
was washed with H20 and was purified by recrystallization from EtOH/CH2Cl> [9].
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N-((6-methylpyridin-2-yl)carbamothioyl)thiophene-2-carboxamide, HL: Light Yellow.
Yield: 88%, m.p. 155-157 °C. (Anal.: C, 51.5; H, 3.9; N, 15.0; S, 22.9; Ci2H11N30S>
calc.: C, 52.0; H, 4.0; N, 15.2; S, 23.1%.). FT-IR (ATR, cm't): u(N-H) 3181, uv(C-H aro.)
3013, v(CHs3) 2810,1354, v(C=0) 1695 (s), v(C=S) 1155. *H-NMR (400 MHz, CDClIs,
ppm): 8.37 (s, 1H, NH), 7.25-6.96 (m, 6H, Ar-H.).

Synthesis of the complexes, [ML:]

Complexes were synthesized according to the following method: MCl2.xH20 (0.001 mole)
(M:Co?*, Ni?* and Cu?*) in ethanol (10 cm3®) were added drop wise to into the solution
containing the ligand (0.002 mole) dissolved in ethanol (40 cm?3) in the presence of a few
drops of EtsN under constant stirring for 30 min. The sediment was filtered, washed with

a small amount of cold ethanol and was dried in desiccator [10].
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Bis(N-((6-methylpyridin-2-yl)carbamothioyl)thiophene-2-carboxamide)cobalt(ll), [ColL:]:
Pale green. Yield: 89%, Anal.: C, 46.9; H, 3.1; N, 13.2; S, 21.3; C24H20Ne02S4Co, calc.:
C, 47.1; H, 3.3; N, 13.7; S, 21.0%. FT-IR (ATR, cm): v(C=N) 1567 (s). HR-MS (ES*),
m/z (calc./found): 611.6478/611.6589.

Bis(N-((6-methylpyridin-2-yl)carbamothioyl)thiophene-2-carboxamide)nickel(II), [NilL:]:
Green. Yield: 77%, Anal.: C, C, 47.3; H, 3.4; N, 13.3; S, 21.5; C24H20Ns02S4Ni, calc.: C,
47.2; H, 3.3; N, 13.8; S, 21.0%. FT-IR (ATR, cm™): v(C=N) 1536 (s). 'H-NMR (400 MHz,
CDCl5, ppm): 7.21-6.87 (m, 12H, Ar-H), 4.34 (m, 1H, N-H). HR-MS (ES*), m/z
(calc./found): 611.4080/611.4164.

Bis(N-((6-methylpyridin-2-yl)carbamothioyl)thiophene-2-carboxamide)copper(1I),[CulL:]:
Brown. Yield: 82%, Anal.: C, 46.0; H, 3.5; N, 13.3; S, 20.3, Ca4H20Ne02S4Cu, calc.: C,
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46.8; H, 3.3; N, 13.6; S, 20.8%. FT-IR (ATR, cm): v(C=N) 1520 (s). HR-MS (ES*), m/z
(calc./found): 616.2606/616.2690.

Instrumental

FT-IR measurements were performed via a Perkin Elmer LX-125000B FT-IR spectrometer
with an ATR component (4000-30 cm~1!). 'H-NMR spectra were recorded on a Bruker
Avance III 400 MHz NMR spectrometer, using CDCls as solvent and TMS as internal
standard. 'H-NMR signals were recorded with the aid of 2D COSY spectra where
necessary. Elemental analyses were performed on a Costech ECS 4010 instrument.
Melting point of the ligand was determined by Stuart model SMT30 instrument. The mass
spectra were obtained by using Waters SYNAPT G1 MS instrument. The exact mass
analyses were made in positive mode (ES+) with HR-MS (Da 50-1000, ESI-TOF-MS). X-
ray data of the HL were collected on a Bruker D8 Venture diffractometer using
monochromated MoKq radiation. The structure was solved and refined using the Bruker
SHELXTL Software. The voltammetric measurements were made via BAS 100 W
(Bioanalytical System, USA) electrochemical analyzer. The standard one-compartment
three electrode cell of 10 mL capacity contained glassy carbon working electrode
(BAS; @: 3 mm diameter), a Ag/AgCl reference electrode (BAS; 3 M KCI) and platinum

wire counter electrode.

Computations

Computations were made by using G09 [11] program package. HOMO and LUMO orbitals
of the ligands were computed as single point calculation using B97D/TZVP [12,13] level
on the X-ray structure. DOS (density of state) spectrum was obtained using Gaussian
[14] program package. The proposed [ML2] complex structures were optimized using the
same computational level. The optimized bond distances and angles were visualized by
using CYLView[15] program package. Frequency calculations were also made to verify

that optimized structures are stationary points (no imaginary frequency).

RESULTS and DISCUSSION

1H-NMR

The 'H-NMR spectra of the ligand there is a single peak at 8.37 ppm which corresponds
to the N-H group. The aromatic C-H bonds are shown as multiple peaks at 7.28-7.14
ppm for HL. The N-H peaks, which are observed at 8.37 ppm, would not appear in the
metal complexes. These data agree with the complexation reaction and structure of the

metal complexes. The aromatic C-H protons are shown at 7.21-6.87 ppm for [NiL2]. The

4
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N-H protons are shown at 4.34 ppm for [NiLz2]. *H-NMR spectra of [Col:] and [Culz]

complexes could not be obtained because of their paramagnetic properties.

X-Ray Crystallography

The single crystals suitable for X-ray diffraction analysis were grown from ethanol
solutions. The structures were solved via direct methods and were refined on F? by full
matrix least-squares using SHELXL 2013[16]. All non-hydrogen atoms were refined via
anisotropic displacement parameters. The molecular structure plots were obtained by
using Mercury CSD 2.4 software [17]. The crystal and instrumental parameters were
summarized in the supporting information. Molecular structure with the atom-numbering

scheme of the HLis given in Figure 2.

Figure 2 ORTEP view of the HL, thermal ellipsoids are shown at the 50% probability
level.

Crystal data parameters of HL and some experimental parameters are given in the

supplementary material file.

Packing scheme of the HL is given in Figure 3.
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Figure 3 Crystal packing scheme of the HLin P 1 2:/c 1.

The structures were solved and refined using the Bruker SHELXTL Software Package.
Selected bond lengths and angles of the HL are presented in supplementary material file.
The bond lengths and angles in the HL are typical for thiourea derivatives; C6-S2 and
C5-01 bonds show a typical double-bond character with 1,672(18) and 1,212(2) A,
respectively. The bond lengths of the N2-C6, N3-C6, N3-C5, and N2-C7 were determined
as 1,359(2), 1.368(2), 1.400(2) and 1,409(2) & respectively. These results show that the
bonds have partial double bond character. The carbonyl and thiocarbonyl part bound
angles are N2-C6-S2, 119.3(14); N3-C6-S2, 125.7(14); N3-C5-01, 124.4(17) and O1-
C5-C4, 122.1(17)°[14,18-22]. The crystal packing is determined by intermolecular N-
H...S hydrogen bonds [23,24]. Orbital diagrams of the HL were given in Figure 4. For HL
molecule, HOMO are dominantly made up of n orbital of sulfur atom. On the other hand,
LUMO are mainly delocalized over amide and thioamide moiety and thiophene ring of the
HL molecule.
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Figure 4 Orbital diagrams of the HL computed using B97D/TZVP level on the X-ray
structure.
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Complex Structure

The [MLz2] (M: Ni, Co, Cu) structures were proposed based on the reported cis-bis(N,N-
dimethyl-N'-2-chlorobenzoylthioureato)Ni(II) crystal structure[25] and were optimized by
using B97D/TZVP computational level. Figure 5 show optimized bond distances and O-M-

S bond angles of the [ML2] structures, respectively.
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Figure 5 Optimized the [ML:] structure using B97D/TZVP level.

The O-Ni-S bond angles in the [NiL2] and [CoL2] structures are very similar but in the
[CuL2] they slightly differ from those of Ni and Co complexes. The M-O distance for
complexes follows the order; Cu-O (1.99 &) >Co-O (1.88 A) >Ni-O (1.87 R). The M-O
distance values for complexes agree with literature values which are 1.94 &, 1.92 A and
1.86 A, respectively [26-28]. The M-S distance order for complexes is Co-S < Ni-S < Cu-
S. It can be said that the bond lengths for the rest of the bond types (the C-H, C-C, C-N,
C-S and C-O bonds) are almost the same in all complex structures since the largest
difference is only 0.02 A. The C6-S2 bond distance elongates from 1.672 A in the HL
structure to 1.75 - 1.77 A in the [MLz] structure. Similarly, the C5-O1 bond length also
stretches from 1.212 & to 1.28 A for the [ML:]. Due to leaving proton from N3 atom, C6-
N3 and C5-N3 bond lengths changed to 1.31 and 1.34 A in the [ML:], respectively.

Antioxidant and Antitumor Activity of the Complexes

In vitro antioxidant and antitumor properties of all complexes were studied in cell culture
systems. The antioxidant activity of metal complexes was studied by using the DPPH and

ABTS assays. The anticancer activity of complex was studied via MTT assay in MCF-7
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breast cancer cells. MTT assay is fast, easy and with high accuracy. The amount of living
cells will be determined depending on the amount of binding via spectrophotometric
analysis. The DPPH, ABTS, Reduction power and ICso values are presented in
supplementary material file. Natural or synthetic antioxidants are important in the
management of severe oxidative stress conditions. Synthetic antioxidants are currently
being developed as therapeutic agents against oxidative stress. The antioxidant activity
is related to DPPH, ABTS and reduction power values. The [ColL2] shows good antioxidant
properties. These results show that antioxidant properties of [Col:] is better than those
of propyl gallate and worse than those of vitamin E. Both propyl gallate and vitamin E are
important antioxidant materials [29]. The [Culz2] complex shows good antitumor activity.
The ICso value of the [Cul2] complex is comparable with that of Fluorouracil (5-FU) which
is widely used in cancer treatment. Other compounds (ICso values, >40 ppm) were less
active against the tumor cells [30]. Similarly, the researchers examined the antitumor
properties of the Cu complex. They observed that the Cu complexes show good

antitumor properties [31,32].

Electrochemical Behavior of the [CulL:]

The cyclic voltammetric (CV) studies were carried out to understand the electrochemical
behavior of the [CuL:]. In cyclic voltammogram of the [Cul:], there are two peaks. One
of these peaks is at about +0.52 V, which is an oxidation peak, and the other one is at
about -1.40 V which is a reduction peak. By the help of the pH measurements, optimum
pH of the medium was found to be pH=2, where the sharpest and best results were
obtained. To understand whether the process was under control of diffusion or
absorption, scanning rate studies were carried out between 25 mV/s and 750 mV/s.
Studies were carried out in Britton-Robinson buffer solution at pH=2, where the best
oxidation and reduction results were obtained. The characteristic scan rate curves of the

[Cul:] are given in Figure 6.
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Figure 6 Cyclic Voltammograms of [CulL2] compound with different scan rates.
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Scan rates were investigated between the 25-750 mV/s and at 1 x 10> M concentration.
The linear dependence of peak current Ip (u) on the square root of the scan rate v/2
(mVs™) was found by GCE, demonstrating diffusional behavior. The equations about scan

rate studies for the [Cu(L)2] is noted via the equation below (1);

Log I (HA) = 0, 2607 Vv (mVs1) - 0, 5439 (r2 = 0, 9501) (1)

The linear relationship between Log I, and Log v was also investigated and the equations

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

Log Ip (WA) = 0, 4455 Log v (mVs™) - 0, 3970 (r2 = 0, 9940) (2)

The slope of the relationships fit with the theoretically expected values for an ideal
diffusion controlled reaction (0.5) [33]. The Cu(II) complexes could be studied because

they are stable in this pH range.

CONCLUSIONS

N-((6-methylpyridin-2-yl)carbamothioyl)thiophene-2-carboxamide, Ci2H1:N30S> (HL),
and its Co(II), Ni(II) and Cu(II) complexes have been synthesized. Characterization of
the compounds were made by elemental analysis, FT-IR, 'H-NMR and HR-MS methods.
In addition, HL was characterized by single crystal X-ray diffraction method. The HL
crystallizes in the monoclinic crystal system with P1 2i/c 1 space group, Z=4,
a=7.2326(8) A, b=18.3492(16) AR, c=9.7724(9) A. Molecular orbitals of both HL
calculated and the [ML:z] structures were optimized by B97D/TZVP level. The anticancer
and antioxidant activities of the complexes were also investigated. Antioxidant activities
of the complexes were determined by using DPPH and ABTS assays. The [Colz] shows
good antioxidant properties. Anticancer activity of the complex was investigated via MTT
assay in MCF-7 breast cancer cells. The ICso values of complexes are 111, 79 and 31
ppm for [Col2], [NiL2] and [Cul:], respectively. The [Cul2] complexes were found to
have better antitumor activities. Cyclic voltammograms of the complexes show oxidation
and reduction peaks at +0.52 V and -1.40 V for the [Cul:].

Appendix A. Supplementary material
Crystallographic data for the HL structure have been deposited at the Cambridge
Crystallographic Data Centre (CCDC), CCDC 1055243 (HL). This data can be obtained

free of <charge from The Cambridge Crystallographic Data Centre via
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www.ccdc.cam.ac.uk/data_request/cif. Cartesian coordinates of optimized geometries are

also available. The tables in the text were also combined in the Supplementary Material.

ACKNOWLEDGEMENTS
This work was supported by Kahramanmaras Siit¢ii imam University Research Fund
(BAP-project no:2013/4-28M). We also thank TUBITAK ULAKBIM, High Performance and

Grid Computing Center (TR-Grid e-Infrastructure) for the calculations.

10



Yesilkaynak, JOTCSA. 2016; 3(3): 1-14. RESEARCH ARTICLE

REFERENCES

1. Burrows AD, Coleman MD, Mahon MF. Platinum thiosemicarbazide and thiourea complexes: the
crystal structure of [PtCl(dppe){SC(NHMe)NHNMe2-S}](PF6) and the influence of intramolecular
hydrogen bonding on ligand co-ordination mode. Polyhedron. 1999 Aug;18(20):2665-71.

2. Dominguez M, Antico E, Beyer L, Aguirre A, Garcia-Granda S, Salvado V. Liquid-liquid extraction
of palladium(II) and gold(III) with N-benzoyl-N’,N’-diethylthiourea and the synthesis of a
palladium benzoylthiourea complex. Polyhedron. 2002 Jun;21(14-15):1429-37.

3. Kdénig K-H, Schuster M, Schneeweis G, Steinbrech B. Zur Chromatographie von Metallchelaten:
XIV. Dinnschicht-Chromatographie von N,N-Dialkyl-N?-benzoylthioharnstoff-Chelaten. Fresenius’
Zeitschrift flir Analytische Chemie. 1984;319(1):66-9.

4. Kénig K-H, Schuster M, Steinbrech B, Schneeweis G, Schlodder R. N,N-Dialkyl-N?-
benzoylthioharnstoffe als selektive Extraktionsmittel zur Abtrennung und Anreicherung von
Platinmetallen. Fresenius’ Zeitschrift fir Analytische Chemie. 1985;321(5):457-60.

5. Ozpozan N, Ozpozan T, Arslan H, Karipgin F, Kilcli N. Thermal behaviours of Co(II), Ni(II),
Cu(II)), and Pb(II) complexes of N,N-dipropyl-N’-benzoylthiourea. Thermochimica Acta. 1999
Sep;336(1-2):97-103.

6. Ozpozan N, Arslan H, Ozpozan T, Ozdes N, Kiilcii N. Thermal studies of Ni(II), Pd(II), Pt(II) and
Ru(III) complexes of N,N-dihexyl-N’-benzoylthiourea. Thermochimica Acta. 2000 Jan;343(1-
2):127-33.

7. Ozpozan N, Arslan H, Ozpozan T, Merdivan M, Kiilci N. Thermal Decomposition Kinetics of Some
Metal Complexes of N,N-diethyl-n ~-benzoylthiourea. Journal of Thermal Analysis and Calorimetry.
2000;61(3):955-65.

8. Madan V, Taneja A, Kudesia V. SYNTHESIS AN SPECTRAL STUDIES OF SOME PYRIMIDYL AND
THIAZOLYL SUBSTITUTED THIOUREAS AS POTENTIAL FUNGICIDES AND NEMATICIDES. ] Ind
Chem Soc. 1991;68(8):471-2.

9. Arslan H, Flérke U, Kilcl N. Synthesis, characterization, and crystal structure of 1-(4-chloro-
benzoyl)-3-naphthalen-1-yl-thiourea. J Chem Crystallog. 203AD;33(12):919-24.

10. Gunasekaran N, Jerome P, Ng SW, Tiekink ERT, Karvembu R. Tris-chelate complexes of
cobalt(III) with N-[di(alkyl/aryl)carbamothioyl] benzamide derivatives: Synthesis, crystallography
and catalytic activity in TBHP oxidation of alcohols. Journal of Molecular Catalysis A: Chemical.
2012 Feb;353-354:156-62.

11. Frisch M, Trucks G, Schlegel H, Scuseria G, Robb M, Cheeseman J, et al. Gaussian [Internet].
Gaussian, Inc.; 2009. Available from: http://www.gaussian.com/

12. Grimme S. Semiempirical GGA-type density functional constructed with a long-range dispersion
correction. Journal of Computational Chemistry. 2006 Nov 30;27(15):1787-99.

13. Schéfer A, Huber C, Ahlrichs R. Fully optimized contracted Gaussian basis sets of triple zeta
valence quality for atoms Li to Kr. The Journal of Chemical Physics. 1994;100(8):5829.

14. O’boyle NM, Tenderholt AL, Langner KM. cclib: A library for package-independent
computational chemistry algorithms. Journal of Computational Chemistry. 2008 Apr 15;29(5):839-
45,

15. Legault C. CYLview, 1.0b [Internet]. Université de Sherbrooke; 2009. Available from:
http://www.cylview.org

16. Sheldrick GM. A short history of SHELX. Acta Crystallographica Section A Foundations of
Crystallography. 2008 Jan 1;64(1):112-22.

11



Yesilkaynak, JOTCSA. 2016; 3(3): 1-14. RESEARCH ARTICLE

17. Macrae CF, Bruno 1J, Chisholm JA, Edgington PR, McCabe P, Pidcock E, et al. Mercury CSD 2.0
- new features for the visualization and investigation of crystal structures. Journal of Applied
Crystallography. 2008 Apr 1;41(2):466-70.

18. Arslan H, Kiilci N, Florke U. Synthesis and characterization of copper(II), nickel(II) and
cobalt(Il) complexes with novel thiourea derivatives. Trans Met Chem. 2003;28(7):816-9.

19. Binzet G, Arslan H, Flérke U, Kilci N, Duran N. Synthesis, characterization and antimicrobial
activities of transition metal complexes of N,N -dialkyl- N’ -(2-chlorobenzoyl)thiourea derivatives.
Journal of Coordination Chemistry. 2006 Aug 5;59(12):1395-406.

20. Arslan H, Flérke U, Kilci N, Emen MF. Crystal structure and thermal behaviour of copper(1I)
and zinc(II) complexes with N -pyrrolidine- N ’-(2-chloro-benzoyl)thiourea. Journal of Coordination
Chemistry. 2006 Jan 20;59(2):223-8.

21. Ugur D, Arslan H, Kilcl N. Synthesis, characterization and thermal behavior of 1,1-dialkyl-3-
(4-(3,3-dialkylthioureidocarbonyl)-benzoyl)thiourea and its Cu(II), Ni(II), and Co(II) complexes.
Russian Journal of Coordination Chemistry. 2006 Sep;32(9):669-75.

22. Emen M, Arslan H, Kilci N, Flérke U, Duran N. Synthesis, characterization and antimicrobial
activities of some metal complexes with N’-(2-chloro-benzoyl)thiourea ligands : The crystal
structure of fac-[CoL3] and cis-[PdL2]. Pol J Chem. 2005;79(10):1615-26.

23. Binzet G, Emen FM, Florke U, Yesilkaynak T, Kilci N, Arslan H. 4-Chloro- N -[ N -(6-methyl-2-
pyridyl)carbamothioyl]benzamide. Acta Crystallographica Section E Structure Reports Online. 2009
Jan 15;65(1):081-2.

24. Yesilkaynak T, Flérke U, Kilct N, Arslan H. 1-Benzoyl-3-(4-methylpyridin-2-yl)thiourea. Acta
Crystallographica Section E Structure Reports Online. 2006 Sep 15;62(9):03934-5.

25. Emen FM, Flérke U, Kilcl N, Arslan H. cis -Bis( N , N -dimethyl- N ’'-2-
chlorobenzoylthioureato)nickel(II). Acta Crystallographica Section E Structure Reports Online. 2003
Aug 15;59(8):m582-3.

26. Ozer CK, Arslan H, Vanderveer D, Binzet G. Synthesis and characterization of N -
(alky(aryl)carbamothioyl)cyclohexanecarboxamide derivatives and their Ni(II) and Cu(II)
complexes. Journal of Coordination Chemistry. 2009 Jan;62(2):266-76.

27. Hernandez W, Spodine E, Vega A, Richter R, Griebel ], Kirmse R, et al. Cis-trans Isomerism in
Copper(II) Complexes with N-acyl Thiourea Ligands. Zeitschrift fir anorganische und allgemeine
Chemie. 2004 Aug;630(10):1381-6.

28. Binzet G, Arslan H, Kilct N. Synthesis and Thermal Behaviour of Co(II), Ni(II) and Cu(II)
Complexes of N,N-di-n-propyl-N?- (2-chlorobenzoyl)thiourea. Asian Journal of Chemistry.
2007;19(7):5711-7.

29. Dong Y, Venkatachalam T., Narla RK, Trieu VN, Sudbeck EA, Uckun FM. Antioxidant function of
phenethyl-5-bromo-pyridyl thiourea compounds with potent anti-HIV activity. Bioorganic &
Medicinal Chemistry Letters. 2000 Jan;10(1):87-90.

30. Liu W, Zhou J, Zhang T, Zhu H, Qian H, Zhang H, et al. Design and synthesis of thiourea
derivatives containing a benzo[5,6]cyclohepta[1,2-b]pyridine moiety as potential antitumor and
anti-inflammatory agents. Bioorganic & Medicinal Chemistry Letters. 2012 Apr;22(8):2701-4.

31. Kumar R, Obrai S, Jassal AK, Hundal MS, Mitra J, Sharma S. Synthesis, structure,
computational, antimicrobial and in vitro anticancer studies of copper(II) complexes with
N,N,N’,N’-tetrakis(2-hydroxyethyl)ethylenediamine and tris(2-hydroxyethyl)amine. Journal of
Coordination Chemistry. 2015 Jun 18;68(12):2130-46.

32. Zhang X-T, Ma Z-Y, Zhao C, Zhou Q-J, Xie C-Z, Xu J-Y. Synthesis, crystal structures, DNA

binding, and cytotoxicity activities of two copper(II) complexes based on unsymmetrical tripodal
ligands. Journal of Coordination Chemistry. 2015 Jul 3;68(13):2307-23.

12



Yesilkaynak, JOTCSA. 2016; 3(3): 1-14. RESEARCH ARTICLE

33. Muslu H, Golcu A, Tumer M, Ozsoz M. Electrochemical investigation and DNA-binding studies of

pefloxacin—metal(II/III) complexes. Journal of Coordination Chemistry. 2011 Oct 10;64(19):3393-
407.

13



Yesilkaynak, JOTCSA. 2016; 3(3): 1-14. RESEARCH ARTICLE

Tiirkce Oz ve Anahtar Kelimeler

N-((6-metilpiridin-2-il)karbamotioil)tiyofen-2-karboksamid ve
Co(II) Ni(II) ve Cu(II) komplekslerinin sentezi ve
karakterizasyonu: Molekiil Orbitallerin Hesaplanmasi, Antioksidan
ve Antitiimor Aktiviteleri

Tuncay Yesilkaynak

Kimya Teknolojisi Bolimu, Afsin Meslek Yiiksek Okulu, Siitcii Imam Universitesi,
TR46500 Kahramanmaras

Oz: N-((6-metilpiridin-2-il)karbamotioiltiyofen-2-karboksamid, Ci2H11N30S2 (HL) ve
Co(II), Ni(II) ve Cu(II) kompleksleri (ML2 tard) sentezlenmis ve elementel analiz, FT-IR,
'H-NMR HR-MS yontemleriyle karakterize edilmistir. Bunun disinda, HL tek kristal X-igini
sacilmasi yontemi ile karakterize edilmistir. HL monoklinik kristal sisteminde P 1 21/c 1
uzay grubunda kristallenir ve Z = 4 a=7.2326(8) A, b=18.3492(16) A, c=9.7724(9)
A.olarak bulunmustur. [ML:] kompleks vyapilari B97D/TZVP seviyesinde optimize
edilmistir. HL ligandinin molekiler orbitalleri de ayni seviyede hesaplanmistir.
Komplekslerin antioksidan aktiviteleri DPPH ve ABTS deneyleri ile belirlenmistir.
Kompleksin antikanser aktivitesi MTT deneyi ile MCF-7 meme kanser hicrelerinde
calisiimistir.

Anahtar kelimeler: Tiyolre; tiyofen; antikanser aktivitesi, kristal yapisi; molektler
orbital.

Sunulma: June 27, 2016. Kabul: July 9, 2016.
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