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	Recently, there has been a rise in interest in the synthesis of chemical compounds with biological activity, especially in the fight against cancer, which is regarded as a modern-day disease. The present study was conducted to synthesize thiourea benzamide derivative ligands and their metal complexes with Cu(II). Thiourea benzamide derivative ligands and their metal complexes with Cu(II) were synthesized. The structures of the synthesized complexes were elucidated by mass spectra, FT-IR, 13C-NMR, and 1H-NMR spectra. Molar conductivity, magnetic susceptibility, SEM, EDX, and TG analyses were also performed. The in vitro anticancer activity of the compounds was examined against the breast cancer cell line MCF-7. Molecular docking of complexes (1) and (2) was performed with breast cancer proteins. The synthesized compounds include {[Cu(L)2Cl2].nH2O, where L= ( N-((3-nitrophenyl) carbamothioyl) benzamide (L1, n= 2, (1)), N-(naphthalen-1-ylcarbamothioyl) benzamide (L2, n= 2, (2)), 4-nitro-N-((4-nitrophenyl) carbamothioyl) benzamide (L3, n= 0, (3)), 4-nitro-N-(p-tolylcarbamothioyl) benzamide (L4, n= 2, (4)), N-((4-chlorophenyl) carbamothioyl)-4-nitrobenzamide (L5, n= 4, (5). The ligands behave as bidentate donors and are associated with Cu(II) in a 1:2 (M:L) ratio. Also, the geometric shapes of the prepared complexes were octahedral. The in vitro cellular toxicity evaluation showed that the compounds have low efficacy except for complexes (1) and (2), which have high effectiveness. The molecular docking analysis indicated that the compounds would specifically target PR (PDP: 4OAR) and Akt (PDP: 5KCV) proteins, which had the lowest values of binding energy and RMSD. The findings of this study reveal that these compounds can be used for therapeutic purposes.
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Introduction 
                Thioureas are a well-known class of versatile organic compounds that have been extensively synthesized and investigated for many years due to their ability to undergo structural modification.1 These compounds have proven to be industrially important by having two reactive primary amine group units. Thiourea can therefore be used to create a wide range of useful biologically interesting chemical groups, leading to an essentially infinite number of structures with novel physicochemical features. These properties add to the understanding of thiourea chemicals.2-4 Compounds containing carbonyl and thiocarbonyl groups occupy a necessary position among organic reagents as workable donor ligands for transition metal ions. 5-6 Among these thiourea derivatives are potentially very versatile ligands and can coordinate to a range of metal centers as neutral ligands, monoanions, or dianions.6-7
A wide range of thiourea applications in industries, chemistry, medicine, and other fields may be facilitated by the oxygen, nitrogen, and sulphur donor atoms of thiourea and its derivatives.
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The ligands and their metal complexes also exhibit a wide spectrum of biological action, acting as anticancer, antioxidant, anti-HIV, anti-parasitic, anti-inflammatory, fungicide, herbicide, antiviral, rodenticide, and plant growth regulators.8-11 Thiourea derivatives may have mono, binary, triple, or quadruple substituents depending on the extent of substitution on nitrogen atoms. One of the most important types of thiourea derivatives that have been studied recently is carbonyl thiourea, which has the following general formula.12
 
 
Where the R1, R2, and R3 groups are H, alkyl, aryl, or heterocyclic rings.
 
Thiourea molecules and their derivatives can form coordination bonds with metal ions through the two nitrogen atoms in addition to the sulfur atom.13 It was found that the metal ion plays an important role in determining the atom that donates electrons. As for complexes of transitional elements, coordination is often carried out through the sulfur atom.14 The majority of these complexes are octahedral, except the copper element, which takes the form of a tetrahedron, according to research on the stereographic shapes of numerous complexes produced by the interaction of thiourea derivatives and some first transition series elements.15,16
The present study was aimed at synthesizing five compounds of thiourea benzamide derivatives (L1, L2, L3, L4, and L5) and their metal complexes [(1), (2), (3), (4), and (5)] with Cu(II), respectively. The in vitro biological activity of prepared compounds as anti-breast cancer agents against the MCF-7 cell line was also evaluated. 
 
Materials and Methods
Materials used
Benzoyl chloride, 4-nitro benzoyl chloride, ammonium thiocyanate, 1-naphthylamine, 3-nitroaniline, 4-nitroaniline, 4-methylaniline, 4-chloroaniline, hydrated copper chloride (CuCl2.2H2O), ethanol, methanol, acetone, chloroform, ethyl acetate, hexane, and diethyl ether were purchased from Sigma-Aldrich and Merck. All chemicals were of a high degree of purity (~97-99 %).
 
Equipment used
The melting point of compounds was measured by (Thermo Scientific) apparatus. FT-IR spectra were recorded using KBr on (FT-IR-84005-SHIMADZU, Japan) in the range of (400–4000 cm−1). 1H and 13C-NMR spectra of the ligands were recorded on a spectrometer (Bruker- 400Hz) by using tetramethylsilane (TMS) as an internal standard and deuterated chloroform solvent. The EI-MS for ligands was examined on a spectrometer (Agilent Technologies 5975C, USA) while ESI-MS for complexes was recorded on Shimadzu LCMS (2010A, Japan). The molar conductivity measurements of complexes were measured by using HI 2315 conductivity meter (Romania) in DMSO with a concentration of 10−3M at room temperature (25-35oC). Magnetic susceptibilities of complexes were recorded by using the auto magnetic susceptibility balance (Sherwood Company, Germany). Thermo-gravimetric analysis (TGA) of complexes was performed by a device (Build 20 SDT Q600 V20.9) of American origin. Field emission scanning electron microscopy (FESEM) and energy-dispersive X-ray spectroscopy (EDX) were measured for some compounds prepared using a German-made device (Sigma VP Model-ZEISS Company).
 
Synthesis of the ligands
N-([3-nitrophenyl] carbamothioyl) benzamide (L1) 
A solution (10 mmol) containing 1.41 g of benzoyl chloride in 15 mL of acetone was added progressively to a solution containing 0.67 g of ammonium thiocyanate in 10 mL of acetone (10 mmol). The mixture was refluxed for 1 h with stirring, and the product was filtered, then added while hot to a solution that was made from 1.38 g of 3-nitroaniline in 20 mL acetone (10 mmol). The mixture was refluxed with a stirrer for 6 h, and followed by thin layer chromatographic (TLC) analysis (ethyl acetate: hexane, 3:7). The yield was cooled, filtered, dried, and recrystallized using hot absolute ethanol. The product was white. Yield: 52.09%, m.p.: 159–161 °C. IR spectrum, ν, cm-1: 3244 (N–H), 3097 (Ar–CH), 1668 (C=O), 1600 (C=C), 1529 and 1344 (NO2), 1159 (C=S). 1Н NMR spectrum, δ, ppm: 7.62-7.60 m (3H, Ar–Hi+Hi'+Hj), 7.70 t (1H, Ar–Hg), 7.90 d (2H, Ar–Hf+Hf'), 8.06 d (1H, Ar–He), 8.13 d (1H, Ar–Hd), 8.80 s (1H, Ar–Hc), 9.20 s (1H, NHa), 12.90 s (1H, NHb). MS (EI, m/z (%)): 301.1[M+, 20.4]. 
 
 
N-(naphthalen-1-ylcarbamothioyl) benzamide (L2)
A similar procedure was used as in L1, except instead of 3-nitro aniline, 1.43 g of 1-naphthyl amine (10 mmol) was employed. The product was a greenish yellow. Yield: 40.14 %, mp: 167–168 °C. IR spectrum, ν, cm-1: 3317 (N–H), 3016 (Ar–CH), 1672 (C=O), 1629 (C=C), 1525 and 1346 (NO2), 1147 (C=S). 1Н NMR spectrum, δ, ppm: 7.52-7.69 m (5H, Ar–H), 7.70 t (1H, Ar–Hf), 7.87 d (1H, Ar–Hg'), 7.91 d (1H, Ar–Hg), 7.97 d (2H, Ar–Hd+Hd'), 8.03 d (2H, Ar–Hc+Hc'), 9.28 s (1H, NHa), 12.76 s (1H, NHb). 13C NMR spectrum, δC, ppm: 180.09(C1), 167.24(C2), 134.20(C3), 133.90(C4), 133.55(C5), 131.60(C6), 129.32(C7+8), 128.69(C9), 128.53(C10), 128.05(C11), 127.65(C12+13), 127.05(C14), 126.50(C15), 125.31(C16), 123.93(C17), 121.73(C18). MS (EI, m/z (%)): 306.1[M+, 31].
 
4-nitro-N-([4-nitrophenyl] carbamothioyl) benzamide (L3)
The same technique as in L1 was followed, except instead of benzoyl chloride, 10 mmol of 1.855 g of 4-nitro benzoyl chloride was employed.  The product was a bright yellow. Yield: 64.98 %, mp: 196–198 °C. IR spectrum, ν, cm-1: 3381 (N–H), 3045 (Ar–CH), 1678 (C=O), 1602 (C=C), 1512 and 1323 (NO2), 1139 (C=S). 1Н NMR spectrum, δ, ppm: 8.06 d (2H, Ar–Hf+ Hf '), 8.13 d (2H, Ar–He+He'), 8.30 d (2H, Ar–Hd+Hd'), 8.42 d (2H, Ar–Hc+Hc'), 9.20 s (1H, NHa), 12.84 s (1H, NHb).MS (EI, m/z (%)): 346 [M+, 4.5].
 
4-nitro-N-(p-tolylcarbamothioyl) benzamide (L4) 
A similar procedure was used as in L1, but instead of benzoyl chloride, 1.855 g of 4-nitro benzoyl chloride (10 mmol) was used, and instead of 3-nitro aniline, 1.07 g of 4-methyl aniline (10 mmol) was employed. The product was a light brown color. Yield: 63.87%, mp: 136–138 °C. IR spectrum, ν, cm-1: 3203 (N–H), 3039 (Ar–CH), 1687 (C=O), 1600 (C=C), 1527 and 1348 (NO2), 1157 (C=S). 1Н NMR spectrum, δ, ppm: 2.38 s (3H, CH3), 7.25 d (2H, Ar–Hf+Hf'), 7.53 d (2H, Ar–He+He'), 8.09 d (2H, Ar–Hc+Hc'), 8.37 d (2H, Ar–Hd+Hd'), 9.22 s (1H, NHa), 12.27 s (1H, NHb). 13C NMR spectrum, δC, ppm: 177.84(C1), 165.14(C2), 150.66(C3), 137.35(C5), 137.17(C4), 134.70(C6), 129.65(C7+8), 128.96(C9+10), 124.32(C11+12), 124.19(C13+14), 21.19(C15). MS (EI, m/z (%)): 315 [M+, 15.44].
 
N-([4-chlorophenyl] carbamothioyl)-4-nitrobenzamide (L5)
The same steps as in L1 were followed, but instead of benzoyl chloride, 1.855 g of 4-nitro benzoyl chloride (10 mmol) was used, and instead of 3-nitro aniline, 1.27 g of 4-chloro aniline (10 mmol) was employed. The product was a bright yellow. Yield: 35.43 %, mp: 175–177 °C IR spectrum, ν, cm-1: 3269 (N–H), 3062 (Ar–CH), 1683 (C=O), 1589 (C=C), 1533 and 1350 (NO2), 1149 (C=S). 1Н NMR spectrum, δ, ppm: 7.42 d (2H, Ar–He+He'), 7.66 d (2H, Ar–Hf+Hf'), 8.11 d (2H, Ar–Hc+Hc'), 8.39 d (2H, Ar–Hd+Hd'), 9.24 s (1H, NHa), 12.40 s (1H, NHb). 13C NMR spectrum, δC, ppm: 177.87(C1), 165.08(C2), 150.79(C3), 136.98(C5), 135.80(C6), 132.58(C4), 129.20(C7+8), 128.91(C9+10), 125.41(C11+12), 124.42(C13+14). MS (EI, m/z (%)): 335 [M+, 13.8].
 
Synthesis of complexes
Cu(II) complexes were prepared with a molar ratio of 1:2. A mixture of  0.095 g of CuCl2.2H2O (0.5 mmol) and 1 mmol of L1, L2, L3, L4, or L5 was dissolved in 10:10 mL of MeOH + acetone. Each reaction separately was heated in a water bath with stirring and refluxing for 2 hours. Finally, the precipitated products were cooled, filtered, and washed several times with distilled water, ethanol, and diethyl ether. After drying, the following were obtained:
[Cu(L1)2Cl2].2H2O (1): Yellow color. Yield: 63 %, mp: 200 °C. IR spectrum, ν, cm-1: 3151 (O– H), 3197 (N–H), 3037 (Ar–CH), 1678 (C=O), 1598 (C=C), 1527 and 1348 (NO2), 1163 (C=S). μeff (B.M): 1.061. Molar conductivity (DMSO, Ohm-1cm2mol-1): 28.4. MS (ESI): 772 [M+].
[Cu(L2)2Cl2].2H2O (2): Yellow color. Yield: 56 %, mp: >208.7 °C. IR spectrum, ν, cm-1: 3053 (O-H), 3143 (N–H), 3001 (Ar–CH), 1668 (C=O), 1629 (C=C), 1527 and 1330 (NO2), 1153 (C=S). μeff (B.M): 1.12. Molar conductivity (DMSO, Ohm-1cm2mol-1): 32.9. MS (ESI): 782 [M+].
[Cu(L3)2Cl2] (3): Dark yellow color. Yield: 70 %, mp: >224 °C. IR spectrum, ν, cm-1: 3051 (O–H), 3115 (N–H), 3001 (Ar–CH), 1689 (C=O), 1604 (C=C), 1516 and 1330 (NO2), 1166 (C=S). μeff (B.M): 1.06. Molar conductivity (DMSO, Ohm-1cm2mol-1): 32.7. MS (ESI): 828 [M+].
[Cu(L4)2Cl2].2H2O (4): Orange color. Yield: 68 %, mp: 228 °C. IR spectrum, ν, cm-1: 3153 (O–H), 3113 (N–H), 3039 (Ar–CH), 1683 (C=O), 1598 (C=C), 1529 and 1344 (NO2), 1157 (C=S). μeff (B.M): 1.087. Molar conductivity (DMSO, Ohm-1cm2mol-1): 34.7. MS (ESI): 801 [M+].
[Cu(L5)2Cl2].4H2O (5): Light orange color. Yield: 38 %, mp: 209 °C. IR spectrum, ν, cm-1: 3159 (N–H), 3041 (Ar–CH), 1681 (C=O), 1598 (C=C), 1531 and 1346 (NO2), 1159 (C=S). μeff (B.M): 1.077. Molar conductivity (DMSO, Ohm-1cm2mol-1): 21.3. MS (ESI): 878 [M+].
 
Evaluation of anti-cancer activity
The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assay,17,18 was employed to test the in vitro cytotoxicity of the test compounds. The human breast cancer cell line (MCF7) was purchased from the National Cell Bank of Iran (Institute Pasteur, Iran). Cells were grown in RPMI-1640 (Gibco) and DMEM medium (Gibco), respectively, with 10% FBS (Gibco) supplemented with antibiotics (100 U/ml penicillin and 100 μg/ml streptomycin). The cells were maintained at 37°C in humidified air containing 5% CO2 and passed with trypsin/EDTA (Gibco) and phosphate-buffered saline (PBS) solutions. The culture media and conditions used to grow cells as 3D colonies were the same as for monolayer cell cultures.
 
Molecular docking
The molecular docking study of test compounds 1 and 2 (1) and (2) was conducted using MOE (2019).19 The protein crystal structure of the used receptors, 4OAR and 5KCV, was acquired from the Protein Data Bank (PDB) (https://www.rcsb.org/ structure). The processing of test compounds, proteins, and docking procedures was carried out following the literature.20,21
 
Results and Discussion
Production of the ligands
The reaction between ammonium thiocyanate and some benzoyl chloride derivatives at a 1:1 mole ratio produced benzoyl isothiocyanate derivatives, as shown in Scheme 1(ia), while the reaction between the product from the first step and some amine derivatives at a 1:1 mole ratio resulted in thiourea benzamide derivative ligands L1, L2, L3, L4, and L5, as presented in Scheme 1(ib). The reaction of these ligands with Cu(II) ions in methanol and acetone produced the complexes (1-5) in a 1:2 ratio (metal: ligand) as highlighted in Scheme 1(ii). 
 
Characteristics of the ligands
Mass spectrometry, infrared, and nuclear magnetic resonance techniques were used to identify the correct structure of ligands. EI-MS spectra of prepared ligands were given molecular ion peaks at m/z= 301.1, 306.1, 346, 315, and 335 for L1, L2, L3, L4, and L5, respectively with varying relative abundance, which corresponds to the molecular weight of the compounds having the molecular formula (C14H11N3O3S1)+, (C18H14N2O1S1)+, (C14H10N4O5S1)+, (C15H13N3O3S1)+, (C14H10ClN3O3S1)+, and appearance of a set of fragments that show the proposed compound was present. 1HNMR spectra of ligands (Figure 1) showed singlet, doublet, and multiplet signals at the range of 7.25–8.80 ppm which can be attributed to aromatic protons.22 The appearance of a singlet signal in the spectra confirmed the presence of the amide group (-NH) at 9.20, 9.28, 9.20, 9.22, and 9.24 ppm for L1, L2, L3, L4, and L5 respectively, while the (-NH) group's proton signal showed up as a singlet at 12.90, 12.76, 12.84, 12.27, and 12.40 ppm.23 The spectra of ligand L4 showed a singlet signal at 2.38 due to (-CH3) protons. 
As observed in Figure 2, 13CNMR spectra of ligands demonstrate the correct skeletal structure of the prepared ligands. The signals in the 180.09–177.84 ppm range correspond to carbons in the C=S group, whereas the 167.24–165.08 ppm range corresponds to carbon in the carbonyl group.11 The signals with the range 121.73-150.79 ppm are attributed to the aromatic carbons, and the signal at 21.19 ppm in L4 spectra is attributed to the aliphatic carbons (CH3).22 The infrared spectra for prepared compounds showed medium and strong intensity bands at a range of 3442–3107 cm-1 assigned to the (N-H) group's stretching vibration. This indicates the formation of ligands, and one or two bands at the range between 3097–3016 cm-1 were observed due to symmetrical and asymmetrical stretching vibration of (C-H) aromatic for both ligands and complexes. Furthermore, the strong band at range 1687–1668 cm-1 is attributed to the stretching vibration of the carbonyl group, which shifts in complex compounds as a result of coordination between metals and ligands. The stretching vibration of the (C=C) group of the aromatic structure is indicated by a medium intensity band at 1629-1589 cm-1 regions. Additionally, the compounds were characterized by the appearance of a medium band at 1159 –1139 cm-1, which is associated with the (C=S) group. This band shifts and loses intensity in coordination complexes as proof of the involvement of the C=S group in the coordinate process. The spectra of complexes were also characterized by the emergence of bands in the fingerprint area due to the coordination between metals and ligands. These two strong bands at the ranges (1533-1512 cm-1) and (1350-1323 cm-1) are attributable to the stretching vibration of the NO2 group.
 
 
 
Scheme 1: Preparation pathway to ligands and metal complexes
 
Figure 1: 1H-NMR spectra of ligands L1, L2, L3, L4, and L5.
 
Characteristics of the metal complexes
ESI-MS spectra of complexes showed molecular ion peaks at m/z= 772, 782, 828, 801, and 878, which correspond to the molecular formula of the complexes (1)-(5). The presence of these compounds was confirmed by fragments in the complexes. The molar conductivity values of complexes were within the range (18.3–32.9 Ohm-1cm2mol-1), indicating that no counter ions with non-electrolyte characteristics were present.25 The values of the effective magnetic moment (μeff) of the copper complexes (1), (2), (3), (4), and (5) were 1.06, 1.12, 1.06, 1.08, and 1.07 B.M., respectively. These results indicate that the complexes showed paramagnetic properties because there is one electron that is not paired with an electron configuration [Ar]3d94s04p0. The reason for the low magnetic moment values may be due to the anti-ferromagnetic effect.26 Therefore, the expected geometry of copper complexes is octahedral and hybridization is sp3d2.27,28 Figure 3 and Table 1 show the stages of thermal decomposition of metal complexes. The decomposition stages and thermograms refer to the presence of crystallization water, in addition to the two chlorine atoms in the structure of complex molecules. This decomposition occurs in the early stages of disintegration with a range between 50-272°C,29 while the other stages include the loss of some of the ligands.
 
 
 
Figure 2: 13C-NMR spectra of ligands L2, L4, and L5.
Characteristics of the ligands based on scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX)
Scanning electron microscopy (SEM) is a surface imaging method that is quite capable of imaging the particle sizes, distribution, shapes, and morphology of different micromaterials, as well as giving information about the shape of the particles, the nature of agglomeration between them, and the nature of smooth or porous surfaces.30 The principle of the scanning electron microscope depends on the interaction between the electron beam emitted by the instrument and the sample material, and it can be used to describe microelements based on X-rays. The EDX analysis requires producing X-rays in the sample scanning area.31 A scanning electron microscope was employed in this study to analyze the composition of the samples. Figure 4a shows an SEM image demonstrating the formation of the L5 ligand in a semi-spherical shape, indicating the presence of clusters in the prepared ligand. Also, the presence of many voids or gaps on its surface that increase the surface area of the prepared ligand was observed. The particles of the complex are displayed in Figure 4b. Due to the strong attraction forces and the widening of the spaces between them, the texture of its outer surface changed, taking on the shape of clusters.32 The size of the particles was 73.69 nm for the ligand and 98.25 nm for the complex, suggesting that they are nanoparticles.33
The elemental analysis and the percentage composition of the ligand and complex were determined by EDX analysis. The number of X-rays that were detected and processed by the detector is indicated on the y-axis, and the energy level of these elements is shown on the x-axis. The results (Figure 5a) clearly indicate that the elements in ligand L5 have a weight ratio of C = 58.8, Cl= 16.7, S = 15.7, and O = 8.8, while the elements in complex 5 have a weight ratio of C = 52.9, Cl = 11.9, S = 11.5, Cu = 10.0, N = 8.0, and O = 5.7. This observation confirms the presence of the elements constituting the ligand and complex only, and there are no impurities in the samples. In addition to the appearance of a peak of the gold element, which is due to the base of the device on which the sample was deposited.32
 
Anticancer properties of the ligands and complexes
The toxicity of synthesized compounds against breast cancer cell lines (MCF-7) was studied using five different concentrations per compound. The inhibition activity of compounds was calculated at each concentration, in addition to the concentration values of the maximum half-effect IC50.
 
 
Table 1: Thermogravimetric characteristics of the complexes produced from thiourea benzamide derivatives
 
	Complex /M.Wt.
	Stage
	Temp. range (℃)
	Decomposition part
	Weight loss %

	Observed
	Calculated

	[Cu(L1)2Cl2].2H2O
773 g/mol
	1
	25-216
	2H2O +2Cl
	11.42
	13.84

	2
	216-270
	2(C7H6NO)
	36.17
	36.07

	3
	270-805.5
	C6H5N2O2
	34.92
	32.19

	[Cu(L2)2Cl2].2H2O
783 g/mol
	1
	25-259.5
	2(C10H7) + 2H2O +2Cl
	45.97
	46.14

	2
	259.5-804
	2(C6H5)
	34.17
	36.57

	[Cu(L3)2Cl2]
827 g/mol
	1
	25-298
	2(C6H4NO2) + 2Cl
	37.01
	38.09

	2
	298-802
	C6H4NO2 + NH
	25.53
	25.32

	[Cu(L4)2Cl2].2H2O
801 g/mol
	1
	25-246.6
	2H2O + 2Cl + 2(NO2)
	23.18
	24.84

	2
	246.6-596.6
	2(C8H8NS)
	49.57
	49.83

	3
	596.6-805.6
	 NH
	4.03
	4.96

	[Cu(L5)2Cl2].4H2O
878 g/mol
	1
	25-217.5
	4H2O
	10.24
	8.20

	2
	217.5-240.8
	4Cl
	17.52
	17.61

	3
	240.8-363
	C7H5NS
	41.62
	40.66

	4
	363-805.5
	NO2
	12.11
	11.67


 
 
Figure 3: Thermo-gravimetric patterns of complexes [Cu(L1)2Cl2].2H2O(a),[Cu(L2)2Cl2].2H2O(b), [Cu(L3)2Cl2](c), [Cu(L4)2Cl2].2H2O(d), [Cu(L5)2Cl2].4H2O(e).
 
 
The prepared ligands showed varying efficacy in killing cancer cells, as evident by the values of IC50 (Table 2). As for the prepared complexes, they demonstrated high effectiveness through their low IC50 values (IC50=4.03 and 4.66 μg/mL) when compared to the effectiveness of ligands that were prepared from them.34,35 This explains the high effectiveness of copper complexes and their capacity to penetrate the cell membrane of cancer cells, which has been proven in numerous studies.
 
Molecular docking findings
The study of the molecular docking of complexes (1) and (2) was conducted against breast cancer proteins, MCF-7 cell line, which are ERα (PDP: 3ERT), PR (PDP: 4OAR), EGFR (PDP: 2J6M), mTOR (PDP: 4DRH), CDK2 (PDP: 4FX3), CDK6 (PDP: 3NUP), and Akt (PDP: 5KCV).36-39 There was the strongest interaction with 4OAR and 5KCV proteins, where it gave the highest affinity energy (S) and the lowest RMSD value of 23, as presented in Table 3. Docking analysis is used to determine how amino acid residues and hydrogen bonds of target proteins interact with complexes (1) and (2).40 Figure 6 shows the 2D and 3D forms of interactions. It is evident from the figure that there are five hydrogen bonds between complex (1) and the 4OAR protein, four of which are donor bonds through the S, N, and Cl atoms, and one acceptor bond with the oxygen atom. Meanwhile, complex (2) interacted with protein 4OAR by forming a donor hydrogen bond with the amino acid Cys-891 by a nitrogen atom, in addition to, forming a two pi-interaction of the hydrop­hobic phenyl moiety with the amino acids Phen-895 and Phen-794. On the other hand, it was observed that complex (1) binds to protein 5KCV by forming two donor hydrogen bonds, one with the amino acid Asp-292 through the sulfur atom and the other with Thr-82 through the nitrogen atom, in addition to the formation of three pi-interactions with the amino acids Gly-294, Trp-80, and Gln-79.
The interaction of complex (2) with protein 5KCV involved the formation of three hydrogen bonds, two of which were donor and one acceptor, all of which involved sulfur atoms and the amino acids Lle-84, Asp-292, and Gly-276, as well as a two pi-interaction of the hydrophobic phenyl moiety with the amino acids Lys-276 and Asn-279.
 
Conclusion
The characterization techniques used confirmed the validity of the  proposed structures of the synthesized compounds. The stoichiometry of metal: ligand in the complexes confirms that the analytical data ratio is 1:2. In the sulfur atom of the (C=S) group and the oxygen atom of the carboxyl group, the ligands L1, L2, L3, L4, and L5 functioned as a bidentate ligand type S1O1 with Cu(II). In addition, the geometry of complexes was octahedral (sp3d2) with Cu(II). The complexes have non-electrolyte properties and contain lattice water molecules. SEM study demonstrated the changes in surface morphology between ligand L5 and complex 5, which are approximately on the nanoscale. EDX analysis demonstrated the presence of the two compounds' constituent parts. The biological activity study demonstrated that the copper complexes (1) and (2) are superior to the ligands employed to produce the complexes in their ability to effectively inhibit breast cancer (MCF-7) cell line. The molecular docking study indicated that compounds (1) and (2) target PR and Akt proteins belonging to line breast cancer cells (MCF-7). The findings of this study suggest that copper complexes with thiourea benzamide compounds have biological activities against cancer cells (MCF-7). It is therefore recommended that the preparation of several thiourea benzamide derivatives could be used in research on various cancer cells or other types of breast cancer cell lines as well as for therapeutic purposes (drug).
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Figure 4: Scanning electron microscopy images. a: L5 ligand particles; b: Complex [Cu(L5)2Cl2].4H2O particles.
 
 
Figure 5: Energy-dispersive X-ray spectroscopy (EDX) spectra. a: Ligand L5; b: Complex[Cu(L5)2Cl2].4H2O.
 
 
Table 2: Inhibition ratio of MCF-7 cell line and IC50 values of the test compounds
 
	Ligand
	Concentration (µg/mL)
	IC50
(μg /mL)

	6.25
	12.5
	25
	50
	100

	Cell inhibition (%)

	L1
	88.05
	81.84
	66.67
	63.22
	46.32
	92.09

	L2
	97.47
	73.68
	60.34
	56.55
	46.09
	66.07

	L3
	87.70
	73.79
	69.77
	66.09
	56.09
	188.94

	L4
	94.14
	90.34
	81.49
	64.83
	62.76
	237.87

	L5
	95.52
	84.60
	72.64
	68.97
	56.55
	167.09

	Complex
	Concentration (µg/mL)
	IC50
(μg/mL)

	0.781
	1.562
	3.125
	6.25
	12.5

	Cell inhibition (%)

	[Cu(L1)2Cl2].2H2O
	97.96
	86.33
	76.98
	15.59
	16.19
	4.03

	[Cu(L2)2Cl2].2H2O
	112.95
	102.76
	85.61
	38.25
	18.35
	4.66


 
 
 
Table 3: Molecular docking of compounds (1) and (2) with target 4OAR and 5KCV proteins
  
	Interaction
	Affinity energy (S)
Kcal/mol
	RMSD*
	Complex
	Proteins
(Receptors)

	H-Bonding distance(Å)
	Amino acid
	Type

	3.39
3.22
3.28
2.20
3.15
	Cys891
Cys891
Met759
Gln725
Asn719
	H-Bonding
H-Bonding
H-Bonding
H-Bonding
H-Bonding
	-8.626
	1.831
	(1) 
	4OAR

	2.73
-
-
	Cys891
Phen895
Phen794
	H-Bonding
H- pi –Bonding
H- pi –Bonding
	-8.828
	1.483
	(2) 

	3.76
2.66
-
-
-
	Asp292
Thr82
Gly294
Trp80
Gln79
	H-Bonding
H-Bonding
H- pi –Bonding
H- pi –Bonding
H- pi –Bonding
	-9.300
	1.919
	(1) 
	5KCV

	3.93
3.24
3.09
-
-
	Lle84
Asp292
Gly294
Lys276
Asn279
	H-Bonding
H-Bonding
H-Bonding
H- pi –Bonding
H- pi –Bonding
	-9.564
	 1.941
	 (2)


*: Root mean square deviation
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Figure 6: 2D and 3D forms. a: Complex 1 with target proteins 4OAR; b: Complex 2 with target proteins 4OAR; c: Complex 1 with target proteins 5CVK; d: Complex 2 with target proteins 5CVK.
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