
How to Cite: 

Ismail, M. H., & Tawfeeq , N. A. (2022). Synthesis and characterization of Fe+2, Cu+2 and Ni+2 

complexes with thiosemicarbazide-di-ortho-bromobenzylacetone Schiff base and evaluation of their 
cytotoxicity against breast cancer cells. International Journal of Health Sciences, 6(S7), 3716–3733. 

https://doi.org/10.53730/ijhs.v6nS7.12665  

 

 

 

International Journal of Health Sciences ISSN 2550-6978 E-ISSN 2550-696X © 2022.   

Manuscript submitted: 9 May 2022, Manuscript revised: 18 July 2022, Accepted for publication: 27 August 2022 

3716 

Synthesis and characterization of Fe+2, Cu+2 and 
Ni+2 complexes with thiosemicarbazide-di-ortho-
bromobenzylacetone Schiff base and evaluation 

of their cytotoxicity against breast cancer cells 
 

 
Maha Haqqi Ismail 

College of Science \ Anbar University \ Ramadi \ Anbar \ Iraq 

 
Nabeel Arif Tawfeeq  

University of Anbar \ College of Education for Women \ Department of Chemistry 

\  Ramadi \ Anbar \ Iraq. 

 
 

Abstract---In this study, Schiff base is synthesized through the 

reactance of di-o-bromobenzylacetone with thiosemicarbazide by acid-
catalyzed condensation reaction (Aldol condensation). And using the 

novel Schiff base to prepare three metal complexes by reacting divalent 

transition metals (nickel, copper, iron) with the synthesized Schiff 
base. The prepared compounds were characterized by mass 

spectrometer, infrared spectrophotometer (FTIR), visible-ultraviolet 

rays (UV-Vis) and both 1H and 13C nuclear magnetic resonance 
spectrometer (NMR). The molar conductivity and magnetic 

susceptibility of the synthesized metal complexes were also measured. 

The cytotoxicity of the synthesized metal complexes against human 

breast cancer cell line MDA-MB231 was also measured in-vetro. All of 
the metal complexes were non-electrolyte and the predicted shape of 

these metal complexes is tetrahedral geometry. Results obtained from 

in-vetro cytotoxicity against breast cancer cell line type MDA-MB231 
type showed that copper complex had best cytotoxicity with IC50 equal 

to 18.5µM . 

 
  Keywords---Divalent metal; Schiff bases; Chalcone;Cytotoxicity;  

Breast   cancer. 
 

 
Introduction  

 

Transitional elements, which feature different coordination numbers, several 
oxidation states, and varying structural and geometric diversity of the substituted 

ligands, have been used by many researchers in the field 
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of pharmaceutical chemistry to develop anti-cancer medications (van Rijt and 

Sadler, 2009). The ligands have an important role in the diagnosis and treatment 
of diseases. When it effectively binds to the metal ion, it offers particular features 

to improve targeting (Chiang et al., 2012). By complicating the transition elements 

with Schiff bases derived from thiosemicarbazide, which enhanced their biological 
activity, metal complexes with physiologically active and active sites offered new 

techniques of targeting (Perrin and Chang, 2016). Complexes have played an 

important role in drug innovation due to their ability to diffuse through the semi-
permeable cell membrane(Prajapati and Patel, 2019). It has the capacity to 

function as an effective chelating agent for numerous transitional elements since 

it has two different types of donor atoms, nitrogen and sulfur (Mohamed, Omar 

and Ibrahim, 2009).  
 

As the biological activity and flexibility of sulfur and nitrogen are related to the 

presence of both thioamine and amine in their composition (Stringer et al., 2011). 
Since there have been several studies on the theoretical determination of 

biological activity by employing multiple programs in electronic computers to 

explain quantum chemistry, it was possible to clarify the biological chemical 
activity by experimental and computational methods (Sankaraperumal et al., 
2013). These estimates and predictions of biological activity are based on 

measuring the highest levels of occupied electron energy (HOMO) and the lowest 

levels of unoccupied energy (LUMO), and the energy gap between (LUMO) and 
(HOMO), which depends on molecules or atoms if they are soft or hard and 

electro-negative. The fact that biological activities depend on the separation of 

(HOMO) and (LUMO) in the molecule is interesting in this field. It was found that 
the flexural susceptibility of the inhibitor increases with increasing (HOMO) and 

decreasing (LUMO) in the complex ions. This is caused by electrons' capacity to 

move from the orbital with low energy to the orbital with high energy through 
electron excitation, where it can transfer to the acceptor molecules and provide 

electrons to other molecule (Zhang et al., 2005). Additionally, the soft complexes 

in which the donor sulfur atoms have a small energy gap between their molecular 

orbitals, which easily interferes with biological molecules. As a result, the 
complexes' flexibility decreases as biological activity rises (Ali et al., 2011).These 

studies are in an acidic environment that helps cancer cells grow through this 

point when preparing basic or neutral complexes that may work to prevent cancer 
(Ali, Livingstone and Phillips, 1972). 
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Figure (1) Steps to prepare divalent metal complexes 

 
2   Materials and Methods 

 

Procedure 

 
Chemicals: All chemicals used in the study were supplied by BDH, Sigma, and 

Fluka and were used as is without purification. 

 
synthesis of (D-o-Br-BA)1,5-Bis(2-bromo-phenyl)-penta-1,4-dien-3-one 

 

In a Erlenmeyer flask 2.325 g of acetone was mixed with 14.9 g of 
orthobromobenzaldehyde dissolved in 100 mL of ethanol while stirring with a 

glass stirrer. An aqueous solution of potassium hydroxide, consisting of dissolving 

4 grams of potassium hydroxide in 20 milliliters of distilled water, was gradually 
added to the mixture with stirring for half an hour. A yellow precipitate was 

formed, then 50 ml of cold distilled water was added to the mixture, stirring for a 

quarter of an hour. The mixture was filtered and recrystallized with ethanol was 

carried out and left to dry to obtain a pure precipitate. The yield is yellow:  (14.5) 
grams, :  m. p (103-105) ºC (Vanchinathan et al., 2011)(Arif Tawfeeq et al., 2019). 
 

Synthesisof 1,5-Bis(2-bromo-phenyl)-penta-1,4-dien-3-one-Thiosemicarbazide  

 

Schiff Base(D-o-Br-BA-TSC) 
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In a preparation flask, 7.84 g of diorthobromobenzalacetone dissolved in 50 ml of 

ethanol and 1.82 g of thiosemicarbazide dissolved in 25 ml of ethanol were also 

placed in a flask. (10-15) drops of hydrochloric acid were added gradually as a 
catalyst for the reaction during the reflux of the mixture for a period of 3 hours. 

The solution was cooled, filtered and left to dry. Re-crystallization was carried out 

using ethanol to obtain a pure precipitate. Color (yellow), weight (9.2 g), and 
melting point (157-160) ºC (Islam et al., 2016) (Tawfeeq et al., 2019) (Alshaheri et 
al., 2017). 

 

Synthesis of the complexes: (nickel - copper - zinc) 
 

The complex formed by the reaction of binary metal chlorides with a Schiff base 

consisting of orthobromodibenzyl acetone with thiosemicarbazide (M-L): In a 
round bottom flask, dissolve 1.5 g of Schiff base in 100 ml of ethanol with stirring 

and heating. Heat in a second baker 0.45 g of the metal salt dissolved in 50 mL of 

ethanol. The metal salt was gradually added to the Schiff base. Leave the mixture 
to reflux for one hour to obtain a precipitate. Then the yielded precipitate was 

filtered and dried to give a solid precipitate. Table (1) shows the amount of 

prepared complexes, their percentages, colors and melting points (Dhahagani et 
al., 2014). 
 

Table 1 

Amount of prepared complexes, percentage, color and melting point 
 

m.p. ºC Color Yield%  Weight of 

Complex(g) 
Metal Complex Schiff 

Base 
No 

    
294 d Yellowish green 59 % 1.9 Ni-D-o-Br-BA-TSC  

D-o-Br-

BA-TSC 

1 
181-183 Dark brown 55 % 1.76 Cu-D-o -Br-BA-TSC 2 

201 d Red 53 % 1.7 Fe-D-o-Br-BA-TSC 3 
 

Analytical and physical measurements 

 
Melting or dissociation degrees of Chalcone, Schiff base and complexes were 

measured in the Department of Chemistry/ College of Education for Women/ 

University of Anbar using a device Model: DMP-500, Artist of science. Also, the 
electrical conductivity of the prepared complexes was measured using a device, 

Starte Ohaus, using ethanol solvent concentration ( 3-10) molar and at a 

temperature of 25°C. The magnetic sensitivity of solid complexes was measured at 

laboratory temperature (25°C) using a Balance Magnetic Susceptibility Model-
M.S.B Auto device )United Kingdom(, in the Department of Chemistry - College of 

Science - Al-Mustansiriya University. By applying the following relationship for 

this device, then obtaining the gram-magnetic sensitivity of Xg for the complex, as 
shown below: 

 

Xg = (L/M) X C X 10-9 (R - R 0 ) 0 . 
 

where C calibration = 1, L = device tube length, R0 = device read empty tube, R = 

measurement for the sample and tube, m = sample weight. 
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The infrared spectra for the chalcone, the base Schiff (ligand), and its complexes 
were acquired at the College of Education for Women/University of Anbar using a 

Shimadzu equipment and dry potassium bromide within a range (400-4000 cm-

1). At room temperature, a JASCO-V-650 instrument was used to record the 
electronic spectra of the chalcone, Schiff base, and UV-visible complexes at the 

Department of Chemistry/College of Education for Women/University of Anbar. 

At 25 oC and using an ethanol solvent, the compounds were dissolved in ethanol 

at a concentration of 3–10M. 
 

At the University of Tehran in Iran, Bruker used a frequency of 400.77,100.28 

MHz to record the 1H&13C NMR spectra of ketone, Schiff base, and nickel 
complex. At the University of Tehran in Iran, an Agilent (HP) Technology 

equipment with the criteria MS Model: 5973 Network Mass Selective Detector was 

used to measure the mass spectra of ketone, Schiff base, and metal complexes 
dissolved in chloroform. 

 

3   Results and Discussions 
 

Molar conductivity 

 

To determine the structure of the ionic compounds in the solution, the complexes 
were dissolved in ethanol at a concentration of 10-3M and their molar 

conductivity was determined. All of the complexes were found to be non-ionic 

(Geary, 1971) as a consequence of the results , and Table (2) lists the molar 
conductivity values of the produced complexes. 

 

Table 2 
values of molar conductivity of the prepared complexes 

 

Behaviour MɅ 
)1-.mol2.cm1-(Ohm 

Complexes No. 

non-electrolyte 2 Ni(L) 1 

non-electrolyte 6 Cu(L) 2 

non-electrolyte 6 Fe(L) 3 

 

Magnetic susceptibility 

 
Following diamagnetic correction to determine the effective magnetic moment 

values, the magnetic susceptibility of the produced complexes was evaluated at 

room temperature. It takes the shape of a tetrahedron (Cotton and G, 1989), just 
like the iron complex (Tsipis and Manoussakis, 1976), and Table (3) shows the 

magnetic susceptibility values for the produced complexes. 
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Table 3 

values of magnetic susceptibility of the prepared complexes. 

 

Suggested Geometry 
eff 

(B.M) 
Complex No. 

Square Planar Dia Ni )L ( 1 

Tetrahedral 1.43 Cu )L ( 2 

Tetrahedral 4.47 Fe )L ( 3 

 

UV-Visible Spectrophotometer 

 
By dissolving them in ethanol, the UV spectra of chalcone, Schiff bases, and 

complexes was determined, and the findings are shown in Table (4). where the 

chalcone absorption peak was at 320 nm (3125 cm-1) Figure (2) due to the 

electron transitions n→ . The absorption peak of the Schiff base appeared at 
328 nm (30487 cm-1) and 345 nm (28985 cm-1) Fig. (3) and this is due to the 

electronic transitions →  and  n→ , The difference in the displacement of the 

ligand between the chalcone and the Schiff base is evidence of the occurrence of 

the reaction (Ronconi et al., 2005). The complexes' UV measurements revealed 
absorption values as a result of their characteristic d-d transitions. Figure (4) 

from Nickel with Schiff Base illustrates a peak at 615 nm (16260 cm-1) caused by 

the 3A2g→3T2g transitions and attributed to the square planar geometry (Ghosh, 
Wondimagegn and Parusel, 2000). Copper with Schiff base exhibits a peak at 615 

nm (16260 cm-1) in Figure (5), which is a part of the 2B1→2A1  transitions. 

Tetrahedral shape is thought to be responsible for this transition (Salih et al., 
2020). In Figure (6), the iron with (L) displayed a peak at 618 nm (16181 cm-1), 

which is a 5E→5T2 transition. The tetrahedral form is thought to be responsible 

for this transition (Fabiyi and Olanrewaju, 2019). 

 

 
Figure (2) UV-visible spectrum of ketones        Figure (3) UV-Visible Spectrophotometer for                                     

Schiff Base 
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     Figure (4) Figure (5) UV-visible spectrum of copper         Figure (5) UV-visible spectrum of copper  

      complex                                                                         complex 

                                                                 

               Figure (6) UV-visible spectrum of iron complex. 

 

Table (4) UV spectrophotometric data for ketones, Schiff bases and 
complexes. 

 

Suggested 

geometry 

Assignment Wave 

number 

) 1-(cm 

Band 

Position λ 

nm 

Conc. 

mol/L 

Comp. 

  → 
 →n 

3125 320 3-1×10 D-o -Br-
BA 

  → 
 →n 

30487 

28985 

328 

345 

3-1×10 D-o-Br-

BA-TSC 

Square 

Planar 

 → 
 →n 

g2T3→g2A3 

33222 

28169 
16260 

301 

355 
615 

3-1×10 Ni(L) 

Tetrahedral  → 
 →n 

C.T 

1A2→1B2 

32467 

27624 

25510 
16260 

308 

362 

392 
615 

3-1×10 Cu(L) 

Tetrahedral  → 
 →n 

2T5→E5 

33112 

27855 

16181 

302 

359 

618 

3-1×10 Fe(L) 
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Infrared spectrum 

 

The prepared ketone was diagnosed spectrophotometrically by FT-IR spectrum, 
Figure (7). In it we notice the appearance of the stretching-vibration absorption 

bands of the double bond (νC=C ring & alkene) that appear within the range 

(1465-1592 cm-1) for compounds. A characteristic absorption band appears due 
to the stretching vibration of the carbonyl group (νC=O) at wave number (1647 

cm-1). The prepared Schiff base was also identified as in Figure (8), for the 

prepared ligand. It show the disappearance of the stretching vibration band for 
the carbonyl group (νC=O) and the appearance of the stretching vibration band 

for azomethene group (νC=N) at (1620 cm-1). The stretching vibration band of the 

hydrogen atoms in the aromatic ring (νC-Harom) appears at )3055(cm-1. An 
absorption band specific to the bond (νC=S) appears at (1164 cm-1). The 

appearance of a band-specific absorption for the bond (νNH-NH2 ν) at (3422-3254 

cm-1). The appearance of these absorption bands is a preliminary evidence for the 

correctness of the procedure used in preparing the ligand (Ravoof et al., 2010). 
Table (5) shows the absorption values of ketones and the prepared Schiff base. 

Figures (9–11) of the prepared complexes show that the stretch-absorbing 

vibration bands of the azomethine group (vC=N) appeared at the range (1637-
1603) cm–1. In addition, the (νC-Harom) stretch-absorbing vibration bands 

appeared at the range (3057-3021 cm-1) and the (M-N ν) band appeared at the 

596-500 cm-1 range. The appearance of these packages is taken into 
consideration as a preliminary indicator of the efficacy of the procedure for these 

complexes (Sankaraperumal et al., 2013). Table (6) shows the absorption values of 

the complexes prepared in this research. 
 

Table 5 

Infrared absorption bands values for the prepared ketone and Schiff base 
measured in cm-1. 

 

 

Table 6 

Infrared absorption bands values for the prepared complexes measured in 

cm-1 

 

Comp. 
νC-H νC=O 

Ketone. 
ν C=C ring ν C=S Others 

Arom. 

D-o-Br-BA 3061 1647 1592 1465  C-Br at 755 

D-o-Br-BA-

TSC 
3055 1620 1599 1466 

 

1164 

NH2 and NH 

3422,3254 
C-Br at 752 

Comp. 
Symb. 

νC-H νC=N 
 

ν C=C ring Others M-N 
M-S 

Arom.  

Ni(L) 3056 1637 
160

7 

143

9 

NH2, 3349, 3256 

C-Br 703 
596 

480 

 

Cu(L) 
 

3021 1604 
155
9 

144
0 

NH2 3435, 3320 
C-Br 752 

527 459 

Fe (L) 3057 1603 
157
0 

146
6 

NH2 3435, 3320 
C-Br 752 

500 465 
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Figure (7) Infrared spectrum of the compound D-o-Br-BA. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
Figure (8) Infrared spectrum of the compound D-o-Br-BA-TSC. 
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Figure (9) Infrared spectrum of the nickel complex Ni(L). 
 

 
 
Figure (10) Infrared spectrum of Cu(L) complex. 

 

 
 

Figure (11) Infrared spectrum of Fe(L) iron complex. 
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The nuclear magnetic resonance spectrum of the proton and carbon 
 

The prepared compound (D-O-Br-BA) showed a doublet  peak at [δ=(8.25-8.29) 

ppm,(d,2H), =CH] belonging to the alkene group, where the integral area of this 
peak indicated the validity of its return, which is equal to two protons. Multiple 

peaks appeared at [δ=(7.34-7.84)ppm,(m,8H),-Ar-H.] belonging to the aromatic 

ring protons and with an integral area of eight protons, and a doublet  peaks 

appeared at [δ=(6.61-6.64)ppm, (d,2H) , =CH] belongs to the alkene group, as the 
integral area of this sign indicates the validity of its return, which is equal to two 

protons (Gottlieb, Kotlyar and Nudelman, 1997) Figure (12). The prepared Schiff 

base (L) showed a singlet peak at [δ=(11.43) ppm, (s,1H), -NH-N] belonging to the 
amine group, and the integral area of this peak indicated that its return is 

correct, which is equal to one proton. The singlet peak appeared at [δ = (7.88) 

ppm, (s, 2H), -NH2.] due to the protons of the amine-terminal group and with an 
integrative area of two protons, and a multiple signal appeared at [δ = (7.31-7.68) 

ppm, (m, 8H).] ), -Ar-H.] belongs to the aromatic ring protons and has an integral 

area of eight protons. Doublet peaks appeared at [δ=(7.06-7.09)ppm,(d,2H),=CH] 
belonging to the alkene group, and the integral area of these peaks indicated the 

validity of its return, which is equal to two protons, doublet peaks showed at 

[δ=(5.66-5.70)] ppm ,(d,2H) , =CH] belongs to the alkene group, as the integral 

area of this sign indicates the validity of its return, which is equal to two protons 
(Hazra et al., 2009). Figure (13) and Table 7 show the chemical displacement of 

the prepared compounds by 1H-NMR spectrum. 

 

 
 

Table (7) The chemical displacement of ketones diagnosed by 1H-NMR spectrum 
measured in ppm. 

Group  

 

Type of 
signal   

No. of 
Protons 

Chemical  
Shift(ppm)  

Comp. Symb. 

CH=CH d 2 6.61-6.64 D-o-Br-BA 

Aro. Protons m 8 7.34-7.84 

CH=CH d 2 8.25-8.29 

CH=CH d 2 5.66-5.70 D-o-Br-BA-TSC 

CH=CH d 2 7.06-7.09 
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Ar. Protons m 10 7.31-7.68 

-NH2 s 2 7.88 

-NH- s 1 11.43 

 
Mass Spectrum 

 

By separating the components of the sample based on their mass and molecular 
weight, mass spectra can be used to determine the molecular formula of the 

compounds since it displays successive fragments related to the main compound. 

 
1. Mass spectrum of ketones: The mass spectrum of the compound D-o-Br-BA 

showed a peak at 392.0 m/z, which represents the molecular weight of the 

compound (M+) (C17H12Br2O) as shown in Figure (14) below. 
 

2. Schiff base mass spectrum: The mass spectrum of D-O-Br-BA-TSC showed a 

peak at 464.9 m/z which represents the molecular weight of the compound 

(M+) (C18H15Br2N3S) as shown in Figure (15) below. 
    

3- Mass spectrum of the complexes: The mass spectrum of the nickel complex 

Ni(L) showed a peak at 1007.2 m/z, which represents the molecular weight of the 

compound (M+) (C36H30Br4N6NiS2) as shown in Figure (16) below. 
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                     Figure (16) mass spectrum of nickel complex. 

 
The mass spectrum of the Cu(L2) complex showed a peak at 991.9 m/z, which 

represents the molecular weight of the compound (M+) (C36H28Br4CuN6S2) 

as shown in Figure (17). The mass spectrum of the iron complex Fe(L2) showed 
a peak at 984.3 m/z, which represents the molecular weight of the compound 

(M+) (C36H28Br4FeN6S2) as shown in Figure (18) below. 

 

Biological activity against breast cancer 

 

The group of cells known as cancer cells are those that escape from the normal 
growth in different cells in the human body and then work to change the 

remaining healthy cells in the affected tissue or organ. One of the many 

cancerous diseases that a considerable measure impact women while having a 
smaller impact on men is breast cancer. The ability of cancer cells to resist 

treatment or medication, as it seek to find a new resistance or mechanism to 

resist and overcome the drug, is one of the most significant obstacles facing the 
process of treating diseases or cancer cells. Therefore, in order to overcome the 
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drug resistance property of cancer cells, the medicine utilized or made must have 

two crucial characteristics: first, it must have an anti-resistance property, and 

second, it must be multifunctional. When a medication binds to cancer cells' 
DNA, this bond causes the DNA curve to become irregular, which prevents the 

production of RNA (Pasikanti et al., 2010).  

 
Using the findings above as a basis, this study intends to develop a drug or 

treatment that is effective against cancer cells in general and against breast 

cancer cells in particular. In this study, the MTT method—a well-known 
technique—was used to examine the produced metal complexes' efficiency against 

breast cancer cells for the first time. Breast cancer cells are known to come in a 

variety of forms. The MDA-MB231 breast cancer cell type was the focus of this 

investigation, which also examined the impact of newly synthesized metal 
complexes. For each of the nine complexes, the IC50 was calculated using specific 

concentrations of the complexes dissolved in dimethylsulfoxide (DMSO), a good 

complex-solvent and a negative standard. Breast cancer cells are known to come 
in a variety of forms. The MDA-MB231 breast cancer cell type was the focus of 

this investigation, which also examined the impact of newly synthesized metal 

complexes. For each of the nine complexes, the IC50 was calculated using specific 
concentrations of the complexes dissolved in dimethylsulfoxide (DMSO), a good 

complex-solvent and a negative standard. Figures (19) to (21) represent the graph 

and the results obtained from measuring the biological activity of the compounds 
prepared in this study on MDA-MB231 breast cancer cells in vitro by culture of 

cancer cells ex vivo using the well-known MTT method in sources (Tawfeeq and 

Mohamed Ibrahim Mohamed Tahir, 2019)(Mosmann, 1983). Table (8) shows the 

efficacy of the metal complexes prepared in this study against MDA-MB231 breast 
cancer cells, and the IC50 values for each of the complexes. 
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Table (8) 
Efficacy of metal complexes against MDA-MB231 breast cancer cells. 

 

 
 

 

 

 
Conclusion 

 

Because copper has the ability to penetrate the lipid membrane of the cancer cell 
and because the ligand used, thiosemicarbazide, helped to transport the 

compound and direct it to the specific site of the cancer cell, these results 

demonstrated that the copper complex had a very strong activity against cancer 
cells, particularly breast cancer MDA-MB231 type. 
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