
INTRODUCTION 
Antipyrine is a heterocyclic compound with the molecular 
formula C11H12N2O1 and a derivative of 1,2-dihydropyrazol-
3-one-pyrazolone, replaced by a methyl group at C-1 and C-5 
and with a phenyl group at N-2.2,3 It has a role as a non-narcotic 
analgesic, antipyretic, non-steroidal anti-inf lammatory, 
cyclooxygenase inhibitor, antibiotic.4,5 It is a white or 
crystalline, colorless and odorless powder that is soluble in 
distilled water and ethanol alcohol.6 Antipyrine is a low-
toxicity drug that was first prepared by Connor in 1883 AD.7,8

Benzothiazoles are bicyclic compounds that are heterocyclic 
organic compounds containing a benzene ring attached to a 
five-membered thiazole ring containing nitrogen and sulfur 
atoms.9 It is a weak base and is a colorless and slightly viscous 

liquid with a melting point of (2°C), boiling point (227–228°C) 
and is slightly soluble in water.10

Benzothiazoles were first prepared by the scientist 
Hofmann in the year 1887 AD.11 Benzothiazoles are of great 
importance nowadays, as benzothiazoles and their derivatives 
are found in synthesizing many compounds of great importance 
in biochemistry and medicine.12,13 It is present in the chemical 
formula of most drugs used in the treatment of many diseases, 
as it is used as an anti-inf lammatory and antimicrobial, 
including bacteria of all types. These compounds have also 
been used as an anti-fungal, anti-cancer, anthelmintic and 
anti-diabetic.14,15

Huggo schiff was the first to prepare schiff’s bases in 
1864,16 through a condensation reaction between aldehydes 
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or ketones with primary amines with the removal of water 
molecules.17,18 Schiff bases are involved in many fields, whether 
scientific, industrial or agricultural.19 They have been found 
to be of great importance in life processes, such as reactions 
involving the transfer of an amine group via a non-enzymatic 
transfer reaction of bacteria and fungi.20

Schiff bases are among the ligands used in coordination 
chemistry, as they enter into the preparation of many complexes 
with metallic elements, especially transition elements, due 
to their ability to coordinate and thus form complexes with 
different structures and various uses.21,22

In this study, a ligand schiff base-type derived from 
4-aminoantipyrine and its metal complexes with Ni(II), Cu(II), 
Zn(II), Cd(II) and Ag(I) were synthesized. The effectiveness 
of the prepared ligand and its complex with silver (I) were 
evaluated as anti-cancer.

EXPERIMENTAL

Materials and Measurements
All chemicals and solvents of high purity are obtained from 
various companies such as Fluke, B.D.H, Merck, JT.Baker, 
Scharlu , Sigma and Aldrich.

The elemental analysis of the prepared ligand and its 
metallic complexes was carried out using a device micro 
analytical unit of EA 300 C.H.N Element analyzer (Shahid 
Beheshti University, Iran). Proton nuclear magnetic resonance 
(1H-NMR) spectrum were recorded with a Bruker 500 MHZ 
spectrophotometer, dimethyl sulfoxide (DMSO) as a solvent 
and TMS as an internal standard (Shahid Beheshti University, 
Iran). Infrared spectra were recorded using KBr discs and using 
a shimadzu 8400S fourier-transform infrared spectroscopy 
(FTIR) at a range of (400–4000) cm-1. The electronic spectra 
were measured using a shimadzu 1650 pc in absolute ethanol 
as a solvent and concentration (10-3M) within the range  
(200–900) nm. The metal content of the complexes was 
measured using atomic absorption technique by shimadzu 
AA-6300. X-ray diffraction (XRD) were measured using Bestec 
Germany Aluminum anode model X pertpro, the wavelength 

of X-ray beam (Cu kα) 1.54 A°, Anod material=Cu, the voltage 
= 40KV and current = 30 mA (Shahid Beheshti University, 
Iran). Field-emission scanning electron microscope (FESEM) 
images were taken using a device (TESCAN MIRA3, Czech) 
(Shahid Beheshti University, Iran). The magnetic susceptibility 
of the prepared complexes were measured at room temperature 
using the Faraday method; the magnetic correction was used 
and performed by Pascal’s constants. These measurements 
were performed using (Balance Magnetic Susceptibility 
Model-M.S.B Auto).23 Molar conductivity measurements 
were recorded at room temperature at a concentration (10-3 M) 
by using conductivity bridge model 31A. The melting points 
of the ligand and its complexes were measured by using 
electrothermal melting point 9300.
Synthesis of Ligand 2-((2-((-4-(benzo[d]thiazol-2-
ylamino)-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-
3-ylidene)amino)phenyl)imino)-1,2-diphenylethan-1-ol 
(LH)
The ligand wea synthesized in three steps:
The First Step
The formation of compound (A) by taking 2.03 g of 
4-aminoantipyrine and dissolving it in 25 mL of absolute 
ethanol, then weighing 1.67 g of mercaptobenzothizole and 
dissolving in 25 mL of ethanol, mixing the two solutions in a 
round about, the mixture refluxed for eight hours. Follow up the 
reaction with lead acetate paper, where the blackening of the 
paper stops, indicating the end of the reaction. The precipitate 
was collected, dried and recrystallized with hot ethanol, then 
dried (74%) and (87–89ºC ).
The Second Step
The formation of compound (B), which includes a weight of 
1.08 g of orthophenylene diamine and dissolving it in 25 mL 
of absolute ethanol and taking a weight of 2.12 g of benzoin 
and dissolving it in 25 mL of absolute ethanol with the addition 
of 4–5 drops of acetic acid after that, the two solutions are 
mixed in a circular flask, and the refluxed process begins for 

Table 1: Some of physical properties of the ligand (LH) and its metal complexes

Compounds color MP (°C) Yield % M. Wt. 
Elemental analysis (%): Found (calcd.)
C H N S M

Ligand (LH) Light yellow 120–122 72 C38H32N6 OS 
620.78

73.52 
(74.15)

5.20 
(5.38)

13.54 
(13.72)

5.16
(5.41) --

[Ni(L) (H2O )Cl] Light brown 130–132 79 C38H33Cl2NiN6O2 S
767.38

59.48
(60.23)

4.33
(4.79)

10.95
(11.27)

4.18
(4.52)

7.65
(8.22)

[Cu(L) (H2O )Cl] Light yellow 136–138 85 C38H33Cl2CuN6O2 S
772.23

59.10 
(59.65)

4.31 
(4.69)

10.88 
(11.51)

4.15 
(4.38)

8.23 
(8.58)

[Zn(L)] Cl Brown 128–130 78 C38H31ClZnN6O S
720.60

63.34
(63.87)

4.34
(4.51)

11.66
(11.83)

4.45
(4.74)

9,07
(9.38)

[Ag (L)] Light green 126–128 67 C38H31AgN7O4S
789.64

57.80 
(58.38)

3.96
(4.23)

12.42
(12.85)

4.06
(4.51)

13.66
(14.19)

[Cd(L)]Cl.H2O Light brown 188–190 74 C38H33Cl2CdN6O2 S
821.10

55.59
(56.38)

4.05
(4.74)

10.24
(10.88)

3.90
(4.22)

13.69
(14.16)
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eight hours, and the precipitate is collected after the end of 
reflux by filtering it, then drying it, then recrystallizing using 
hot ethanol and drying, giving a product (84%) and a melting 
point and (98–100℃).
The Third Step
Included the reaction of (3.36 g) of compound (A) dissolved 
in 25 mL of absolute ethanol with (3.02 g) of compound (B) 
dissolved in 25 mL of absolute ethanol, (4–5 drops) of glacial 
acetic acid were added to compound (A), mix the above two 
solutions, then reflux of the mixture for 8 hours, a precipitate 
was formed, filtered, then dried the product and recrystallized 
to give the ligand with the percentage (72%) and melting point 
(120–122℃).
Synthesis of Metallic Complexes
Ligand (LH) complexes were prepared according to the 
following general method:

A solution of 0.31 g dissolved in 10 mL of absolute ethanol 
from ligand (LH) was added to a solution of 0.5 mmol of 
transition metal chloride, except for silver, where silver nitrate 
was used in 10 mL of absolute ethanol, the mixture was 
refluxed with stirring for two hours and then cooled , where 
the formation of precipitates was observed that were filtered, 
dried and recrystallized in absolute ethanol, colored and pure 
precipitates were obtained from metal ion complexes whose 
physical properties are shown in Table 1.

RESULT AND DISCUSSION

Characterization of Ligand (LH) and its Metal 
Complexes
The ligand (LH) is characterized as light-yellow crystals, but 
the five complexes prepared from them change from the color 
of light brown, light yellow, light green, light yellow as well as 
light brown. The ligand and its prepared complexes are soluble 
in most organic solvents, such as ethanol, methanol, DMSO 
and DMF, but they are insoluble in distilled water.
Metal: Ligand Ratio
The [M:L] ratio of the complexes was determined by the molar 
ratio method at the maximum wavelength.

An equal concentration of each of the ligand (LH) and 
metal ion salts was prepared (1x10-4 M), a fixed volume of 

the metal salt and increasing volumes of ligand(LH) solutions 
are taken, then the absorbance is measured for each solution 
at the maximum wavelength, the relationship between the 
absorbance and the molar ratio (VL/VM) is drawn, which results 
in two straight lines whose intersection point represents the 
ratio of the ligand to the metal [L:M], as the ratio was [1:1]. 
When comparing these percentages with the percentages 
obtained from the elemental analysis, it was found that they 
are similar.24,25

1H-NMR Spectra
The 1H-NMR spectrum of the ligand (LH) was studied using 
DMSO-d6 as the solvent and TMS as the internal reference. 
The spectrum showed two single signals at (S, 3H , δ = 1.08 
ppm) and (S, 3H, δ =2.73 ppm) belonging to the protons of 
the two methyl groups (C-CH3 and N-CH3), respectively,26 
while the signal at (S, H, δ = 4.84 ppm), which due to proton 
of methyne group (CH-OH) and signal at (S, H, δ = 6.08ppm) 
refer to hydroxyl group proton (Figure 1).27

Multiple other signals are observed in (M, 10H, δ= 
7.07–7.37 ppm) related to the protons of the two phenyl rings 
of benzoin.28 Also, several signals appeared at (M, 5H, 
δ= 7.38–7.48 ppm) related to the protons of phenyl ring of 
pyrazole.29 The spectrum also gave multiple signals at (M, 4H, 
δ= 7.54–7.91 ppm) belonging to the protons of phenyl ring of 
O-phenylene di-amine.30 While multiple signals appeared at 
(M, 4H, δ= 7.98–8.17 ppm) belonging to the phenyl ring protons 
belonging to benzothiazole ring,31 while the single signals at 
(S, 1H, δ = 8.18 ppm) indicate to the proton of a secondary 
amine group proton.32

Figure 1 : The 1H-NMR spectrum of the synthesized ligand (LH)

Table 2: The important infrared spectral bands of ligand (LH) and its prepared complexes

υ(M–N) υ(M–O)υ(C=N) Benzothiazole ringυ(C=N) Imineυ(N-H) 2oamineυ(O-H) Benzoinυ(O-H) (H2O)Compounds
Ligand ( LH )-1596168133793409ــــــ
509
455159616623342-3453[Ni(L) (H2O )Cl]

516 
424159616683365-3458[Cu(L) (H2O )Cl]

501 
463159616643323--[Zn(L)] Cl

558 
436159616533346--[Ag (L)]

563 
462159616653306-3442[Cd(L)]Cl.H2O
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Infrared Spectra of the Ligand (LH) and its Metal 
Complexes
Infrared spectra were measured using Shimadzu 8400S device 
and using potassium bromide (KBr), infrared spectra were 
used to identify the functional groups in the ligand and their 
complexes. The spectrum of the free ligand showed two clear 
bands at (3409 and 3379 cm-1), which belong to the hydroxyl 
υ(OH) and secondary amine groups υ(NH), respectively.33 A 
band appeared in the spectrum of the ligand at (1681 cm-1), an 
important band whose appearance indicates the formation of 
the ligand, which is the azomethine group (C = N) that belongs 
to the schiff base,34 while the carbonyl group band in the 
reactants before the reaction disappears. Other bands appeared 
in (3078 cm-1) and (2962 and 2893 cm-1), which belong to the 
(C-H) aromatic and aliphatic groups, respectively,35 as for the 
groups (C=C) aromatic, it gave bands at (1496, 1573 cm-1), 
finally, other bands exhibited at (1596, 1010 cm-1) due to the 
functional groups υ (C = N) and (C-S) of the benzothiazole 
ring, respectively (Figure 2).36

From observing the spectra of the prepared complexes and 
comparing it with the spectrum of the free ligand, it was found:

The azomethine group υ (C=N) belonging to the schiff base 
was shifted towards lower frequencies compared to what it 

was in the spectrum of the free ligand and appeared at (1662, 
1668, 1664, 1653 and 1665 cm-1) in the spectra of the prepared 
complexes,37 the frequency of the secondary amine group 
(N-H), which appeared at (3379 cm-1) in the spectrum of the 
ligand before coordination, was shifted to a lower frequency 
and appeared at the range (3306–3365 cm-1) in the spectra of 
the prepared ligand (LH) complexes, the occurrence of this 
shift is strong evidence of the coordination of the ligand with 
the metal ions through the nitrogen atoms of the azomethine 
group and the secondary amine.38

The hydroxyl group of the free ligand disappeared in the 
spectra of the complexes due to the loss of its proton after 
coordination, which is another evidence of coordination and 
appearance bands at (424–463 cm-1) , which indicated to υ 
(M-O). New broad bands also appeared at (3453, 3458 and 
3442 cm-1) belonging to the hydroxyl group of the hydrate 
water in the nickel(II), copper(II) and cadmium(II) complexes, 
respectively,39 while the bands found at (501–563 cm-1) mainly 
due to (M-N) groups (Tbale 2).40

Electronic Spectra and Magnetic Susceptibility 
Measurements
Metal complexes are considered colored compounds, and these 
colors vary from one complex to another according to the metal 

Figure 2: The FTIR spectra of the ligand (LH) and its metallic complexes.
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Table 3: The electronic spectra, magnetic moment, and expected geometry of the ligand (LH) and its complexes

Compounds (nm) υ- (cm-1) Transitions µeff (B.M) Geometry

Ligand (LH)
207
258
322

48309
38760
31056

π-π*
π-π*
n-π*

ــــــــ ــــــــ

[Ni(L) (H2O )Cl]

220
293
352
463
616
746

45455
34130
28409
21598
16234
13405

Ligand Field
Ligand Field
Ligand Field
3A2g (F) →3T1g (p) 3A2g (F) →3T1g(F) 3A2g 
(F) →3T2g(F)

2.83
Octahedral
sp3d2

regular

[Cu(L) (H2O )Cl]

226
299
346
586

44248
33445
28902
17065

Ligand Field
Ligand Field
Ligand Field
2B1g → 2Eg

1.75
Octahedral
sp3d2

distorted

[Zn(L)] Cl
221
291
340

45249
34364
29412

Ligand Field
Ligand Field
Charge transfer(MLCT)

 (Dia.) Tetrahedral
sp3

[Ag (L)]
233
294
381

42918
34014
26247

Ligand Field
Ligand Field
Charge transfer(MLCT)

 (Dia.) Tetrahedral
sp3

[Cd(L)]Cl.H2O
223
305
362

44843
32787
27624

Ligand Field
Ligand Field
Charge transfer(MLCT)

 (Dia.) Tetrahedral
sp3

Figure 3: Electronic spectra of the ligand (LH) and its metallic complexes
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present in the complex and from one ligand to another. The 
range of colors is an important evidence to the occurrence of 
coordination. The difference in color shows different absorption 
bands in intensity and position, which is another evidence of 
coordination. In order to more accurately identify the types of 
electronic transitions of ligands and their complexes, we must 
know the most important types of electronic transitions that 
occur in ligands and their complexes.

When observing the electronic spectrum of the ligand 
(LH), Figure 3, showed three absorption peaks at 207 (48309), 
258 (38760) and 322 nm (31056 cm-1), the first two peaks 
indicate to (π-π*) transmission of the azomethane (C = N) 
group (Table 3 and Figure 3).41

The Electronic Spectra of the Complexes

Nickel(II) Complex
By studying the spectrum of a nickel(II) complex, it was 
observed that the absorption peaks appeared at 220 (45455), 
293 (34130) and 352 nm (28409 cm-1), all of which refer to the 
spectrum of the ligand field, while the absorption peaks at 463 
(21598), 616 (16234) and 746 nm (13405 cm-1), which refer 
to the transitions 3A2g (F) →3T1g (p), 3A2g (F) →3T1g(F) and 
3A2g (F) →3T2g(F), which showed that the complex is a regular 
octahedron (hyperdilation: sp3d2), the magnetic moment of this 

complex is (2.83 B.M), Which indicates the presence of two 
non-pair electrons.42

Copper(II)–Complex
The spectrum of the copper complex, showed several 
absorption peaks centered at 226 (44248), 299 (33445), 346 nm 
(28902 cm-1), all of which belong to the spectrum of the ligand 
field, either Broad absorption at 586 nm (17065 cm-1), due 
to 2B1g → 2Eg, a wide band appeared due to the Jan-Teller 
distortion, giving the complex a distorted octahedral geometry 
(hyperdilation: sp3d2), the magnetic moment of copper (II) 
complex is (175 B.M), which indicates the presence of one 
non-pair electron in the (eg) level.43

Zinc(II), Silver(I) and Cadmium(II) Complexes
We note in the electronic spectra of each of the complexes 
of zinc(II) , silver(I), and cadmium(II) complexes that there 
are no (d-d) transitions in their spectra due to the saturation 
of the (d) orbitals by electrons, so their electronic spectra 
cannot be used to determine the structure and geometry of 
these complexes, the above complexes showed a number of 
peaks within the range 221–305 nm (45249–32787 cm-1) which 
belong to the ligand field, while the peaks at 340, 381, 362 nm 
(29412, 26247, 27624 cm-1), all refer to the charge transitions 
of the type (M → L) in zinc (II), silver (I) and cadmium (II) 

Figure 4: XRD patterns of Ligand (LH) and its complexes
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Table 4: X-RD data of the ligand (LH) and metal complexes

Lattice StrainCrystallite Size. (nm)FWHMI/I° (%)d observed (A°)°2Ѳ observedNo.Compound
0.008144.620.187 96.77.63911.5741

Ligand ( LH)
0.015411.930.71071.23.89422.8142
0.015311.930.71069.43.89222.8283
0.010816.40.5171003.78223.4984
0.009415.6800.54671.53.14628.3465
0.023415.950.13557.27.61311.6131

[Ni(L) (H2O )Cl]]
0.003466.740.12655.44.81318.4172
0.003459.4290.14266.64.28620.7053
0.010317.230.4921003.77823.5244
0.002656.710.15158.83.14128.3905
0.008375.590.11010013.3376.622 1

[Cu(L) (H2O )Cl] 0.0051610.13727.86.66713.2692
0.006340.5100.20717.95.46616.2003
0.007541.9890.0994336.72413.1561

[Zn(L)] Cl
0.012620.070.2092365.38516.4452
0.0015126.330.033430.83.94322.5263
0.0014126.410.03341003.88622.8654
0.019737.780.22010015.854 5.5701

[Ag (L)]
0.023423.6300.35234.311.7367.5262
0.009539.3390.21211.47.915 11.1703
0.005067.880.12327.97.17412.3264
0.006577.070.10872.610.6488.2961

[Cd(L)]Cl.H2O
0.007553.7790.1551008.56810.3162
0.00555.460.15155.55.86415.0963
0.003350.0190.17067.63.56024.9934
0.002556.810.15138.63.05929.1635

complexes, respectively. Previous studies have shown that 
these complexes have regular tetrahedral geometry  these 
complexes have diamagnetic properties.44

X-ray Diffraction Study (XRD)
The crystal structures of the ligand (LH) and its metal 
complexes under study were studied in their solid-state using 
X-ray diffraction within (angular range) 5–80°(2Ѳ) to know 
some structural properties such as crystal structure and 
crystal size. Macrostrains and dislocation density were also 
calculated in order to estimate the extent of its purity and the 
defects in the crystal structure when converting ligand to metal 
complexes. There are some diffraction peaks that appear as 
broad peaks for several reasons, including micro-strains such 
as lattice deformation, faulting due to crystal deformations, 
domain size of the crystal and distribution of domain size. 
The XRD spectrum showed the presence of sharp peaks for 
ligands and metal complexes, which indicates that they form a 
crystal lattice and others contain broad peaks indicative of non-
crystalline structures amorphous structure and the sharpness 
of the peaks depends on the crystal arrangement and properties 
of the crystal lattice as well as on the crystal levels.45,46

The Debye-Scherer equation was used to calculate the crystal 
size of ligand (LH) and its metal complexes, as follows:

cos
kD λ

β θ
=

D :crystal size rate 
k : shape factor which is usually about 0.9
 λ : wavelength of X-rays, value CuKα = 1.54056 A°
β : total width half the maximum height FWHM
ϴ : is the angle of deviation
as well as the following equation was used to calculate the 

micro-compliance 
S = β cosθ/4 
S : micro-compliance (Macrostrains)
β : the total width of half the maximum height
ϴ : the angle of deflection
The following equation was used to calculate the decay 

density :
δ = 1/D2

By analyzing the X-ray spectra showing the clear difference 
in the data mentioned previously, the crystal size, the 
microplasticity, the density of the dissolutions, as well as the 
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spacing between the crystal levels of ligand and its prepared 
metal complexes under study, and this confirms the occurrence 
of the coordination process between the ligand and the metal 
ions (Table 4).47,48

Emission Field Scanning Electron Microscopy Analysis 
(FESEM)
The scanning electron microscope technique was used to 
study the surface properties of ligand particles and its metal 
complexes with metallic ions of nickel(II), copper(II), zinc(II), 
silver(I) and cadmium(II), in terms of particle size and the 
clusters among them, depending on the cross-sectional distance 
is 200 nm and magnification strength Mag=135kx.

The FESEM analysis image of the ligand (LH) shows that 
it has the form of homogeneous and adjacent crystals and 
columns with an average particle size of 47.08 nm, while the 
FESEM analysis image of the nickel(II) complex appeared in 
the form of large, irregular crystals, with an average particle 
size of 154.02 nm, observed by analyzing the FESEM image 
of the Cu(II) complex, the particles are in the shape of 
adjacent columns, the average size of the particles is 69.06 nm, 

Ni-complex L1H

Ag-complex Cu-complex

Cd-complex Zn-complex

Figure 6: FE-SEM images of LH and its its complexes.

whereas, the FESEM image of the zinc (II) complex appeared 
as homogeneous spherical crystal particles with an average 
particle size of 168.64 nm, as for the FESEM image of the 
silver(I) complex, the particles appeared in the form of 
heterogeneous columns with an average particle size of 91.86 nm, 
also, the FESEM image of the cadmium(II) complex appeared 
in the form of heterogeneous crystal clusters and an average 
particle size of 49.41 nm.49

Through the FESEM images shown in the Figure 4 below, it was 
found that ligand (LH) and its metal complexes have a smaller 
grain size From 100 nm, that is, they are within the nanoscale, 
and some of the metal complexes are of a size higher than 
100 nm, so they are outside the nanoscale range, and that the 
presence of some of the clusters is due to the agglomeration 
process, which leads to the assembly of primary particles, 
and the difficulty of getting rid of this phenomenon due to the 
use of temperatures High in order to complete the process of 
growing crystals of ligands and complexes, thus increasing 
the effective surface area, so it enters the quantitative effect 
to create new energy levels that lead to the free movement of 
the electron (Figure 5).50
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Table 5: The effect of the ligand (LH) on the cells of MCF-7 and HEK-293e of the same concentration using MTT test for 24 hours.

LH

Concentration (μg/mL)
Normal line cells HEK-293Cancer line cells MCF-7 

% Cell Inhibition
Cell Viability 

% Cell Inhibition
Cell Viability

SDMeanSDMean
0.767262.6872499.232745.1062911.7568794.8937116
2.429676.2599797.5703311.67153 5.4758988.3284731
5.242979.4563494.7570340.370997.1476559.6290162
16.368296.1381083.6311772.551067.5213427.44894125
37.595917.2084662.4040993.163822.479276.83618250
67.774947.3912632.2250693.824512.467996.17549500

33241.5IC50

Figure 6: Comparison at viability and inhibition for the ligand in cancer and normal cells.

Figure 7: IC50 (µg/mL) values for the Ligand (LH) in MCF-7 cell line and normal cell line.

Figure 8: Comparison at viability and inhibition for the Ag (I) complex in cancer and normal cells
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Molar Conductivity Measurement
Molar conductivity measurements were used to determine 
whether the prepared compounds had ionic or non-ionic 
properties, where it was observed that the molar conductivity 
is directly proportional to the charged species in the solution, 
many organic solvents such as methyl cyanide, nitromethane, 
DMSO, DMF, ethanol and others are often used because they 
have a high dielectric constant and low viscosity.51

The molar conductivity of the ligand (LH) complexes were 
measured using absolute ethanol as a solvent at a concentration 
of (1*10-3M) and at laboratory temperature. It was noticed that 
the zinc(II) and cadmium(II) complexes had conductivity 
values (36.3 and 36.8 ohm-1cm2mole-1), respectively. These 
values indicate that these complexes have an ionic character in 
a ratio of (1:1), while the nickel(II) and copper(II) and silver(I) 
showed a relatively low conductivity (11.5, 9.5 and 8.5 ohm-

1cm2mole-1), these values indicated that they are complexes 
with non-ionic properties.52

Cytotoxicity by use Assays (MTT) 
In this study, two types of cell lines were used, the breast 
cancer cell line MCF-7 and the healthy cell line HEK-293 for 
the purpose of comparison and showing their effectiveness on 
human cells and the possibility of using them as cancer drugs. 
The MTT test was used for bioassay of all cells. The results 
showed that the concentration of the prepared ligand (LH) 

and its complexes are of great importance in determining the 
percentage of cytostatic, and this phenomenon is called dose-
dependent. When studying the effect of the ligand (LH) on the 
growth process of breast cancer cell lines (MCF-7) and normal 
healthy cells (HEK-293), it was observed that the least inhibition 
of the growth of breast cancer cells (MCF-7) and normal cells 
(HEK-293) at a concentration of 16 μg/mL, while the highest 
percentage of cytostatic was at a concentration of 500 μg/mL 
for cells of both lines.Where it was found that the percentage 
of the number of the remaining live cells after the reaction with 
the ligand ranged between (6.17549–94.89371%) for the cells 
of MCF-7, while the percentage of the remaining live cells of 
the (HEK-293) was between (32.22506–99.23274%). The best 
percentage of inhibition of the (MCF-7) at a concentration of 
500 µg/mL was 93.824%, while the percentage of inhibition 
of the (HEK-293) at the same concentration was 67.774%.As 
for the (IC50) in the case of the reaction of the ligand with 
the breast cancer cell line MCF-7, it was 41.5 µg/mL, while 
(IC50) for normal cells HEK-293 was 332 µg/mL (Table 5 and 
Figure 6, 7).53,54

IC50 (µg/mL) values for the Ag(I) complex in MCF-7cell 
line and normal cell line. The effect of the silver(I) complex 
was studied on the growth process of (MCF-7) and (HEK-293). 
- (HEK-293) at a concentration of 16 µg/mL, while the highest 
percentage of cytostatics was at a concentration of 500 µg/mL 
for breast cancer cells (MCF-7) and healthy cells (HEK-293). 

Table 6: The effect of the Ag (I) complex on the cells of MCF-7 and HEK-293 of the same concentration using MTT test for 24 hours.

LHAg

Concentration (μg/mL)
Normal line cells HEK-293Cancer line cells MCF-7 

%Cell inhibition
Cell viability 

%Cell inhibition
Cell viability

SDMeanSDMean
6.197485.3983893.802521.354736.6971998.6452716
13.130256.1159386.8697522.432267.16294477.5677431
22.478998.3326877.5210148.686957.8731851.3130562
33.718499.9445466.2815191.725723.139198.274281125
38.025216.94612961.9747995.227181.144524.77282250
70.168079.2255329.8319396.165071.579153.83493500

259.427.5IC50

Figure 9: IC50 (µg/mL) values for the Ag(I) complex in MCF-7cell line and normal cell line
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Figure 10: Proposed chemical structures of the ligand (LH) and its complexes

It was noted that the percentage of the number of live cells 
remaining after the reaction with the silver complex ranged 
between (3.83493–98.64527%) for the cells of MCF-7, while 
for cells of (HEK-293) was between (29.83193–93.80252%). 
The best percentage of inhibition of the breast cancer cell line 
(MCF-7) at a concentration of 500 µg/mL was 96.165069%, 
while the percentage of inhibition of the cell line of healthy 
cells (HEK-293) at the same concentration was 70.16807%. The 
half inhibitory concentration (IC50) in the case of interaction 
of the silver complex with the cell line of MCF-7 was 27.5 µg/
mL, while for normal cells HEK-293 was 259.4 (Table 6 and 
Figure 8-10).55

CONCLUSIONS
Spectroscopic methods (nuclear magnetic resonance, infrared 
and electronic spectra), in addition to X-ray diffraction, 
FESEM, molar conductivity, atomic absorption, microanalysis 
measurements of the elements, and melting points were used 
to determine the chemical structures of ligand(LH) and its 
prepared complexes. From the results of the above techniques, 
it was found that the geometry of the tetrahedral for all 
complexes, with the exception of the nickel(II) and copper(II) 
complexes, are octahedral, the ligand (LH) behaves as a 
tetradentate ligand. Anticancer tests showed that ligand (LH) 
and its complex with a silver(I) have good efficacy in reducing 
the growth of cancer cells.
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