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Abstract
2-((2-((-4-(benzold]oxazol-2-ylamino))-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-
ylidene)amino)phenyl (imino)-1,2-diphenylethan-1-ol (LH) was a new Schiff base ligand
prepared from the reaction of 2-mercaptobenzoxazole with 4-amino-antipyrene dissolved in
absolute ethanol, as a first step to form compound-A, while the second step involved the
reaction of benzoin with O-phenylene diamine to produce compound- B, The third step
involved the reaction of compounds A and B to produce ligand (LH) as a final product. Five
complexes of ligand (LH) were prepared from the reaction with various metal ions Hg (Il), Cd
(1), Ag (1), Cu (Il) and Ni (Il). Several different spectroscopy methods were used to prove the
structure of ligand (LH) and its complexes along with elemental analysis (CHNS), X-RD, FE-
SEM, magnetic measurements, molar conductivity. The molar conductivity values of the
prepared complexes exhibited that the complexes have non-electrolytic nature and do not
have any molar conductivity. According to the results of the above techniques, the ligand (LH)
behaves as a tetradentate (N, N, N, O) and coordinates with the metal ion via the nitrogen
atoms of the two azomethine groups, the secondary amine group, and the oxygen atom of
the hydroxyl group. Biological activity assays of free ligand (LH) and its metal complexes were
performed against Gram-positive and Gram-negative bacteria, Staphylococcus aureus, and
Escherichia coli, respectively. Based on the above results, the prepared complexes showed
highly effective against bacteria, which were compared with a standard antibacterial. LH and
the Ag(l)-complex) have been tested in vitro on breast cancer cells (MCF-7) and healthy human
cells for their anticancer and toxicity (HEK-293).

Keywords: Schiff base-benzoxazole,
Anticancer, antioxidant.

1. Introduction

As a pyrazolone derivative, 4-aminoantipyrine
exhibits a wide range of biological activities,
including antimicrobial [1], analgesic [2], and

antiviral [3] properties. It is also used in the
synthesis of bioactive substances like -lactams [4]. 4-
Aminoantipyrine has also been used for safety in
resistance to oxidative stress as well as prevention
of many diseases that are most cancers, and its
entry into many clinical processes [5]. Numerous
derivatives of antipyrine were likewise assessed as
analgesic [6], anti-inflammatory [7] and anticancer
action [8]. Benzoxazole, also known as 1,3
benzoxazol, is an aromatic organic compound of
heterocyclic compounds consisting of an oxazole
ring that contains one oxygen and one nitrogen
atom bonded to the benzene ring [9,10]. It was first
presented by researcher Hantzsch in 1887 AD [11].
It has a molecular formula (C7H5NQO) and its molar
mass is 119.12 g/mol and its melting point is 27-
30°C and its boiling point is 182°C [12]. It is
characterized by its white color to a light-yellow
color with a pyridine-like smell [13]. It is insoluble in
water, but it dissolves in a completely in organic
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solvents such as ethanol [14]. The benzoxazole
compound is an important class of heterocyclic n-
electrons [15]. Some reactions of this compound
occur in a similar way to the oxazole compound,
due to the electronegativity of the nitrogen atom
[16]. In pharmaceutical applications, benzoxazole
derivatives, which have various biological and
pharmacological ~ properties  [17]  example
antituberculotic [18], tuberculosis [19], depression
[20],  antibacterial [21], antispasmodic [22],
andcardiovascular tonic [23], are widely used in
drug discovery programs and agricultural chemicals
[24]. In general, benzoxazole and its derivatives
enter coordination chemistry in the preparation of
complexes [25] and in optical applications such as
photoluminescence [26] and bleaching and dyeing
[27]. 1t is also used in intermediates to catalyze
organic compounds in pharmaceuticals [28] and
therapeutic uses [29].

The German chemist Hugo Schiff is the first to
prepare Schiff's bases, in 1864, through a
condensation reaction between aldehydes or
ketones with primary amines [30]. Schiff bases are
used in various fields whether it is from a scientific,
industrial or agricultural point of view [31], it has

Received: 15.07.22, Revised: 27.08.22, Accepted: 31.08.22



HIV Nursing 2022; 22(2): 2981-2993

been found to be of great importance in life
processes, such as reactions that involve the
transfer of an amine group by a non-enzymatic
transamination reaction [32], while others have
activity against cancer [33], as well as activity
against bacteria and fungi [34]. It is also used as a
plant growth regulator, antipyretic [35] and
analgesic [36]. Schiff bases are a type of
multidentate ligands that are colored complexes
with most metal ions, so they constitute selective
and sensitive methods for metal determination [37].
This study included the preparation of ligand of
Schiff base type and its complexes with metal ions
Ni (1), Cu (II), Ag (), Cd (Il) and Hg (Il). As well as the
biological activity of Ligand and all its complexes
were evaluated as anti-bacterial under study, the
activity of Ligand and a complex with silver (I) as
anti-cancer were also tested.

2. Experimental

Materials and reagent

The chemicals and solvents used in the synthesis
have high purity. 2-mercaptobenzoxazole, 4-
amainoantipyrin, O-phenylene diamine, Benzoin,
silver(l) nitrate, nickel (ll) chloride hexahydrate,
copper (Il) chloride dihydrate, cadmium (II) chloride,
mercury (Il) chloride, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), Glacial Acetic
Acid, DMSO, DMF, EtOH, MeOH, these materials
are supplied by companiess Sigma-Aldrich
(Germany), Merck (Germany), Scharlu (Espafa), J&K
chemical (China) and others

Physical Measurements

An internal reference of TMS had been used to
obtain the THNMR spectra, which were collected
using DMSO-dé as the solvent and a Bruker 500
MHz  spectrometer. A  dual-beam  T80-PG
spectrophotometer was used to measure electronic
spectra in absolute ethanol as a solvent (UV-Vis). A
Shimadzu 8400 S was used to record FT-IR spectra
(KBr discs, 400-4000 cm-1). The metallic content of
the metal Ni (Il), Cu (Il), Ag (I) and Cd (Il) in the
complexes was determined using a Shimadzu AA
6300 atomic absorbance meter. X-ray diffraction
(XRD) measurements were carried out using a
fluorometer Bestec aluminum X-ray diffraction with
irradiance (Cu Ka) (A = 1.5418° A) within the range
(5-80°) 26. Field emission scanning electron
microscopy (FE-SEM) images were taken on a
TESCAN  MIRA3, Czech) (Shahid Beheshti
University, Iran). Faraday's method, Pascal
constants, and magnetic corrections were used to
perform  magnetic measurements using the
magnetic susceptibility model MSB Auto). In
ethanol solutions, molar conductance has been
measured at room temperature using a 31 A
conductivity bridge. The SMP, Stuart tool was
utilized to record melting points or decomposition
temperatures.

Synthesis of Ligand 2-((2-((-4-(benzo[d]oxazol -2-
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ylamino)-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-
pyrazol-3-ylidene) amino) phenyl) imino)-1,2-
diphenylethan-1-ol (HL)

The ligand (LH) was prepared through three main
steps:

The first step is the formation compound -A by
taking 2.03 g of 4-aminoantipyrine and dissolving it
in 25 mL absolute ethanol, then weighing 1.68 g of
2-mercaptobenzoxazole and dissolving in 25 mL
absolute ethanol. Then the two solutions are mixed
in a round bottom flask, and the mixture refluxed
for eight hours, the reaction continues, and the
reaction is followed up using lead acetate paper,
where the blackening of the paper stops at the end
of the reaction. Filtered, dried and recrystallized the
product using hot ethanol, then filtered again and
dried (yield: 74%, m.p:87-89 oC)

The second step, which is the formation of
compound (B), which is by taking a weight of 1.08
gm of O-phenyldiamine and dissolving in 25 ml of
absolute ethanol and taking a weight of 2.12 gm 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 round
bottom flask, and the reflux process begins for
eight hours, after which the solution is filtered and
dried, then the product is recrystallized, and then
left to dry (yield: 69% , m.p: 102-104 oC)

The third step, compound (A) weighs (1.6 g), and
(25 mL) of absolute ethanol, 4-5 drops of glacial
acetic acid, and (1.51 g) of compound (B) are mixed
together and dissolved in 25 ml of absolute ethanol
and the two solutions are mixed in a round bottom
flask and the reflux process begins for eight hours,
then the solution filtered and dried, then the
product is recrystallized, and then left to dry (yield:
81% , m.p: 113-1150C)

The structural of the ligand (LH) as proven
below
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Scheme (1): Synthesis of heterocyclic ligand (L).
Synthesis of Metal Complexes

The metal chelates were prepared in a
stoichiometric ratio of 1:1 [M: L] by dissolving (0.31
g, 0.5 mmol) of the ligand (LH) in hot ethanol (10
ml) with a 0.5 mmol solution of metal chloride,
excluding silver, where silver nitrate was used,

dissolved in 10 ml of absolute ethanol.
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The two solutions were refluxed after mixing for two
hours, the formation of precipitates was observed,
the products were filtered, the solid complexes
were washed with distilled water, then they were
washed with 15 ml of hot water, dried and then
recrystallized with hot ethanol. The complexes
dried. Table (1) gives the analysis and physical
properties of the ligand (LH) and its complexe

Compounds color MP (C°) |Yield % Mol. Wt CEIementaI a:|a|ysns (%) :)F'(\)lund) caled. M
C38H32N6 O2 13.90
LH yellow [113-115 50471 75.48(76.12) [533(579)| 1315 -

. . C38H33CININ6O3|  63.76 4.65 1.74 8.20
Ni=complexjLight yellow|125-127 715.86 (64.04) (4.75) (11.87) (8.42)
Cu- complex | Dark brown [131-133 C38H3732%'%N603 63.33 (63.82) | 4.62 (4.79) | 11.66 (11.85) | 8.82 (8.94)

. C38H31CIZnN6O2|  64.78 4.44 11.93 9.28

Zn- complex | Light brown (136-138 704.54 (65.06) 4.92) (12.08) (9.63)

. C38H31AgN60O2 6414 4.39 11.81 15.16

A eemplon | (Kt gremm | 2= 711.57 (64.59) (4.89) (12.05) (15.72)

. C38H33CICAN6O3|  59.31 4.32 10.92 14.61

Cd- complex |Light brown|140-142 769.59 (59.58) (4.76) (11.19) | (14.85)
LH = ligand

Cytotoxic studies-MTT assay

The cytotoxicity of Schiff base ligand (LH) and Ag(l)-
complex was studied against breast cancer cell line
(MCF-7) and normal human cells (HEK-293) by in
vitro MTT cytotoxicity assay grown MCF-7cell lines
in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum (FBS;
Gibco) and 1% penicillin-streptomycin. Incubated at
37 °Cin a humidified atmosphere with 5% (v/v) CO,
the MTT assay was transformed for use in
determining cell viability [39]. For 24 h, cells were
seeded at a density of 104 cells/well in 96 dishes).
The medium was extracted after 24 h incubation at
37 °C, and cells were treated with concentrations
(16, 31, 62, 125, 250 and 500 pg/ml) after a 48-h
incubation period at 37 °C, the medium has been
withdrawn from the board. Each nicely became then
full of 100 pl of MTT reagent (1 mg/ml) in serum-
free medium. The medium became extracted after
4 h of incubation, and 200 ul of dimethyl sulfoxide
(DMSO) became carried out to each properly. The
absorbance of the MTT metabolite dissolved in
DMSO became measured the usage of a microplate
reader at a wavelength of 570 nm. Triple checks
had been achieved at each concentration. %
Cellular viability became calculated as (Mean OD of
treated cells/Mean OD of untreated cells) x100[40].
Inhibitory concentration values of 50% (IC50) were
measured and IC50 curves were plotted the usage
of the x-dose response equation [41].

3. Result and Discussion

Characterization of the ligand (LH) and its
metal complexes

The ligand (LH) is an organic compound derived from
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benzoxazole, and the results of elemental analysis
(CHNS) of the ligand and its complexes were
consistent with the expected values, and it proved
that the ratio of ligand to metal in the prepared
complexes is 1:1 (M: L). In normal conditions, all
compounds are stable in their solid form, and
insoluble in water, while soluble in many organic
solvents such as EtOH, MeOH, DMSQO, and DMF.

Metal: Ligand Ratio

The molar ratio method, which was developed by Yu
and Jones [42]. By using this method, the amount of
ligand in each solution is varied while the amount of
metallic remains constant. Then the relationship
between the absorbance of each solution versus its
molar ratio (VL/VM) at the maximum wavelength,
resulting in two straight lines whose intersection point
represents the ratio of ligand to metal [43]. Thus,
electronic spectra are indicative in the formation of
complexes Ni (II), Cu (Il), Zn (Il), Ag (I) and Cd (II), the
molar ratio [M: L] is [1: 1]. These results agree with
those expected theoretical results

Zhu-NMR Spectra

The 1H-NMR spectrum of the ligand (LH) was
studied using DMSO-dé as the solvent and TMS as
the internal reference. The spectrum showed two
single signals at (S, 3H, 8 = 1.05ppm) and (S, 3H , &
=2.72ppm) belonging to the protons of the two
methyl groups (C-CH3 and N-CH3), respectively[44]
, while the signal at (S, H, 6 = 4.86 ppm), which due
to proton of methyne group (CH-OH) and signal at
(S, H , & = 6.08ppm) refer to hydroxyl group
proton[45].Multiple other signals are observed in
(M, 10H , 6= 7.22 — 7.37 ppm) related to the
protons of the two phenyl rings of benzoin[46] ,
Also, several signals appeared at (M ,5H , 6= 7.40 -
7.49 ppm) related to the protons of phenyl ring of



HIV Nursing 2022; 22(2): 2981-2993

pyrazole [47]. The spectrum also gave multiple
signals at (M, 4H, 6= 7.52 — 7.80ppm) belonging to
the protons of Phenyl ring of O-phenylene di-amine
[48]. While multiple signals appeared at (M, 4H, 6=
7.87 - 8.00 ppm) belonging to the phenyl ring
protons belonging to Benzoxazole ring [49], the
single signals at (S, 1H, & = 8.16ppm) indicates to
the proton of a secondary amine group proton [50].

Fig. (1): '"H-NMR Spectrum of the ligand (LH)

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
t (3409 and 3379 cm 1), which belong to the
hydroxyl u(OH) and secondary amine groups u(NH),
respectively [51]. A band appeared in the spectrum
of the ligand at (1681 c¢cm 1), an important band
whose appearance indicates the formation of the
ligand, which is the azomethine group (C=N) of the
Schiff base [52]. Other bands appeared in (3032 cm-
1) and (2931 and 2869 cm-1), which belong to the
(C-H) aromatic and aliphatic groups, respectively
[53], as for the groups (C=C) aromatic, it gave
bands at (1450, 1504 cm-1), finally, other bands
exhibited at (1596 cm-1) due to the functional
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groups u (C = N) of the benzoxazole ring [54].

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

The azomethine group u (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 (1635, 1658 , 1650 , 1668
and 1639 cm-1) in the spectra of the prepared
complexes|55], 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 (3342-3359 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 and the secondary amine groups[56]. 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 -486 cm-
1), which indicated to v (M-O). New broad bands also
appeared at (3458, 3440 and 3434 cm-1) belonging to
the hydroxyl group of the hydrate water in the nickel
() copper () and cadmium (Il) complexes,
respectively [57], while the bands found at (501-540
cm-1) mainly due to (M-N) group [58].

Compounds v(O- v(N-H) v(C-H) v(C-H) v(C=N v(C=N) v(C=C) v(M-N)
H) 2o0amine aromatic aliphatic Imine Benzoxazole aromatic v(M-0)
(H20) ring
Ligand (LH) - 3379 3032 2931 2869 1681 1596 1504 1450 —
Ni-L complex | 3458 3346 3039 2962 2893 1635 1596 1496 1458 | 501 455
Cu-L complex | 3440 3342 3070 1658 1626 1504 1450 | 509 424
Zn-L complex - 3352 3055 2916 2839 1650 1596 1512 1450 | 516 486
Ag-L complex - 3359 3062 2923 2854 1668 1596 1512 1450 | 540478
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Fig. (2): The FTIR spectra of the ligand (LH) and its metalllc complexes
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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 present
in the complex, and from one ligand to another. In
addition, the change of colors is an important guide
for the occurrence of the coordination. The
difference in colors results in the absorption bands
differing in intensity and position, which is another
indication of consistency.

Electronic (d-d) transitions in complexes appear in
the visible region at the range (380-800 nm), but
the electronic absorption of the ligand occurs in the
UV region at (200-380 nm), as well as new peaks
appear indicating the charge transfer between the
metal and the ligand that it appears at the end of
the ultraviolet region and the beginning of the
visible region, transitions of relatively high intensity
compared to the (d-d) transitions.When observing
the electronic spectrum of the ligand (LH) in Figure
(3), the spectrum of the ligand showed three
absorption peaks at 206 nm (48544 cm-1), 252 nm
(39683 cm-1) and 305nm (32787 cm-1), the first and
second peak belongs to the (m-1*) transitions, and
the last peaks belong to the(n-m*) transitions
belonging to the azomethine group (C=N) [59].

Nickel (II) - Complex

The spectrum of the nickel complex showed three
absorption peaks centered at 219 nm (45662 cm-1),
289 nm (34602 cm-1) and 339 nm (29499 cm-1), all
of which are due to the spectrum of the ligand field,
while the absorption peaks at 426 nm (23474) cm-

Synthesis, Characterization and Evaluation of Biological Activity....

1), 514 nm (19455 cm-1) and 628 nm (15924 cm-1),
which are attributed to the transitions 3A2g (F) —
3T1g (p), 3A2g (F) — 3T1g (F) and 3A2g (F)
—3T2g(F), refers to the regular octahedral
geometry (hybridization -sp3d2). The magnetic
moment is given a value of (3.16 BM) [40].

Copper (ll) - Complex

The spectrum of the Cu (ll) complex shows peaks at
218,266 and 360 nm. (45872,37594 and 27778 cm-
1) belonging to the spectrum of the ligand field and
a broad peak at (619 nm) (16155 cm-1), which is
due to the transition (2B1g —2Eg), the appearance
of this peak, which includes a shoulder, indicates a
deformation in the complex due to the Jan-Teller
effect, and these transitions indicate that the above
complex is octahedral deformed, The magnetic
moment is given a value of (1.74 BM), these
indicate The value indicates the presence of one
non-pair electron[61].

Zinc (I1), silver(l) and Cadmium (Il)
Complexes

Zinc (ll), Silver () and cadmium (ll) electronic
spectra show no (d-d) transitions because
electrons are saturated in (d) orbitals, where the
above complexes showed a number of peaks
within the range 221-336 nm (45249-29762 cm-1)
which belong to the Ligand field , while the peaks
at 376, 377, 394nm (26596, 26525, 25381 cm-1),
all refer to The charge transitions of the type
(metal - ligand), (M — L) in silver (l), Zinc (ll)and
cadmium (ll), respectively. Previous studies have
shown that these complexes have regular
tetrahedral geometry [62].

Compounds A (nm) | u- (Cm-1) Transitions peff (B.M) Geometry
206 48544 -

Ligand(L;H) 252 | 39683 - _ -
305 | 32787 n-m*
219 45662 Ligand Field
289 34602 Ligand Field

N 339 | 29499 ligand Field e Oczaﬁgfra'
426 | 23474 3og (F) —»*Tig (P) 3.16 R P |
514 | 19455 30 (F) —*Tig(F) egutar
628 | 15924 3Aog (F) >3Tg(F)
218 45872 Ligand Field

Co- complex | 266 | 375% Ligand Field YPara.( Octenedte!
360 | 27778 Ligand Field 1.74 disforte g
619 | 16155 2B1g — 2Eg
224 44643 Ligand Field

2o complex | 281 | 35587 Ligand Field o) Te“igfdra'
324 30864 Ligand Field ’ Reaul
376 | 26596 Charge transfer (MLCT) eguiar
225 44444 Ligand Field

A comolex | 283 | 35336 Ligand Field Oia) Tetrehearl

g- comp 336 | 29762 Ligand Field ' . P |

377 26525 Charge transfer (MLCT) eguiar
221 45249 Ligand Field

Co- complex. | 281 | 35587 Ligand Field Oia) Tetraheara
324 | 30864 Ligand Field ' Re pular
394 25381 Charge transfer (MLCT) 9

B.M= Bohr magneton
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Fig. (3): Electronic spectra of the ligand (LH) and its metallic complexes

Depending on the techniques used and the results
it reached, we can suggest the structural formulas

of the prepared complexes as in Figure (4).

M : Ni(ll) , Cu(ll)

Cln - tzo

If
If
If

, M:Ag(l)
M : Zn(ll)
M : cd(ll)

333
mnn
_ a0
X X X
mnn
=00

Fig. (4): The suggested structure formula of (LH).

X-ray diffraction study (XRD)

The crystal structures of ligand (LH) and its metal
complexes in their solid state were studied using
X-ray diffraction within (angular range) 5°-80° 26
in order to know some structural properties such
as crystal structure and crystal size, also
calculating the macrostrains and dislocation
density 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 show due to micro-
strains such as the lack of lattice deformation, as
well as crystal faulting as a result of the
occurrence of distortions of the crystal, as well
as the domain size of the crystal and the
distribution of domain size [63,64]. The X-ray
diffraction spectrum showed the presence of
sharp peaks for ligands and metal complexes,
which indicates that they form a crystal lattice
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and others contain broad peaks indicative of
non-crystalline structures amorphous structure
The sharpness of the peaks depends on the
crystal arrangement and the properties of the
crystal lattice as well as on the crystal levels. e-
Scherer was used to calculate the crystal size of
ligand (LH) and its metal complexes. The
following equation was used to calculate the
decay density

Synthesis, Characterization and Evaluation of Biological Activity....

by analyzing the X-ray spectra, showing the clear
difference in the data that it was previously
mentioned from crystalline size, density of
dissolutions, as well as the spacing between
crystalline levels of ligand and its prepared metal
complexes, and this confirms the occurrence of the
coordination process between ligands and metal
jons [65,66].

0=1/D2

Compound | No. |°20 observed | d observed (A°) |1/1°) %(| Width [ FWHM | Crystallite Size. (hm) | Lattice Strain

1 10.286 8.593 77.6 |0.0933| 0.187 44.57 0.0091

2 14.204 6.230 36.5 [0.1005| 0.201 41.62 0.007

LH 3 19.636 4.517 51 0.1028 | 0.206 40.9 0.0052

Ci3HisN3OS | 4 22.842 3.890 34.6 [0.2730| 0.546 15.51 0.0118

5 24.952 3.565 100 [0.1390| 0.278 30.580 0.0055

1 8.926 9.899 17.7 |0.0462| 0.092 90.51 0.0051

2 10.324 8.561 100 [0.0488| 0.098 85.05 0.0047

INI(L) CLH,O] 3 24.967 3.563 21.3 |[0.0742| 0.148 57.45 0.0029

1 5.781 15.274 100 |0.0532| 0.106 78.42 0.0092

2 9.576 9.228 43.7 [0.3749| 0.750 11.11 0.0391

3 17.698 5.007 42.2 [0.1803| 0.361 23.27 0.0101

4 22.799 3.897 83.1 |0.1507 | 0.301 28.13 0.0065

1S EH=2] 5 27.662 3.222 41.3 |0.2245| 0.449 19.04 0.008

1 8.890 9.939 26.4 |0.0565| 0.113 73.64 0.0071

2 10.295 8.585 100 [0.0489 | 0.098 85.05 0.0047

3 14.730 6.009 39.6 [0.0574| 0.115 72.789 0.0039

[Zn(L)ic 4 22.806 3.896 43.8 [0.0859| 0.172 49.239 0.0037

[Ag (L2)] 1 5.592 15.790 100 |0.1323 | 0.265 31.36 0.0237

2 16.836 5.261 7.2 |10.1316| 0.263 31.91 0.0078

3 22.594 3.932 8 0.1867 | 0.373 22.7 0.0081

1 6.781 13.025 30.8 [0.0939| 0.118 44.23 0.0138

2 10.375 8.519 100 |0.0512| 0.102 81.72 0.0049

[Cd(L2)] CI.HO| 3 19.708 4.501 31.8 [0.1664 | 0.333 25.3 0.0084

4 22.858 3.887 33.1 |0.0573| 0.115 73.65 0.0025

5 25.026 3.555 33.8 [0.0725| 0.145 58.64 0.0029
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Fig. (5): XRD patterns of Ligand (LH) and its complexes

Scanning Electron Microscope

The scanning electron microscope technique was
used to study the surface properties of ligand (LH)
particles and its prepared metal complexes with
some metal ions, namely nickel (ll), copper (Il), silver
(1), Zinc (1) and cadmium (ll), respectively in terms of
the shape and size of the particles and clusters and
their distribution with a cross-sectional distance of
200nm and magnification strength Mag=135kx.
Through FESEM analysis images of ligand (LH) it
appeared in the form of homogeneous crystals with
an average particle size of 34.64 nm, while the
image of FESEM analysis of nickel () complex
appeared in the form of adjacent column crystals
with an average size of minutes 155.80 nm, the
image of FESEM analysis of copper (Il) complex It
appeared in the form of heterogeneous crystals and
the average size of the minutes was 84.14 nm. Also,
the FESEM analysis image of the complex of silver

Cd-complex

(I) appeared in the form of heterogeneous crystal
clusters and the average particle size was 56.45 nm,
also, the image of the FESEM analysis of the
complex of zinc (Il) appeared in the form of large
heterogeneous crystal particles with an average size
of 148.34 nanometers. As for the FESEM analysis
image of the cadmium (ll) complex, it appeared in
the form of heterogeneous crystals, with an average
particle size of 105 nm [67]. Through this analysis
the results obtained in the figure (6) below showed
that the benzoxazole ligand and some of its
prepared complexes are with a grain size of less
than 100 nanometers, that is, it is within the
nanoscale, while others are outside the nanoscale.
These results enabled us to study the ligand and
silver (I) compound in the field of medicine and their
ability to eliminate many types of cancers, including
breast cancer, and the possibility of using it as a
drug, and this is what will be clarified in this study

.......

Cu-complex

-

Fig. (6): FE-SEM
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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, dimethyl sulfur dioxide (DMSO),
dimethylformamide (DMF), ethanol and others are
often used because they have a high dielectric
constant and low viscosity [69]. The molar
conductivity of the ligand (LH) complexes was
measured using absolute ethanol as a solvent at a
concentration  of  (1*10-3M) at laboratory
temperature. It was noticed that the zinc (Il) and
cadmium (I} complexes had conductivity values
(36.7 and 36.5 ohm-1cm2mole-1), respectively.
These values indicate that these complexes have an
ionic character in a ratio of (1:1), while the nickel (I1)
and copper (Il) and silver (I) showed a relatively low
conductivity (11.8, 9.7 and 8.3 ohm-1cm2mole-1),
these values indicated that they are complexes with
non-ionic properties [/0].

4. Pharmacology Results

Anticancer effect

Synthesis, Characterization and Evaluation of Biological Activity....

line (MCF-7) and normal human cell line (HEK-293)
was tested by MTT assay after 24 h incubation at
37°C and at concentrations (16, 31, 62, 125, 250
and 500 mcg/mL). The ligand inhibits the growth of
cancer cells at a concentration of 500 pg/ml with a
cytotoxic substance. Effectiveness (93.24%). On the
other hand, Ag(l)-Complex inhibited the growth of
cancer cells to (93.25%) at a concentration of 500
pg/ml, while the ligand had no significant effect on
healthy cells (HEK-293) at this concentration. It can
also be concluded that all examined compounds
were inhibited the maximum whilst concentrations
(500 pg/ml) have been incubated for (24)h, whilst
the lowest concentrations (16 pg/ml) had been
inhibited. Selectivity Index (Sl), which indicates the
cytotoxicity of the compound. Selectivity in
opposition to most cancers cells even as preserving
normal cellular fitness, turned into measured using
a ratio of IC50 values for each cell line. For human
cells, the Ag(l) complicated confirmed selective
cytotoxicity towards cancer cellular traces with 1IC50
= 165 pg/ml, however it became very healthful on
ordinary cell lines with IC50 = 261 ug/ml. Table 6
and 7 show survival rate values have been acquired
after 24h of treatment with different concentrations
of the chosen compounds in breast cancer and
HEK-293 cells, as well as IC50. Figures (8-11) show
the survival rates of breast most cancers cells and

The efficacy of ligand (LH) and its complex with HEK-293 cells observed with the chosen
Ag(l) as anticancer agents against breast cancer cell compounds [71].
Coneaitan g/l Cancer line cells MCF-7 Normal line cells HEK-293
Cell Viability % Cell Cell Viability % Cell
Mean SD Inhibition Mean SD Inhibition
16 92.12547 4.49845 7.87453 95.78005 11.59981 4.21995
31 85.41347 4.22192 14.58653 91.30435 13.31594 8.69565
62 79.82014 3.11996 20.17986 87.0844 8.28857 12.9156
125 74.62163 8.03131 25.37837 82.99233 6.10766 17.00767
250 18.97346 2.19184 81.02654 79.92327 2.39782 20.07673
500 6.75586 2.50077 93.24414 72.63427 7.22478 27.36573
|IC50 127 438.99
IC50= 127 g/ml IC50= 438.99 pg/ml
100 120
g o
£ % 2100
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3 50 2
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Fig. (7): IC50 for ligand (LH) in MCF-7 cancer cell line and the normal cells HEK-293.
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Fig. (8): % Cell viability for ligand (L) MCF-7 cancer cell line and the normal cells HEK-293.

Ag(l)-Complex
. Cancer line cells MCF-7 Normal line cells HEK-293
Concentration (ug/mL) SEIREEIR] 3 " eI . —
Mean D % Cell Inhibition Meoan D % Cell Inhibition
16 96.60013 6.525412 3.39987 96.0084 7.838134 3.99160
31 94.80149 13.35768 5.19851 72.68908 6.040784 27.31092
62 92.60803 5.452864 7.39197 73.21429 7.692347 26.78571
125 78.04343 6.220471 21.95657 80.67227 7.520891 19.32773
250 8.86159 1.476512 91.13841 52.83613 2.940426 47.16387
500 6.749287 2.141133 93.25072 16.28151 3.640581 83.71849
IC50 165 261
0 - i i
o — -10 500 250 125 52 31 16 Control
500 250 125 62 31 16 Contral Concentrations{ug/mi)
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Fig. (9): % Cell viability of Ag(l)-Complex MCF-7 cancer cell line and the normal cells HEK-293.
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Fig. (10): IC50 for Ag(l)-Complex in MCF-7 cancer cell line and the normal cells HEK-293.

5. Conclusions were used to determine the structures of the ligand
(LH) and its metal complexes, The most important

Five complexes were prepared with metal ions Ni of thesg fcechniques are elementa.l analysis, molgr
(I, Cu (I), Ag (), Hg () and Cd (Il derived from Co”d“d,'k‘)’_'lt,y' atomic absorﬁ’t,'on' ,mag)r(‘et'c
Schiff base-type ligand. Various analytical methods susceptibility measurements, meiting points, A-ray
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diffraction, and scanning electron microscope, in
addition to spectroscopic methods (1H-NMR, IR,
and UV-Vi's spectra) and molar ratio measurements,
which proved that the ratio of metal to the ligand
(1:1). As a result of the molar conductivity
measurements, it was found that the chloride ion is
present outside the coordination sphere in zinc (I)
and cadmium (ll) complexes only which gives the
electrolyte nature of 1:1, but not in the rest of the
other metal complexes. Infrared spectra proved that
the tetradentate ligand is coordinated to the metal
ions through the nitrogen atoms of the azomethine
groups, the nitrogen of the secondary amine group
and the oxygen atom of the hydroxyl group as the
donor atoms.In the cytotoxicity assays performed
on ligand (LH) and Ag(l) complex the use of breast
cancer cellular line MCF-7 , and as compared with
HEK-293 , the anticancer performance assayed the
viability of the cells, it is able to be concluded that
the ligand and Ag(l) complex have good cytotoxic
property and selectivity towards breast cancer cell
line (MCF-7) cells.
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