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Abstract

Chemotherapeutic drugs have several major drawbacks. Therefore,
motivation for developing novel drug complexes as anti-breast cancer agents
with different mechanism of action has arisen. This study aimed to evaluate
the influence of newly synthesized ligand namely N-(2-((2-
hydroxybenzylidene)amino) phenyl)4(octyloxy) benzamide and its complexes
with selected metals such as Cu(ll), Zn(ll), Ni(ll), Co(ll), Ca(ll), Pb(ll),
Ba(ll), Sr(ll), Fe(l1l) and Cr(I11) which were synthesized and showed a good
yield. Investigations and characterizations of the ligand and its metal
complexes to confirm there expected structure were carried out using
elemental analyses such as IR, Mass spectroscopy, ‘HNMR, UV-Vis, ESR
spectroscopy, thermal analysis (TGA and DTA), magnetic susceptibility and
molar conductance measurements. The ligand and some of its metal
complexes showed high biological activity and cytotoxicity against human
breast cancer cell Lines MCF-7 (invitro study). The obtained results
suggested that, some metal complexes could be considered as a potential anti-
breast cancer agent with a higher efficacy than the standard drug (Cisplatin)
and with low or no toxicity action observed against experimental animals
(invivo studies).
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1. Introduction
Development of a new chemotherapeutic Schiff bases and their metal
complexes is now attracting the attention of medicinal chemists. Metals-
based compounds were widely used in the treatment of diseases conditions,
but the lack of clear distinction between the therapeutic and toxic doses was
major challenge. With the discovery of cisplatin by Barnett Rosenberg in
1960, a milestone in the treatment of cancers was witnessed. Platinum drugs,
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such as cisplatin carboplatin and oxaliplatin are the mainstay of the metal-
based compound in the treatment of cancer, but the delay in the therapeutic
accomplishment of other metal-based compounds hampered the progress of
research in this filed [1]. Mononuclear Schiff-base copper(ll) complexes
were synthesized and characterized by X-ray crystallography [2]. The result
showed that, all complexes demonstrated good cytotoxicity against cancer
cell lines [2]. The anti-cancer activity of many forms of synthesized gold (1)
complexes had been evaluated against cancer cell lines [3]. Therapeutic
potentials of metal-based compound date back to ancient time, during this
period, the ancient Assyrian, Egyptian and Chinese knew about the
importance of using metal-based compounds in treatment of diseases, such
as the use of cinnabar (mercury sulfide) in the treatment of aliments[4].
Cancer occurs in cells, comes from genetics harm, and is preventing control
on the tissue. There are many types of cancer; breast cancer is one of the
most common types of oncology. Breast cancer rate increase to fourfold in
the world, rate range from 27 per 100,000 in middle Africa and eastern Asia
96 in Western Europe [5]. In USA, the percentage of breast cancer is 19%
from women ages from 30 to 49 years and 44% from women ages 65 years
or older [6]. In Africa countries, the breast cancer occurs in high percentage
in older women [7]. In Arab populations, the breast cancer occurs from 2 to
3 women younger than 50 years old [8]. In Egypt, the rate of breast cancer is
30 per 100,000 of populations in ages from 30-35 years. Cells if untreated,
the cancer is rapidly dividing and spreading in all areas of the body,
chemotherapeutics agent used in tumors treatment by prevent of tumor cell
from grow abnormally and dividing according to stopping the cancer from
spreading and kill it. In chemotherapy, there is the important issue is killing
the tumor cells without damage the healthy cells, the transition metal is
effective inhibitors of DNA, the main system of molecular biology is
deoxyribose nucleic acid (DNA) and transfer to ribonucleic acid (RNA) to
protein synthesis [9]. Schiff bases are main and great ways due to their
applications in wide fields. Schiff base ligands and there metal complexes
are usually used for different biological activity like antitumor,
antimicrobial, anti-inflammatory, antifungal and antibacterial activity. The
concept of selective targeting remains the hope of the future in developing
therapeutics that would selective target cancer cells and leave healthy cells
unharmed. This paper outlines recent compounds as anti-breast cancer
agents.
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2. Experimental
2.1. Materials

All chemicals and Solvents used in synthesis of ligand and preparation its
metals complexes were of the analytical grade and high purity. Sodium-4-
(methoxycarbonyl)phenolate was obtained from Sigma-Aldrich (assay > 99%),
1-Bromo-octane was obtained from Sigma-Aldrich (assay > 98%), o-
phenylenediamine was obtained from Sigma-Aldrich (assay > 99%),
Salicylaldehyde was obtained from MERCK-Schuchardt (assay > 99.9%) and
absolute ethanol was obtained from Sigma-Aldrich (assay > 99.7%). The
following chemicals used in preparation of metal complexes were obtained
from Sigma-Aldrich: Cu(OAc),.H,0 (assay > 99.9%), Mn(OAc),.4H,0 (assay
> 99.9%), Zn(OAC),.2H,0 (assay > 99.9%), Ni(OAC),.4H,0 (assay > 99.9%),
Pb(OAC),.3H,O (assay > 99.9%), Cu(S0,),.5H,0 (assay > 99.9%),
Ni(SQO,4),.6H,0 (assay > 99.9%), CoSO, (assay > 99.9%), Fe,(SO,); (assay >
99.9%), Cr,(S0,)3.18H,0 (assay > 99.9%), Mg(SO,).7H,0 (assay > 99.9%),
CuCl,.2H,0 (assay > 99.9%), CoCl,.6H,O (assay > 99.9%), BaCl,.2H,0
(assay >99.9%), SrCl,.6H,0 (assay > 99.9%), CuCO;.Cu(OH), (assay>99.9%),
BiOCI (assay>99.9%), (Ca(OH), (assay>99.9%).

2.2. Synthesis of the ligand
The ligand, (H,L) (1) was prepared by addition of 1-bromo-octane (2.7 g,
1.0 mol) dissolved in 20 ml ethanol to sodium-4-(methoxycarbonyl) phenolate

(2.0 g, 1.0mol) dissolved in 20 ml of ethanol solution. The mixture was
refluxed with stirring for 3 hours and then left to cool at room temperature. The
formed methyl-4-(octyloxy) benzoate precipitate was filtered off then left it to
dry at room temperature [product (1)]. O-phenylenediamine (1.24 g, 1.0 mol)
dissolved in 20 ml in ethanol was added to the formed product (1) of methyl-4-
(octyloxy) benzoate. The mixture was refluxed with stirring for 2 hours and
then left to cool at room temperature to give N-(2-aminophenyl)-4-(octyloxy)
benzamide [product (2)]. Finally, salicylaldehyde (1.36 g, 1.0 mol) dissolved in
20 ml ethanol was added to N-(2-aminophenyl)-4-(octyloxy) benzamide
product (2). The mixture was refluxed and stirring for 3 hours at 100°C, then
left to cool at room temperature. The solid product which formed was filtered
off and washed it with cold ethanol then dried in desiccator under vacuum over
anhydrous CaCl,, to give ligand (1).
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2.3. Preparation of metal complexes (2)-(19)

Synthesis of complexes (2)-(19) as (1L:1M) molar ratio was carried out
by refluxing a hot ethanolic solution of ligand (1) (1.0 g, 1.0 mol) (30 ml) with
a hot ethanolic solution of metal salts of (0.44 g, 1.0 mol) (30 ml) of
Cu(OAC),.H,0, complex (2), (0.55 g, 1.0 mol) of Mn(OACc),.4H,0, complex
(3), (0.49 g, 1.0 mol) of Zn(OAc),.2H,0, complex (4), (0.56 g, 1.0 mol) of
Ni(OAC),.4H,0, complex (5), (0.85 g, 1.0 mol) of Pb(OACc),.3H,0, complex
(6), (0.56 g, 1.0 mol) of Cu(SO,),.5H,0, complex (7), (0.59 g, 1.0 mol) of
Ni(SQO,),.6H,0, complex (8), (0.34 g, 1.0mol) of CoS0O,.3H,0, complex (9),
(0.90g,1.0mol) of Fe,(S0O4):.3H,0, complex (10), (1.61 g, 1.0 mol) of
Cry(504)3.18H,0, complex (11), (0.55 g, 1.0 mol) of Mg(SQO,).7H,0, complex
(12), (0.30 g, 1.0 mol) of CuCl,.2H,0, complex (13), (0.53 g, 1.0 mol) of
CoCl,.6H,0, complex(14), (0.55 g, 1.0 mol) of BaCl,.2H,O, complex (15),
(0.60 g, 1.0 mol) of SrCl,.6H,O, complex (16), (0.49g9,1.0mol) of
CuCOs.Cu(OH),, complex (17), (0.58 g, 1.0 mol) of BiOCI, complex (18),
(0.16 g, 1.0 mol) of Ca(OH),, complex (19). The reaction mixtures were
refluxed with stirring for 2-3 hours range, depending on the nature of the metal
ion and the anion. The formed precipitates were filtrated off then dried in
desiccator under vacuum over anhydrous CaCl,, to give the corresponding
complexes [Figure (1)].

2.4. Instrumentation and measurements

The ligand and its metal complexes were analyzed for C, H, N and Cl at
the Micro Analytical Center, Cairo University, Egypt. Standard analytical
methods were used to determine the metal ion content [10]. IR spectra of the
ligand and its metal complexes were measured with KBr discs technique using
a Jasco FT/IR 300E Fourier transform infrared spectrophotometer covering the
range 400-4000 cm™ [11]. The mass spectra of the ligand and some of its metal
complexes were recorded on Shimadzu Qp-2010 plus mass spectrometer. "H-
NMR spectra were obtained on Mercury-300 BB 300 MHz spectrometer [12].
Chemical shifts (ppm) were reported relative to TMS. The ESR spectra of solid
complexes at room temperature were recorded using a Varian E-109
spectrophotometer; DPPH was used as a standard material [13]. The equation
used to determine g- values was g = (g pprH) (H ppeH) / H Where: g pppy =
2.0036, H pppy = magnetic field of DPPH in gauss H = magnetic field of the
sample in gauss [14]. The thermal analyses (DTA and TGA) were carried out
on a Shimadzu DTG-60H thermal analyzer from room temperature to 700 °C at
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a heating rate of 10°C/min. Electronic spectra in the 200-900 nm regions was
recorded on a Perkin-EImer 550 spectrophotometer. Magnetic susceptibilities
were measured at 25°C by using Sherwood Scientific magnetic balance,
Cambridge science [15]. The magnetic moments were calculated from the
equation

Magnetic susceptibility: (Xg) = CL(R-R,)/10° (1)
Where
C: calibration constant for the instrument=2.086
L: length of sample in the tube
R: balance reading of the sample in the tube
M: mass in gram.

The molar conductances of 10° M DMSO solution of the complexes were
measured at 25°C with a Bibby conductometer type MCI. The resistance
measured in ohms and the molar conductivities were calculated according to
the equation

=
Where

Am= molar conductivity / Q™" cm? mol™, V= volume of the complex solution/
ml, K= cell constant (0.92/ cm™), Mw= molecular weight of the complex,

g= weight of the complex in gram and Q= resistance.

The TLC of all compounds confirmed their purity [16].

2.5. Biological activity
2.5.1. Invitro studies

Evaluation of the cytotoxic activity of the ligand and some of its metal
complexes was carried out in the Pathology Laboratory, Pathology
Department, Faculty of Medicine, Menoufia University, Egypt. The evaluation
process was carried out in vitro using the Sulfo- Rhodamine-Bstain (SRB)
assay published method. Cells were plated in 96-multiwell plate (104
cells/well) for 24 hrs. Before treatment with the complexes to allow attachment
of cell to the wall of the plate. Different concentrations of the compounds
under test in DMSO (0, 5, 12.5, 25 and 50 pg/ml) were added to the cell
monolayer, triplicate wells being prepared for each individual dose. Monolayer
cells were incubated with the complexes for 48 hrs.at 37°C and using 5% CO2.
After 48 hrs. Cells were fixed, washed and stained with Sulfo-Rhodamine-B-
stain. Excess stain was washed with acetic acid and attached stain was
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recovered with Tris EDTA buffer. Color intensity was measured in an ELISA
reader. The relation between surviving fraction and drug concentration is
plotted to get the survival curve for each tumor cell line after addition the
specified compound [17].
2.5.2. In
vivo studies

2.5.2.1. Toxicity study

Toxicity study of copper (I1) complex (2) & nickel (I1) complex (5) with
molecular weights of complexes 661.77 and 638.93 and chemical formula
C3H4CuN,Og and C3,H40N,NiOg respectively was done. The complexes were
dissolved in DMSO diluted by sterile saline 0.9 % NaCl in a maximum
concentration of 0.2% by volume in order to be able to injected intra
peritoneal.

2.5.2.2. Animals

Fifty healthy male albino rats 8 weeks old (180 - 200 g) were purchased
from National Cancer Institute, Cairo, Egypt. Rats were housed in cages at
regulated temperature (22- 25 °C). They were kept under good ventilation
under a photoperiod of 12hr light/12hr darkness schedule with lights-on from
06:00 to 18:00. They all received a standard laboratory diet (60% ground corn
meal, 10% bran, 15% ground beans, 10% corn oil, 3% casein, 1% mineral
mixture and 1% vitamins mixture), purchased from Meladco Feed Company
(Obour City, Cairo, Egypt) and supplied with water ad libitum throughout the
experimental period.

2.5.2.2. Acute toxicity study

Determination of lethal dose 50 (LDsp) using experimental animals. In
screening drugs, determination of LDsy is usually an initial step in the
assessment and evaluation of the toxic characteristics of a substance. The LDsg
of the studied compounds was determined as described by Akhila et al [17].
The acute intra-peritoneal toxicity of the chosen complexes was done on 20
animals (10 per group). The complxes were dissolved in DMSO diluted by
sterile saline 0.9% NaCl in a maximum concentration of 0.2% by volume to be
able to injected intraperitoneal. The chosen complexes were administrated with
graded doses of 1x10° 5x10° 1x10 and reached to 1x10“ mmole/L/Kg
body weight under the same environmental conditions. After administration of
the chosen complexes concentrations, the rats were observed for toxic effects
after 24h of treatment. The toxicological effects were observed in terms of
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mortality and expressed as lethal dose 50 (LDsg). The LDsy value of the
complexes was determined. The LDs, for all tested complexes nanoparticles
were devoid of any toxicity in rats when given the selected different doses by
intra-peritoneal route [17].

2.5.2.3. Experimental design

Thirty animals were allowed 10 days for adaptation. They were then
randomly distributed into 3 equal groups, 10 rats each. The animal groups were
recognized as follows:

Group 1 (Control): Normal healthy control animals.

Group 2: Each animal was injected intra peritoneal with 1x10-5mmole/L of
complex (1) for 6weeks.

Group 3: Each animal was injected intra peritoneal with 1x10-5mmole/L of
complex (2) for 6weeks.

2.5.2.4. Blood collection

At the end of the experimental period (6 weeks), blood samples were
collected from overnight rats, centrifuged at 3000 rpm for 10 min and the
separated sera were frozen at -20 °C for future biochemical analysis.

2.5.2.5. Biochemical analyses

Liver enzymes activities, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were estimated using kinetic Kkits purchased by Human
Diagnostic Kits, Germany [18]. The liver function, albumin concentration and
kidney functions, blood urea and serum creatinine were measured using
Diamond Diagnostic kits, Egypt. All biochemical analysis were determined
using a Biosystems BTS-310 Spectrophotometer [19].

2.5.2.6. Hematological analyses

Determination of hemoglobin (Hb) using Drabkin’s solution16, red blood
corpuscles count (RBCs), total leucocytic count (TLC) and platelets count
(PLTs) were determined manually [20, 21].

2.5.2.7. Statistical analysis
Data were subjected to statistical significance tests using one-way

analysis of variance (ANOVA), followed by Duncan’s multiple range test. The
statistical analysis was carried out using SPSS 16.00 software. The results were
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expressed as mean = SE and the differences were considered significant at P <
0.05 [22].

3. Results and discussion

Metal complexes are colored, crystalline solids, non-hygroscopic, and
showed stability at air and room temperature and moisture without
decomposition for a long time > one year. The complexes are insoluble in
water, methanol, ethanol, benzene, toluene, chloroform, acetonitrile but soluble
in both (DMF) and (DMSOQO). The analytical, physical properties and spectral
data for the ligand and its metal complexes presented in table (1). Tables (2)-
(4) confirmed the expected structures for Figures (1). The elemental spectral
analysis indicated that, all complexes were formed by 1L: 1M molar ratio.

3.1. Conductance measurements

1x10°® molar solutions of the ligand and its metal complexes in DMSO
were used for molar conductivities measurements. The ligand and its metal
complexes showed low molar conductivities values, Table (1), confirming that,
both the ligand and its metal complexes are non-electrolytic in nature, which
confirmed coordination of the anions to the metal ions [23].

Table (1):-Analytical and physical data of the ligand [HsL] and its metal complexes.

Yiel Calc.
Ligands/Complexes Color | FW I\éI'P d (Found) (%) Mola_r e
FC) o Conductivity
] c |H|N]| M|
[HoL] Blackish | 444. 75.70 | 7.20 | 6.30
L CasH3oN203 brown | 25 | 7300 | %34 | 76.01) | (6.57) | (6.34) 2.31
[HL Dark | 661 58.07 | 6.35 | 423 | 9.60
2. | Cu(OAc)2H0]H0 black 27| >290 | 863 5729 | 6.40) | 421y | (9.79) 5.71
C32H4,CUN>Og
3 [HZLMn(S;A(‘)C)Z'HZO]B Dark | 689. | o0 | g37 | 5577 | 667 | 406 | 7.7 6.37
' black 14 1 (57.71) | (6.66) | (4.00) | (8.01) :
C3oHisMNnN,O14
4 [HoL angc)z.HZO] Dark | 663. | _o00 | goq | 5791 | 633 | 422 | 9.5 478
: 61 * 1 59.02) | 6.27) | (4.20) | (9.78 :
CaHaN,00ZN brown ( ) | (6.27) | (4.20) | (9.78)
[H2L Ni(OAC),.H,0] | Yellowish | 63s. 60.15 | 6.26 | 4.38 9.19
5. CaoHaoNoNiOs Brown | 93 | 7390 | 886 | 5975y | (559) | (4.35) | (9.09) 6.21
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[HL 805. 4772 | 521 | 348 | 2573

6. Pbgﬁzﬁ\l‘:gjl}a?o Black | “y3" | >300 | 846 | 310y | (5.20) | (3.50) | (25.79) 5.01
[FaL Brownish | 657. 5112 | 5.78 | 4.26 | 9.66

£ %‘fi‘;é‘ji\iﬁzg black | 78 | %% | 89 | (51.03) | 5.90) | 4.30) | (9.72) 6.23
N Dark | 724, 4639 | 635 | 386 | 8.10

8. N(IZSZ’ESIJ—‘I:?I\_IIZZISHCS)EZSO black | 89 | 7300 | 774 | (a6.40) | (620) | 3.80) | (8.15) 6.12
[H>L.CoS04.2H,0]3H 689. 4880 | 6.09 | 406 | 855

9. 028H42C232N20125 Black | "5 | >300 | 692 | 390 | 6.10) | (4.20) | (860) 7.13
[HL Dark 667. 56.41 | 537 | 4.70 9.37

10. Feészfljl‘zélzz':@?ézl'jéo prown | 11 | 3% | 813 | s6.50) | (5.:35) | (465) | (9.30) 6.82
[HL Dark 663. 5353 | 5.73 | 4.46 8.28

11. Céicl)_"‘;;ﬁgét'fso black | 24 | 7390 | ™5 | (53.60) | 5.70) | (4.45) | (8:30) 7.2l
[HoL Dark | 690. 4870 | 6.66 | 406 | 352

12. Mg;g:jﬂ:ﬁggﬂ? prown | 5 | 7300 | ®1 | 4s.75) | 6.60) | (401) | (350) 6.92

13. [Hélz‘gﬁicc:ljcnlzzﬁggso Black | % | >300 | 827 (gj:%) (2138) (j:gg) (110033‘; 6.13
[HL 628. 5354 | 605 | 446 | 9.38

14. g;ﬁ';gég]lzzl'\l"za Black | “o5 | >300 | 624 | 5350y | (6.10) | (4.40) | (9.40) 6.23
[HL 724, 4642 | 552 | 387 | 18.96

15. CB:;CHEOEQ(C::)E\IT;OO? Black 44 | >800 | 653 6.45) | 550) | 3.90) | (18.90) 5.98

16. [H(Z:;aﬁcl;ﬁﬁ\fg;_slic Black | %y | >300 | 702 (gjég) (géé) (ggg) (g%) 5.23
ML 639. 5444 | 625 | 438 | 993

17. Cuci?ﬁi?ﬁﬁ]zgjjo Brown 73 >300 | 86.9 54.50) | (6.20) | .35 | (9.95) 4.34

18 | [ imicings | bk | 5 | |4 | @ | o0 | da | com >

19. Cagyé?gﬁ]z%:bo Brown | °7> | >300 | 80.7 (22:23) (g:gg) (2‘:?2) (;:(1)8) 5.15

*0'em?mol™

3.2. Mass spectra

Mass spectrometry was used to confirm the molecular ion peaks of the
ligand and some of its metal complexes and to investigate the fragment species
[24]. The recorded mass spectrum for the ligand, table (2-a) revealed molecular
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ion peak confirmed strongly the expected formula [25]. It showed a molecular
ion peak at m/z 444.0 amu, confirming its formula weight (F.W. 444.0) and
also the purity of the ligand prepared. The prominent mass fragmentation
peaks observed at m/z = 52, 65, 77, 93, 121, 138, 152, 181, 207, 210, 237,
251, 264, 279, 293, 305, 321, 345, 409 and 444 amu corresponding to C4Hy,,
C5H51C6H5sC6H501C8H90aC9H14O7C10H16OaCllHlYOZ;C12H17NOZs C12H20N02,
C14H23N021 C14H23NZOZ;(:15H24N202,Cl(3H27NZ;Cl?H29N202,018H29N202,
C18H29N203 CooH29N,03 CosH3,N,03 and CygH3N,O3 moieties respectively,
supported the expected structure for the ligand (Table 2-a). However, The mass
spectrum for the [H,L Zn(OAc),H,0].H,O complex (4) (Table 2-b) showed the
molecular ion peak at m/z 663 amu, confirming its formula weight (F.W. 663).
The mass fragmentation pattern observed at m/z = 55, 77, 91, 121, 152, 156,
181, 182, 210, 224, 250, 288, 313, 349, 537, 552, 566 and 663 amu
corresponding to C4H7;, CgHy7, CgH1e, C7H, 0, CgH,40,, CgH20,,C19H200,,
CioH300,, Ci1H3oNO,, CioHauNO,,  CiaH3zeNO,,  CigHzsN2O,,  CigHsrNL Oy,
Co1H37/N2Op,  CoHziN2O7 CaiHgoN2O7,  CaoHaoN,O7  and  CsHapN,OgZn
moieties respectively, conformed the expected structure for the complex (Table
2-b). However the mass spectrum for the [H,L CuCO3.2H,0]2H,0O complex
(17) (Table 2-c) showed the molecular ion peak at m/z 625 amu, confirming its
formula weight (F.W. 639).The mass fragmentation patterns observed at m/z =
55,57, 71, 91, 120, 146, 182, 210, 237, 239, 256, 281, 313, 339, 354, 368, 396,
452, 465, 479, 524, 552, 564, 576 and 639 amu correspond to C4;H;, C4HL,
CsHi1, CgHig, CgHas, CigHzs, CisHzs, CiaH260, CisH7NO, ClstgNO,
C15H3NOy, C17H31N02, C17H31NO4, C19H33NO4, C20H36NO4, C20H36N204,
Co1H3sN20s, Ca3H3sN207, CosH3z7N2O7, CosH3gN2O7, CogHagN2Og, Co7HagN2O4y,
CogHioN2019, CxHioN,O19 and  CygHsCuN,O,9 moieties respectively,
conformed the expected structure of the complex.

Table (2-a): Mass spectrum the ligand [H,L]

m/z “ Rel. Int. “ Assignments
| I

52 24.0 C4H4

65 23.0 CsHs

77 24.0 CeHs

93 17.0 CeHs0

121 100.0 CsHo0
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| 138 23.0 CoH140 |
| 152 53.0 C1oH160 |
| 181 23.0 C11H170; |
| 207 32.0 C1,H7NO, |
| 210 40.0 Ci:H2NO; |
| 237 26.0 C1HzsNO, |
| 251 24.0 CisH2sN,0; |
| 264 18.0 C1sH2aN20; |
| 279 14.0 C1sH27N20; |
| 293 13.0 C17H2sN202 |
| 305 24.0 C1sH2N20; |
| 321 14.0 C1sH2oN20; |
| 345 21.0 CaoH2oN203 |
| 409 20.0 CosH3oN,03 |

444 15.0 CasH3N,03 |

R ———

Table (2-b): Mass spectrum for complex (4)

m/z I‘ Rel. Int. I‘ Assignments I‘

| | |
55 30.0 CyHy7 |
77 25.0 CeHi7 |
91 21.0 CeHig |
121 28.0 C;Hx40 |
152 24.0 CgH240, |
156 22.0 CgH2502 |
181 29.0 C1oH290, |
182 37.0 CioH3002 |
210 100.0 C11H3NO, |
224 32.0 C1,H3NO, |
250 23.0 C14HzsNO, |
288 26.0 C1sH36N0; |
313 40.0 C1sHa7N20, |
349 21.0 C21HaN,0, |
537 20.0 CaoHa7N2O5 |
552 15.0 Ca1HaoNz07 |
566 15.0 CazH42N20- |
663 16.0 C32H42N209Zn

Table (2-c): Mass spectrum for complex (17)

‘ m/z ‘ Rel. Int. ‘ Assignments ‘
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C4H-
C4Hg
CsHyy
CeH1o
CgHos
C1o0H26
Ci3H26
C14H260
C15H30NO,
C17H31NO,
C17H3:NO,4
C19H33NO,4
CaoH3sNO,4
C20H3sN204
C21H3sN205
Ca23H3sN207
Ca24H37N207
C25H39N207
Ca26H40N209
C27H40N2010
Ca28H10N2010
C29H40N2010

C29H40CUN2019

3.3. IR spectra

IR spectral of the ligand and its metal complexes are showed in table (3)
for the ligand, a centered band was appeared at 3423 cm™ was due to v(OH). In
addition, strong bands appeared in 2926-2750 cm™ and 2856-2480 cm™ range
indicating the presence of two types of intra- and intermolecular hydrogen
bonds [26]. The higher frequency band was associated with a weaker hydrogen
bond and the lower frequency corresponded to stronger hydrogen bond. The
medium band appeared at 3300 cm™ , was due to v(NH), The spectrum showed
bands at 1713 and 1607 cm™ , corresponded to vw(C=0) and v(C=N)
respectively, and the bands observed at 1510,847 and 746 cm™, were due to
vibrational of v(Ar) ring. In order to know the mode of coordination of the
ligand and its metal complexes. The IR spectra of the metal complexes were
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compared with the ligand. The spectra of metal complexes showed bands in the
3570-3100 cm™ range, corresponded to the presence of hydrated or coordinated
water molecules. In addition, the bands appeared in 3650 - 2610cm™ range
were due to intra-and intermolecular hydrogen bonds [27]. The v (NH) group
appeared in the 3320 -3123 cm™ range, however, the v(C=0) and v(C=N)
bands were showed at 1719-1706 and 1630-1603 cm™ ranges respectively [28].
The v(NH) and v(C=N) bands in spectra of metal complexes were shifted to
lower frequency (lower region) indicating, coordination of NH amide and
azomethine groups in the metal complexes. In acetate complexes, The acetate
ion may be coordinated to the metal ion in unidentate manner [29]. As in the
case of acetate complexes (2)-(6) bands appeared in the 1440-1434 and 1325-
1286 cm™ ranges were assigned to the asymmetric and symmetric stretches of
the COO" group. The mode of coordination of acetate group had been deduced
from the magnitude of the observed separation between the v.,m (COO’) and
vym (COQ), the separation value (A) between Vagym (COO") and vgym (COOY) in
these complexes were 165-111 cm™ range, suggesting that, the coordination of
acetate group was in unidentate fashion [30]. The sulphate complexes (7)-(12)
showed bands at 1272-1255, 1137-115, 1018-1013 and 762-745 cm™ range,
which assigned to monodentate sulphate group [31] .The chloro complexes
(13)-(16), and (18) showed band at 414-435 cm™ range. Fe (111), complex (10)
and Cr (111), complex (11) showed v(C-O) at 1285 and 1280 cm™ respectively,
indicating that, the COH group coordinated to metal ion in an ionic state [32].
Finally, the complexes showed new bands at 647-515 and 572-432 cm™ ranges
which were assigned to v(M-0O) and v(M-N) respectively [33].

Table (3). IR bands of the ligand [HsL], (1) and its metal complexes.

v(C= v(M- v(M-

No. | v(H-bond) v(H20) | v(OH) | v(NH) 0) v(C=N) v(Ar) v(OAC) | v(S0.) | v(-O-) 0) N) v(M-CI)
3400-
ML | 3751-3200 | 3255 | 3423, 1510
20262600 | 3390- | 1326 | 5300 | 1713 | 1607 746 1036
3130
3250-
@ | 36003110 | 3250 | 3420, 1500, | 1438,
31002650 | 3450- | 1320 | 5220 | 1719 | 1606 767 1286 1031 | 585 | 529
3350
3440-
@) | 36202310 | 3205 | 3422, 1510, | 1434,
33002730 | 3280- | 1321 | 3290 | 1717 | 1603 749 1295 1026 | 619 | 572
3120
3470-
@ | 3650-3310 | 3220 | 3425, 1511, | 1440,
33002700 | 3470- | 1320 | 5201 | 1718 | 1605 766 1285 1028 | 647 | 563
3100
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3500-
(5) | 36503150 | 3250 | 3435, 1510, | 1438, ] ]
22402700 | 3240- | 1318 | °1°0 | 1718 | 1605 764 1320 1018 | 545 | 471
3120
3565-
6) | 36502000 | 3150 | 3423, 1511, | 1436, ] ]
31002670 | 3450- | 1322 | 5320 | 1718 | 1605 768 1325 1020 | 619 | 544
3120
126011
() | 3650-3320 | 3520-3290 | 3418, 1510, ] ! .
| SoEa2 | S | 3210 | 1729 | 1605 o 15;g€7, 1030 | 614 | 434
1255,
8) | 3600-3310 | 3460-3255 | 3407, 1509, ] 1118, )
3300-2670 | 3230-3070 | 1321 | °9°1° | 1715 | 1608 765 1015,75 | 1027 | 615 | 455
0
3550-3280 | 3460-3255 | 3405, 16 126811
(9) 3250 | 1706 | 1608 o - | 301018 | 1020 | 612 | 464 }
3270-2710 | 3230-3130 | 1320 762
3565-3090 | 3540-3375 1500 1272,
(10) - 3195 | 1710 | 1618 o ; 1135, | 1024 | 621 | 506 -
3200-2750 | 3360-3145 1013,
755
3600-3270 | 3470-3250 1465 1265,
(11) - 3251 | 1710 | 1627 a5, ] 1132 | 1041 | 602 | 432 ]
3260-2710 | 3240-3120 1013,
755
3575-3250 2;;2; 3419, 1630, | yea iigg'
(12) 3190 | 1709 o3 ] Tool | 1036 | 580 | 466 ]
2340-2670 | g0 oo | 1322 1622 o
3570-3275 | 3490-3240 | 3423
(13) 3190 | 1717 | 1605 | 1509, ] ; 1022 | 541 | 445 | 414
3270-2800 | 3200-3080 | 1319 763
3570-3310 | 3520-3310 | 3417
(14) 3220 | 1719 | 1605 | 1510, - . 1021 | 616 | 572 | 416
3300-2750 | 3300-3120 | 1320 767
3600-3220 | 3550-3250 | 3450
(15) 3200 | 1716 | 1606 | 1510, ; - 1028 | 562 | 476 | 419
3210-2750 | 3240-3100 | 1323 696
3560-3330 | 3450-3270 | 3438
(16) 3210 | 1710 | 1620 | 1510, ; ; 1033 | 523 | 470 | 435
3320-2650 | 3260-3120 | 1320 742
3570-3200 | 3450-3270 | 3409
a7 3220 | 1717 | 1605 | 1509, ] ) 1043 | 578 | 516 -
3190-2700 | 3260-3100 | 1318 763
3600-3250 | 3340-3220 | 3425
(18) 3219 | 1711 | 1606 | 1484, ] - 1034 | 613 | 526 | 422
3240-2800 | 3210-3070 | 1320 743
3560-3210 | 3550-3330 | 3425
(19) 3123 | 1717 | 1606 | 1510, ; ; 1029 | 593 | 470 ]
3200-2800 | 3310-3180 | 1322 725
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3.4. Electronic spectra and magnetic moments

The electronic absorption data of the ligand and its metal complexes in
dimethylsulphoxide (DMSOQ) are given in Table (4). The electronic absorption
spectrum of the ligand showed three bands located at 288, 300 and 315 nm
respectively. The first one was assigned to m—n* transition which was nearly
unchanged on complexation. The second and third bands were assigned to
n—1* and charge transfer transitions [34]. The electronic absorption spectrum
of Cu(ll) complexes (2), (7) and (13) showed bands at 298; 310; 465; 582 and
613, 285; 295; 310; 465; 562 and 610, 280; 295; 313; 435; 535 and 610 nm
respectively. The first bands were due to intra-ligand transitions however, the
other bands were corresponded t0 “Big(Oxoypy—Arglz (V1) “Big(deo
y2)—°Bag(dyy) (v2) and *Byy(dyoyo)— Eq4(dyydy;) (vs) transitions [35]. The
position as well as the broadness of these bands suggested that these complexes
had distorted octahedral geometry around Cu (Il) ions [36]. This could be due
to the Jahn teller effect that operates on the d°, electronic ground state of six
coordinate system [36], elongating one trans pair of coordinate bonds and
shortening the remaining four ones [37]. Magnetic moment values were found
in the 1.69-1.71 B.M. range corresponding to one unpaired electron, spin-only
value. The electronic absorption spectra of Mn(ll) complex (3) showed bands
at 280, 295, 312, 452, 562 and 630 nm. The first bands were corresponded to
intra-ligand transitions however, the other bands indicating octahedral Mn(ll)
complex [38]. Zn(I1) complex (4) showed bands at 282, 295 and 313 nm and
Pb(I1) complex (6) gave bands at 286, 297 and 311 nm and Mg(Il) complex (2)
gave 286, 298 and 311 nm and Bi(lll) complex (18) gave 285, 298 and 313 nm
and Sr(11) complex (19) showed bands at 285, 296 and 312 nm, corresponding
to intra-ligand transitions these complexes showed diamagnetic property [39].
Ni(Il) complexes (5) and (8) showed bands at 289, 292, 310, 425, 492, 582 and
735 and 286, 298, 312, 457, 583 and 742 nm respectively. The first bands were
corresponded to intra-ligand transitions, however, the other bands were
assigned t0 *Agy(F)— Tog(F)(v1), *Agy(F)—>Tay(V2) and *Ay(F)—>Ty(P)(va)
transitions respectively, which were consistent with octahedral geometry
[40,41]. This observation is further confirmed by pes values 3.25 and 3.02
B.M. corresponding to two unpaired electrons [42,43]. The v,/v; ratio was 1.18
and 1.23 which were less than the usual range of octahedral Ni(ll) complexes
(1.5-1.7), indicating that, the Ni(ll) complexes had distorted octahedral
geometry [44]. Co(ll) complexes (9) and (14) showed bands at 286, 290, 312,
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465, 573 and 610 and 286, 296, 310, 460, 575 and 608 nm respectively. The
first bands were due to intra-ligand transitions and the other bands indicating
Co(ll) octahedral structure which confirmed by Mg = 4.38B.M. However,
Fe(ll1) complex (10) gave bands at 285, 295, 308, 452, 571 and 620 nm. The
first bands corresponding to intra-ligand transitions and the other bands
indicating Fe(lll) octahedral structure which confirmed by Mg = 6.23 B.M.
Cr(l11), complex (11) showed bands at 285, 296, 310, 452, 535 and 612 nm.
The first bands corresponding to intra-ligand transitions and the other bands
confirmed octahedral Cr(ll11) complex, which confirmed by M= 3.45 B.M
[45], (Table 4)

Table (4):- Electronic spectra and magnetic moments for ligand and its some metal complexes

|‘ No. Of |‘ Amax (NM') |‘ H |‘
- Compound | max | eff. |
| (1) 288, 300, 315 - i
| (2) 298, 310, 465, 582, 613 1.70 |
| (3) 280, 295, 312, 452, 562, 630 6.12 |
| (4) 282, 295, 313 Diamagnetic |
\ (5) 289, 292, 310, 425, 492, 582, 735 3.25 |
| (6) 286, 297, 311 Diamagnetic |
| @) 285, 295, 310, 465, 562, 610 1.71 |
| (8) 286, 298, 312, 457, 583, 742 3.02 |
| (9) 286, 290, 312, 465, 573, 610 4.37 |
\ (10) 285, 295, 308, 452, 571, 620 6.23 |
\ (11) 285, 296, 310, 452, 535, 612 3.45 |
| (12) 286, 298, 313 Diamagnetic |
| (13) 280, 295, 313, 435, 535, 610 1.69 |
\ (14) 286, 296, 310, 460, 575, 608 4.38 |
\ (18) 2.85. 298, 313 Diamagnetic |
(19) 285, 296, 312 Diamagnetic

3.5. Thermal analysis (DTA and TGA)

The Thermal data of complexes (4), (8), (14) and (17) shown in Table (5).
These complexes were introduced as representative examples. The thermogram
of complex (4) [H,L Zn(OAc),.H,0].H,O showed decomposition in several
steps. The first step involving breaking of H-bondings accompanied by
endothermic peak observed at 50°C. In the second step, one molecule of
hydrated water was lost endothermically with a peak at 80°C accompanied by
2.80 % (Calc. 2.70 %) weight Loss. Loss of one coordinated water molecule
was recorded in the third step as an endothermic peak appeared at 140°C with
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2.79 % (Calc. 2.72 %) weight loss. The 16.71 % weight loss (Calc. 17.80 %)
accompanied by an endothermic peak observed at 280°C, was assigned to loss
of coordinated 2(OAc) group. Whereas the endothermic peak observed at
325°C referred to the melting point of the complex. Loss of CgHs, C;HgN,, and
CesHs groups with endothermic peaks observed at 330-365°C range, with
weight loss 42.02 % (Calc. 40.84 %). The final step observed as exothermic
peaks observed at 400°C, 450°C, 560°C and 610°C with 28.05 % weight loss
(Calc. 29.01%) referred to complete decomposition of the complex with
exposed up with the formation of ZnO [46]. The Thermogram of complex (8)
[H,L NiSO,4.2H,0].5H,0 showed decomposition in several steps, The first step
involving breaking of H-bondings accompanied with endothermic peak
observed at 55°C. In The second step, five molecules of hydrated water were
lost endothermically with a peak at 95°C accompanied by 2.61 % (Calc. 2.84
%) weight loss. Loss of two-coordinated water molecules were recorded in the
third step as an endothermic peak observed at 150°C with 2.81 % (Calc. 2.63
%) weight loss. The 13.25 % weight loss (Calc. 14.01 %) accompanied by an
endothermic peak observed at 280°C, was assigned to loss of coordinated SO,
group. Whereas, the endothermic peak observed at 366°C referred to the
melting point of the complex. Loss of CsHs, C;H¢N,, and C¢H, groups with
endothermic peaks observed at 375-490°C range, with weight loss 36.06 %
(Calc. 37.38 %). The final step observed as exothermic peaks observed at
580°C, 600°C, 630°C and 660°C with 35.93 % weight loss (Calc. 36.56 %)
referred to complete decomposition of the complex with exposed up with the
formation of NiO [47].The thermogram of complex(14) [H,LCoCl,.H,0].2H,0
showed decomposition in several steps. The first step involving breaking of H-
bondings accompanied with endothermic peak observed at 55°C. In the second
step, two molecules of hydrated water were lost endothermically with a peak
appeared at 85°C accompanied by 2.91 % (Calc. 2.87 %) weight loss. Loss of
one coordinated water molecule was recorded in the third step as an
endothermic peak appeared at 135°C with 2.90 % (Calc. 2.85 %) weight loss.
The 15.59 % weight loss (Calc. 11.31 %) accompanied by an endothermic peak
observed at 285°C, was assigned to loss of 2(Cl) atoms. Whereas the
endothermic peak observed at 335°C referred to the melting point of the
complex. Loss of C¢Hs, C;HgN,, and CgH, groups with endothermic peaks
observed at 370-410°C range, with weight loss 42.01 % (Calc. 43.15 %). The
final step observed as exothermic peaks observed at 550°C-630°C range with
28.30 % weight loss (Calc. 29.97 %) referred to complete decomposition of the
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complex with exposed up with the formation of CoO [48]. The thermogram of
complex (17) [H,LCuCO;.2H,0].2H,0 showed decomposition in several steps.
The first step involving breaking of H-bondings accompanied with
endothermic peak at 50°C. In the second step, one molecule of hydrated water
was lost endothermically with a peak appeared at 80°C accompanied by 2.42 %
(Calc. 2.82 %) weight loss. Loss of two coordinated water molecules were
recorded in the third step as an endothermic peak observed at 110°C with 2.41
% (Calc.2.80%) weight loss. The 10.01 % weight loss (Calc. 9.38 %)
accompanied by an endothermic peak observed at 250°C, was assigned to loss
of coordinated CO; group. Whereas the endothermic peak observed at 375°C
referred to the melting point of the complex. Loss of C¢Hs, C;HgN,, and CgH,
groups with endothermic peaks observed at 430-570°C range, with weight loss
40.98 % (Calc. 42.36 %). The final step observed as exothermic peaks
observed at 590°C, 620°C, 650°C and 680°C with 35.97 % weight loss (Calc.
34.38 %) referred to complete decomposition of the complex with exposed up
with the formation of CuO [49].

Table (5):- Thermal analyses for some metal (1) complexes

DTA Kk TGA (Wt.loss % .
Compound No. T(%rg). (peak) GA (Wtloss %) Assignments
Endo Exo Calc. Found
50 Endo - Broken of H-bondings
80 Endo 2.70 2.80 Loss of (H,0) hydrated water molecule
140 Endo - 2.72 2.79 Loss of (H,O) coordinated water molecule
280 Endo - 17.78 16.71 Loss of 2(OAc) group
Complex (4) 325 Endo - - - Melting point
330-365 Endo - 40.84 42.02 Loss of (CgHs, C;HeN,, CeHy)
) Decomposition process with the
400-610 ) Exo 29.01 28.05 formation of ZnO (Residue)
55 Endo - - Broken of H-bondings
95 Endo 2.84 2.61 Loss of 5(H,0) hydrated water molecules
150 Endo - 2.63 2.81 Loss of 2(H,0) coordinated water molecule
280 Endo - 14.01 13.25 Loss of SO4group
Complex (8) 366 Endo - - - Melting point
375-490 Endo - 37.38 36.06 Loss of (CgHs, C;HeN,, CgH,)
580-660 ) Exo 36.56 35.93 D_ecompo_smon process with the formation of
NiO (Residue)
65 Endo - - Broken of H-bondings
100 Endo 2.87 291 Loss of 2(H,0) hydrated water molecule
135 Endo - 2.85 2.90 Loss of (H,O) coordinated water molecule
Complex (14) 285 Endo - 11.31 15.59 Loss_of 2( f:l )
335 Endo - - - Melting point
370-410 Endo - 43.15 42.01 Loss of (CgHs, C;HeN,, CeHy)
550-630 } Exo 29.97 28.30 Decompos_ltlon process with the formation of
CoO (Residue)
50 Endo - - Broken of H-bondings
Complex (17) 80 Endo 2.82 242 Loss of 2(H,0) hydrated water molecules
110 Endo - 2.80 241 Loss of 2(H,0) coordinated water molecules

Eur. Chem. Bull. 2023,12(5), 1464-1514
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250 Endo - 9.38 10.01 Loss of (CO;) group
375 Endo - - - Melting point
430-570 Endo - 42.36 40.98 Loss of (CgHs, C7HgN,, CH.)
) Decomposition process with the formation of
590-680 - Exo 34.38 35.97 CuO (Residue)

3.6. 'H-NMR spectra of the ligand and its Zn (11), complex (4)

The *H-NMR spectrum of the ligand (H,L) showed the absence of the
signal of the amino group (NH,) characteristic of the starting material
(hydrazide). The spectrum showed three sets of peaks, the first one observed as
singlet at 11.60 (w, 1H), 8.20 (s, 1H) and 4.35 (s, 1H) ppm which may be
assigned aromatic hydroxyl proton, azomethine proton and NH proton
respectively [50]. The second set appeared as multiplets in the 6.82-7.92 ppm
range, which were attributed to aromatic protons. The group appeared at 2.50-
3.50 (s, 3H), (s, 2H) ppm range referred to aliphatic groups CH; and CH,
respectively [51]. Comparing the *H-NMR protons of azomethine was still
present, a significant downfield shift of the azomethine proton signal in the
complexes relative to the corresponding signal of the free ligand confirmed the
coordination of the azomethine nitrogen atom to the metal. For the spectrum of
the Zn(Il) complex (4) with that of the free ligand, it was noticed that a
significant downfield shift of the hydroxyl and azomethine proton signals in
the complex relative to the corresponding signal of the free ligand confirmed
the coordination of the hydroxyl oxygen and the azomethine nitrogen atoms to
Zn(Il) ion [52]. The signals due to the proton of the hydroxyl OH and
azomethine group appeared at 10.40 and 7.98 ppm, however, the NH proton
appeared at 4.2 ppm. The signals corresponding to aromatic protons appeared
at 6.80-7.82 ppm range. The protons due to CH; and CH, appeared at 2.45-3.66
ppm range. The signal appeared at 1.43 ppm, may be due to the protons of
acetate group [53].
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Figure (1): *H-NMR spectra of the ligand

Figure (2): *H-NMR spectra of the ligand Zn (I1), complex (4)
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3.7. Electron spins resonance (ESR)

The ESR spectral data for complexes (2), (3), (7), (9), (10), (11) and (13)
presented in table (6). The spectra of copper(ll) complexes (2), (7) and (13)
are characteristic of species, d°configuration having axial type of a d(x*y?)
ground state which is the most common for copper(ll) complexes [54,55]. The
complexes showed g; > 9. >2.0023, indicating octahedral geometry around the
copper(ll) ion [56,57]. The g-values are related by the expression G = (g;-2)/
(g+-2), where (G) is an exchange coupling interaction parameter. If G < 4.0, a
significant exchange coupling is present, whereas if G value = 4.0, local
tetragonal axes are aligned parallel or only slightly misaligned. Complexes
showed values < 4.0 (Table 6), indicating spin-exchange interactions took
place between copper(ll) ions. This phenomena is further confirmed by the
magnetic moments values (Table 6). The g, / A, value is also considered as a
diagnostic term for stereochemistry, the g,/A; values were found in the 173.1-
226 cm™ range, indicating distorted octahedral copper(11) complexes [58]. The
g-value of the copper(Il) complexes with a 2B;4 ground state (g,>g.) may be
expressed by:[58]

g = 2.002 — (8K? A°/AE,y) (2)
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gL= 2.002 — (2K2LA°/AEy,) (3)

Where k; and ki are the parallel and perpendicular components
respectively of the orbital reduction factor (K), A° is the spin-orbit coupling
constant for the free copper, AE,, and AE,, are the electron transition energies
of 2B,;—2B,4 and 2B,y—2E,. From the above relations, the orbital reduction
factors (K;, K1, K), which are measured terms for covalency [59], can be
calculated. For an ionic environment, K=1; while for a covalent environment,
K<1. The lower the value of K, the greater is the covalency. The above
equations can be arranged as follow :-

K2, = (gu- 2.002) AExz /2h0 @)
K2, = (g, - 2.002) AExy /8o 5)
K2 = (K2, +2K2,)13 (6)

K values for the copper(ll) complexes (2), (7) and (13) indicated covalent
bond character [60,61]. Kivelson and Neiman noted that, for ionic
environment g, = 2.3 and for a covalent environment g; < 2.3. Theoretical work
by Smith seems to confirm this view [62]. The g-values reported here, Table
(6) showed considerable covalent bond character. Also, the in-plane o-
covalency parameter, o°(Cu) was calculated by :-

o?(Cu)=(A/0.036)+(g;-2.002)+3/7(gL-2.002)+0.04 0

The calculated values (Table 6) suggested a covalent bonding character. The
in-plane and out of-plane n- bonding coefficients p;° and p* respectively, are
dependent upon the values of AE,, and AE,, as shown in the following
equations [63].

0’p® = (gL- 2.002) AE,,/2).0 (8)
o’ By* = (gj - 2.002) AE,,/8)%0 (9)

In this work, the complexes (2), (7) and (13) showed f,* values 1.09, 0.98 and
1.03 indicating moderate degree of covalency in the in-plane =-bonding
[64,65]. However, the complexes showed B indicating ionic bond character of
the out-of-plane. It is possible to calculate approximate orbital populations for
d orbitals by:
A = Aiss— 2B[1 +(7/4) Agy] Agj= gy~ 9e (10)
a’y =2B/ 2B° (11)
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Where A° and 2B° is the calculated dipolar coupling for unit occupancy of d
orbital respectively. When the data are analyzed, the components of the Cu
hyperfine coupling were considered with all the sign combinations [66]. The
only physically meaningful results found when A, and A, were negative. The
resulting isotropic coupling constant was negative and the parallel component
of the dipolar coupling 2B were negative (Table 6). These results can only
occur for an orbital involving the d..,2) atomic orbital on copper. The value for
2B is quite normal for copper(ll) complexes. The |Ais| value was relatively
small. The 2B value divided by 2B, . The calculated dipolar coupling for unit
occupancy of de-y2) . Using equation (11) suggested all orbital population were
52.8, 96.7, 52.7 % d-orbital spin density, clearly the orbital of the unpaired
electron is day2) [67]. However, Mn(ll) complex (2), Co(ll) complex (9),
Fe(l1l) complex (10) and Cr(I11) complex (11) showed isotropic spectra with
Oiso 2.05, 2.03, 2.01 and 2.02 respectively confirming covalent bond character
[68].

Table (6):- ESR spectral data of some metal complexes

A’ g/A 2
Com a A|| AJ. c AE><y AExz 2 2 2 "7 2 2 ! ad
i : -2
pNo. Y 9 Gico G |l |° G (em® | (em?) Ko K K K Ecm @ B g g (%)
©) )
) 2.2 20 | 21 32 | 1718 | 2150 06 | 0.8 | 09 0.6 1.0 52.
6 8 4 130 | 10 50 5 2 5 1.0 7 9 4 226 1 1.64 9 | 124 8
2.0
® ;
2.2 2.0 2.1 1779 2150 | 0.7 | 05 | 0.6 | 08 0.5 0.9 96.
(G A ;|10 5 |40 |31 3 c s |2 | g , | 220 | 7l uss | a7 | T
2.0
) s
2.0
(10) )
2.0
a "
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3.8. Chemical structures of the ligand and its metal complexes
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Complex (2) M = Cu(ll), n=Hy0.
Complex (3) M = Mn(ll), n=3Hy0.
Complex (4) M =2zn(Il), n=H,0.
Complex (5) M = Ni(ll), n=Hy0.
Complex (6) M =Pb(ll), n=H,0.
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Figure (3): Molecular structures of the formed ligand and its some metal
complexes

1490
Eur. Chem. Bull. 2023,12(5), 1464-1514



Newly Synthesized Schiff Base Complexes with Selected
Metals as Human Anti Breast Cancer MCF-7 Activity Section A-Research paper

3.9. Biological studies
3.9.1. Invitro Study, cytotoxicity Effect

The cytotoxic activity of some metal complexes (2), (3), (4), (5) and (15)
was evaluated against human breast cancer cell line (MCF-7), the 1C50 values
were calculated for the complexes, and the results were presented in Figure (4-
32). As shown, most complexes displayed significantly cytotoxic activities
compared to the standard drug (Cisplatin). Cytotoxicity activity of the
complexes may attribute to the central metal atom, which was explained by
Tweedy’s chelation theory [69]. Copper (I1I) complex (2) showed the highest
cytotoxicity effect with 1Cg, value of 6.31 uM, followed by nickel (I1) complex
(5) with 1Csy value 12.3 uM, then zinc (1) complex (4) with ICs, value 13.4
uM, manganese (I1) complex (3) with ICsq value 23.4 and eventually barium
(I1) complex (15) with 1Csq value 29 uM. It was observed that an enhancement
of the antitumor activity occurs by coordination [70]. The enhancement of
cytotoxic activity may be assigned to that the positive charge of the metal
increased the acidity of coordinated ligand that bears protons, leading to
stronger hydrogen bonds which enhanced the biological activity [71]. It seems
that, changing the anion, coordination sites, and the nature of the metal ion has
a pronounced effect on the biological behavior by altering the binding ability of
DNA [72]. Gaetke and Chow had reported that, metal has been suggested to
facilitate oxidative tissue injury through a free radical mediated pathway
analogous to the Fenton reaction [73]. By applying the ESR-trapping
technique, evidence for metal - mediated hydroxyl radical formation in vivo
has been obtained [74]. Reactive oxygen species are produced through a
Fenton-type reaction as follows:

LM(II) + H202 — LM(I) +.OOH + H+
LM(1) + H,0, — LM(I) +.OH + OH’

Where L, organic ligand
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Figure (4): Histogram for cytotoxic activity and 1Cs, value of Standard drug (Cisplatin)
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Figure (5): Histogram for cytotoxic activity and 1Csy value of Cu (11) Complex (2)
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Figure (6): Histogram for cytotoxic activity and 1C50 value of Mn (1) Complex (3)
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Figure (7): Histogram for cytotoxic activity and 1C50 value of Zn (11) Complex (4)
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Figure (8): Histogram for cytotoxic activity and 1C50 value of Ni (I11) Complex (5)
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Figure (9): Histogram for cytotoxic activity and 1C50 value of Ba (I1) Complex (15)
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Figure (10): Histogram for cytotoxic activity of complexes against MCF-7 cell line
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Figure (11): Histogram of 1Cs, value for some of metal complexes

The microscopic images showed the chemotherapeutic activity of the tested
complexes by comparing them with the standard drug (Cisplatin) as shown
below. There is decreasing in the number of available cells. Most of the
remaining observed degeneration changespresented in the form of irregulatory
cell membrane, opaque and not well formed chromatin regulated of swalling
cytoplasm, other showed optatic changes in the form of chrunked cells,
increase in eosinophilia cells, and picknitoic nucleus as shown in figures 12-32

Figure (12): MCF-7 control Untreated
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Figure (13): MCF-7 cells treated with Cu(ll1) complex (2) at 4jg

Figure (14): MCF-7 cells treated with Cu(l1) complex (2) at 10ug

Figure (15): MCF-7 cells treated with Cu(ll) complex (2) at 100ug
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Figure (16): MCF-7 cells treated with Cu(ll) complex (2) at 500ug

Figure (17): MCF-7 cells treated with Mn(l1) complex (3) at 4ug

Figure (18): MCF-7 cells treated with Mn(l1) complex (3) at 10ug

Figure (19): MCF-7 cells treated with Mn(I1) complex (3) at 100ug
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Figure (20): MCF-7 cells treated with Mn(l1) complex (3) at 500ug

Figure (21): MCF-7 cells treated with Zn(l11) complex (4) at 4ug

Figure (22): MCF-7 cells treated with Zn(11) complex (4) at 10pug

1499
Eur. Chem. Bull. 2023,12(5), 1464-1514



Newly Synthesized Schiff Base Complexes with Selected
Metals as Human Anti Breast Cancer MCF-7 Activity Section A-Research paper

Figure (23): MCF-7 cells treated with Zn(Il) complex (4) at 100ug

Figure (24): MCF-7 cells treated with Zn(l11) complex (4) at 500ug

Figure (25): MCF-7 cells treated with Ni(Il) complex (5) at 4ug
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Figure (26): MCF-7 cells treated with Ni(I1) complex (5) at at 10ug

Figure (27): MCF-7 cells treated with Ni(ll) complex (5) at at 100pg

Figure (28): MCF-7 cells treated with Ni(ll) complex (5) at 500ug
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Figure (29): MCF-7 cells treated with Ba (I1) complex(15) at 4ug

Figure (30): MCF-7 cells treated with Ba (I1) complex(15) at 10ug

Figure (31): MCF-7 cells treated with Ba (I11) complex(15) at 100ug
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Figure (32): MCF-7 cells treated with Ba (I1) complex(15) at 500ug

3.9.2. Invivo studies
Determination of liver functions (AST, ALT, and albumin), renal
functions (B.Urea & S.Creatinine) and some hematological parameters
(Hb, RBCs, TLC and platelets counts) showed no significant differences
between treated groups by the chosen complexes and the control group,
which proves that there are no toxic side effects for the tested
complexes.

Determination of liver function

Table (6): Statistical analysis (ANOVA) for liver function tests in the different groups

Parameters Control (13?)@?7:?1)1(0%)&) (1>Sloor2?rlﬁﬁé?e)/u

AST (U/l) 89.40+5.446° 98.136+6.02" 99.85+4.34"

ALT (UN) 50.61+3.88° 32.610+3.14" 36.10+6.91™
Albumin (g/dI) 4.02+0.97%° 4.17 +1.05%° 4.11 £1.21%°

ANOVA: analysis of variance, SD: standard deviation; each value is represented as mean + SD.
Data with different superscripts are significantly different at p < 0.05. *Significance
versus control group, "Significance versus group treated with complex (5) with 1x10®
mmole/L, °Significance versus group treated with complex (2) with 2x10™ mmole/L
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Figure (31): Liver function tests in the different groups

Determination of Renal function

Table (7) : Statistical analysis (ANOVA) for renal function tests in the different groups

Parameters Control Complex (2) Complex (5)
(1x10-5 mmole/L) (1x10-5 mmole/L)
B. Urea (mg/dl) 35.840+3.079% 37.440+2.443% 32.114+2.815°
S. Creatinine (mg/dl) | 0.585+0.301%"° 0.571+0.220%° 0.520+0.271%°

ANOVA: analysis of variance, SD: standard deviation; each value represented as mean + SD.
Data with different superscripts are significantly different at p < 0.05. ®Significance versus
control group, "Significance versus group treated with complex (5) with 1x10° mmole/L

‘Significance versus group treated with complex (2) with 2x10"°> mmole/L
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S. Creatinine (mg/mil)
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Figure (32): Renal function tests in the different groups
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Hematological studies:

Table (8): Statistical analysis (ANOVA) for hematological tests in the different groups

Complex (2) Complex (5)
Parameters Control (1x10° mmole/L) (1x10™° mmole/L)
Hb (g/dl) 16.020 +2.961%° 16.20+2.470° 15.780+1.890%°
RBCs (X 10%/cmm) 6.471 +0.7112° 6.237+1.060%° 6.121+0.924%
TLC (X 10%/cmm) 8.911+1.155° 9.660:+0.980" 10.12+1.917"
PLTs (X 10°%/cmm) | 498.142+38.114% 501.081+30.707% 442.991+22.711°

ANOVA: analysis of variance, SD: standard deviation; each value is represented as mean + SD.
Data with different superscripts are significantly different at p < 0.05. ®Significance versus
control group, "Significance versus group treated by complex(5) with 1x10° mmole/L
“Significance versus group treated by complex (2) with 2x10° mmole/L.

18

16

PLTs (X 105/cmm) TLC (X 103/cmm) RBCs (X 106/cmm) Hb (g/dl)

@ Control 1 Complex (2) Complex (5)

Figure (33): Hematological tests in the different groups

Conclusion
In the present study, new metal complexes were prepared. Structural and

spectroscopic properties revealed that, the ligand adopted a tridentate or
hexadentate ligand fashion; on the other hand, the metal complexes adopted a
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tetragonal distorted octahedral geometry around metal ions. All the complexes
are non-electrolytic in nature as suggested by molar conductance measurements.
The ligand coordinated to the central metal ion forming five or six membered
rings including the metal ions. The antitumor activities of the ligand as well as
some of its metal complexes were assessed that, the toxicity of both ligand and
metal complexes was found to be concentration dependent, the cell viability
decreased with increasing the concentration of complexes.
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