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ABSTRACT 

 
Mono and bi-organometallic complexes of  Cu(II), Ni(II), Mn(II), Zn(II) and Ag(I) complexes with 

oxaloamide ligand has much potential as therapeutic and diagnostic agents. The ligand allows the 

thermodynamic and kinetic reactivity of the metal ion to be controlled and also provide a scaffold for 

functionalization. Specific examples involving the design of metal complexes as anticancer agents are 

discussed. These complexes   have been synthesized and characterized by (1H-NMR, mass, IR, UV-VIS, 

ESR) spectra, magnetic moments and conductance measurements, elemental and thermal analyses.  Molar 

conductances in DMF solution indicates that, the complexes are non-electrolytes. The ESR spectra of solid 

Cu(II) complexes (2-5) show an axial type indicating a d(X2-y2) ground state with a significant covalent  

bond character. However, Mn(II) complex(9), shows an isotropic type indicating an octahedral geometry. 

Cytotoxic evolution IC50 of the ligand and its complexes have been carried out.  Cu(II) Complexes show 

enhanced activity in comparison to the parent ligand or standard drug. Copper is enriched in various 

human cancer tissues and is a co-factor essential for tumor angiogenesis processes. However, the use of 

copper binding ligand to target tumor, copper could provide a novel strategy for cancer selective 

treatment. 
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1. INTRODUCTION 
 
Schiff bases have played a key role in the development of coordination chemistry. Schiff- base 
compounds containing an imine group are usually formed by the condensation of a primary 
amines with an active carbonyl or aldehyde group. These compounds are considered as a very 
important class of organic compounds, which have wide applications in many biological aspects 
[1].Various Schiff–bases complexes were reported to possess geno-toxicity [2,3],antibacterial 
[4,5] and antifungal activities [6]. The increasing interest in transition metal complexes 
containing Schiff-base ligand is derived from their well-established role in biological systems as 
well as their catalytic and pharmaceutical application [7]. Metal complexes provide a highly 
versatile platform for drug design. Besides variation in the metal and its oxidation state, that 
allow the fine-tuning of their chemical reactivity in terms of both kinetics and thermodynamics. 
Not only the metal but also the ligands can play important roles in biological activity, ranging 
from outer-sphere recognition of the target site to the activity of any released ligands and ligand 
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centered redox processes. Due to a growing interest in the in the development of metallo-
therapeutic drugs and metal-based agents [8,9], we reported herein synthesis and characterization 
of new metallo-therapeutic  candidates  derived  from  the  novel  ligand N1,N2-bis(2-((Z)-(2- 
hydroxylbenzylidene) amino)phenyl)oxalamide The cytotoxic activity of synthesized compounds 
has been also investigated. 
 

2. MATERIALS AND METHODS 
 
All the reagents employed for the preparation of the ligand and its complexes were synthetic 
grade and used without further purification. TLC is used to confirm the purity of the compounds. 
C, H, N and Cl analyses were determined at the Analytical Unit of Cairo University, Egypt. A 
standard gravimetric method was used to determine metal ions [10,12]. All metal complexes were 
dried under vacuum over P4O10. The IR spectra were measured as KBr pellets using a Perkin-
Elmer 683 spectrophotometer (4000-400 cm-1). Electronic spectra (qualitative) were recorded on 
a Perkin-Elmer 550 spectrophotometer. The conductance(10-3M) of the complexes in DMF were 
measured at 25°C with a Bibby conduct meter type MCl. 1H-NMR spectra of the ligand and its 
Zn(II) complex(7) were obtained with Perkin-Elmer R32-90-MHz spectrophotometer using TMS 
as internal standard. Mass spectra were recorded using JEULJMS-AX-500 mass spectrometer 
provided with data sys-tem. The thermal analyses (DTA and TGA) were carried out in air on a 
Shimadzu DT-30 thermal analyzer from 27 to 800°C at a heating rate of 10°C per minute. 
Magnetic susceptibilities were measured at 25°C by the Gouy method using mercuric 
tetrathiocyanatocobalt(II) as the magnetic susceptibility standard. Diamagnetic corrections were 
estimated from Pascal's constant [13]. The magnetic moments were calculated from the equation:  
 

(µeff = 2.828 (Ӽn× T)1/2)                                                 (1) 
 
The ESR spectra of solid complexes at room temperature were recorded using a varian E-109 
spectrophotometer, DPPH was used as a standard material. The TLC of all compounds confirmed 
their purity. 

Preparation of the ligand  

Preparation of N
1
,N

2
-bis(2-aminophenyl)oxalamide:N1,N2-bis(2-aminophenyl)oxalamide 

(Scheme 1) was prepared by adding equimolar amount of diethyl oxalate (15.70 g, 1 mol), to 
benzene-1,2diamine (23.24 g, 2 mol) in 50 cm3 of absolute ethanol. The mixture was refluxed 
with stirring on water bath for 2hours and then left to cool at room temperature, filtered off, 
washed with water, dried and recrystallized from ethanol to afford N1,N2-bis(2-
aminophenyl)oxalamide. 
 
Preparation of the Schiff-base ligand N

1
,N

2
-bis(2-((Z)-(2-hydroxybenzylidene) amino) 

phenyl) oxalamide (HL): The ligand [HL] N1,N2-bis(2-( (Z)- (2-hydroxybenzylidene) amino) 
phenyl)oxalamide (Scheme 1) was prepared by adding equimolar amount of N1,N2-bis(2-
aminophenyl)oxalamide (22.40 g, 1 mol) to salicyaldehyde (32.3 g, 2 mol)  in 50 cm3 of absolute 
ethanol. The mixture was refluxed with stirring on water bath for 2 hours and then left to cool at 
room temperature, filtered off, washed with water, dried and recrystallized from ethanol to afford 
ligand (1). Ligand (1): Yield 91 %; m.p. 290; color is cumin green; Anal. Calcd. (%)for 
`C28H22N4O4 (FW = 478.50): C, 70.28; H, 4.63; N, 11.71; Found (%) C, 69.63; H, 5.08; N, 11.16; 
IR (KBr, cm-1), 3450, υ(OH), 3260m, υ(NH), 1622 υ(C=N), 1477, 758 υ(C=C)Ar, 1615 
υ(C=C)Al, 1324 υ(C-OH) , 1040 υ(N-N);  1H-NMR [DMSO-d6]: 10 (s, 1H, 26OH); 8.8 (s, 1H, 
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NH7); 8.7 (s, 1H, NH11); 8.40 (s, 1H, 19H-C=N); 9.1 (s, 1H, NH10); 3.4 (s, 1H, H8); 6.04-7.8 (m, 
10 H, aromatic protons). 

 
 

Scheme 1: Preparation of Ligand, N1,N2-bis(2-((Z)-(2-hydroxybenzylidene)amino)phenyl)oxalamide 

 

Synthesis of metal complexes (2)-(10):The metal complexes 2, 4-7, 9 and 10 were prepared by 
refluxing with string a suitable amount (1 mmol) of a hot ethanolic solution of the following 
metal salts: Cu(CH3COO)2.H2O , CuCl2·2H2O, Mn(CH3COO)2·4H2O, Zn(CH3COO)2·2H2O and 
Ag(CH3COO) 
 (1 mmol) with a hot ethanolic solution of the ligand (4.0 g 1 mmol, 40 mL ethanol). The same 
method is used to prepare complex 3but in molar ratio (1 metal: 2 ligand) using the following 
metal salt: Cu(CH3COO)2.H2Oand also mixed metal salts complex 8  (Cu(CH3COO)2.H2Oand 
Zn(CH3COO)2·2H2O) but in molar ratio (1 metal: 1 metal: 1 ligand).The refluxing times varied 
from 2 to 4 hours according to the depending to nature of metal ion, which led to precipitate of 
metal complexes. The precipitates, were filtered off, washed with ethanol then by diethyl ether 
and dried in vacuum desiccators over P4O10. Analytical data for the prepared complexes are: 
 

Complex (2),[(HL)Cu(CH3COO)(H2O)2]: Yield: 79 %; m.p. >300 oC; color: green; molar 
conductivity (Λm): 7.9ohm-1cm2mol-1.Anal.Calcd. (%)forC30H28N4O8Cu (FW = 636.11): C, 56.64; 
H, 4.44; N, 8.81,  
 
Cu, 9.99; Found (%) C, 56.77; H, 4.45; N, 8.9, Cu, 10.00; IR (KBr, cm-1), 3420, υ(OH), 
3054υ(NH), 1680υ(C=N), 1714, 1680υ(C=O), 1321υ(C-O), 590υ(M←O), 442υ(M←N), 1557, 
1343υsymCH3COO, υasymCH3COO (∆=214 cm-1). 
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Complex (3) [(L)Cu(CH3COO)(H2O)2]2: Yield: 85 %; m.p. >300 oC; color: green; molar 
conductivity (Λm): 7.4ohm-1cm2mol-1.Anal.Calcd. (%)forC32H34N4O12Cu2 (FW = 793.08): C, 
48.42; H, 4.32; N, 7.06, Cu, 16.01; Found (%) C, 48.7; H, 4.4; N, 7.1, Cu, 16.1; IR (KBr, cm-1), 
3405, υ(OH), 3058υ(NH), 1600,1549υ(C=N), 1671 υ(C=O), 1322 υ(C-O), 648υ(M←O), 
501υ(M←N), 1430,1260,1389,1251υsymCH3COO, υasymCH3COO (∆=170cm-1 and 138 cm-1 

respectively). 
 
Complex (4),[(HL)(Cu)Cl(H2O)2]: Yield: 80 %; m.p.>300oC; color: brown; molar conductivity 
(Λm): 9.2ohm-1cm2mol-1.Anal.Calcd. (%)forC28H25N4O6ClCu (FW = 612.52): C, 54.90; H, 4.11; 
N, 9.15, Cu, 10.37; Found (%) C, 55.00; H, 4.2; N, 9.3, Cu, 10.4; IR (KBr, cm-1), 3435υ(OH), 
3165υ(NH), 1610 υ(C=N), 1690, 1681υ(C=O), 1310 υ(C-O), 639υ(M←O), 504υ(M←N), 
467υ(M-Cl). 
 
Complex (5),[(H2L)Cu(SO4)(H2O)2].2H2O: Yield: 79 %; m.p. >300oC; color: brown; molar 
conductivity (Λm): 9.2ohm-1cm2mol-1. Anal.Calcd. (%)forC28H29N4O12SCu (FW = 710.17): C, 
47.35; H, 4.26; N, 7.89, Cu, 8.95; Found (%) C, 47.4; H, 4.3; N, 7.8, Cu, 8.8; IR (KBr, cm-1), 
3440 υ(OH), 3070υ(NH), 1611υ(C=N), 1690,1681υ(C=O), 1304 υ(C-O), 616υ(M←O), 
503υ(M←N),1170,1118,1056,725 υ(SO4). 
 
Complex (6),[(HL)Zn(CH3COO)(H2O)2]: Yield: 85 %; m.p. >300oC; color: yellow; molar 
conductivity (Λm): 7.9ohm-1cm2mol-1. ForAnal. Calcd. (%)forC30H28N4O8Zn (FW = 637.95): C, 
56.48; H, 4.42; N, 8.78Zn, 10.25; Found (%) C, 56.5; H, 4.4; N, 8.9, Zn, 10.3; IR (KBr, cm-1), 
3395 υ(OH), 3052υ(NH), 1626υ(C=N), 1691,1680 υ(C=O), 1248 υ(C-O), 639υ(M←O), 
534υ(M←N), 1421,1321,υsymCH3COO, υasymCH3COO (∆=100 cm-1). 
 
Complex (7),[(H2L)Zn(SO4)(H2O)2]: Yield: 78 %; m.p. >300oC; color: green; molar conductivity 
(Λm): 6.9ohm-1cm2mol-1.Anal.Calcd. (%)forC28H25N4O10SZn (FW = 675.97): C, 49.75; H, 3.88; 
N, 8.29, Zn, 9.67; Found (%) C, 49.68; H, 3.89; N, 8.20, Zn, 9.58; IR (KBr, cm-1), 3415 υ(OH), 
3051 υ(NH), 1605 υ(C=N), 1714,1681υ(C=O), 1304 υ(C-O), 585υ(M←O), 471 υ(M←N), 
1157,1098,1040,1030, 750υ(SO4). 
 
Complex (8),[(L)CuZn(CH3COO)2(H2O)4]: Yield: 75 %; m.p.>300 oC; color: green; molar 
conductivity (Λm): 9.9ohm-1cm2mol-1.Anal.Calcd. (%)forC32H34N4O12CuZn (FW = 795.56): C, 
48.31; H, 4.31; N, 7.04, Cu, 7.99; Zn, 8.22;  Found (%) C, 48.4; H, 4.2; N, 7.01, Cu, 7.97; Zn, 
8.20; IR (KBr, cm-1), 3413 υ(OH), 3053 υ(NH), 1605υ(C=N), 1681,1679 υ(C=O), 1320 υ(C-O), 
749υ(M←O), 640υ(M←N), 1477, 1372, 1430, 1320υsymCH3COO, υasymCH3COO (∆=105 cm-1 

and 110 cm-1 respectively). 
 
Complex (9),[(HL)Mn(CH3COO)(H2O)2]: Yield: 67 %; m.p. >300 oC; color: yellow; molar 
conductivity (Λm): 9.7ohm-1cm2mol-1.Anal.Calcd. (%)forC30H28N4O8Mn (FW = 627.50): C, 
57.42; H, 4.50; N, 8.93, Mn, 8.76; Found (%) C, 57.9; H, 4.30; N, 8.95, Mn, 8.77; IR (KBr, cm-1), 
3377 υ(OH), 3049 υ(NH), 1602 υ(C=N), 1689,1681 υ(C=O), 1107 υ(C-O), 582υ(M←O), 
497υ(M←N), 1465, 1352υsymCH3COO, υasymCH3COO (∆=113cm-1). 
 
Complex (10),[(H2L)Ag(CH3COO)]: Yield: 69%; m.p.>300 oC; color: yellow; molar 
conductivity (Λm): 9.8ohm-1cm2mol-1.Anal.Calcd. (%)forC30H25N4O6Ag (FW = 645.41): C, 55.83; 
H, 3.90; N, 8.68, Ag, 16.71; Found (%) C, 55.87; H, 3.79; N, 8.69, Ag, 16.72; IR (KBr, cm-1), 
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3409 υ(OH), 3053υ(NH), 1610 υ(C=N), 1700,1680 υ(C=O), 1247 υ(C-O), 529υ(M←O), 
469υ(M←N), 1500, 1380υsymCH3COO, υasymCH3COO (∆=120 cm-1). 
 

3. BIOLOGICAL ACTIVITY 
 
Cytotoxic activity: Evaluation of the cytotoxic activity of the ligand and its metal complexes was 
carried out in the Pathology Laboratory, Pathology Department, Faculty of Medicine, El-
Menoufia University, Egypt. The evaluation process was carried out in vitro using the Sulfo-
Rhodamine-B-stain (SRB) assay published method [14,15]. Cells were plated in 96-multiwell 
plate (104cells/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 µg/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 under 
5% CO2. After 48 hrs. cells were fixed, washed and stained with Sulfo-Rhodamine-B-stain. 
Excess stain was wash with acetic acid and attached stain was 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. 
 

4. RESULTS AND DISCUSSION 
 
All the metal complexes are stable at room temperature, non hydroscopic, insoluble in water, 
partially soluble in MeOH, EtOH, CHCl3 and (CH3)2CO and completely soluble in DMF and 
DMSO. The analytical and physical data, spectral data (experimental part, Tables 1-2) are 
compatible with the proposed structures, Figure 1-4. The molar conductance of the complexes in 
10-3 M DMF at 25 oC are in the 10.12-4.72 ohm-1cm2mol-1 range, indicating a non-electrolytic 
nature [19]. These low values commensurate the absence of any counter ions in their structure 
[17]. Many attempts were made to grow a single crystal but unfortunately, they were failed. 
Reaction of the ligand (1) with metal salts using (1L: 1M), (1L: 2M) and (1L: 1M: 1M*), molar 
ratios in ethanol gives complexes (2)-(10). 
 
Proton Nuclear Magnetic Resonance spectra (

1
H-NMR )of the ligand (1) and Zn(II) 

complex (7): The 1H-NMR spectra of ligandand Zn(II) complex (7) in deutrated DMSO show 
peaks consistent with the proposed structure. The 1H-NMR spectrum of the ligand shows 
chemical shift observed as singlet at 11.9 ppm (s, 2H, OH

27,35) which is assigned to proton of 
aromatic hydroxyl group. The chemical shifts which appeared at 8.0-8.1ppm range is attributed 
tothe azomethine protons (12.20H-C=N). However, the chemical shifts appeared as a singlet at 5.4 
ppm is attributed to the proton of NH attached to carbonyl group. A set of signals appeared as 
multiples in the 6.4-7.5 ppm range, corresponding to protons of aromatic ring [21]. By 
comparison the 1H NMR of the ligand and the spectrum of the Zn(II) complex (7). The absence of 
the signal characteristic to the OH group indicating that the ligand bonded with the Zn(II) ions in 
its deprotonated form. In addition, there is a significant downfield shift of the azomethine proton 
signal and one from NH groups  attached to carbonyl group  relative to the free ligand clarified 
that the metal ions are coordinated to the azomethine nitrogen atom and NH nitrogen atom. This 
shift may be due to the formation of a coordination bond (N→M) [19,17]. 
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Mass spectra: The mass spectra of(1) and its, Cu(II) complexes, (2),(4),(5)Zn(II) complex (7)and 
mixed complex (8) confirmed their proposed formulation. The spectrum of (1)reveals the 
molecular ion peak (m ⁄z) at 478.5 amu consistent with the molecular weight of the ligand. 
Furthermore, the fragments observed at (m ⁄z) = 55, 79, 106, 210, 367 and 478.5 amu correspond 
to C4H7, C6H7, C8H10, C16H18, C27H15N2 and C28H22N4O4 moieties respectively. Complex (2) 
shows fragments (m ⁄z) at 55, 91, 210, 316 and 636 amu due to C4H7, C7H7, C16H18, C22H10N3 and 
C30H28CuN4O8 moieties respectively. The fragments observed (m ⁄z)  at 80, 147, 334, 458 and 612 
amu for complex(4) were assigned to C2H12N2O, C4H11N4O2, C16H22N4O4, C24H36N5O4 and 
C28H25ClCuN4O6moieties, whereas the spectrum of Cu(II) complex (5) showed molecular ion 
peak at 673 assigned to the molecular weight of the complex and also showed fragments at 78, 
91,106, 181, 210 and316 which were assigned to C6H6,C7H7, C8H10,C14H13, C16H18 and C22H10N3. 
However, Zn(II) complex (7)gave fragments (m ⁄z) at 121, 223, 388 and 676 amu , corresponding 
to C3H11N3O2, C9H11N4O3, C20H28N4O4 and C28H26ZnN4O10S moieties respectively. Mixed 
complex(8) showed fragments (m ⁄z) at 119, 197, 257, 484, 590 and 795.5 amu due to C3H9N3O2, 
C7H9N4O3, C11H21N4O3, C27H26N5O4, C31H42N8O4 and C32H34CuZnN4O12moieties respectively.  
 

 
 

Fig. 1: Structure representation of Cu(II), Zn(II), Mn(II) complexes (2, 4, 6and 9) 
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Fig. 2: Structure representation of Cu(II) complex(3) 

 

 
 

Fig.3: Structure representation of Cu(II), Zn(II) complexes(5) and (7) 
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Fig.4: Structure representation of Cu(II) and Zn(II) mixed complex(8) 

 

 
 

Fig.5: Structure representation of Ag(I) complex (10) 
 

Infrared spectra (IR): The mode of bonding between the ligand and the metal ion revealed by 
comparing the IR spectra of the ligand (1) and its metal complexes (2)-(10). The ligand shows 
bands in the 3620-3230 and 3220-2500 cm-1 ranges, commensurate the presence of two types of 
intra- and intermolecular hydrogen bonds of OH and NH groups with imine group [24]. Thus, the 
higher frequency band is associated with a weaker hydrogen bond. The medium band at 3260 cm-

1 is assigned to v(NH) groups [24,25]. The v(NH) group in the complexes appears shifted from 
the  region of the free ligand indicating that, the NH group is involved in the coordination to the 
metal ion [26]. However, the characteristic bands of imines, v(C═N) and v(CH═C) were 
observed at 1623 and 1615 cm-1   respectively. Strong band appears at 1393cm-1 is attributed to the 
v(C-OH) vibration. The bands appear at 1490 and 762 cm-1   range, are assigned to v(Ar) vibration 
[26,27]. By comparing the IR spectra of the complexes (2)-(10) with that of the free ligand. It was 
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found that, the position of the v(C═N) bands of  imines is shifted by 21-74 cm-1   range towards 
lower wave number in the complexes indicating coordination through nitrogen of azomethine 
group (CH═N) [26,27]. This is also confirmed by the appearance of new bands in the 640-442 
cm-1 range, this has been assigned to the v(M-N) [27]. Complexes (2)-(4), (6), (8) and (9)show 
v(C-O) band in the 1322-1107 cm-1 range, indicating deprotonated of (C-OH) and lowering the 
value of the group confirming coordinated to the metal ion, However, complexes (5), (7) and (10) 
show v(C-OH) in the 1304-1247 range, indicating coordination to the metal ion [28]. The 
aromatic  ring  to  the  metal  ion  appears  in  the  1480-1455 cm-1  and 754-747 cm-1  ranges [30]. 
The IR spectra of the metal complexes (2)-(10) show bands in the 3635-3520 cm-1, 3700-3200 
cm-1, 3280-3210 cm-1 and 2760-2470 cm-1 ranges, commensurate the presence of two types of 
intra-and intermolecular hydrogen bonds. In acetate complexes, the acetate ion may be coordinate 
to the metal ion in unidentate manner [29]. In the case of acetate complexes (2), (3), (6), (8), (9) 
and (10) show bands in the 1260-1557 and 1251-1443 cm-1 ranges, assigned to the asymmetric 
and symmetric stretches of the COO group. The mode of coordination of acetate group has often 
been deduced from the magnitude of the observed separation between the υasym.(COO-) and 
υsym.(COO-). The separation value (∆) between υasym(COO-) and υsym.(COO-) in this complex was 
in the  105-214 cm-1 range suggesting the coordination of acetate group in these complexes as a 
monodentate fashion [24,29]. The sulphato complex (5) showsbands at 1170, 1118, 1056 and 725 
cm-1, and complex (7) shows bands at 1157, 1098, 1040, 1030 and 750 cm-1which assigned to 
monodentatesulphate group [30]. Complexes (2)-(10) show bands in the 640-442 cm-1 is assigned 
to v(M-N) [29]. Complexes (2)-(10) show bands in the 749-529 cm-1 are due to v(M-O) [28].   
 
Magnetic moments: The magnetic moments of the metal complexes (2)-(10) at room 
temperatures are shown in (Table 1). Copper(II) complexes (2)-(5) show values in the 1.5-
1.7B.M, range corresponding to one unpaired electron in an octahedral structure [17,32]. 
Manganese(II) complex (9) show value 5.7, indicating high spin octahedral geometry around the 
Mn(II) ion [24,34]. Zn(II) complexes (6) and (7) and Ag(I) Complex (10)show diamagnetic 
property [35]. Mixed complex (8) shows value 1.76 B.M, indicating an octahedral complex[36].  
  
Electronic spectra: The electronic spectral data for the ligand (1) and its metal complexes in 
DMF solution are summarized in (Table 1). Ligand (1) in DMF solution shows two bands at 320 
nm (ε =7.72 x 10-3 mol-1 cm-1) and 295 nm (ε = 7.12x 10-3 mol-1 cm-1) which may be assigned to 
n→π* and π→π* transitions of the immine and aromatic ring respectively [33]. Copper(II) 
complexes (2), (3), (4) and (5) show bands in the 295-275 and 310-305 nm ranges , these bands 
are due to intraligand transitions, however, the bands appear in the 495-450, 580-500 and 620-
600 nm ranges, are assigned to O→Cu, charge transfer, 2B1→2E and 2B1→

2B2 transitions, 
indicating a distorted tetragonal octahedral structure [37,38]. However, manganese(II) complex  
(9) show bands in the 288-285, 340-300, 440-400, 585-510 and 623-620 nm, the first two bands 
are within the ligand, however, the other bands are corresponding to 6A1g→

4Eg, 
6A1g→

4T2g and 
6A1g→

4T1g transitions which are compatible to an octahedral geometry around the Mn(II) ion 
[42]. Zinc(II) complexes (6) and (7), mixed complex (8), and silver(I) complex (10) show bands 
due to intraligand transitions [42].  
 
Electron spin resonance (ESR): The ESR spectral data for complexes (2)-(4) and (9) are 
presented in (Table2a). The spectra of copper(II) complexes (2-4) are characteristic of species d9 
configuration having axial type of a d(x2-y2) ground state which is the most common for copper(II) 
complexes [25,29]. The complexes show g||>g┴>2.0023, indicating octahedral geometry around 
copper(II) ion [45,46].The g-values are related by the expression G = (g||-2)/ (g┴ -2) [45,47], 
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where (G) exchange coupling interaction parameter (G). 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(2), (3) and (4) show 3.28, 2.85 and 3.37 values indicating spin-
exchange interactions take place between copper(II) ions. This phenomena is further confirmed 
by the magnetic moments values in the (1.65– 1.7 B.M.) range. The g||/A|| value is also 
considered as a diagnostic term for stereochemistry [48], the g||/A|| values in the (105-135 cm-1) 
range are expected for copper complexes within perfectly square planar geometry and for 
tetragonal distorted octahedral complexes are 150-250 cm-1. The g||/A|| values for the copper 
complexes are lie just within the range expected for the tetragonal distorted octahedral 
copper(II)complexes (Table2a). The g-value of the copper(II) complexes with a 2B1g ground state 
(g||>g┴) may be expressed by [49]: 

g||    = 2.002 – (8K2
||λ°/∆Exy)                                                                 (2) 

g┴   = 2.002 – (2K2
┴λ°/∆Exz)                                                                 (3) 

Where k|| and k┴ are the parallel and perpendicular components respectively of the orbital 
reduction factor (K), λ° is the spin-orbit coupling constant for the free copper, ∆Exy and ∆Exz are 
the electron transition energies of 2B1g→

2B2g and 2B1g→
2Eg. From the above relations, the orbital 

reduction factors (K||, K┴, K), which are measure terms for covalency [58], 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.  
 

Table 1:Electronic Spectra (nm) and magnetic moments (B.M) for the Ligand and Its Complexes 
 

No. Ligand/Complexes λmax (nm) µµµµeff (BM)  νννν2/νννν1 

(1) [H2L] 
295 nm (ε = 7.12x 10-3 mol-1 cm-1)  
320 nm (ε= 7.72 x 10-3 mol-1 cm-1) 

-  
- 

(2) [(HL)Cu(CH3COO)(H2O)2] 290,310,495,540,600 1.70  - 

(3) [(L)Cu(CH3COO)(H2O)2]2 295,305,465,560,615 1.65  - 

(4) [(HL)(Cu)Cl(H2O)2] 285,293,310,465,580,610  1.69  - 

(5) [(H2L)Cu(SO4)(H2O)2].2H2O 275,305,450,500,600,620  1.72  - 

(6)  [(HL)Zn(CH3COO)(H2O)2] 290,300,455,565,615  Dia.  - 

(7)  [(H2L)Zn(SO4)(H2O)2] 287,315,350, 390,450,520,580,650 Dia.  - 

(8) [(L)CuZn(CH3COO)2(H2O)4] 285,320,350,390,450,625   1.76   -- 

(9)  [(HL)Mn(CH3COO)(H2O)2] 285,300,340,400, 440,510,585,620, 
623 

5.83   - 

(10)  [(H2L)Ag(CH3COO)] 285,288,305,330,420,620 Dia.  - 
 

K2
┴ = (g┴- 2.002) ∆Exz /2λo     (4) 

K2
|| = (g|| - 2.002) ∆Exy /8λo     (5) 

K2 = (K2|| +2K2
┴)/3                                                                          (6) 
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K values (Table 2a), for the copper(II) complexes (2), (3) and(4) are indicating for a covalent 
bond character [34,51]. Kivelson and Neiman noted that, for ionic environment g||≥2.3 and for a 
covalent environment g||<2.3 [52]. Theoretical work by Smithseems to confirm this view [50]. 
The g-values reported here (Table 2) show considerable covalent bond character [34]. Also, the 
in-plane σ-covalency parameter, α2(Cu) was calculated by 
 

α2 (Cu) = (A||/0.036)+(g||-2.002)+3/7(g -2.002)+0.04                                      (7)                                                            

The calculated values (Table 2a) suggest a covalent bonding [34,51]. The in-plane and out of- 
plane π- bonding coefficients ββββ1

2 and ββββ2 respectively, are dependent upon the values of ∆Exy and 
∆Exz in the following equations [45]. 
 

α2ββββ2 = (g┴- 2.002) ∆Exy/2λo                                                                                           (8) 
 

α2ββββ1
2 = (g|| - 2.002) ∆Exz/8λo                       (9) 

 
In this work, the complexes (2), (3) and (4) show ββββ1

2 values 0.88, 0.82 and 0.74 indicating a 
moderate degree of covalency in the in-plane π-bonding [51,53]. ββββ2 value forcomplexes (3), (4) 
show 1.36 and 1.07 indicating ionic character of the out-of-plane, while ββββ2 value forcomplex (2) 
is 0.87 indicating a covalent bonding character out-of- plane π-bonding [51,53].  It is possible to 
calculate approximate orbital populations ford orbitals [29] by 
 

A|| = Aiso – 2B[1 ± (7/4) ∆g||]  ∆g||||||||= g||||||||- ge    (10) 

αp,d
 2 =2B/ 2B°                                                                   (11)   

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 [29]. The only physically meaningful results are found when A||||||||and A⊥⊥⊥⊥ 
were negative. The resulting isotropic coupling constant was negative and the parallel component 
of the dipolar coupling 2B are negative (-142, -125 and -151 G). These results can only occur for 
an orbital involving the dx2-y2 atomic orbital on copper. The value for 2B is quite normal for 
copper(Il) complexes [54]. The |Aiso| value was relatively small. The 2B value divided by 2Bo 
(The calculated dipolar coupling for unit occupancy of dx2-y2 (-235.11 G), using equation (10) 
suggests all orbital population close to 53-64 % d-orbital spin density, clearly the orbital of the 
unpaired electron is dx2-y2

55. Complex (9) shows an isotropic spectra with giso= 2.08. 

Table 2a: ESR data for metal (II) complexes 

 
agiso= (2g⊥⊥⊥⊥+ g||)/3,bAiso=(2A⊥⊥⊥⊥

+ A||)/3,CG = (g||-2)/ (g┴ -2)                                                             (12), (13) 
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Thermal analyses (Differential ThermalAnalysis(DTA) and Thermo Gravimetric 
Analysis(TGA)): Since the IR spectra indicate the presence of water molecules, thermal analyses 
(DTA and TGA) were carried out to certain their nature. The thermal curves in the temperature 
27-600°range for complexes (2), (3), (4), (5) and (6) are thermally stable up to 45 °C. Broken of 
hydrogen bonding occurs as endothermic peak within the temperature 45-50 °C as shown in 
(Table 2b). Dehydration is characterized by endothermic peak at the temperature 85 °C, 
corresponding to the loss of hydrated water molecules as in complex (5). The elimination of 
coordinated water molecules occur in 130-150°C range accompanied by endothermic  peaks as in 
complexes (2), (3), (4), (5) and (6) [60,61]. The TG and DTA thermogramof Cu(II) complex (2) 
showed that, the complexes decomposed in five steps. The first occurred at 50°C with no weight 
loss as endothermic peak, may be due to break of hydrogen bonding. The second step occurred  at 
150°C with 5.50% weight loss (Calc. 5.65%) could be due to the elimination of two coordinated 
H2O.  The TG curve displays another thermal decomposition at 265°C with 9.99% weight loss 
(Calc. 10.16%), which could be due to the loss of acetate group. The complex shows an 
exothermic peak observed at 320°C is due its melting point. Finally, exothermic peaks appear at 
455, 504, 559, 580 and 595 °C corresponding to oxidative thermal decomposition which proceeds 
slowly with leaving CuO with 14.71% weight loss (Calc. 14.75%)62. The TG and DTA 
thermogramof Cu(II) Complex (5) shows endothermic peak at 85 °C, with 5.03% weight loss 
(Calc. 5.07%) due to loss of two hydrated water molecule and another endothermic peak at130 °C 
with 5.26% weight loss (Calc. 5.35%) are assigned to two coordinated water molecules. The 
endothermic peak observed at 240 and 260°C with 15.04% weight loss (Calc. 15..04%), could be 
due to the elimination of Sulphate group. Another exothermic peak observed at 350 with no 
weight loss may be due to its melting point. Finally, the complex shows exothermic peaks at 400, 
450, 490, 560 and 590°C with 14.69% weight loss (Calc. 14.70%) corresponding to oxidative 
thermal decomposition which proceeds slowly with final residue, assigned to CuO29. The TG and 
DTA thermogramof Zn(II) complex (6) shows endothermic peak at 50°C, due to break of  
hydrogen bonding. Another endothermicpeak appeared at 150°C, with 5.40% weight loss (Calc. 
5.64%), due to loss of two coordinated water molecules.The endothermic peak observed at 260 
with 10.05% weight loss (Calc. 10.13%), could be due to the elimination of acetate group. The 
complex displayed another exothermic peak at 420°C may be assigned to its melting point. 
Oxidative thermal decomposition occurs in the 450, 500, 550 and 590°C with exothermic peaks, 
leaving ZnO with 15.01% weight loss (Calc. 15.04%) [62]. peak appeared at 150°C, with 5.40% 
weight loss (Calc. 5.64%), due to loss of two coordinated water molecules.The endothermic peak 
observed at 260 with 10.05% weight loss (Calc. 10.13%), could be due to the elimination of 
acetate group. The complex displayed another exothermic peak at 420°C may be assigned to its 
melting point. Oxidative thermal decomposition occurs in the 450, 500, 550 and 590°C with 
exothermic peaks, leaving ZnO with 15.01% weight loss (Calc. 15.04%) [62]. 
 
Chemotherapeutic studies: The biological activity of the ligand (1) and its metal complexes (2), 
(3), (4), (5), (9) and (10) were evaluated against HEPG-2 cell line.In this study, we try to know 
the chemotherapeutic activity of the tested complexes by comparing them with the standard drug  
(Vinblastine Sulfate). The treatment of the different complexes in DMSO showed similar effect in 
the tumoral cell line used as it was previously reported[63]. The solvent dimethyl sulphoxide 
(DMSO) shows no effect in cell growth. The ligand (1) shows a weak inhibition effect at ranges 
of concentrations used, however, the complexes showed better effect against HEPG-2 cell line. 
The obtained data indicate the surviving fraction ratio against HEPG-2 tumor cell line increasing 
with the decrease of the concentration in the range of the tested concentrations. Also, the Cu(II) 
complex (2) shows the highest potency of inhibition at 500 µg/ml against HEPG-2  cell line, 
compared with the standard drug [51].Cytotoxicity results indicated that the tested complexes (2) 



International Journal of Advances in Chemistry 

and (3) (IC50 = 0.95–0.98 µg/ml) demonstrated potent cytotoxicity against HepG2 cancer cells 
Figures6-8. Copper complex (3)

with IC50 value of 0.95 µg/ml, followed by copper complex
cytotoxicity of the copper complexes 
This can be explained as Cu(II)
nature of the metal ion has effect on the biological behavior, due to alter binding ability of DNA 
binding, so testing of different complexes is very interesting from this point of view. 
Chemotherapeutic activity of the complexes
was explained by Tweedy's chelation theory
increases the acidity of coordinated ligand that bears protons, leading to stronger hydrogen bonds 
which enhance the biological activity [65,66].
metal has been suggested to facilitate oxidated tissue injury through a free
pathway analogous to the Fenton reaction
evidence for metal - mediated hydroxyl radical formation
produced through a Fenton-type reaction as follows:
 

LM(II)   +  H

      LM(I)    +  H

Table 2b
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0.98 µg/ml) demonstrated potent cytotoxicity against HepG2 cancer cells 
(3) showed the highest cytotoxicity effect against HEPG

value of 0.95 µg/ml, followed by copper complex (2) with IC50 value 0.98
cytotoxicity of the copper complexes (2), (3) and (4) are more active than standard drugs used.
This can be explained as Cu(II) ion binds to DNA.  It seems that, changing the anion and the 
nature of the metal ion has effect on the biological behavior, due to alter binding ability of DNA 
binding, so testing of different complexes is very interesting from this point of view. 
Chemotherapeutic activity of the complexes may be attributed to the central metal atom which 
was explained by Tweedy's chelation theory [63,64]. Also, the positive charge of the metal 
increases the acidity of coordinated ligand that bears protons, leading to stronger hydrogen bonds 

he biological activity [65,66]. Moreover, Gaetke and Chow had reported that, 
metal has been suggested to facilitate oxidated tissue injury through a free-radical mediated 
pathway analogous to the Fenton reaction [66]. By applying the ESR-trapping technique

mediated hydroxyl radical formation in vivo has been obtained [48]
type reaction as follows: 

LM(II)   +  H2O2       →      LM(I)   +   .OOH   +  H+  

LM(I)    +  H2O2        →      LM(II)   +   .OH    +   OH- 

Where L, organic ligand 

Table 2b:Thermal analyses for metal (II) complexes 
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0.98 µg/ml) demonstrated potent cytotoxicity against HepG2 cancer cells 
showed the highest cytotoxicity effect against HEPG-2 cell line 

value 0.98 µg/ml. The 
are more active than standard drugs used. 

changing the anion and the 
nature of the metal ion has effect on the biological behavior, due to alter binding ability of DNA 
binding, so testing of different complexes is very interesting from this point of view. 

may be attributed to the central metal atom which 
Also, the positive charge of the metal 

increases the acidity of coordinated ligand that bears protons, leading to stronger hydrogen bonds 
Moreover, Gaetke and Chow had reported that, 

radical mediated 
trapping technique, 

in vivo has been obtained [48]. ROS are 
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Also, metal could act as a double-edged sword by inducing DNA damage and also by inhibiting 
their repair [67]. The OH radicals react with DNA sugars and bases and the most significant and  
well-characterized of the OH reactions is hydrogen atom abstraction from the C4 on the 
deoxyribose unit to yield sugar radicals with subsequent β-elimination (Scheme 2). By this 
mechanism strand break occurs as well as the release of the free bases. Another form of attack on 
the DNA bases is by solvated electrons, probably via a similar reaction to those discussed below 
for the direct effects of radiation on DNA [68]. In the ranges of concentrations used, the 
chemotherapeutic effect against HEPG-2 cell line are depicted in (Table 4), although, the 
complexes have the same anions, the variable activity of the complexes may be used to oxidation 
– reduction potentials. The cytotoxic effect of standard drugs and metal complexes in the ranges 
of concentrations used against human HEPG-2 cell lineare shown in Figures 6-8. 
 

Table 3: Order of cytotoxic effect of the studied complexes against HEPG-2 and MCF-7 cell line 
 

concentration                                  Order of cytotoxic effect of studied complex  

(HEPG-2 cell line)  

500 µg/ml (2)>(3)>(4)>std.>(10)>(1).>(8)> (9)  

125µg/ml                             (2)>(3)>(4) >std.>(8)>(10).>(1)> (9)  

31.25µg/ml Std.>(2)>(3) >(4)>(10)>(1).>(8)> (9)  

7.8µg/ml (3)>(2)>(4) >std.>(8)>(10).>(1)> (9)  

2.0µg/ml (2)>(3)>(4) >(8).>std.>(10).>(1)> (9)  

1.0µg/ml (3)>(2)>std.>(4)>(8)>(10).>(1)> (9)  

 

 
 

Fig.6 : Evaluation of cytotoxicity of metal complexes Against human hepatic HEPG-2 Cell Line 
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Fig.7:  IC50 values of the ligand, H2L (1) and its metal complexes against human hepatic HEPG-2 cell lines. 
 
Moreover, Gaetke and Chow had reported that, metal has been suggested to facilitate oxidated 
tissue injury through a free-radical mediated pathway analogous to the Fenton reaction [66]. By 
applying the ESR-trapping technique, evidence for metal - mediated hydroxyl radical formation 
in vivo has been obtained [48]. ROS are produced through a Fenton-type reaction as follows: 
 

LM(II)   +  H2O2       →      LM(I)   +   .OOH   +  H+ 

 
LM(I)    +  H2O2        →      LM(II)   +   .OH    +   OH- 

 
Where L, organic ligand.Also, metal could act as a double-edged sword by inducing DNA 
damage and also by inhibiting their repair [67]. The OH radicals react with DNA sugars and 
bases and the most significant and well-characterized of the OH reactions is hydrogen atom 
abstraction from the C4 on the deoxyribose unit to yield sugar radicals with subsequent β-
elimination (Scheme 2). By this mechanism strand break occurs as well as the release of the free 
bases. Another form of attack on the DNA bases is by solvated electrons, probably via a similar 
reaction to those discussed below for the direct effects of radiation on DNA [68]. 

 
Scheme 2: Suggested mechanism for OH radicals attack on DNA sugars and bases 
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In the ranges of concentrations used, the chemotherapeutic effect against HEPG-2 cell line  are 
depicted in (Table 4), although, the complexes have the same anions, the variable activity of the 
complexes may be used to oxidation – reduction potentials. The cytotoxic effect of standard drugs 
and metal complexes in the ranges of concentrations used against human HEPG-2 cell line are 
shown in Figures 6-8 
 

 
Fig.8: Evaluation of cytotoxicity of metal complexes Against human hepatic HEPG-2 Cell Line at 500 

µg/ml 
 
 
 
 

 

 

 

 

 

 

 

 

Fig. 9:  Histogram showed HepG cells treated with standard drug at 500 ug 
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Fig. 10:  Histogram showed HepG cells treated with complex (2) at 0.5ug 

 

Fig. 11:  Histogram showed HepG cells treated with complex (2) at 500 ug 

 

Fig. 12:  Histogram showed HepG cells treated with complex (3) at 0.5ug 
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Fig. 13:  Histogram showed HepG cells treated with complex (3) at 500 ug 

5. CONCLUSION 

Novel Schiff base ligand, N1,N2-bis(2-aminophenyl)oxalamide and its  copper(II), manganese(II), 
zinc(II) and silver(I) metal complexes were synthesized. The analytical and physicochemical data 
confirmed the composition and structure of the newly obtained compounds. The ESR spectra of 
solid Cu (II) complexes (2-4) show axial type indicating a d(X

2
-y

2
) ground state with significant 

covalent bond character. The complexes adopted distorted octahedral geometry around the metal 
ion. The ligand and its copper (II) complexes showed a high potential cytotoxic activity against 
growth human liver cancer HepG2 tumor compared to (Vinblastine Sulfate) standard drug. The 
tested complexes were found to be more active than the free ligand. This indicates enhancing of 
antitumor activity upon coordination. Copper complex (2) showed the highest cytotoxic activity 
against, HEPG-2 cell line with IC50 0.98 µg/ml. These compounds are promising candidates as 
anticancer agents because of their high cytotoxic activities. 
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