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ABSTRACT 

 

New binuclear Mn (II),Co (II),Ni (II),Cu (II),Zn(II),Cd (II), and Pb(II), of 

(1Z,2Z,5Z,6Z)-diethyl N'1,N'6-bis(2-hydroxyphenyl)-2,5-bis(1-((2-hydroxyphenyl) 

amino)ethylidene)hexanebis(imidate) dihydrate  have been prepared and characterized 

using elemental and thermal analysis, IR,UV-VIS, 1H-NMR,mass spectroscopy, 

magnetism, conductivity and ESR measurements. The conductivity data indicate non 

electrolytic in nature. The elemental and spectral data confirmed distorted octahedral 

structure of the complexes. The ESR spectra show the complexes anisotropic and 

isotropic type with covalent bond character. The invitro cytotoxic activity of the 

ligand and some of its complexes have been studied against liver cancer carcinoma. 
 

Keywords: Schiff-base, Complexes, Spectra, Magnetism, Thermal analyses, ESR, 

chemocytotoxic activity. 

 

INTRODUCTION 

 

Schiff-bases have recently drawn much interest coordination science as drug 

candidates with a wide scope of biological activity. Schiff -bases represent important series of 

chelating agents and are now being widely used to synthesize mono-, di- or polynuclear 

transition metal complexes. In the past two decades, the synthesis, structure and properties of 

Schiff- base complexes had stimulated much interest for their noteworthy contributions in 

single molecule-based magnetism, material science,1 catalysis of many reactions like 

http://www.chemistry-journal.org/


 Abdou Saad El-Tabl, et al., J. Chem. & Cheml. Sci. Vol.10(5), 230-252 (2020)  

231 

carbonylation, hydroformylation, reduction, oxidation, epoxidation and hydrolysis2 etc. The 

development of bioinorganic chemistry field has increased the interest in metal complexes, 

since it has been recognized that many of these compounds may serve as models for 

biologically important species3-5 Many Schiff-bases derivatives have shown notable 

bioactivity as chelating therapeutics, drugs, inhibitors of enzymes, intermediates in 

biosynthesis of nitrogen oxides6,7, antimicrobial8, anticancer9, fungicides10, bactericides11, 

antioxidant12,13, antidoting for nerve, antimalarial, and anticancer treatment through histone 

deacetylase inhibition14 Because of a developing enthusiasm for the in the improvement of 

metallo-helpful medications and metal-based operators , we revealed in this amalgamation and 

portrayal of new metallo-helpful applicants got from the novel ligand (1Z,2Z,5Z,6Z)-diethyl 

N'1,N'6-bis(2-hydroxyphenyl)-2,5-bis(1-((2-hydroxyphenyl)amino)ethylidene)hexanebis 

(imidate) dehydrate In continuation of our studies on Schiff –bases  and their metal 

complexes15-20. we  here  report  the  synthesis  and  characterization  of  Tetradentate Ligand  

(H6L) obtained by  the  condensation  between  ethyl acetoacetate and  ethylene dibromo ethane 

prepared  in ethanol and its metal complexes and also antimicrobial activity was prepared. The 

cytotoxic movement of  the ligand and some of  its complexes against hepatocellular 

carcinoma. have been discussed  

 

EXPERIMENTAL 

 

Instrumentation and measurements: The ligand and its metal complexes were analyzed for 

C, H, N and Cl at the Microanalytical center, Cairo University, Egypt. Standard analytical 

methods were used to determine the metal ion content21-22. Mass 1H-NMR spectra were 

obtained on BRUKER 400 MHz spectrometers. Chemical shifts (ppm) are reported relative to 

TMS. IR spectra of the ligand and its metal complexes were measured using KBr discs by a 

Jasco FT/IR 300E Fourier transform infrared spectrophotometer covering the range 400-4000 

cm-1. Electronic spectra in the 200-900 nm regions were recorded on a Perkin-Elmer 550 

spectrophotometer. The thermal analyses (DTA and TGA) was carried out on a Shimadzu DT-

30 thermal analyzer from room temperature to 800 ºC at a heating rate of 10 ºC/min. Magnetic 

susceptibilities were measured at 25oC by the Gouy method using mercuric 

tetrathiocyanatocobaltate(II) as the magnetic susceptibility standard. Diamagnetic corrections 

were estimated from Pascal’s constant23.  

The magnetic moments were calculated from the equation:  

eff M
corr T. . .2 84 . 

The molar conductance of 10-3 M solution of the complexes in DMSO was measured at 25 ºC 

with a Bibbyconductometer type MCl. The resistance measured in ohms and the molar 

conductivities were calculated according to the equation: 

𝑴 =
𝑽  𝑲  𝒈

𝑴𝒘 ∗
 

 

Where: M = molar conductivity / -1cm2 mol-1, V = volume of the complex solution/ mL, K 

= cell constant (0.92/ cm-1), Mw = molecular weight of the complex, g = weight of the 
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complex/g,  = resistance/ . ESR spectra were recorded using avarian E-109 

spectrophtometer. DPPH was used as standard materials. TLC confirmed the purity of the 

prepared compounds 
 

Synthesis of ligand: The ligand, (H6L) was prepared by dropwise addition 1,2 dibromo ethane  

(20.0 g, 0.13 mol) in 30 cm3 of ethanol to diethyl ethyl acetoacetate (29.0 g , 0.26 mol) 

dissolved in 20 cm3 of ethanol solution. The mixture was refluxed with stirring for 2 hours and 

then left to cool at room temperature .filtered off the formed precipitate and leave it to dry at 

room temperature. The ethanolic solution of product  (24.0g , 0.08 mol ) was added to  o-

amino  phenol (22.9g, 0.17 mol)  (1:2) dissolved in 30 cm3 ethanol . The mixture was stirred 

and refluxed for another three hours at 80 0C, then left to cool to room temperature. The solid 

product was filtered off, then dried under vacuum over anhydrous CaCl2 to give the ligand. 

Analytical data of the ligand are given in Table 1.  Synthesis of the ligand is shown in scheme (1). 
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Scheme (1): Synthesis of of ligand [H6L] (1) 
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Synthesis of metal complexes 

 

Preparation of metal complexes, (2-9) 
 

Synthesis of complexes (2-9) using (1L:2M) molar ratio . Complexes were carried out 

by refluxing a hot ethanolic  30 cm3 solution of ligand (1.0g, 0.002 mol) with a hot ethanolic 

solution 30 cm3 of the metal salts of (0.99 g, 0.002 mol) of Mn(OAc)2.4H2O, complex (2), (1.0 

g, 0.002 mol)of Ni(OAc)2.2H2O, complex (3), (0.08 g, 00.002 mol) of CuOAc)2.H2O, complex 

(4) , (0.89 g, 0.002 mol) of Zn(OAc)2.5H2O, complex (5) , (1.1 , 0.002 mol ) of Pb(OAc)2.H2O, 

complex (6) , (1.54 g, 0.004 mol) of Co(SO4)2.H2O, complex (7) , (0.64 g, 0.002 mol)of 

Cu(SO4)2.5H2O, complex (8), (1.01g, 0.002 mol) Cd(SO4)2, complex (9), The reaction 

mixtures were refluxed with stirring for 1–3 hrs. range, depending on the nature of the metal 

ion and the anion. The precipitates so formed were filtrated off, washed with ethanol, and dried 

in desiccators over anhydrous CaCl2 

 

Biological Activity 

 

Cytotoxic activity  
 

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, El-

Menoufia University, Egypt. The process was carried out in vitro using the Sulfo-Rhodamine-

B-stain (SRB) assay published method24-26. 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 (1, 2, 3.9, 

7.8, 15.6, 31.25, 62.5, 125 and 500µg/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 under 5% CO2. After 48 hrs. Cells were fixed, washed and stained with 

Sulfo-Rhoda mine-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. 

 

RESULTS AND DISCUSSION 

 

All metal complexes are colored, crystalline solids, non-hygroscopic, and air stable solids at 

room temperature without decomposition for a long time. The complexes are insoluble in 

water, ethanol, methanol, benzene, toluene, acetonitrile and chloroform, but appreciably 

soluble in both dimethylformamide (DMF) and dimethylsulfoxide (DMSO). The analytical 

and physical data (table 1) and spectral data, (tables 2-4) agree well with the proposed structures 

(Figure 1). The elemental analyses indicated that, all complexes were found to (1L: 2M) molar 

ratios. 
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Table 1:-Analytical and Physical Data of the Ligand [H6L] (1) and its Metal complexes. 
 

No. Ligand/Complexes Color FW 
M.P 

(OC) 

Yield 

(%) 

Anal. /Found (Calc.) (%)  Molar 

conduc

tance* 
C H N M Cl 

(1) 
[H6L] 

C38H46N4O8 

Reddish 

brown 
686.79 >300 75  (66.45)  (6.75)  (8.16) - -  

(2) 
[(H6L)(Mn)2(OAc)4].2H2O 

C46H58Mn2N4O16 

Purple 

gray 
1032.85 >300 70  (50.0)  (6.02)  (5.07)  (9.94) - 5.06 

(3) 
[(H6L)( (Ni)2(OAc)4].2H2O 

C46H58N4Ni2O16 
blue 1040.36 >300 75  (49.67)  (5.98)  (5.04) 

 

(10.55) 
- 6.3 

(4) 
[(H6L)(Cu)2(OAc)4].3H2O 

C46H60Cu2N4O17 

Greenish 

yellow 
1068.08 >300 78  (48.46)  (6.01)  (4.91) 

 

(11.15) 
- 4.97 

(5) 
[(H6L)(Zn)2 (OAc)4].3H2O 

C46H60N4O17Zn2 
Gray 1071.77 >300 80  (48.30)  (5.99)  (4.90) 

 

(11.43) 
- 8.70 

(6) 
[H6L)(Pb)2 (OAc)4]. H2O 

C46H56N4O15Pb2 
Brown 1319.35 >300 73  (39.71)  (4.64)  (4.03) (29.78) - 5.37 

(7) 
[(H6L)(Co)2 (SO4)2 (H2O)2]. 

H2O C38H48Co2N4O17S2 

Dark 

green 
1014.8 >300 85  (41.99)  (5.19)  (5.15) 

 

(10.84) 
- 345 

(8) 
[(H6L) (Cu)2 (SO4)2 (H2O)2]. 

H2O C38H48Cu2N4O17S2 
Gray 1024.03 >300 75  (41.64)  (5.15)  (5.11) 

 

(11.60) 
- 4.75 

(9) 
[(H6L) (Cd)2 (SO4)2 (H2O)2]. 

H2O C38H48Cd2N4O17S2 

Dark 

brown 
1121.76 >300 65  (38.23)  (4.73)  (4.69) (18.83) - 5.88 
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Figure 1: Proposed structures of the ligand and its metal complexes 

 

Conductance measurements: The molar conductivities of the complexes were measured in 

DMSO solvent with 1.0×10-3 M. The low magnitudes of molar conductivities -1cm2mol-1 

(listed in Table 1) indicated that, all of the complexes possess non-electrolytic nature27. These 

values agree well with the analytical data assigned to the involvement of the anions groups in 

the metal coordination. 

Mass spectra: Mass spectrometry was used to confirm the molecular ion peaks of H6L Schiff- 

base and also to investigate the fragment species28. The recorded mass spectrum of H6L ligand 

revealed molecular ion peak confirms strongly the proposed formula. It showed a molecular 

ion peak at m/z 686 amu, confirming its formula weight (F.W. 686) and the purity of the ligand 

prepared. The prominent mass fragmentation peaks  observed at m/z = 57, 69, 147, 205, 297, 

381, 396,409,544 and 686, amu corresponding to C4H9, C5H9, C10H11O, C13H17O2, 

C18H19NO3, C21H21N2O5, C21H22N3O5, C22H23N3O5, C30H30N3O7, and C38H46N4O8 moieties 

respectively supported the suggested structure of the ligand (Table 2, i ) 
 

Table(2) 

i. Mass spectrum of the ligand [H6L](1) 
 

m/z Rel. Int. Fragment 

57 19.00 C4H9 

69 20.21 C5H9 

147 21.92 C10H11O 

205 15.74 C13H17O2 

297 17.34 C18H19NO3 

381 23.86 C21H21N2O5 

396 100.0 C21H22N3O5 

409 15.56 C22H23N3O5 

544 13.10 C30H30N3O7 

686 12.07 C38H46N4O8 
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The mass spectrum of the [(H6L)(Cu)2(OAc)4(H2O)4].3H2O complex (4) showed the 

molecular ion peak at m/z 1068 amu, confirming its formula weight (F.W. 1068).The mass 

fragmentation patterns observed at m/z = 55, 97 129, 220, 410, 448, 616, 672, 726,775,823,988 

and 1068 amu correspond to C4H7, C7H13, C8H17O, C10H20O5, C14H22N2O12, C17H20N2O12, 

C26H20N2O16, C28H20N2O18, C32H26N2O18, C36H27N2O18, C40H27N2O18, C44H68N4O21 and 

C46H60Cu2N4O17 moieties, respectively, strongly supported the suggested structure of the 

complex. (Table 2, ii ) 
 

ii. Mass spectrum of Cu (II) complex (4) 

m/z Rel. Int. Fragment 

55 100.0 C4H7 

97 20.71 C7H13 

129 22.92 C8H17O 

220 21.45 C10H20O5 

410 17.23 C14H22N2O12 

448 16.08 C17H20N2O12 

616 18.12 C26H20N2O16 

672 15.26 C28H20N2O18 

726 13.12 C32H26N2O18 

775 14.30 C36H27N2O18 

823 16.14 C40H27N2O18 

988 15.17 C44H68N4O21 

1068 13.15 C46H60Cu2N4O17 
 

However the mass spectrum of the [(H6L)(Co)2 (SO4)2 (H2O)6]. H2O complex (7) 

showed the molecular ion peak at m/z 1014 amu, confirming its formula weight (F.W. 

1014).The mass fragmentation patterns observed at m/z = 55 , 73 , 185, 212, 304, 363, 433, 

508, 567, 596, 672,750,904 and 1014 amu correspond to C4H7, C4H9O, C12H10NO, 

C14H14NO, C18H12N2O3, C20H25N2O5, C25H25N2O5 C25H20N2O10 C25H31N2O13, C25H28N2O15 

C31H32N2O15, C32H36N3O18 C38H54N4O21,,and C38H48Co2N4O17S2 moieties, respectively, 

supported the suggested structure of the complex. (Table 2, iii) 
 

ii. Mass spectrum of Co(II) complex (7) 

m/z Rel. Int. Fragment 

55 100.0 C4H7 

73 55.09 C4H9O 

185 16.87 C12H10NO 

212 19.63 C14H14NO 

304 15.76 C18H12N2O3 

363 17.17 C20H25N2O5 

433 16.40 C25H25N2O5 

508 18.33 C25H20N2O10 

567 16.30 C25H31N2O13 

596 14.36 C25H28N2O15 

672 15.28 C31H32N2O15 

750 13.24 C32H36N3O18 

904 15.41 C38H54N4O21 

1014 13.12 C38H48Co2N4O17S2 
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Proton nuclear magnetic resonance spectra (1H-NMR) 
 

The 1H-NMR spectra of ligand (1) and its complexes Pb (II) complex (6) Zn(II) 

complex(7): in deutrated DMSO show peaks consistent with the proposed structures. The 1H-

NMR spectrum of the ligand shows chemical shift observed as singlet at 15.7 ppm (s, H, OH) 

which is assigned to proton of aromatic hydroxyl group. The chemical shifts which appeared 

at 8.1-8.5 ppm range is attributed to the azomethine protons (H-C=N). However, the chemical 

shifts appeared as a singlet at 5.1 ppm is attributed to the proton of NH group. A set of signals 

appeared as multiples in the 6.1-7.7 ppm range, corresponding to protons of aromatic rings. 

By comparison the 1H- NMR of the ligand and the spectrum of the Pb(II) complex (6) Zn(II) 

complex(7) show the presence of the signal shifted to downfield shift characteristic to the OH 

group indicating that, the ligand bonded with the ions in its protonated form. In addition, there 

is a significant downfield shift of the azomethine proton signal and one from NH groups 

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)29. Also, the appearance of new signal at 1.3ppm is due to proton acetate group.  

 

IR Spectra  
 

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 (2-9). The ligand shows bands in the 3670-

3343, 3330-2870 cm-1 ranges, and commensurate the presence of two types of intra- and 

intermolecular hydrogen bonds of OH and NH groups with imine group30.  Strong band 

appeared at 1710,1685 cm-1  related to v(C═O),  (C=N) respectively. The medium band 

appeared at 13180 cm-1 is assigned to  (N=H) group31. The  (NH) group in the complexes 

was shifted from the region of the free ligand indicating that, the NH group is involved in the 

coordination to the metal ion32. The bands appear 1450,790 cm-1, are assigned to  (Ar) 

vibration33-35. By comparing the IR spectra of the complexes (2-9) with that of the free ligand. 

It was found that, the IR spectra of the metal complexes (2-9) show bands in the 3670-3610 

cm-1, 3340-3218 cm-1, 3330-3220 cm-1 and 2870-2550 cm-1 ranges, commensurate the 

presence of two types of intra-and intermolecular hydrogen bonds and also hydrated or 

coordinated water molecules. Also the position of the  (C═N) bands of  imines is shifted by 

2-72 cm-1 range towards lower wave number in the complexes indicating coordination through 

nitrogen of azomethine group (CH═N)36-38.This is also confirmed by the appearance of new 

bands in the 558-548 cm-1 range, this has been assigned to the  (M-N)39. Complexes (2-9) 

shows  (C=O) band at 1710-1651 range , However, complexes (2-9) show lower shift , 

indicating coordination to the metal ion in protonated form and lowering the value of the group 

confirming coordinated to the metal ion40. The aromatic ring vibrations appeared in the 1450-

1390 cm-1 and 790-760 cm-1 ranges41. In acetate complexes, the acetate ion may be coordinated 

to the metal ion in unidentate manner42. As in the case of acetate complexes (2-6) show bands 

in the 1540-1520 and 1322-1310 cm-1 range, assigned to the asymmetric and symmetric 

stretches of the COO- group. The mode of coordination of acetate group has often been 
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deduced from the magnitude of the observed separation between the asym.(COO-) and 

sym.(COO-). The separation value ( ) between asym(COO-) and sym.(COO-) in these 

complexes was in the  105-100 cm-1 range suggesting the coordination of acetate group as a 

monodentate fashion43. The sulphato complexes (7-9) show bands at  (1290,1120,1100 and 

691, cm-1), ( 1295,1128,1117and 697 cm-1) and ( 1255,1130,1078 and705 cm-1) respectively, 

which assigned to monodentate sulphate group44. Complexes (2-9) show bands in the 558-548 

cm-1 is assigned to  (M-N) and bands in the 638-610 cm-1 range respectively are due to  (M-

O)45. The IR data are shown in table3. 

 
Table 3:- IR Frequencies of the Bands (cm-1) of Ligand [H6L], (1) and its Metal complexes 

 

No. ν(H2O) ν(OH) 
υ(H-

bonding) 
ν(C=N) 

 

ν(C=O) ν(NH) ν(OH)phenolic ν(Ar) ν(OAc)/SO4)  
υ(M-

O) 

υ(M-

N) 

(1) - 
3450, 

3420 

 

3670-
3340, 

3330-

2870 

1685 1710 3180 3610 
1450, 

790 
- - - 

(2) 
3580-

3350 

3423, 

3360 

3630-

3218, 

3210-
2974 

1578 1670 3170 3608 
1440, 

787 

1540, 

1310 
617 550 

(3) 
3560-

3250 

3423, 

3360 

3640-

3320, 

3310-
2973 

1608 1680 3167 3605 
1390, 

777 

1520, 

1310 
620 552 

(4) 
3570-

3370 

3410, 

3370 

3630-

3350, 

3280-

2860 

1590 1675 3158 3609 
1395, 

775 

1530, 

1320 
638 558 

(5) 

3550-

3360 

 

3410, 
3370 

3520-

3230, 
3220-

2710 

1610 1660 3160 3604 
1419, 
754 

1520, 
1322 

610 552 

(6) 

3570-

3360 
 

3420, 

3380 

3620-
3280, 

3270-

2550 

1580 1651 3155 3609 
1530, 

782 

1520, 

1315 
620 552 

(7) 

3560-

3340 
 

3410, 

3360 

3630-
3320, 

3310-

2679 

1590 1690 3170 3606 
1430, 

775 

 
1290,1120, 

1100, 
691 

 

624 548 

(8) 

3570-

3360 
3364, 

3325 

 

3433, 

3370 

3650-

3260, 

3250-

2363 

1630 1680 3165 3604 
1425, 

771 

 

1295,1128, 
1117, 

697 

 

618 550 

(9) 

3555-

3380 

3280, 
3140 

3427, 

3350 

3610-

3290, 

3280-
2784 

1650 1670 3155 3605 
1420, 

760 

1255,1130, 

1078, 

705 
 

617 553 
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Electronic spectra and magnetic moments. 
 

The electronic absorption spectral data of the ligand and its metal complexes in DMF 

are listed in Table 4. The ligand showed two bands at 290 and 310 nm. The first band may be 

assigned to 𝜋 →𝜋∗ transition which is nearly unchanged upon complexation, however, the 

second band corresponded to the n → 𝜋∗ and charge transfer transitions of the azomethine and 

carbonyl groups46. These bands were shifted to lower energy upon complex formation, 

indicating participation of these groups in coordination with the metal ions. The electronic 

spectra of copper(II) complexes (4) and (8) were nearly identical and showing  bands at 

265,280,305,470,540,615 nm, 263,275,285,308,440,560,610 nm respectively. The first two 

bands are assigned to intraligand transitions ,however the other bands are assigned  to 2B1g 

→2A1g 𝜐1(d𝑥2-𝑦2 → d𝑧2 ),2B→2B2g, 𝜐2(d𝑥2-𝑦2 → d𝑥𝑦), and 2B1g →2Eg, 𝜐3(d𝑥2-𝑦2 → d𝑥𝑦, d𝑦𝑧) 

transitions, respectively. These transitions indicated that,  the copper(II) ion has a tetragonally 

distorted octahedral geometry. This could be due to the Jahn-Teller effect that operates on the 

d9 electronic ground state of six coordinate system, elongating one trans pair of coordinate 

bonds and shortening the remaining four ones47. The magnetic moments for copper(II) 

complexes at room temperature were in the 1.30-1.96 range BM, supporting that the 

complexes have octahedral geometry48. Nickel(II) complexes (3) displayed bands at 

265,282,306,462,548,603,735 nm. The  first bands are corresponding to intraligand transition, 

however the other bands due to 3A2g(F)→3T2g (𝜐1), 3A2g(F) →3T2g(F) (𝜐2) , ,and 3A2g(F) 

→3T1g(P) 𝜐3 transitions, indicating octahedral nickel(II) complexe, the 𝜐2/𝜐1 =1.3 indicating 

distorted octahedral structure49. The values of magnetic moments for nickel (II) complexes (3) 

were in the 3.12 B.M. ranges, which are consistent with two unpaired electrons state, 

confirming octahedral geometry around  nickel(II) ion50. Manganese(II) complex (2) displayed 

bands at 260,285,305, 470,530, 620 nm, the first bands are due to intraligand transations, 

however,  the other bands are assigned to 6A1g →4Eg, 6A1g →4T2g, and 6A1g →4T1g transitions, 

respectively, corresponding to an octahedral structure for manganese(II) complex51. Since all 

the excited states of Mn(II) ion either quartets or doublets, the absorption spectra of Mn(II) 

ion have only spin forbidden transitions. Therefore, the intensity of transitions was weak. The 

value of magnetic moment for manganese(II) complex (2) is 6.35.M. which is consistent with 

high spin octahedral geometry for manganese(II) complex52. The observed bands for zinc(II)  

complex (5), lead (II) complex (6) and cadmium(II) complex (9) (Table 4) are due to intra 

ligand transitions within the ligand and show diamagnetic property53. 
 

 

Table 4: The electronic spectra (nm) and magnetic moments (B.M.) for the ligand [H6L](1), and its complexes 
No. λ max

  (nm) eff in B.M. 

(1) 290 nm (log  =3.98), 310 nm ( log  =4.25) - 

(2) 260,285,305, 470,530, 620 6.35 

(3) 265,282,306,462,548,603,735 3.12 

(4) 265,280,305,470,540,615 1.71 

(5) 265,288,308 Dimag. 

(6) 265,286,306 Dimag. 

(7) 265,285,303,310,450,560,630 4.11 

(8) 263,275,285,308,440,560,610 1.69 

(9) 265,288,308 Dimag. 
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Electron spin resonance (ESR) 
 

To obtain further information about the stereochemistry and the nature the metal 

ligand bonding, ESR spectra of solid Mn (II),Co(II), Cu (II) complexes (4)  and (8) (Table 5) 

have been carried out.54. The spectra Cu(II) complexes (4)  and (8) showed that, the complexes 

exhibited anisotropic signals with g values g 2.19 and 2.13, and respectively. These values are 

characteristic for a species d9 configuration with an axial symmetry type of a  d(x2-y2) ground 

state55. The values of g  and g  are closer to 2.00 and g   > g  > ge (2.0023) indicating that, the 

complexes possessed a distorted octahedral copper(II) geometry corresponding to an 

elongation along the four fold symmetry z-axis56. Also, the value of g  /A   may be considered 

as a diagnostic of the stereochemistry. It has been suggested that, this quotient may be used as 

an empirical index of geometry57. The range reported for square-planar complexes are 105-

135 cm-1 and for tetrahedral distorted complexes 150-250 cm-1 . The g /A  values for the 

complexes under consideration lie just in the range which expected for distorted octahedral 

copper(II) complexes . In addition, the exchange coupling interaction between copper (II) ions 

is explained by Hathaway expression which stated that G = (g  -2)/ (g -2). If the value of G is 

greater than four, the exchange interaction is negligible whereas when the value of G is less 

than four a considerable interaction is present in solid complexes . The G values of the 

copper(II) complexes are 3.-6 range [Table 5], since the interaction between copper(II) ions 

are present. Kivelson and Neiman noted that, for an ionic environment, g  is normally 2.3 or 

larger but for covalent environment g  is less than 2.3. The values of the present complexes are 

less than 2.3, so there a significant degree of covalence in the metal-ligand bonding58.  

The σ – parameter ( 2 ) was calculated from the following equations 
2 = (g  - 2.0023) + 3/7 (g  - 2.0023) - )P) + 0.04…………………….….…  (1) 

Where P is the free ion dipolar term which is equal 0.036, A  is the parallel coupling constant 

expressed in cm-1. The 2 values of the copper complexes [Table 5], these values indicate to 

the presence of a significant in-plane  covalent character59 . 

oxzEgK 8/)0023.2(2
………………………………….…………   (2) 

oxyEgK 2/)0023.2(2

….………………………......……….…..…   (3) 

3/)2( 222 kkK
………………………….……………………..……….   (4) 

Where o is the spine orbit coupling of free copper ion (-828 cm-1) and Exy and Exz are the 

electronic transition energies of 2B1→2B2 and 2B1→2E respectively. For the purpose of 

calculation, it was assumed that, the maximum in the band corresponds to Exy and Exz can 

be taken from the wavelength of these bands. From the above relations, the orbital reduction 

factors (K||, K┴ and K) which are a measure of covalency can be calculated. For an ionic 

environment, K=1 and for a covalent environment K < 1; the lower the value of K, the greater 

is the covalent character. The values of K for copper complexes are less than one which 

inductive to considerable covalent bond character. The plane and out-of-plane -bonding 
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coefficients (
2

1 and
2

) respectively are dependent upon to values of Exy and Exz in the 

following equations:- 

oxyEg 2/)002.2(22

……………………………………………   (5) 

oxzEg 8/)002.2(2

1

2

……………………………………………..   (6) 

  The copper complex (4)  showed 
2

1 values 1.1 indicating a moderate degree of 

covalent character in the in-plane -bonding, while β2 are 2.1, indicating covalent character in 

the out - of-plane -bonding. However, Mn (II) (2) and Co (II) complex (7) showed isotropic 

type with g iso = 2.05,2.09. indicating octahedral structure around metal ions It is possible to 

calculate approximate d orbital population using the following equation  

A  =Aiso - 2B [1± (7/4) Δg  

a2d = 2B/2Bo 

Where 2Bo is the calculated dipolar coupling for unit occupancy of d orbital .When the data 

are analyzed using the Cu63 hyperfine coupling and considered all the sign combinations. The 

orbital populations for complexe (4) are 54%, 88%, y, indicating a d (x2-y2) ground state. 
Table 5. ESR data for some metal (II) complexes 

a) giso = (2g┴ + gǁ)/3,  b) Aiso = (2A┴ + Aǁ)/3,  c) G= (gǁ - 2)/ (g┴ - 2) 
 

Thermal analyses (DTA and TGA) 

The thermal data of the complexes are given in Table 6. Such data corroborate the 

stoichiometric formula, number of water molecules, and end products60. Thermogravic curves 

of complexes (2), (3), (4), (7) and (8) were introduced as representative examples. 

Thermogram of complex (2) [(H6L)(Mn)2(OAc)4].2H2O exhibited five-steps decomposition, 

the first step involving breaking of H-bondings accompanied with endothermic peak at 45 oC.  

In the second step, two molecules of hydrated water molecules were lost endothermically with 

appearance of a peak at 80 oC accompanied by 3.7% (3.26%) weight loss.  Then, four  

molecules of hydrated water molecules were lost endothermically with appearance of a peak 

at 120 oC accompanied by 6.1% (6.7%) weight loss. The weight loss 23.12 (Calc 23.69%) 

accompanied by an endothermic peak at 260 oC was assigned to loss of four acetate groups 

(4OAc). The endothermic peak observed at 410o C refers to the melting point of the complex. 

The final step  was observed as exothermic peaks in  the 440-650 0C range with 19.7% weight 

loss (Calc 19.44%), refers to complete  oxidative decomposition of the complex which ended 

No. g  g  giso
a 

A  

(G) 

A  

(G) 

Aiso
b 

(G) 
G c ΔExy

 ΔExz K 2 K 2 K 

 

K2 

 

g /A  α  2 ß 2 ß1
2 -2 ß 

ad
2 

(%) 

(2) - - 2.05 - - - - - - - - - - - - - - 

(4) 2.19 2.08 2.12 120 15 30 2.41 18518 21276 0.99 0.52 0.86 0.83 284.4 0.47 2.1 1.1 156.7 54% 

(7)   2.09                 

(8) 2.13 - 2.06  - - - - - - - - - - - - - - - - 
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up with the formation of  2(MnO). Complex (3) [(H6L)( (Ni)2(OAc)4(H2O)4].2H2Oexhibited 

multiple decomposition steps, the first step involving breaking of H-bondings accompanied 

with endothermic peak at 50 oC.  In the second step, two molecules of hydrated water 

molecules were lost endothermically with a peak at 85oC accompanied by 3.42% (Calc 3.23%) 

weight loss,.then four molecules of coordinated water were lost endothermically with a peak 

at 130 oC accompanied by 6.15% (Calc 6.69%) weight loss. 23.13% (Calc 23.50%) weight 

loss accompanied by an endothermic peak at 250 oC was assigned to loss of coordinated  four 

acetate group (OAc). The endothermic peak appeared at 430 oC refers to the melting point of 

the complex. The final step  was observed  as exothermic peaks at 450-620 0C range with 

19.27% weight loss (Calc 20.8%), refers to complete  oxidative decomposition of the complex 

which ended up with the formation of 2(NiO). Complex (4) [(H6L) (Cu)2 (OAc)4 

(H2O)4].3H2O exhibited multiple decomposition steps, the first step involving breaking of H-

bondings accompanied with endothermic peak at 50 oC.  In the second step, three molecules 

of hydrated water molecules were lost endothermically with a peak at 85 oC accompanied by 

3.42% (Calc 3.72%) weight loss. 6.15% (Calc 6.6%) weight loss accompanied by an 

endothermic peak at 130 oC was assigned to loss of four coordinated water molecules . Weight 

loss. 23.83% (Calc 23.27%) weight loss accompanied by an endothermic peak at 250 oC was 

assigned to loss of four coordinated acetate groups (4OAc). The endothermic peak observed 

at 420 oC refers to the melting point of the complex. The final step observed  as exothermic 

peaks at 450-620 0C range with 20.1% weight loss (Calc 20.8%), refers to complete oxidative 

decomposition of the chelate which ended up with the formation of 2 (NiO) . Complex (7) 

[(H4L)(Co)2 (SO4)2 (H2O)6]. H2O exhibited multiple decomposition steps, the first step 

involving breaking of H-bondings accompanied with endothermic peak at 45 oC.  In the second 

step, one   molecule of hydrated water were lost endothermically with a peak at 70 oC 

accompanied by 1.18% (Calc 1.65%) weight loss. ,.then six molecule of coordinated water 

were lost endothermically with a peak at 1450 C accompanied by 9.85% (Calc %10.11) weight 

loss. 20.4  (Calc 21..0%) weight loss accompanied by an endothermic peak observed at 260 
oC was assigned to loss of two coordinated sulphate group (SO4)65. The endothermic peak 

observed at 390oC refers to the melting point of the complex. The final step observed a 

exothermic peaks  at 430-660 0C range with 19.23% weight loss (Calc 19.27%), refers to 

complete oxidative decomposition of the complex which ended up with the formation of 

2(CoO). Complex (8) [(H6L) (Cu)2 (SO4)2 (H2O)6]. H2O.exhibited multiple decomposition 

steps, the first step involving breaking of H-bondings accompanied with endothermic peak at 

40 oC.  In the second step 1.7% (Calc 1.64%) weight loss accompanied by endothermic peaks 

appeared at 65oC of one   molecule of hydrated water,.then six molecule of coordinated water 

were lost endothermically with a peak at 1100 C accompanied by 9.56% (Calc %10.01) weight 

loss and 280 oC were assigned accompanied by 19.89% (Calc %19.79) weight loss  of two 

coordinated sulphate groups (2SO4). The endothermic peak observed at 360 oC refers to the 

melting point of the complex. The final step observed as exothermic peaks  at 420-640 0C 

range with 20.52 weight loss (Calc 20.82%), refers to complete oxidative decomposition of 

the complex which ended up with the formation of 2( CuO). 
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Table 6: Thermal analyses for some metal (II) complexes 

Compound No. 
Molecular formula 

Temp. 
(oC) 

DTA (peak)          TGA (Wt.loss 

%) Assignments 

Endo       Exo     Calc.  Found 

Complex (2) 

[(H6L) (Mn)2 (OAc)4 
(H2O)4].2H2O 

C46H66Mn2N4O20 

45 endo - - - Broken of H-bondings 

80 endo  3.26 3.7 
Loss of (2H2O) hydrated water 

molecules 

120 endo - 6.7 6.1 
Loss of (4H2O) coordinated water 

molecules 

260 endo - 23.69 23.12 
Loss of  coordinated(4 OAc) 

group 

410 endo  - - Melting point 

440,520,620,630,650 - exo 19.47 19.7 
Decomposition process with the 

formation of (2MnO) 

Complex (3) 

 

[(H6L) (Ni)2 (OAc)4 

(H2O)4].2H2O 

C46H68Cu2N4O21 

50 endo - - - Broken of H-bondings 

85 endo  3.23 3.42 
Loss of (2H2O) hydrated water 

molecules 

130 endo - 6.69 6.15 
Loss of (4H2O) coordinated water 

molecules 

250 endo  23.50 23.13 
Loss of  coordinated(4 OAc) 

group 

430 endo - - - Melting point 

  450,550,600,620,620 - exo 20.8 19.27 
Decomposition process with the 

formation of (2NiO) 

Complex (4) 

 

[(H6L) (Cu)2 (OAc)4 

(H2O)4].3H2O 

C46H68Cu2N4O21 

50 endo - - - Broken of H-bondings 

85 endo  4.73 4.42 
Loss of (3H2O) hydrated water 

molecules 

130 endo - 6.6 6.15 
Loss of (4H2O) coordinated water 

molecules 

250 endo  23.27 23.83 
Loss of  coordinated(4 OAc) 

group 

420 endo - - - Melting point 

450,550,600,620,620 - exo 20.8 20.1 
Decomposition process with the 

formation of (2CuO) 

Complex (7) 

[(H6L)(Co)2 (SO4)2 

(H2O)6]. H2O 

C38H56Co2N4O21S2 

45 endo 
 
- 

 
- 

 
- 

Broken of H-bondings 

70 endo  1.65 1.18 
Loss of (H2O) hydrated water 

molecule 

145 endo - 10.11 9.85 
Loss of (6 H2O) coordinated water 

molecules 

260 endo - 21.0 20.4 Loss of  coordinated( 2SO4) group 

390 endo - - - Melting point 

430,480,500,550,660 - exo 19.27 19.23 
Decomposition process with the 

formation of 2(CoO) 

 

 

Complex (8) 

[(H6L) (Cu)2 (SO4)2 

(H2O)6]. H2O. 

C38H56Cu2N4O21S2 

 

 

40 

 

endo 

 

- 

 

- 

 

- 

 

Broken of H-bondings 

65 endo  1.64 1.7 
Loss of (H2O) hydrated water 

molecule 

110 endo - 10.01 9.56 
Loss of (6H2O) coordinated water 

molecules 

280 endo - 19.79 19.89 Loss of  coordinated(2SO4) group 

360 endo - - - Melting point 

420,480,560,610,640 - exo 20.82 20.52 
Decomposition process with the 

formation of (2CuO) 
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Cytotoxic Activity 
 

The cytotoxic activity of the ligand H6L (1) and some of its metal complexes (4), (8) 

and (9) was evaluated against human liver HepG2 cancer cell within 0.1–500 𝜇g/L 

concentration range as shown in figure (2). The IC50 values were calculated for each compound 

and the results are presented in Figure (3) and Table (7). As shown, most complexes displayed 

significantly cytotoxic activities compared to Sorafenib (Nexavar) standard drug. Cytotoxicity 

activity of the complexes may be attributed to the central metal atom which was explained by 

Tweedy’s chelation theory61. Cytotoxicity results indicated that, tested complexes have 

different values where the highest cytotoxity is the ligand (1) with IC50 = 7.98 𝜇M) 

demonstrated potent cytotoxicity against HepG2 cancer cells, then Cd (II) complex (9) with 

(IC50 = 9.5 𝜇M) against HepG2 cancer cells  then  with IC50 = 7.2 𝜇M) demonstrated potent 

cytotoxicity against HepG2 cancer cells. Copper (II) complex (4) showed the moderate 

cytotoxicity effect with IC50 value of 105 𝜇M,  and finally followed by Copper (II) complex 

(8) with IC50 value 125 𝜇M with the lowest  cytotoxity  . This indicated enhancing of the 

antitumor activity upon coordination. 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 activity62,63. 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 DNA64,65. 

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 reaction66.  

 

By applying the ESR-trapping technique, evidence for metal - mediated hydroxyl 

radical formation invivo has been obtained67. Reactive oxygen species 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 
 

 

Furthermore, metal could act as a double-edged sword by inducing DNA damage and 

also by inhibiting their repair68. The OH radicals react with DNA sugars and radicals react 

with DNA sugars and bases, resulting in the release of free bases and strand break occurs. 

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. 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 DNA66. 
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Figure. 2: Mean inhibition zone of the ligand (1) and metal complexes (4), (8), and (9) against  Liver carcinoma 

HepG2. 

 

 
 

Figure (3): IC50 for the ligand and some of its metal complexes 
 

Table 7:  Cytotoxic activity (IC50) of the ligand and some metal complexes against human liver HEPG-2. 

(IC50) HepG-

2/ml) 
Compound Compound No. 

7.98 [H4L] Ligand (1) 

105 
[(H4L)(Cu)2(OAc)4(H2O)4].3H2O 

 
(4) 

125 
[(H4L) (Cu)2 (SO4)2 (H2O)6].H2O 

 
(8) 

9.5 
[(H4L) (Cd)2 (SO4)2 (H2O)6].H2O 

 
(9) 
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Control HepG2 

 

             
 

[A]      [B] 

[A] Histogram of complex (8)_ at concentration 62.5 µg/ml  [B] Histogram of complex (8)_ at concentration 125 µg/ml 

 

             
 

[C]      [D] 
[C] Histogram of complex (9)_ at concentration 62.5 µg/ml   [D] Histogram of complex (9)_ at concentration 125 µg/ml 
 

 

Figure (4): Histograms of cytotoxicity of control HepG2 and some tested complexes 
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From histogram (figure 4), we found that, 

 

(1) Decrease in the number of available cells.   

(2) Most of the remaining observed degeneration changes in the form of the irregulatory cell 

membrane  opaque and not well formed chromatin regulated of swalling cytoplasm,other 

showed optatitic change in the formed of chrunked cells and increase esinophilia cells , and 

picknitoic nucleus. 

 

CONCLUSIONS  

 

In the present study, new metal (II) complexes of phenyl oxalamide were prepared. 

Structural and spectroscopic properties revealed that, the ligand adopted a tetradentate on the 

other hand, the metal complexes adopted a 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 six -membered ring 

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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