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Abstract: There has been much interesting in the development a new tetrathiosemicarbazone ligand and its Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), 
Pb(II), Al(III), Ca(II), Ba(II), Sr(II), Mg(II), and Ag(I), complexes . Complexes have been characterized by elemental analysis, IR, UV-Vis spectra , 1H-
NMR spectra, Mass spectra, Magnetic moments, Conductances, Thermal analyses  (DTA and TGA) and ESR measurements The spectral data show that 
the ligand behaves a neutral or dibasic –octadentate type. Molar conductances in DMF solution indicate non-electrolytic nature of the prepared 
complexes. The ESR spectra of the solid complexes indicate anisotropic or isotropic type (dx2-y2) ground state with considerable covalent bond 
character. To study the cytotoxicity of the ligand and some of its metal complexes against human liver cancer cell (HePG-2 cell line). The cells were 
dosed with the complexes at varying concentrations and cell viability was measured by sulfo-rhodamine-B stain (SRB) method. The compounds show 
marked antiproliferative effect compared with a standard drug (vinblastine). 
Keywords: thiosemicarbazone ligand, complexes, spectra, magnetism, antiproliferative study.  

——————————      —————————— 

1 INTRODUCTION                                                                     

Recently considerable attention have been given to 
thiosemicarbazones complexes due to not only for coordina-
tion chemistry but for pharmacological as well, due to their 
good complexes properties and significant biological activity 
1,2.  Chemistry of transition metal complexes of 
thiosemicarbazones became largely appealing because of their 
broad profile of pharmacological activity that provides a di-
verse variety of compounds with different activities3. Some of 
the detected biological activities of the thiosemicarbazones 
and their complexes with transition metal ions are antibacteri-
al, antifungal, antiarthritic, antimalarial, antitumor, antiviral 
and anti-HIV activities4-6. Thiosemicarbazone derivatives con-
taining a 4-acyl-2-pyrazolin-5- one moiety form an important 
class of organic compounds due to their structural chemistry 
and biological activities7,8. In the field of anticancer research, 
the pyrazolones exhibited promising antiproliferative activity 
against human myelogenous leukaemia HL-606. The coordi-
nating property of the 4-amino-2,3-dimethyl-1-phenyl-3-
pyrazolin-5-one ligand has been modified to give a flexible 
ligand system, formed by condensation with a variety of rea-
gents such as aldehydes, ketones9-11, thiosemicarbazides and 
carbazides12-14. The biological properties of 
thiosemicarbazones are often related and modulated by metal 

ion coordination15-17. Cu (II), Ni (II) and Co (II) complexes of 
Schiff bases derived from 4, 6-diacetylresorcinol had been 
prepared and spectroscopically characterized18.. Owing to the 
presence of the –NH-C=S functional group, 
thiosemicarbazones exhibit thion ethiol tautomerism and can 
bind to the metal ion either in the anionic thiolate form or in 
the neutral thione form. Generally thiosemicarbazones coordi-
nate as bidentate ligand via azomethine nitrogen and 
thione/thiolate sulfur 19-21. Physicochemical data of 6-(3-
thienyl) pyridine-2-carboxaldehyde-4N-ethyl 
thiosemicarbazone, and 6-(3-thienyl) Pyridine-2-
carboxaldehyde-4N-phenylthiosemicarbazone had been re-
ported22.Extensive investigation of metal complexes of 
thiosemicarbazones have been undertaken during the past 
several 56 years23-26 . Here, we report the synthesis, structure, 
spectral, magnatic, and biological properties of (1Z,6Z)-
diethylN'1,N'6-dicarbamothioyl-2-((E)-1-(2-
carbamothioylhydrazono)ethyl)-5-
((Z)1(2carbamothioylhydrazono)ethyl)hexanebis(hydrazonate)
(H4L) 

2 MATERIALS AND METHODS 
All the reagents employed for the preparation of the ligand and 
its complexes were synthetic grade and used without further puri-
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fication. 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. 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 conductances(10-3M) of the com-
plexes in DMF were measured at 25 °C with a Bibby conduct 
meter type MCl. 1H-NMR spectra of the ligand and its Cd(II) 
complex were obtained with Perkin-Elmer R32-90-MHz spectro-
photometer 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 suscep-
tibilities were measured at 25 °C by the Gouy method using mer-
curic tetrathiocyanatocobalt(II) as the magnetic susceptibility 
standard. Diamagnetic corrections were estimated from Pascal's 
constant. The magnetic moments were calculated from the equa-
tion: The ESR spectra of solid complexes at room temperature 
were recorded using a varian E-109 spectrophotometer, DPPH 
was used as a standard material.  

 
2.1 PREPARATION OF THE LIGAND  

2.1.1 PREPARATION OF 3-((2-AMINOPHENYL)AMINO)-
3,4-DIHYDROQUINOXALIN-2(1H)-ONE: 

           Preparation of diethyl 2,5-diacetylhexanedioate: diethyl 2,5-
diacetylhexanedioate (Scheme 1) was prepared by adding 
equimolar  amount of dibromoethane (23.8 ml, 1 mol), to 
ethylacetoacetate (47.8 g, 2 mol) in  50 cm3 of absolute 
ethanol. The mixture was refluxed on water bath for one hour 
and then left to cool at room temperature, filtered off, washed 
with water, dried and recrystallized from ethanol to afford 
diethyl 2,5-diacetylhexanedioate.  

2.1.2 PREPARATION OF THE SCHIFF-BASE LIGAND  
(1Z,6Z)-diethylN'1,N'6-dicarbamothioyl-2-((E)-1-(2-
carbamothioylhydrazono)ethyl)-5-((Z)-1-
(2carbamothioylhydrazono)ethyl)hexanebis(hydr
azonate)(H4L): 

1Z,6Z)diethylN'1,N'6dicarbamothioyl2((E)1(2carbamothioylhydrazo
no)ethyl)-5-((Z)-1-
(2carbamothioylhydrazono)ethyl)hexanebis(hydrazonate) (Scheme 
1) was prepared by adding equimolar amount of diethyl 2,5-
diacetylhexanedioate (28.6 g, 1 mol) to thiosemicarbazide (8.2 g, 4 
mol) in 50 cm3 of absolute ethanol.  (thiosemicarbazide was dis-
solved in absolute ethanol contain drops of concentrated hydrochlo-
ric acid (HCl))  The mixture was refluxed with stirring for 3 hours. 
The white product which formed was filtrated off and washed with 
water, dried in air to give crude product. Then it was recrystallized 

from ethanol to give a pure needle shaped crystals of (1Z,6Z)-diethyl 
N'1,N'6-dicarbamothioyl-2-((E)-1-(2-
carbamothioylhydrazno)ethyl)5((Z)1(2carbamothioylhydrazono)ethy
l)hexanebis(hydrazonate) (H4L)  
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Scheme 1: Preparation of Ligand, (1Z,6Z)-diethylN'1,N'6-

dicarbamothioyl-2-((E)-1-(2-carbamothioylhydrazono)ethyl)-5-

((Z)1(2carbamothioylhydrazono)ethyl)hexanebis(hydrazonate) 

2.2 SYNTHESIS OF METAL COMPLEXES (2)-(20) 
A filtered ethanoic (50 cm3) of Cu(OAc)2. H2O 0.96 g, 0.007 mol) 
was added to an ethanolic (50 cm3) of the ligand, (1) (2.5 g, 0.003 
mol) [1L:2M], complex (2), (4.68 g, 0.029 mol) Co(OAc)2.2H2O, 
[1L:2M], complex (3), (5.86 g, 0.029 mol) of Zn(OAc)2.2H2O 
[1L:2M], complex (4), (7.72 g, 0.029 mol) of Ni(OAc)2.2H2O 
[1L:2M] complex (5), (7.3 g, 0.029 mol) of(Ni(OAc)2.2H2O, 
Zn(OAc)2.2H2O), [1L:1M:1M], [1L:2M], complex (6), (5.96 g, 
0.029 mol) of AgNO3, [1L:2M], complex (7), (7.32 g, 0.029 mol) 
Pb(NO3)2.2H2O, [1L:2M], complex (8), (3.81 g, 0.029 mol) of 
CuI2.2H2O, [1L:2M], complex (9), (4.54 g, 0.029 mol) of 
CuCl2.2H2O, [1L:2M], complex (10), (4.96 g, 0,029 mol) of 
SrCl2.2H2O, [1L:2M], complex (11), (7.2 g, 0.029 mol) of 
MgCl2.3H2O, [1L:2M], complex (12), (11.52 g, 0.029 mol) of 
CoCl2.2H2O, [1L:2M], complex (13), (8.16 g, 0.029 mol) of 
CuSO4.3H2O, [1L:2M], complex (14), (5.26 g, 0.029 mol) of 
NiSO4.3H2O, [1L:2M], complex (15), (6.44 g, 0.029 mol) of 
FeSO4.3H2O, [1L:2M], complex (16), (5.92 g, 0.029 mol) of 
Al2(SO4)3.2H2O, [1L:2M], complex (17), (7.42 g, 0.029 mol) of 
BaSO4.2H2O, [1L:2M], complex (18), (7.82 g, 0.029 mol) of 
CdSO4.2H2O, [1L:2M], complex (19), (7.84 g, 0.029 mol) of 
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(CuSO4.3H2O, CdSO4.2H2O), [1L:2M], complx (20). The mixture 
was refluxed with stirring for 1-3hrs range, depending on the nature 
of metal salts, the coloured complex was filtered off, washed with 
ethanol and dried under vacuo over P4O10. 

. Analytical data for the ligand and prepared complexes are given in 
Table (1):  
Table 1:-Analytical and Physical Data of the Ligand [H4L] and 
its Metal Complexes. 

 

Continue table 1 

 

2.3 BIOLOGICAL ACTIVITY 

Cytotoxic activity: Evaluation of the cytotoxic activity of the 
ligand and its metal complexes was carried out in the Patholo-
gy Laboratory, Pathology Department, Faculty of Medicine, 
El-Menoufia University, Egypt. The evaluation process was 
carried out invitro using the Sulfo-Rhodamine-B-stain (SRB) 
assay published method14,15. 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 recov-
ered 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 

3 RESULTS AND DISCUSSION 

All the complexes are stable at room temperature, non-hydroscopic, 
insoluble in water and partially soluble in common organic solvents 
such as CHCl3, but soluble in DMF and DMSO. The analytical and 
physical data of the ligand and its complexes are given in Table (1), 
spectral data (Tables 2-6) are compatible with the proposed struc-
tures, Figure (1). The molar conductances are in the 6.3-16.4 ohm-

1cm2mol-1 range, Table (1), indicating a non-electrolytic nature24. The 
high value for some complexes suggest partial dissociation in DMF. 
Complexes of (1) with metal salts using (1L: 2M) and (1L: 1M: 1M) 
molar ratios in ethanol gives complexes (2)-(20). The composition of 
the complexes formed depends on metal salts and the molar ratios. 

3.1 PROTON NUCLEAR MAGNETIC RESONANCE SPEC-
TRA (1H-NMR ) OF THE LIGAND (1) AND ITS ZN(II) 
COMPLEX (4) ) ,( ZN(II) & , NI(II))  COMPLEX (6), ) , 
SR(II) COMPLEX (11), ) AND MG(II) COMPLEX (12): 
The 1H-NMR spectra of ligand and Complexes in deuterated 
DMSO show peaks consistent with the proposed structure (Scheme 
1& Figure 1). The 1H-NMR spectrum of the ligand and Complexes 
shows chemical shift observed as singlet at range (3.8-2.1) corre-
sponding to proton of (CH3) group29,30, however sharp peak at 3.4 
may be due to proton of solvent (CH3OH), the peak of proton of 
ethoxy group (OC2H5) observed in ligand at 5.9ppm, which ob-
tained in complexes at range (5.7-4.6)ppm, also chemical shift ob-
served as singlet at 8.2 ppm (s, NH2) which is assigned to proton of 
amino group adjacent to (C=S) group. The chemical shifts which 
appeared at range (5.3-4.2) ppm in Complexes. However, The NH 
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proton of hydrazide moiety (NH-N=C) of the ligand was observed 
at 6.1 ppm. Which appeared in complexes at range (5.7-5.1) ppm, 
However, The proton of methylene group (CH2)2 was observed at 
6.2 ppm. Which obtained in complexes at range (6.1-5.2) ppm. The 
adjacent proton of (CH) was observed at 7.4 ppm. Which obtained 
in complexes at range (7.3-6.5) ppm29. By comparison the 1H NMR 
of the ligand and the spectra of complexes, there is a significant 
downfield shift of the proton signal relative to the free ligand clari-
fied that the metal ions are coordinated to the atoms or groups. 
This shift may be due to the formation of a coordination bond 
(N→) 30, 32 

3.2 MASS SPECTRA 
The mass spectra of the ligand and its Zn (II) complexes (4), 

Ag(I) complexes (7) , Mg(II) complexes (12), Al(III) complexes (17) 
and Cd(II) complex (19) confirmed their proposed formulations. The 
spectrum of ligand reveals the molecular ion peaks (m/z) at 578 amu 
consistent with the molecular weight of the ligand (578). Further-
more, the fragments observed at m/z = 115,134,166,220,255, 
279,341,410 and 488 amu correspond to C5H11N2O, C5H14N2O2, 
C5H14N2O2S, C7H16N4O2S, C9H19N4O2S2, C9H21N6O2S3, 
C12H26N8O2S3, and C14H34N9O2S4 moieties, respectively. However, 
the Zn (II) complex (4) shows peak (m/z) at 980.2 amu. Additionally, 
the peaks observed at 64,112,278,337,371,507,569,696,780,884, and 
980 amu are due to   C3N2, C4H4N2O2, C9H4N5O4S, C11H11N7O4S, 
C13H21N7O4S, and C16H28N9O4SZn, C17H30N9O5S2Zn, 
C19H41N11O7S3Zn, C22H43N12O9S3Zn, and C22H50N12O9S4Zn2 moie-
ties, respectively. Also, the Ag (I) complex (7) shows peak (m/z) at 
1258 amu. Additionally, the peaks observed at 65,143,221,337,355, 
371,410, 548,613,711,831,918, and 1208 amu are due to CH7NS, 
C4H3N2S2, C6H13N4S2O, C9H15N5S3O3, C9H17N5S3O4, C9H19N6S3O4, 

C11H20N7S3O4, C12H24N8S3O4Ag, C12H27N9S3O7Ag, 
C12H33N11S3O11Ag, C13H33N11S3O11Ag2, C15H36N13S3O13Ag2,   and 
C15H36N16S4O13Ag4 moieties, respectively. However the Mg (II) 
complex (12) shows peak (m/z) at 823 amu. Additionally, the peaks 
observed at 60,91,123,266,336,367,491,583,629,696 and 762 amu 
are due to C2H12N2, C2H12N2 O, C3H9N3O2, C5H1N4O2,  
C6H10N4O3, C9H6N4O3, C11H18N4O3, C12H20N4O4, C17H23N4O4, 

C19H24N4O4, and C20H30N4O4, moieties, respectively . However, the 
Al (III) complex (17) shows peak (m/z) at 894 amu. Additionally, the 
peaks observed at 59,117,202,313,355,411,523,655,745,833 and 894 
amu are due to CHNS, C3H3NS2, C6H6N2O2S2, C8H15N3O4S3, 
C10H17N3O5S3, C12H19N4O6S3, C14H29N5O8S4, C14H33N9O9S5Al, 
C15H33N10O11S6Al, C16H39N11O13S6Al2, and C18H40N12O14S6Al2 moie-
ties, respectively. Finaly, the Cd (II) complex (19) shows peak (m/z) 
at 1067 amu. The fragments observed at 79,93,162,212,298, 
395,466,580,788,840, and 967 amu are due to CH3O2S, CH3NO2S, 
C4H6N2O3S, C4H6N2O3S, C8H16N3O5S2, C12H21N5O6S2, 
C12H28N5O8S3,C12H30N5O8S3Cd, C15H30N7O10S3Cd2, 
C15H34N7O11S4Cd2, C15H39N10O14S5Cd2, and C18H42N12O14S5Cd2 , 
moieties. 
 

3.3 INFRARED SPECTRA (IR) 

The mode of bonding between the ligand and the metal ion re-
vealed by comparing the IR spectra of the ligand (1) and its metal 
complexes (2)-(20). The ligand shows bands in the 3580-3507 and 
3190-3100 cm-1 ranges, commensurate the presence of two types of 
intra- and intermolecular hydrogen bonds.26. Thus, the higher fre-
quency band is associated with a weaker hydrogen bond and the 
lower frequency corresponds to stronger hydrogen bond. The me-
dium band at at3174 cm-1 is assigned to v(NH) group26,27. The 
v(NH) group in the complexes appears nearly at the same region of 
the free ligand indicating that, the NH group is not involved in the 
coordination to the metal ion28. The peak appear at the range 3191-
3167 cm-1.  Strong band appears at 3269 cm-1 is attributed to the 
v(NH2) group, it appear in complexes at the region 3294-3255 cm-

1.strong band appears at 1635 cm-1 is due to (C=N)  group, it ap-
pears in complexes at the region 1635-1600cm-1, Strong band ap-
pear at1635 cm-1  is due to v(C=S) band, it appear in all complex at 
853-770cm-1 except (9) and (16) the band (C-S) appears at 770 and 
820 cm-1 respectively. Acetate ion band appear at the range1410-
1273 cm-1 for Complexes (2)-(6),  Nitrate ion band appear at two 
regions, the first at the range1421-1155 cm-1 and the other band 
appear at the range875-720 cm-1 for Complexes (10)-(13) show 
bands in the region 465-403 cm-1 is assigned to v(M-Cl)31. Com-
plexes (2)-(19) show bands in the 688-575  
cm-1 range is assigned to v(M-O). Complexes (2)-(19) show bands 
in the 688-575 cm-1 range is assigned to v(M-O)35. 

Table 2. IR frequencies of the bands (cm-1) of ligand [H4L] and 
its Metal Complexes and their assign-
ments
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Continue table 2 
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Fig.1: structure of Ligand (1) 

[L(M)2(X)2(Y)2].nH2O

M= Cu(II), X=Y= OAc, n= 2                 (2)
M= Co(II), X=Y= OAc, n= 2                 (3)
M= Zn(II), X=Y= OAc, n= 2                 (4)
M= Ni(II), X=Y= OAc, n= 2                  (5)
M= Zn(II),Ni(II) X=Y= OAc, n= 2        (6)
M= Pb(II), X= NO3, n= 2                       (8)
M= Cu(II), X=Y= H2O, n= 2                 (9)
M= Cu(II), X=Y=Cl, n= 2                     (10)

                   [L(M)2(X)2(Y)2].nH2O

M= Sr(II), X=Y=Cl, n= 2                                 (11)
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M= Ni(II), X=SO4, Y =H2O, n= 3                    (15)
M= Ba(II), X=SO4, Y =H2O, n= 2                   (18)
M= Cd(II), X=SO4, Y =H2O, n= 2                   (19)
M= Cu(II),Cd(II) X=SO4, Y =H2O, n= 2         (20)
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 Fig. 2: Structure representation of Cu(II), Co(II), Zn(II), Ni(II), 
Pb(II), Sr (I), Mg(II), Ba(II) and Cd(II) complexes (2, 3, 4, 5, 6, 8, 
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 Fig. 3: Structure representation of Fe (III), and Al (III) complexes       

(16),and(17)  

3.4 Magnetic moments 
The magnetic moments of the metal complexes (2)-(20) at room 
temperatures are shown in (Table 4). Copper(II) complexes (2), (9), 
(10) and (14) show values in the 1.58-1.42 B.M, range correspond-
ing to one unpaired electron in an octahedral structure33, 34. The low 
values of complexes are due to spin-spin interactions takeplace be-
tween copper(II) ions36. Cobalt (II) complexes (3) and (13) show 
values 4.28 and 4.32 B.M, indicating high spin octahedral cobalt (II) 
complexes37, 38. Iron (III) complex (16) shows value 6.22BM, sug-
gesting high spin octahedral geometry around the Fe(III) ion37, 38. 
Zn(II) complexes (4) and (6), Ag(I) complex (7) Pb(II) complex (8), 
Ba(II) complex (18) Sr(II) complex (11) and Cd(II) complex (19) 
and (20) show diamagnetic property39. Nickel(II) complexes (5), (6), 
and (15) show values in the 2.27-3.21 B.M range, indicating an oc-
tahedral nickel(II) complexes40 
 
3.5 Electronic spectra 
The electronic spectral data for the ligand (1) and its metal complex-
es in DMF solution are summarized in Table 4. Ligand (1) in DMF 
solution shows two bands at 295 nm (log€=3.98 x 10-3 mol-1 cm-1) 
and 315 nm (log€= 4.25x 10-3 mol-1 cm-1) which may be assigned to 
n→π* and π→π* transitions of the immine group36. Copper(II) 
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complexes (2), (9), (10) and (14) show bands in the 235-230 and 
395-305 nm ranges , these bands are due to intraligand transitions, 
however, the bands appear in the 495-410, 580-525 and 632-610 nm 
ranges, are assigned to O→Cu, charge transfer, 2B1→2E and 2B1→2B2 
transitions, indicating a distorted tetragonal octahedral structure41,42. 
However, cobalt(II) complexes (3) and (13)  show bands at 235, 323-
315, 485-420, 5570 and 618 nm, the first two bands are within the 
ligand and the other bands are assigned to4T1g(F)→4T2g(P)(v3), 
4T1g(F)→4A2g(v2) and 4T1g(F) 4T2g(F)(v1) transitions respectively 
indicating octahedral structure43. Iron(III) complex (16) shows bands 
at 238, 320, 437, 530 and 623 nm, the first two bands are within the 
ligand, however, the other bands are due to charge transfer and 
6A1→4T1 transitions, suggesting distorted octahedral geometry 
around the iron(III) ion44,45. Zinc(II) complexes (4) and (6), lead(II) 
complex (8), Stranchium(II) complex (11), Silver(I) complex (7), 
Barium(II) complex (18), and cadmium(II) complex (19) and (20) 
show bands are due to intraligand transitions. However, nickel(II) 
complexes (5), (6) and (15) show bands in the 235-237, 310-395, 
478-460, 595-578, 627-625 and 780-775 nm ranges, the first three 
bands are within the ligand and the other bands  are attributable to 
O→Ni charge transfer,3A2g(F)→3T1g(P)(ν3), 3A2g(F)→3T1g(F)(ν2) and 
3A2g(F)→3T2g(F)(ν1) transitions respectively, indicating an octahedral 
Ni(II) geometry41,46. The ν2/ν1 ratio for (5), (6) and (15) are 1.24, 
1.29 and 1.23, which are less than the usual range of 1.5-1.75, indi-
cating a distorted octahedral Ni(II) complex41,47. 

Table 3: Electronic Spectra (nm) and magnetic moments (B.M) for   
the Ligand and Its Complexes 

 

 

3.6 Electron spin resonance (ESR) 

The ESR spectral data for complexes (9), (13) and (20) are present-
ed in Table 5. The spectra of copper(II) complexes (9&20) are char-
acteristic of species d9 configuration having axial type of a d(x2-y2) 
ground state which is the most common for copper(II) complex-
es48,49. The complexes show g||>g┴>2.0023, indicating octahedral 
geometry around copper(II) ion50,51.The g-values are related by 

the expression G = (g||-2)/ (g┴ -2)50,52, where (G) exchange cou-
pling 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 (9) and 
(13) show 2.7 and 2.4 values indicating spin-exchange interactions 
takeplace between copper(II) ions. This phenomena is further con-
firmed by the magnetic moments values (1.48 and 1.69 B.M.). The 
g||/A|| value is also considered as a diagnostic term for stereochemis-
try53, the g||/A|| values are 168 and 238 which are expected for dis-
torted octahedral complexes. The g-values of the copper(II) com-
plexes with a 2B1g ground state (g||>g┴) may be expressed by54. 

g||=2.002 – (8K2
||λ°/ΔExy)                                                                 (1) 

g┴=2.002– (2K2
┴λ°/ΔExz)                                                                  (2) 

Where k|| and k┴ are the parallel and perpendicular components re-
spectively of the orbital reduction factor (K), λ° is the spin-orbit 
coupling constant for the free copper, ΔExy and ΔExz are the electron 
transition energies of 2B1g→2B2g and 2B1g→2Eg. From the above rela-
tions, the orbital reduction factors (K||, K┴, K), which are measure 
terms for covalency55, 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. 

K2
┴ = (g┴- 2.002) ΔExz /2λo                        (3) 

K2
|| = (g|| - 2.002) ΔExy /8λo                          (4)  

K2=(K2||+2K2
┴)/3                                                                              (5) 

  K values (Table 2), for the copper(II) complexes (9) and(20) are 
indicating for a covalent bond character38,56. Kivelson and Neiman 
noted that, for ionic environment g||≥2.3 and for a covalent environ-
ment g||<2.357. Theoretical work by Smith55 seems to confirm this 
view. The g-values reported here (Table 2) show considerable cova-
lent bond character38. 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                          (6)           

The calculated values (Table 2) suggest a covalent bonding38,56. The 
in-plane and out of- plane π- bonding coefficients β1

2 and β2
2 respec-

tively, are dependent upon the values of ΔExy and ΔExz in the follow-
ing equations58. 

α2β2 = (g┴- 2.002) ΔExy/2λo                                                                                                  (7) 

α2β1
2 = (g|| - 2.002) ΔExz/8λo                            (8) 

In this work, the complexes (9), and (13) show β1
2 values 0.89, 0 and 

1.08 indicating a moderate degree of covalency in the in-plane π-
bonding56,59. β2 value for complexes (9), (13) show 1.43 and 1.92 
indicating ionic character of the out-of-plane56,59.  It is possible to 
calculate approximate orbital populations ford orbitals60 by 
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A|| = Aiso – 2B[1 ± (7/4) Δg||] Δg||= g||- ge      (9) 

a2d =2B/ 2B°                                                           (10)   
Where A° and 2B° is the calculated dipolar coupling for unit occu-
pancy of d orbital respectively. When the data are analyzed, the 
components of the 60Cu hyperfine coupling were considered with all 
the sign combinations. The only physically meaningful results are 
found when A|| and A⊥ were negative. The resulting isotropic cou-
pling constant was negative and the parallel component of the dipo-
lar coupling 2B are negative (-136.4, 0 and -102 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) complexes61. 
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 are 59 and 
43% d-orbital spin density, clearly the orbital of the unpaired elec-
tron is dx2-y2

62. The ESR spectrum of cobalt(II) complex (13) at room 
temperature shown an isotropic value (giso= 2.09).   

G=(g11 -2)/( g┴-2)    

Table 4: ESR data for metal (II) complexes  

 

agiso= (2g⊥+g||)/3,bAiso=(2A⊥+A||)/3,CG=(g||-2)/(g┴-2)            (12), (13) 
 

3.7 Thermal analyses (Differential Thermal Analysis 
(DTA) and Thermo Gravimetric Analysis (TGA))  

Since the IR spectra indicate the presence of water molecules, ther-
mal analyses (DTA and TGA) were carried out to certain their nature. 
The thermal curves in the temperature 27-600°range for complexes 
(5), (6), (11), (14) and (18) are thermally stable up to 45 °C. Broken 
of hydrogen bondings occurs as endothermic peak within the tem-
perature 45-50 °C as shown in Table 6. Dehydration is characterized 
by endothermic peaks within the temperature 80-85°C range, corre-
sponding to the loss of hydrated water molecules as in complexes (5) 
and (14). The elimination of coordinated water molecules occur in 
145-180°C range accompanied by endothermic  peaks as in com-
plexes (14), and (18)67,68. The thermogram of Ni(II) complex (5) 
showed that, the complexes decomposed in five step. The first oc-
curred at 45°C with no weight loss as endothermic peak, may be due 
to break of hydrogen bondings. The second step occur at 85°C with 
3.44 % weight loss (Calc. 3.72%) as endothermic peak which could 
be due to the elimination of two hydrated water molecules. The de-
composition step which occurred at 280°C with 25.1% weight loss 
(Calc. 25.4%) could be due to the elimination of four coordinated 

acetate groups.  The complex shows an endothermic peak observed 
at 360°C is due its melting point. Finally, exothermic peaks appear at 
360,455,480, and 515 °C corresponding to oxidative thermal decom-
position which proceeds slowly with leaving NiO with 22.06% 
weight loss (Calc. 21.3%)69. The thermogram of Ni(II) and Zn(II) 
Complex (6) shows endothermic peak at 80 with 3.6% weight loss 
(Calc. 3.5%) are assigned to two hydrated water molecules. The en-
dothermic peak observed at 280 with 25.4% weight loss (Calc. 
25.1%), could be due to the elimination of four acetate ions. Another 
exothermic peak observed at 320 with no weight loss may be due to 
its melting point. Finally, the complex shows endothermic peaks at 
520,575 and 640°C with 21.8% weight loss (Calc. 21.9%) corre-
sponding to oxidative thermal decomposition which proceeds slowly 
with final residue, assigned to NiO and ZnO70. The thermogram of 
Sr(II) complex (11) shows endothermic peak at 45°C, due to break of  
hydrogen bonding. The second step occur at 155°C with 15.8 % 
weight loss (Calc. 15.8%) as endothermic peak which could be due 
to loss of two hydrated water molecules. Another endothermic peak 
appeared at 80°C, with 3.7% weight loss (Calc. 3.8%), due to the 
elimination of two coordinated chloride ions. The complex displayed 
another endothermic peak at 302°C may be assigned to its melting 
point. Oxidative thermal decomposition occurs in the 450,566,  and 
648°C with exothermic peaks, leaving SrO with 13.7% weight loss 
(Calc. 13.8%)69. The thermogram ofCu(II) complex (14) shows en-
dothermic peak at 45°C, is due to break of hydrogen bondings, An-
other endothermic peak at 85°C with 5.3% weight loss (Calc. 5.4%) 
is assigned to the loss of  three hydrated water molecules. The third 
step occur at 180°C with 3.9% weight loss (Calc. 3.8%) as endo-
thermic peak which could be due to the elimination of two coordi-
nated water molecules. Another endothermic peak at 315 with 21.2% 
weight loss (Calc. 21.3%) is due to loss of two coordinated sulphate 
ions. At 380°C, endothermic peak appeared which is due to melting 
point. Oxidative thermal decomposition occurs at 469,480 and 500 
°C with exothermic peaks, leaving CuO with 11.3% weight loss 
(Calc. 11.2%)69. The thermogramof Ba(II) complex (18) shows an 
endothermic peak at 55°C due to break of hydrogen bondings and 
another endothermic beak at 80 °C, with 3.08% weight loss (Calc. 
3.22%) due to loss of two hydrated water molecule. The endothermic 
peak observed at 145°C with 3.08% weight loss (Calc. 3.22%), is 
assigned to loss of two coordinated water molecules. The endother-
mic peak observed at 335°C with 18.5% weight loss (Calc. 18.3%) is 
due to loss of two coordinated sulphate group. Another exothermic 
peak observed at 420°C may be assigned to its melting point. Oxida-
tive thermal decomposition occurs at 485,535, and 585°C with exo-
thermic peaks, leaving BaO with 19.7% weight loss (Calc. 19.8%)69. 
The thermal data are present in table 5. 

   

 

Table 5: Thermal analyses for metal (II) complexes 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 9, Issue 3, March-2018                                                                                           1822 
ISSN 2229-5518  

IJSER © 2018 
http://www.ijser.org  

 

3.8 CHEMOTHERAPEUTIC STUDIES 

The biological activity of the ligand (1) and its metal complexes (4), 
(7), (9), and (19) 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 
sulphate). The treatment of the different complexes in DMSO 
showed similar effect in the tumoral cell line used as it was previous-
ly reported71. 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 bet-
ter effect against HEPG-2 cell lines. The obtained data indicate the 
surviving fraction ratio against HEPG-2 tumor increasing with the 
decrease of the concentration in the range of the tested concentra-
tions69. Cytotoxicity results indicated that the tested complexes (4), 
(7), (9), and (19) demonstrated potent. Copper(II) complex (9) 
showed the highest cytotoxicity effect against cell line with IC50 
value of 3.82 μM, and then complex (19) with IC50 value 
2.43 μM..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 theory71,72. Also, the positive charge of the 
metal increases the acidity of coordinated ligand that bears protons, 

leading to stronger hydrogen bonds which enhance the biological 
activity73,74. The cytotoxic effect of the ligand and its HEPG-2 
metal complexes are presented in table 6.    
 
Table 6: Order of cytotoxic effect of the studied complexes against 

HEPG-2 cell line 
 

concentration Order of cytotoxic effect of 

studied complex 

(HEPG-2 cell line) 

500 µg/ml (9)> Std>(19)>(4)>(7) 

250 µg/ml (9)> Std>(19)>(4)>(7) 

62.5 µg/ml (9)> Std>(19)>(7)>(4) 

15.6 µg/ml (9)> (4)>(19)>(7)> Std 

3.9 µg/ml (9)> (4)>(19)>(7)> Std 

1.0 µg/ml (9)> (4)>(19)>(7)> Std 

  
Fig. 4: Evaluation of cytotoxicity of metal complexes against human 

hepatic HEPG-2 Cell Line 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 9, Issue 3, March-2018                                                                                           1823 
ISSN 2229-5518  

IJSER © 2018 
http://www.ijser.org  

 

Fig. 5: Evaluation of cytotoxicity of metal complexes against human 
hepatic HEPG-2 Cell Line at 500 µg/ml 

Fig. 6:  IC50 values of ligand and it, s complexes (4), (7), (9), and 
(19) against human hepatic HEPG-2 cell lines. 
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