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Abstract: Cr(III) , Mn(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) and Ca(II), Fe(III), Hg(II), Pb(II), and Bi(III) complexes of (E)-2- ((1-(5-acetyl-2,4-dihydroxy 
phenyl) ethylidene) amino) benzoic acid were prepared and characterized by elemental analyses, IR, UV-Vis spectra, Magnetic moments, Conductivity, 
1H-NMR and Mass spectra, Thermal analyses (DTA and TGA) and ESR measurements. The analytical and IR data showed that, the ligand behaves as 
neutral or monobasic tridentate. Molar conductivity in DMF indicate that, the complexes are non-electrolytes. ESR spectra of solid Cu(II) complexes at 
room temperature show axial type (dx2-y2) with covalent bond character in an octahedral environment. However, Co(II), Fe(II) and Mn(II) complexes 
showed isotropic type. Complexes showed inhibitory activity against breast cancer (MCF-7 cell line) compared with standard drug. Zn(II) complex (8) 
demonstrated high potency inhibition activity against MCF-7 cell line with IC50 (50.2). 
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——————————      —————————— 
INTRODUCTION 

Schiff bases have a vital position in metal coordination 
chemistry even almost a century since their discovery. Due 
to their simplicity in preparation, diverse properties, 
medicinal, biochemical and industrial applications, the 
keen interest in the study of these compounds arose in the 
recent years. Study of inorganic complexes containing 
biologically important ligands is made easier, because 
certain metal ions are active in many biological processes; 
species of low molecular weight are hence, sought that 
reproduce as far as possible, the structural properties and 
the reactivity of naturally occurring complexes of these ions 
in such processes. It is known that, the existence of metal 
ions bonded to biologically active compounds may enhance 
their activities1. A number of metal coordination complexes 
of Schiff bases have been suggested as antibacterial, 
antifungal, cytotoxic, anti-inflammatory and cytostatic 
agents2-5. In order to widen the scope of investigations on 
the coordination behavior of various donor ligands 
including Schiff base towards organo-metallics, we carried 
out the spectroscopic investigations and established their 
bioactivities2, 3, 6-9. As an extension of this research, here in, 
we report the synthesis, characterization and antitumor 
activity against MCF-7 cell line of a Schiff base and its metal 
complexes. 

EXPERIMENTAL                                                                

Materials: All the reagents were of the best grade available 
and used without further purification. 

Physical measurements: 

 Elemental analyses C, H, N and Cl analyses were 
determined at the Analytical Unit of Cairo University, 
Egypt. A standard method [gravimetric] was used to 
determine metal (II)/(III) ions10. All complexes were dried 
under vacuum over P4O10. The IR spectra were measured as 
KBr and CeBr pellets using a Perkin-Elmer 683 
spectrophotometer (4000-200 cm-1). Electronic spectra were 
recorded on a Perkin-Elmer 550 spectrophotometer. The 
conductances of (10-3 M DMF) of the complexes were 
measured at 25°C with a Bibby conductimeter type MCl. 
1H-NMR spectrum of the ligand (1) and Zn(II) complex (7) 
were obtained with Perkin-Elmer R32-90-MHz 
spectrophotometer using TMS as internal standard. Mass 
spectra (ligand (1) and Cu(II) complex (4)) were recorded 
using JEULJMS-AX-500 mass spectrometer provided with 
data system. The thermal analyses (DTA and TGA) of 
complexes Ni(II)(6), Mn(II) (9) and Bi(III) (17) were carried 
out in air on a Shimadzu DT-30 thermal analyzer from 27 to 
700°C at a heating rate of 10°C per minute. Magnetic 
susceptibilities were measured at 25°C by the Gouy method 
using mercuric tetra thiocyanato cobalt (II) as the magnetic 
susceptibility standard. Diamagnetic corrections were 
estimated from Pascal's constant11. The magnetic moments 
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were calculated from the equation: . 
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 T.L.C of the 
ligand and its complexes confirmed their purity. 

 

Preparation of the ligand [H3L] and its metal complexes: 

Preparation of the ligand, [H3L] (1): Ligand (1) was prepared by 
refluxing with stiring equimolar amounts of 4, 6 diacetyl 
resorcinol (10g, 0.051 mol) and anthranilic acid (7.06 g, 
0.051 mol) in ethanol (50 cm3) for 2 hours. The reddish 
brown product obtained was filtered off, washed several 
times with ethanol and dried in vacuum over P4O10. 
Analytical data are given in Table 1. 

Synthesis of metal complexes (2)-(17): A filtered ethanolic (50 
cm3) of Cu(OAc)2.H2O (1.99 g, 0.01 mol) was added to an 
ethanolic (50 cm3) of the ligand, (1) [1L:1M] complex (2), 
(1.59 g, 0.01 mol) of CuSO4.5H2O complex (3) [1L:1M], (0.99 
g, 0.01 mol) of CuCl2.2H2O complex (4) [1L:1M], (2.49 g, 
0.01mol) of  Ni(OAc)2.4H2O complex (5) [1L:1M], (2.63 g, 
0.023 mol) of NiSO4.6H2O complex (6) [1L:1M], (2.19 g, 0.01 
mol) of  Zn(OAc)2.2H2O complex (7) [1L:1M] (1.79 g, 0.01 
mol) of ZnSO4.H2O complex (8) [1L:1M],(2.45 g, 0.01 mol) of  
Mn(OAc)2.4H2O complex (9) [1L:1M],(2.49 g, 0.01 mol) of 
Co(OAc)2.4H2O complex (10) [1L:1M], (1.11 g, 0.01 mol) of 
CaCl2 complex (11) [1L:1M], (1.83 g, 0.01 mol) 0f CdCl2.H2O 
complex (12) [1L:1M], (2.78 g, 0.023 mol) of FeSO4 complex 
(13) [1L:1M], (2.71 g, 0.01 mol) of HgCl2 complex (14) 
[1L:1M], (4.43 g, 0.01 mol) of Pb(OAc)2 complex (15) 
[1L:1M], (3.92 g, 0.011 mol) of Cr2(SO4)3 complex (16) 
[1L:1M], (4.85 g, 0.01 mol) of Bi(NO3)3.5H2O complex (17) 
[1L:1M]. The mixture was refluxed with stirring for 1-3 
hours range, depending on the nature of metal salts and the 
colored complex formed was filtered off, washed with 
ethanol and dried under vacuum over P4O10. 

Antitumor evaluation:  

 The antitumor activity was measured invitro for the 
synthesized complexes according to Sulfo-Rhodamine-B-
stain (SRB) assay using the puplished methods 12. Cells 
were plated in 96-multiwell plate (104 cells/well) for 24 
hours before treatment with the complexes to allow 
attachment of cell to the wall of the plate.Different 
concentrations of the complexes in DMSO (3.9, 7.8, 15.6, 
31.25, 62.5, 125, 250 and 500 µg) were added to the cell 
monolayer triplicate. Monolayer cells were incubated with 
the complexes for 48 h at 37°C under atmosphere of 5% 
CO2. After 48 h, cells were fixed, washed and stained with 
Sulfo-Rhodamine-B-stain. Excess stain was wash with 
acetic acid and attached stain was recoveredwith Tris 
EDTA buffer (10 m M Tris HCl + 1 m M Disodium EDTA, 
PH 7.5-8). Color intensity was measured by ELISA reader. 
The relation between surviving fraction and drug 
concentration is plotted to get the survival curve of each 
tumor cell line after the specified complex. 

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 2-7) are compatible with the proposed structures, 
(Figure 1). The molar conductances are in the 12.1-6.9 ohm-1 

cm2mol-1range, Table 1, indicating a non-electrolytic 
nature13. The high value for some complexes suggests 
partial dissociation in DMF. Many attempts were made to 
grow a single crystal but unfortunately, they were failed. 
Reaction of (1) with metal salts using (1L: 1M) molar ratios 
in ethanol gives complexes (2)-(17). The composition of the 
complexes formed depends on metal salts, and the molar 
ratio. 

2.84 .corr
eff M Tµ χ=
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Figure 1: Proposed structures of the ligand and its metal complexes 
1H-NMR spectra: 

The 1H-NMR spectrum of the ligand (1) in deuterated 
DMSO show signals consistent with the proposed 
structure. The spectrum showed a set of peaks as multiples 
at 6.3-8.37 ppm range which are assigned to the protons of 
aromatic ring14.The chemical shift observed as a singlet at 
12.7 ppm, is assigned to proton of aromatic hydroxyl 
group15-17. Methyl protons of CH3 group appeared at 3.34 
ppm as a singlet peak which was observed as multiple 
ones18. 

However, Zn(II) complex (7) in deuterated DMSO show 
signals consistent with the proposed structure. The 
spectrum showed a set of peaks as multiples at 6.081-8.34 
ppm range which are assigned to the protons of aromatic 
ring. The chemical shift observed as a singlet at 12.56 ppm, 
is assigned to proton of aromatic hydroxyl group.  Methyl 
protons of CH3 group appeared at 3.3 ppm as a singlet 
peak. Protons of acetate group appeared at 1.86-2.084 ppm. 

IR spectra: 
 The IR spectra of the ligand and its complexes (2)-(17) are 
given in Table 2. The spectrum of (1) showed ν(OH) bands 
at 3430 and 3380 cm-1, the appearance of two broad bands at 
3620-3210 and 3200-2600 cm-1 ranges, commensurate the 
presence of two types of intra-and intermolecular 
hydrogen-bondings19,20. Thus, the higher frequency band is 
associated with weaker hydrogen bonding and the lower 
frequency band with a strong hydrogen bond. Also, the 
spectrum shows bands at 1680, 1631 and 1253 cm-1 assigned 

to ν(C=O), ν(C=N)imine and ν(C-OH) respectively21, 22, 23,24. P-
substitued aromatic ring appears at 1596, 844 and 1534, 750 
cm-1.respectively .The IR spectra of the complexes showed, 
the ν(C=N)imine stretching frequency undergoes a shift to 
lower frequency by (5-20) cm-1. This is indicative of 
nitrogen coordination of the azomethine to the metal ion25, 

26. The ν(C=O) of carboxylic group appears in the 1650-1670 
cm-1, range. This vibration is located in the region of 
coordinated carbonyl group 25. 27. The bands observed in the 
1534-1596 and 765-870 cm-1 ranges are due to aromatic 
groups 19, 24, 25. However, complexes (2)-(17) show medium 
band in the 3370-3438 cm-1 range is due to ν(OH) group19, 24.  
Complexes show broad bands in the 3655-3150 and 3320-
2360 cm-1, ranges, corresponding to intra-and 
intermolecular hydrogen bondings19, 20. However, the 
hydrated and coordinated water molecules appear in the 
3580-3150 and 3330-2680 cm-1 ranges28, 29, 30. Extensive IR 
spectral studies reported on metal acetate complexes24, 31 
indicate that, the acetate ligand coordinates in either a 
monodentate or bidentate manner, the νa(CO2) and νs(CO2) 
of the free acetate are observed at 1560 and 1416 cm-1 
respectively. In monodentate, the coordination of ν(C=O) is 
observed at higher energy than νs(CO2) and ν(C-O) is 
appeared at lower than νas(CO2). As a result, the separation 
between the two (CO) bands is much larger in unidentate 
than in the free ion. In complexes (2), (5), (7), (9), (10) and 
(15), the band is due to νas(CO2) appears in the 1470-1425 
cm-1 and the νs(CO2) observed in the 1350-1320 cm-1 ranges. 
The difference between these two bands is in the 120-103 
cm-1 range, suggesting that, the acetate group coordinates in 
unidentate manner with the metal ion24, 31,32. Complexes (3), 
(6), (8), (13) and (16) show bands at 1290, 1167, 1035 and 
675, 1260, 1135, 1070 and 650, 1290, 1167 and 675, 1290, 
1167, 1055 and 675, 1280, 1165, 1050 and 670 cm-1 
respectively are corresponding to monodentate coordinate 
sulphate group33. Complexes (4), (11), (12), (14) show bands 
at 422, 427, 430 and 425 cm-1 respictively, assigened to ν(Cu-
Cl)34. Complex (17) shows bands at 1443, 1341, 870 and 720 
cm-1, assigned to coordinated nitrate group 35, 36as shown in 
Table 2. 
Mass spectra: 

 The mass spectra of the ligand (1) and its Cu(II) complex 
(4) confirmed their proposed formulations. The spectrum of 
ligand reveals the molecular ion peaks (m/z) at 313 amu 
consistent with the molecular weight of the ligand (313.1). 
Furthermore, the fragments observed at m/z = 92, 119, 137, 
179, 194, 256 and 313.1 correspond to C6H4O, C7H5NO, 
C7H7NO2, C9H9NO3, C10H12NO3, C15H14NO3 and C17H15NO5 
moieties respectively. However, the Cu (II) complex (4) 
shows peak (m/z) at 467.58 amu. Additionally, the peaks 
observed at 65, 92, 121, 152, 189, 218, 368 and 467.58 are due 
to C5H5, C6H6N, C7H7NO, C8H10NO2, C8H12ClNO2, 
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C9H13ClNO3, C12H13Cl2NO4Cu and C17H17Cl2NO6Cu moieties 
respectively, as shown in Table 3. 

Magnetic moments:  

The magnetic moments of the complexes (2)-(17) are shown 
in Table 4. Cu(II) complexes (2)-(4) show values 1.69-1.71 
B.M range, corresponding to one unpaired electron in an 
octahedral structure31, 34. Complex (3) shows value 1.69 B.M 
which is well below the spin only value (1.73 B.M), 
indicating that, spin-exchange interactions take place 
between the Cu(II) ions through intermolecular hydrogen 
bonding in an octahedral geometry37.  Ni(II) complexes (5) 
and (6) show values 3.38 and 2.78 B.M. respectively, 
indicating an octahedral geometry around Ni(II) ion38. 
Mn(II) complex (9) show 5.11 B.M., suggesting high spin 
octahedral geometry around the Mn(II) ion38, 39. Co(II) 
complex (10) shows 4.75 B.M., indicating high spin 
octahedral Co(II) complexes28, 39. Fe(III) complex (13) shows 
value 5.87 B.M, suggesting high spin octahedral geometry 
around Fe(III) ion. Cr(III) complex (16) shows value 4.75 
B.M., indicating high spin octahedral structure39. Zn(II), 
complexes (7) and (8), Ca(II) complex (11), Cd(II) complex 
(12), Hg(II) complex (14), Pb(II) complex (15) and Bi(III) 
complex (17) show diamagnetic property19. 

Table 1: Analytical and physical data of the ligand (1), [H3L] 
and its metal complexes. 

      

Table 2: IR frequencies of the bands (cm-1) of ligand [H3L] 
and its metal complexes and their assignments. 

 

Table 3: Mass spectra of the ligand (1) and its complex (4) 

Ligand/ 
Complex m/z Rel. 

Int. Fragment 

 

 

 

(1) 

92 100 C6H4O 

119 55 C7H5NO 

137 39 C7H7NO2 

179 27 C9H9NO3 

194 8 C10H12NO3 

256 12 C15H14NO3 

313 6 C17H15NO5 

 

 

 

(4) 

65 71 C5H5 

92 50 C6H6N 

121 100 C7H7NO 

152 40 C8H10NO2 

189 28 C8H12ClNO2 

218 17 C9H13ClNO3 

368 13 C12H13Cl2NO4Cu 

467 7 C17H17Cl2NO6Cu 
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Electronic spectra:  

The electronic spectral data for the ligand and its complexes 
in DMF solution are summarized in Table 4. Ligand in 
DMF solution shows two bands at 295 and 320 nm, which 
may be assigned to the n→π* and π→π* transitions 
respectively40. Cu(II) complexes (2)-(4) show bands in the 
240– 260, 290 and 358–365 nm ranges, these bands are due 
to intraligand transitions, however, the bands appear in the 
405–410, 531–535 and 605 –610 nm ranges are assigned to 
O→ Cu charge transfer, 2B1→2E and 2B1→2B2 transitions, 
indicating a distorted tetragonal octahedral structure41-43. 
Ni(II) complexes (5) and (6) show bands 256, 290, 357, 430, 
560 and 732and 259,290, 360 ,435,560 and 733 nm 
respectively, the first three bands are within the ligand and 
the other three  bands are attributable to 3A2g(F) 
→3T1g(P)(ν3), 3A2g(F) →3T1g(F)( ν2) and 3A2g(F) →3T2g(F)( ν1) 
transitions respectively, indicating an octahedral Ni(II) 
complexes41, 44. The ν2/ν1 ratio for the complexes is 1.2 and 
1.16, which are less than the usual range of 1.5–1.75, 
indicating a distorted octahedral Ni(II) complex41, 45. Mn(II) 
complex (9) shows bands at 251, 290, 325, 460, 570 and 620, 
the first three 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) ion46. Co(II) complex (10) 
shows bands at 267, 290, 325, 450, 565 and 617 nm, the first 
three bands are within the ligand and the other bands are 
assigned to 4T1g(F)→4A2g and 4T1g(F)→4T2g(F) transitions 
respectively, corresponding to high spin Co(II) octahedral 
complexes47. Fe (III) complex (13) shows bands at 250, 290, 
312, 436, 562 and 610 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) ion. While Cr(III) complex 
(16) shows bands at 275, 290, 311, 460, 572 and 620 nm 
respectively. The first three bands are within the ligand and 
the other bands are assigned to 4A2g→4T1g (F), 4A2g→4T2g and 
4A2g→2T2g transitions respectively, indicating octahedral 
structure around the Cr (III) ion48, 49. Zn(II) complex (7), (8), 
Ca(II) complex (11), Cd(II) complex (12), Hg(II) complex 
(14), Pb(II) complex (15) and Bi(III) complex (17)  show 
three bands in the 250–290 and 310–340 nm ranges, which 
are assigned to intraligand transitions. 

Electron spin resonance (ESR): 

 To obtain further information about the stereochemistry 
and the nature the metal ligand bonding, The ESR spectral 
data for complexes (2-4), (9) and (10) are presented in Table 
5. ESR spectra of solid copper(II) chelates (2), (3) and (4) , 
are characteristic of species d9 configuration50,51 . The spectra 
showed that, the complexes exhibited anisotropic signals 
with g values g|| = 2.18, 2.19 and 2.21, g⊥= 2.08, 2.072 and 

2.21 respectively. These values are characteristic for a 
species d9 configuration with an axial symmetry type of 
d(x2-y2) ground state. The values of g|| and g⊥ are closer to 
2.00 and g|| > g⊥> ge (2.0023) indicating that, the complexes 
possessed a tetragonal distortion copper(II) geometry 
corresponding to an elongation along the four fold 
symmetry z-axis52,53  . 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 geometry. The range reported for 
square-planar chelates are 105-135 cm-1 and for 
tetrahedrally distorted chelates 150-250 cm. The g||/A|| 
values for the chelate under consideration lie just in the 
range (168-211) ranges which expected for tetragonal 
distorted octahedral copper (II) complexes. .In addition, the 
exchange coupling interaction between copper (II) ions is 
explained by Hathaway expression52,54 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 chelates55. The G values of the all copper (II) chelates 
are 2.5-3.0 ranges, 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 chelates are less than 2.3, so there a significant 
degree of covalency in the metal-ligand bonding 55,56 . The σ 
– parameter ( α2 ) was calculated from the following 
equations 

α2= (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 α2 
values of the copper complexes lie in 0.57-0.71 ranges Table 
5, these values indicate to the presence of a significant 
degree in-plane σ covalency57,58 . 

oxzEgK λ8/)0023.2(2 ∆−=


………………………………….………… (2) 

oxyEgK λ2/)0023.2(2 ∆−= ⊥⊥

….………………………......……….…..… (3) 

3/)2( 222
⊥

+= kkK
………………………….……………………..………... (4) 

Where λo 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 respectively59,60. For the purpose of 
calculation, it was assumed that, the maximum in the band 
corresponds to ∆Exy and ∆Exz can be taken from the wave 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 3, March-2019                                                                                                        640 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org 

length of these bands. From the above relations, the orbital 
reduction factors (K||, K┴ and K) which are a measure of 
covalency can be calculated61,62. 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 character57. The 

plane and out-of-plane π-bonding coefficients (
2
1β and

2β ) 
respectively are dependent upon to values of ∆Exy and ∆Exz 
in the following equations:- 

oxyEg λβα 2/)002.2(22 ∆−= ⊥

…………………………………………..… (5) 

oxzEg λβα 8/)002.2(2
1

2 ∆−=


…………………………………………….. (6) 

The copper  chelates showed 
2
1β values 0.75-0.95 range  

indicating a moderate degree of covalent character in the 
in-plane π-bonding, while β2 are in 1.34-1.56 ranges  
indicating ionic character in the out-of-plane π-bonding 
except chelate (4), it shows > 0.83 , indicating covalent 
character . However, manganese (II) chelate (9) and cobalt 
chelate (10) show isotropic type with g iso = 2.07 and 2.05 
respectively, indicating octahedral structure around their 
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 analyzsed using 
the Cu63 hyperfine coupling and considered all the sign 
combinations. The orbital populations for complexes (2),(3), 
and (4) are 57%,60% and 93% respectively, indicating  a d(x2-

y2) ground state .  

 

 

Thermal analyses (DTA and TGA): 

 The thermal curves in the temperature 27-700°C range for 
complexes (6), (9), and (17) are thermally stable up to 40°C. 
Breaking of hydrogen bondings occur as endothermic peak 
within the temperature 45-50°C as shown in Table 6. 
Complexes show decomposition step within temperature 
80-98°C range, is due to elimination of hydrated water 
molecules63, 64 (2H2O). Another thermal decomposition 
appeared at 117°C, is due to loss of two coordinated water 
molecules (H2O) complex (6), one coordinated water 
molecule at 102°C and 180°C for complex (9) and (17) 
respectively. Complex (6) shows one endothermic peak at 
222°C with 20.39% weight loss (Calc. 20.15%), 
corresponding to the loss of one coordinated sulphate 
group. Endothermic peak observed at 330oC may be due to 
melting point. Finally, the complex shows exothermic 
peaks at 380, 445 and 530 °C with 18.19% weight loss (Calc. 
18.04%), corresponding to oxidative thermal decomposition 
which proceeds slowly with final residue at 650°C, assigned 
to NiO63. Complex (9) shows endothermic peak at 173 °C 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 3, March-2019                                                                                                        641 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org 

with 23.9% weight loss (Calc. 24.1%), is due to loss of two 
coordinated acetate groups. The endothermic peak 
observed at 273°C may be due to melting point. Oxidative 
thermal decomposition occurs at 315, 367, 430, 530 and 610 
°C with 11.31% weight loss (Calc. 11.33%), with exothermic 
peaks, leaving MnO65.  Complex (17) shows endothermic 
peak at 231°C with 19.04% weight loss (Calc. 19.11%), is 
due to loss of two nitrate group. Also, another endothermic 
peak observed at 280oC is due to melting point. Oxidative 
thermal decomposition occurs at 334, 375, 435, 520 and 630 
°C with 41.21% weight loss (Calc. 41.44%), with exothermic 
peaks, leaving BiO. The thermal data are present in Table 6. 

Table 6: Thermal data for the metal complexes

 
Antitumor studies: 

 The antitumor effect of metal complexes (7), (8) and (12) in 
DMSO were evaluated against human breast cancer MCF-7 
cell line. These were tested by comparing them with the 
standard drug (IMURAN (azathioprine)). The solvent 
DMSO showed no effect on cell growth as it reported 
previously66. The metal complexes showed moderate effect 
against MCF-7 cell lines. There was a positive correlation 
between the surviving fraction ratio of MCF-7 tumor cell 
line and the concentration. The Zn(II) complex (8) showed a 
high potency of inhibition (89.47%) at 500µg/ml against 
MCF-7 tumor cell line, (81.04%) at 250µg/ml compared with 
a standard drug. Also, the Cd(II) complex (12) showed a 
high potency of inhibition (71.31%) at 500µg/ml against 
MCF-7 tumor cell line, (52.38%) at 250µg/ml, compared 
with a standard drug65. Also, the Zn(II) complex (7) showed 
inhibition of (61.39%) at 500µg/ml against MCF-7 tumor cell 
line, (47.63%) at 250µg/ml compared with a standard drug, 
as shown in Figure (2), Figure (3).  This could be explained 
as follow Zn(II) and Cd(II) could bind to DNA where it 
seemed that, change the anion and the nature of the metal 
ion in complexes may have effect on the biological 
behavior, by altering the binding ability of DNA66-70. 

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 
reaction71. By applying the ESR-trapping technique, 
evidence for metal-mediated hydroxyl radical formation 
invivo has been obtained. Radicals are produced through a 
Fenton-type reaction as follows71: 

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

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

Where L is the ligand  

Also, metal could act as a double-edged, sword by inducing 
DNA damage and also by inhibiting their repair72. 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 atom to yield sugar 
radicals with subsequent β-elimination. (Scheme 1), by this 
mechanism strand breakage occurs as well as the release of 
the free bases73-75. 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 
DNA76, 77. 

 
Scheme (1) 

The IC50 values were in the (50-293) µg range against 
human breast cancer MCF-7 cell line. Zn(II) complex (8) 
demonstrated the highest potency inhibition activity among 
all tested compounds against MCF-7 cell line with IC50 
(50.2)..The relation between the concentration of the 
complexes in DMSO and their antiproliferative.  
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Figure (2): Evaluation of cytotoxicity of metal complexes 
against breast cancer MCF-7 cell line 

Figure (3):  IC50 values of the metal complexes against 
breast MCF-7 cancer cell lines 

 

Histogram of MCF-7 cells treated with complex (8) at 62.5 
µg/ml 

 

Histogram of MCF-7 cells treated with complex (8) at 125 
µg/ml 

 

 
  

Histogram of MCF-7 cells treated with complex (8) at 250 
µg/ml 

 

 
 

Histogram of MCF-7 cells treated with complex (8) at 500 
µg/ml 

Figure 4: Histogram of MCF-7 cells treated with complex 
(8) at different concentrations 

Conclusion: 

 Cr (III), Mn (II), Co (II), Ni (II), Cu (II), Zn (II), Cd (II), 
Ca(II), Fe(III), Hg(II), Pb(II), and Bi(III) complexes of (E)-2- 
((1-(5-acetyl-2,4-dihydroxy phenyl) ethylidene) amino) 
benzoic acid were prepared and characterized by elemental 
analyses, IR, UV-Vis spectra, Magnetic moments, 
Conductivity, 1H-NMR and Mass spectra, Thermal analyses 
(DTA and TGA) and ESR measurements. The analytical 
and IR data showed that, the ligand behaves as neutral 
monobasic tridentate. Molar conductivity in DMF indicate 
that, the complexes are non-electrolytes. ESR spectra of 
solid Cu(II) complexes at room temperature show axial 
type (dx2-y2) with covalent bond character in an octahedral 
environment. However, Co(II), Fe(III) and Mn(II) 
complexes showed isotropic type. Complexes showed 
inhibitory activity against human breast cancer (MCF-7 cell 
line) compared with standard drug. Also, the Zn(II) 
complex (8) showed a high potency of inhibition (89.47%) at 
500µg/ml against MCF-7cell line, (81.04%) at 250µg/ml, 
(69.33%) at 125µg/ml compared with a standard drug. 
Zn(II) complex (8) demonstrated the highest potency 
inhibition activity among all tested compounds against 
MCF-7 cell line with IC50 (50.2) µg.   
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