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ABSTRACT 

 

New Series of Cu(II), Co(II), Ni(II), Mn(II), Zn(II), Cd(II), Sr(II), Ag(I), and 

mixed Mn(II) / CU(II), Ni(II) / Pb(II), Mn(II) / Pb(II), Ni(II) / Zn(II) and Mn(II) / 

Zn(II) complexs have been prepared and characterized using analytical, physical and 

spectroscopic techniques, namely IR, Uv-vis.,1H-NMR and Mass spectra as well as 

Magnetism, Thermal analysis (DTA/TGA) and ESR measurements. Molar 

conductance values are relatively low, showing their non-electrolytic nature. The ESR 

spectral of the metal complexes shows anisotropic and isotropic type with covalent 

bond character. The cytotoxicity activity of the ligand and some of its complexes 

against hepatocellular carcinoma have been studied. The results show :- 

Cu(II)complex(3) >Cd/Ni(I) complex(6) >Cu complex (13) > standard drug (Sulfo-

Rhodamine-B-stain (SRB)) > ligand (1) > Ag(II) complex(11) > Zn(II) complex(5). 

Complexes (3) and (6) are the most effective among the complexes and standard drug. 

Complexes (3) and (6) should be further investigated invivo in order to establish their 

potential to improve liver cancer treatment. 

Keywords: Ligand, Complexes, Spectra, Magnetic moments, ESR, Chemotherapeutic 

effect against hepatocellular carcinoma. 
 

INTRODUCTION 
 

The increasing interest in transition metal complexes containing Schiff- base ligand is 

derived from their well-established role in biological system as well as their catalytic and 

http://www.chemistry-journal.org/
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pharmaceutical applications It is well known that, complexes of metal ions are among the 

prominent interactions in nature1,2. The accurate determination of protonation and stability 

constant values is fundamental for understanding the behavior of the ligands and their 

interactions with metal ions in aqueous solutions.3,4. A main contribution to this field is the 

determination of formation constants of complexes between metal ions and chelating ligands 

to compare the strength and characterization of the formed complexes5–7. Dihydroxybenzenes 

have two hydroxyl groups available for coordination to metal ions8. The 1,3-dihydroxybenzene 

(resorcinol) is a white crystalline compound with a weak odor and a bittersweet taste9 

Crystalline resorcinol turns pale red in the presence of air and light10,11 and is hygroscopic12. 

The resorcinol moiety has been found in a wide variety of natural products. In particular, plant 

phenolics, of which resorcinol ring-containing constituents are a part, are ubiquitous in nature 

and are well documented13,14. Resorcinol exists in at least two crystalline modifications 

(phases)15. At normal pressure, the alpha-phase is stable below about 71 °C, whereas the beta-

phase is stable above that temperature up to the melting point9. Resorcinol has been used for 

about 100 years in human medicine as an antiseptic and in keratolytic topical medications in 

low concentrations of 1–2%. Sometimes much higher concentrations (up to 50%) have been 

used in peeling agents or in pastes for the treatment of leg ulcers. One factor increasing 

potential toxic effects is the application of resorcinol to injured skin16. Resorcinol was found 

in hand rinse samples (22–738 nmol per hand) in 20 out of 29 hairdressers after cutting newly 

dyed hair17. Concentrations up to 45 mg·m−3 (the occupational TWA limit in many countries) 

were reported for operators making pharmaceutical-grade resorcinol as cited in reference18. 

Aliphatic carboxylic acids are biologically abundant and important and versatile binding 

ligands19. As a continuation of our research program oriented to study preparation and spectroscopic 

characterization of complexes of biologically active ligands sodium 4,4'-((2E,2'E)-2,2'-((4,6-

dihydroxy-1,3-phenylene)bis(ethan-1-yl-1-ylidene))bis (hydrazinecarbonyl)) diphenolate 

hydrate and also study the antitumor activity against hepatocellular carcinoma. 

 

MATERIALS AND METHODS  
 

All the reagents employed for the preparation of the ligand and its complexes were 

synthetic grade and used without further purification. TLC is used to confirm the purity of the 

compounds. C, H, N and Cl analyses were determined at the Analytical Unit of Cairo 

University, Egypt. A standard gravimetric method was used to determine metal ions9,10. 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 complexes in DMF were measured at 25 °C with a Bibby conductmeter type MCl. 1H-

NMR spectrum of the ligand was obtained with Perkin-Elmer R32-90-MHz spectrophotometer 

using TMS as internal standard. Mass spectra were recorded using JEULJMS-AX-500 mass 

spectrometer provided with data sys-tem. The thermal analysis (DTA / TGA) was carried out 

in air on a Shimadzu DT-30 thermal analyzer from 27 to 800 °C at a heating rate of 10 °C per 

minute. Magnetic susceptibilities were measured at 25 °C by the Gouy method using mercuric 
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tetrathiocyanatocobalt(II) as the magnetic susceptibility standard. Diamagnetic corrections 

were estimated from Pascal's constant .The magnetic moments 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. 

 

Synthesis of ligand [H4L] 
 

The ligand, [H4L] was prepared by addition of (1.4 ml,0.92 mole) of hydrazine 

Hydrate to (5.0 g, .52 mole ) of methyl–p-hydroxy benzoate sodium salt dissolved in 50 ml of 

ethanol solution. The mixture was stirred under refluxing for three hours at 70oC, cool at room 

temperature and the isolated product was filtered off, washed with ethanol and dried under 

vacuum over anhydrous CaCl2. Then (2.8 g, 0.45 mole) of 4,6 diacetyl Resorcinol in 15 ml 

ethanol was add to (5.0 g, 0.64 mole) of the previous product dissolved in 20 ml ethanol. The 

mixture was stirred under reflux for 3 hours at 70 oC.  The mixture left to cool at RT and the 

solid product was filtered off then dried under vacuum over anhydrous CaCl2 11. The 

meachanisms preparation of the ligand is shown in scheme (1). 
 

 
Scheme (1); Synthesis of Ligand [H4L],(1) 
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Synthesis of metal complexes 

 

Synthesis of complexes (2)-(21) 

 

 
 

Scheme (2) Synthesis of metal complexes 

 

Complexes (2)-(21) were prepared in (1L:2M) molar ratio by refluxing a hot ethanolic 
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Mn(OAc)2 .4H2O complex (2) , (0.78 g, 0.004 mol) of Cu(OAc)2 .H2O complex  (3), (0.98 g, 
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(5), (0.36 g, 0.002 mol ) CdCl2.and (0.46 g, 0.002 mol) of NiCl2.6H2O  complex (6), (0.36 g, 

0.002 mol ) CdCl2.and (0.52 g, 0.002mol) of SrCl2.6H2O  complex (7), (0.26 g, 0.002mol)  of 

CuCl2. and  (0.46 g, 0.002mol)  of CoCl2.6H2O complex (8), (0.26 g, 0.002mol)  of CuCl2. and 

(0.46 g, 0.002 mol) of NiCl2.6H2O  complex (9), (0.26 g, 0.002mol)  of CuCl2. and (0.52 g, 

0.002mol) of SrCl2.6H2O  complex (10), (0.66 g, 0.004mol) of AgNO3 complex (11), (0.92 g, 

0.004mol)  of CoCl2.6H2O complex (12), (0.53 g, 0.004mol)  of CuCl2. complex (13), (1 g, 

0.004mol) of SrCl2.6H2O  complex (14), (0.98 g, 0.004 mol) of Cu(SO4).5H2O complex (15), 

(0.66 g, 0.004 mol) of Mn(SO4).H2O complex (16), (0.48 g,0.002 mol) of Mn(OAc)2 .4H2O 

and (0.39 g, 0.002 mol) of Cu(OAc)2.H2O complex(17), (0.47 g ,0.002  mol) of Pb(OAc)2 

.3H2O  and (0.49 g, 0.002 mol) of Ni(OAc)2.4H2O complex (18), (0.48 g,0.002 mol) of 

Mn(OAc)2 .4H2O and (0.47 g ,0.002  mol) of Pb(OAc)2 .3H2O complex (19), (0.43 g, 0.002 

mol) of Zn(OAc)2.2H2O and  (0.49 g, 0.002 mol) of Ni(OAc)2.4H2O complex (20), (0.48 

g,0.002 mol) of Mn(OAc)2 .4H2O  and (0.43 g, 0.002 mol) of Zn(OAc)2.2H2O  complex (20).                                             

for 3 hours under continuous stirring at 700C. The obtained precipitates were left at room 

temperature to cool, filtered off and dried in a desiccator over anhydrous CaCl2.Scheme (2) 

represents the preparation of metal complexes. 

 

Chemotherapeutic activity against hepatocellular carcinoma 

 

Evaluation of the chemotherapeutic 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 evaluation process was carried out invitro 

using the Sulfo-Rhodamine-B-stain (SRB) assay published method12. 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 (1, 2, 3.9, 7.8, 15.6, 31.25, 62.5, 125, 250 and 500 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 5% CO2. After 48 hrs, cells were fixed, 

washed and stained with Sulfo-Rhodamine-B-stain. Excess stain was wash with acetic acid 

and attached stain was recovered with Tris EDTA buffer. Color intensity was measured in an 

ELISA reader. The relation between surviving fraction and drug concentration is plotted to get 

the survival curve for each tumor cell line after addition the specified compound. 

 

RESULTS AND DISCUSSION 
 

All the metal complexes are stable at room temperature, nonhygroscopic, insoluble in 

water, partially soluble in MeOH, EtOH, CHCl3 and (CH3)2CO and completely soluble in 

DMF and DMSO. The analtical and physical data (Table 1), spectral data (Tables 2 - 6) are 

compatible with the proposed structures (Figure 1). The molar conductances indicating a non-

electrolytic nature12,13. Many attempts were made to grow a single crystal but unfortunately, 

they were failed until this time. Schemes (2, 3 and 4) illustrate that, the composition of the 

complexes formed depends on the metal salts [1L : 2M]. 
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Figure. 1: Proposed structures of the ligand and its metal complexes 

 

Conductivity 
             

The molar conductance values of the complexes in DMF (10-3 M) lie in the 5.3-9.3  Ω 

mol-1cm2 range (Table 1), indicating that, all the complexes are not electrolytes11,27.  This 

confirms that, the anion is coordinated to the metal ion. 
 

L] (1) and its Metal Complexes.4e Ligand [ HAnalytical and Physical Data of th-:1Table  

No. Ligands/Complexes Color FW 
M.P 

(OC) 

Yiel

d 

(%) 

Anal. /Found (Calc.) (%)  

Molar 

condu

ctanc

e* 

C H N M Cl  

(1) 
[H4L] 

C24H22N4Na2O7 
Brown 506.42 250 75 

(54.97) 

54.42 

(4.23) 

4.0 

(10.68) 

10.33 
- - - 

(2) 
[(H4L)(Mn)2(OAc)4(H2O)2]. H2O 

C32H38Mn2N4Na2O17 

      

Brown 
906.52 >300 59 

 (42.40) 

42.1 

 

(4.23) 

4.11 

 (6.1) 

5.92 

 (12.12) 

11.89 
- 7.8 

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

C32H40Cu2N4Na2O18 
Brown 941.75 210 30 

 (40.81) 

40.51 

 

(4.28) 

3.89 

(5.95) 

5.62 

 (16.54) 

16.11 
- 6.7 

(4) 
[ (H4L)(Ni)2(OAc)4(H2O)2].2H2O 

C32H40N4Na2Ni2O18 
Brown 932.04 >300 76 

 (41.24) 

39.8 

 

(4.33) 

4.0 

 (6.01) 

5.82 

 (12.59) 

12.22 
- 8.1 

 (5) 

    [ 

(H4L)(Zn)2(OAc)4(H2O)2].2H2O 

C32H40N4Na2O18Zn2 

Black 945.44 <300 65 
(40.65) 

40.11 

(4.26) 

3.95 

(5.93) 

5.53 

(13.83) 

13.21 
- 8.5 

        

(6) 

[ (H4L)(Cd)(Ni)(Cl)4(H2O)2]. 

3H2O 

C24H30CdCl4N4Na2NiO11 

 Biege 909.41 >300 75 
 (31.70) 

31.32 

 

(3.33) 

3.01 

 (6.16) 

5.96 

NI 

(6.45)6.01 

Cd(12.36)

11.98 

(15.59) 

15.1 
6.5 

(7) 
[ (H4L)(Cd)(Sr)(Cl)4(H2O)2].2H2O 

C24H28CdCl4N4Na2O10Sr 

Canary 

Yellow 
920.32 268 50 

 (31.32) 

31.0 

 

(3.07) 

2.92 

 (6.09) 

5.9 

Sr(9.52)9.2 

Cd(12.21)

12.0 

(15.41) 

15.0 
6.7 

(8) 
[(H4L)(Cu)(Co)Cl)4(H2O)2].2H2O 

C24H28Cl4CoCuN4Na2O10 
Brown 842.77 200 60 

 (34.20) 

33.87 

(3.35) 

3.11 

(6.65) 

6.22 

Cu(7.54) 

7.12 

Co(6.99) 

6.51 

(16.83) 

16.32 
8.9 

(9) 
[(H4L)(Cu)(Ni)(Cl)4(H2O)2].2H2O 

C24H28Cl4CuN4Na2NiO10 
Black 842.53 >300 45 

 (34.21) 

33.78 

 

(3.35) 

3.0 

 (6.65) 

6.21 

Cu(7.54) 

7.22 

Ni(6.97) 

6.35 

(16.83) 

16.43 
9.2 

(10) 
[(H4L)(Cu)(Sr)(Cl)4(H2O)2].2H2O 

C24H28Cl4CuN4Na2O10Sr 
Brown 871.46 >300 60 

 (33.08) 

32.78 

 

(3.24) 

2.98 

 (6.43)  

6.1 

Cu(7.29) 

6.82 

Sr(10.05) 

9.85 

(16.27) 

15.87 
9.5 
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(11) 
[(H4L)(Ag)2(NO3)2].2H2O 

C24H24Ag2N6Na2O14 
Black 882.2 >300 65 

 (32.67) 

32.11 

(2.74) 

2.51 

 (9.5) 

  9.12 

 (24.45) 

24.1 
- 9.3 

(12) 
[(H4L)(Co)2(Cl)4(H2O)2].3H2O 

C24H30Cl4Co2N4Na2O11 
Brown 856.18 >300 68 

(33.67) 

33.23 

(3.53) 

3.13 

6.54 

6.22 

 

 (13.77) 

13..32 

(16.56) 

16.12 
9.2 

(13) 
[(H4L)(Cu)2(Cl)4(H2O)2].2H2O 

C24H28Cl4Cu2N4Na2O10 
Brown 847.43 240 78 

(34.02) 

33.75 

(3.33) 

3.0 

(6.61) 

6.21 

 (15.00) 

14.8 

(16.74) 

16.32 
9.0 

(14) 
[(H4L)((Sr)2Cl)4(H2O)2].3H2O 

C24H30Cl4N4Na2O11Sr2 

Bright 

Brown 
913.55 >300 75 

 (31.55) 

31.1 

 

(3.31) 

3.01 

 (6.13) 

5.92 

 (19.18) 

18.82 

(15.52) 

15.11 
8.7 

(15) 
[(H4L)(Cu)2(SO4)2(H2O)4].2H2O 

C24H32Cu2N4Na2O20S2 
Brown 933.73 >300 71 

 (30.87) 

30.23 

 

(3.45) 

3.12 

 

(6.00) 

5.93 

 

 (13.61) 

13.15 
- 8.5 

(16) 
[(H4L)(Mn)2(SO4)2(H2O)4].3H2O 

C24H34Mn2N4Na2O21S2 
Brown 934.53 >300 85 

 (30.85) 

30.25 

 

(3.67) 

3.32 

 (6.00) 

5.97 

 (11.76) 

11.63 
- 7.7 

(17) 
[(H4L)(Mn)(Cu)(OAc)4(H2O)2].2

H2O C32H40CuMnN4Na2O18 
Brown 933.43 >300 81 

 (41.19) 

40.87 

 

(4.32) 

4.21 

 (6.00) 

5.89 

Cu 

(6.81)6.52 

Mn(5.89) 

5.26 

- 6.5 

(18) 
[(H4L)(Ni)(Pb)(OAc)4(H2O)2].2H2

O C32H40N4Na2NiO18Pb 
Black 

1080.5

5 
>300 70 

 (35.57) 

35.21 

(3.73) 

3.25 

 

(5.19) 

4.87 

 

Ni 

(5.43)5.1 

Pb(19.18) 

18.87 

- 7.1 

(19) 
[(H4L)(Mn)(Pb)(OAc)4(H2O)2].2H

2O C32H40MnN4Na2O18Pb 

       

Brown 

1076.9

7 
>300 80 

(35.69) 

35.51 

(3.74) 

3.54 

(5.20) 

4.89 

Pb(19.24) 

18.87 

Mn(5.10) 

4.89 

- 6.9 

 (20) 
[(H4L)(Zn)(Ni)(OAc)4(H2O)2].2H2

O C32H40N4Na2NiO18Zn 
Brown 938.74 220 75 

(40.94) 

40.35 

(4.29) 

4.0 

(5.97) 

5.58 

Zn(6.97) 

6.23 

Ni(6.25) 

5.98 

- 8.3 

(21) 
[(H4L)(Mn)(Zn)(OAc)4(H2O)2].2

H2O C32H40MnN4Na2O18Zn 
Brown 934.98 >300 68 

(41.11) 

40.75 

(4.31) 

4.0 

(5.99) 

5.56 

Zn(6.99) 

6.53 

Mn(5.88) 

5,37 

- 5.3 

* m ( -1 cm2mol-1) 
 

Mass spectra 

The mass spectra of the ligand (1) and its complexes Zn(II) complex (5),and 

Sr(II)complex (14) confirmed their proposed formulation. The spectrum of ligand (1) reveals 

the molecular ion peak (m ⁄z) at 506.42 amu consistent with the molecular weight of the 

ligand. Furthermore, the fragments observed at (m ⁄z)  65, 93, 135, 190, 204, 285, 327, 383, 

466 , 480 , and 506 a.m.u. correspond to C5H5, C6H5O, C7H5NO2, C9H6N2O3 , C10H8N2O3 , 

C13H14N2O4Na, C15H16N2O5Na, C17H18N3O6Na , C22H18N3O6Na2 ,  C22H18N4O6Na2 and 

C24H20N4O6Na2 moieties respectively. Complex (5) shows the molecular ion peak (m ⁄z) at 

945 amu consistent with the molecular weight of the complex. Also, shows another fragments 

(m ⁄z) at 66, 149, 187, 270, 322, 385, 444, 530, 639, 726 and 945 a.m.u. due to C5H6 , 

C8H7NO2, C11H9NO2, C14H10N2O4, C18H14N2O4, C20H21N2O6 , C20H25N2O8Na,  C20H25N3O9Na, 

C22H25N3O11Na,  C25H34N3O15Na, C29H34N3O16Na2 and C32H40N4O18Na2Zn2.moieties 

respectively. However Complex (14) shows the molecular ion peak (m ⁄z) at 913 amu 

consistent with the molecular weight of the complex. Also, it  shows another fragments (m ⁄z) 

at 63, 133, 210, 258, 281, 377, 548, 660, 773, and 913 a.m.u. due to C5H3 , C7H10ONa, 

C12H13NONa, C16H13NONa, C16H20NO2Na, C19H20N3O4Na, C23H21N3O8Na2Cl, 

C23H30N3O10Na2Cl3,  C24H30N4O10Na2Cl3Sr and C24H30N4O11Na2Cl4Sr2 .moieties respectively. 

The fragments of the ligand (1) and its complexes (5) and (14) are represented in (Table 2). 
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Table 2.  Mass spectra of [H2L] (1) and its complexes (5) and (14) 

 

ii. Mass spectrum of Ligand 

 

m/z Rel. Int. Fragment 

65 39 C5H5 

93 50 C6H5O 

135 30 C7H5NO2 

190 22 C9H6N2O3 

204 25 C10H8N2O3 

285 21 C13H14N2O4Na 

327 26 C15H16N2O5Na 

383 22 C17H18N3O6Na 

466 19 C22H18N3O6Na2 

480 18 C22H18N4O6Na2 

506 17 C24H20N4O6Na2 
 

 

ii. Mass spectrum of Zn (II) complex (5) 
 

m/z Rel. Int. Fragment 

66 99 C5H6 

149 32 C8H7NO2 

187 27 C11H9NO2 

270 59 C14H10N2O4 

322 22 C18H14N2O4 

385 65 C20H21N2O6 

444 46 C20H25N2O8Na 

530 28 C22H25N3O11Na 

639 62 C25H34N3O15Na 

726 29 C29H34N3O16Na2 

945 15 C32H40N4O18Na2Zn2 

 

ii. Mass spectrum of Sr(II) complex (14) 
 

m/z Rel. Int. Fragment 

63 38 C5H3 

133 68 C7H10ONa 

210 33 C12H13NONa 

258 58 C16H13NONa 

281 62 C16H20NO2Na 

377 38 C19H20N3O4Na 

548 36 C23H21N3O8Na2Cl 

660 26 C23H30N3O10Na2Cl3 

773 54 C24H30N4O10Na2Cl3Sr 

913 16 C24H30N4O11Na2Cl4Sr2 
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1H–NMR spectrum  
 

The 1H-NMR spectrum of the 1igand was recorded in DMSO-d6. The 1H-NMR 

spectrum of the ligand showed two peaks at 8.5p.p.m [s, 2H] and 13.1 p.p.m [s, 1H] assigned 

to the protons of (NH) and (OH) respectively13,14. The peaks of (5) and(14) complexes  

observed as multiple ones at 7.0 – 8.1 ppm ranges may be assigned to aromatic protons. The 

peaks observed as multiple ones at 4.0 – 6.1 ppm ranges may be assigned to CH3 group15,16. 

These findings are going consistent with the proposed structure of the ligand. 
 

IR spectra 
 

The modes of bonding between the ligand and the metal ion can be revealed by 

comparing the IR spectra of the solid complexes with that of the ligand. The IR spectral data 

of the ligand and its metal complexes are presented in (Table 3). The IR spectrum of the ligand 

shows broad medium bands in the 3660 - 3345 and 3340 – 2680 cm-1 ranges, attributed to 

intra- and intermolecular hydrogen bonds between aromatic OH with C=N groups. Thus, the 

higher frequency band is associated with a weaker hydrogen bond and the lower frequency 

band with a stronger hydrogen bond. The spectrum also shows band at 3360 cm-1, assigned to 

the stretching vibrations of ν (NH) group13,17. The relatively strong bands located at 1695and 

1622 cm-1 are assigned to the ν (C=O) and ν (C=N) respectively18,19. In all complexes, the 

band due to azomethine ν (C=N) imine was shifted with decreasing its intensity  as shown in 

table (3) indicating its coordination to the central metal ion19,20. The complexes show broad 

bands in the( 3580-3340,3370-3280,3364-3250 and 3325-3220 cm-1 ranges assigned to the 

presence of hydrated or coordinated water molecules21. However, the bands appear in the 

(3660-3610, 3360-3260,3340-3210 and 2750-2550 cm-1) ranges, are due to intra- and 

intermolecular hydrogen bondings18,19,22. Complexes (2) – (21) show bands in the 3325 – 3194 

cm-1 ranges are due to ν (NH) groups23. The appearance of two characteristic bands in the 

(1540-1450) and (1435-1315) cm-1 ranges in the spectra of complexes (2-5) and (17-21) were 

attributed to asym.(COO-) and sym.(COO-) respectively, indicating the participation of the 

acetate oxygen in the complex formation32. The mode of coordination of acetate group has 

often been deduced from the magnitude of the observed separation between the asym.(COO-) 

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

complexes were in the 102-110 cm-1 range suggesting the coordination of acetate group in a 

monodentate fashion33. Complex (11) show bands at (1374-1274) cm-1, assigned to 

coordinated nitrate group18,19. Complexes (6-10) and (12-13) show bands at 530-416 cm-1 

range is due to the coordinated monodentate chloride group ν (M-Cl)24 ,whereas sulfate 

complex (15) and (16) exhibited new bands at 1266,1108,1108 ,680 and 1276,1162,1112,570 

cm-1 these values indicate that the sulphate ion is coordinated to the metal ion in a unidentate 

chelating  fashion23,26. 
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Table 3:- IR Frequencies of the Bands (cm-1) of Ligand [H4L], (1) and its Metal Complexes 

 

Electronic transition and magnetic moments 
 

Electronic transition: The electronic absorption spectral data of the ligand and its metal 

complexes in DMF are listed in Table 4. The ligand showed three bands at 280,300,320 nm. 

The first band may be assigned to 𝜋 →𝜋∗ transition which is nearly unchanged upon 

complexation, however, the second  and the third band may be assigned to the n → 𝜋∗ and 

charge transfer transitions of the azomethine , hydroxyl and carbonyl groups30, 42. These bands 

were shifted to lower energy upon complex formation, indicating participation of these groups 

in coordination with the metal ions38. The electronic spectra of copper (II) complexes 

No. ν(H2O) 
υ(H-

bonding) 
υ(NH) (C=O)ν 

ν(C=N) 

imine 
ν(Ar) 

ν(OAc)/SO4/ 

NO3/CO3) 

υ(M-

O) 

υ(M-

N) 

υ(M-

Cl) 

(1) - 
3660-3345, 

3340-2680 
3360 1695 1622 

1592, 814 

1545,739 
- - - 

 

- 

(2) 
3580-

3340 

3630-3288, 

3210-2774 

3258 

 
1675 1615 

1603,853 

1580,779 
1540,1413 620 425 - 

(3) 
3570-

3350 

3640-3320, 

3310-2773 
3240 1675 1615 

1580,850 

1403,777 
1530,1435 623 517 - 

(4) 
3340-

3280 

3630-3330, 

3280-2860 
3220 1670 1610 

1570,848 

1490,764 
1480,1342 623 460 - 

(5) 
3450-

3310 

3620-3230, 

3210-2720 
3206 1670 1603 

1503,850 

1402,769 
1336,1279 620 417  

(6) 
3570-

3370 

3620-3280, 

3260-2550 
3285 1660 1602 

1497,848 

1436,764 
- 629 552 454 

(7) 
3560-

3370 

3630-3320, 

3300-2679 
3295 1690 1610 

1497,850 

1467,766 
- 691 610 530 

(8) 

3570-

3365 

3364,3325 

3650-3260, 

3250-2663 
3210 1676 1605 

1439,849 

1372,771 
- 694 412 446 

(9) - 
3610-3290, 

3280-2784 
3220 1685 1609 

1437,849 

1370,770 
- 693 613 446 

(10) 
3580-

3340 

3650-3330, 

3320-2867 
3300 1680 1603 

1540,850 

1379,774 
- 699 545 429 

(11) 
3570-

3350 

3650-3330, 

3320-2875 
3194 1678 1605 

1530,890 

1505,766 

1375,1274 

840 
655 411 - 

(12) 
3340-

3280 

3640-3350, 

3320-2870 
3272 1660 1607 

1505,847 

1434,766 
- 592 541 416 

(13) 
3450-

3310 

3620-3360, 

3350-2750 
3280 1677 1620 

1599,848 

1515,769 
- 612 505 444 

(14) 
3570-

3370 

3620-3340 

3330-2780 
3325 1670 1620 

1611,851 

1503,769 
- 612 535 429 

(15) 
3580-

3340 

3630-3320, 

3300-2679 
3212 1675 1601 

1506,848 

1429,769 

1166,1108 

1063,691 
609 458 - 

(16) 
3570-

3350 

3650-3260, 

3250-2663 
3240 1660 1610 

1507,848 

1374,775 

1276,1161 

1111,693 
,613 530 - 

(17) 
3340-

3280 

3610-3290, 

3280-2784 
3260 1670 1597 

1554,851 

1520,781 
1460,1380 621 512 - 

(18) 
3450-

3310 

3650-3330, 

3320-2867 
3262 1680 1610 

1566,846 

1520,766 
1470,1315 660 542 - 

(19) 
3570-

3370 

3650-3330, 

3320-2875 
3350 1680 1599 

1555,852 

1510,781 
1460,1320 661 620 - 

(20) 
3560-

3370 

3630-3320, 

3300-2679 
3273 1670 1602 

1540,848 

1503,766 
1399,1336 671 420 - 

(21) 

3570-

3365 

3350,3320 

3650-3260, 

3250-2663 
3360 1670 1602 

1590,853 

1560,783 
1450,1370 622 444 - 
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(3,8,9,10,15 and 17) were nearly identical and showing  bands in the (280-298),(318-

430),(498-565) and (605-608) nm ranges. 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, respectively39. These 

transitions indicated that the copper (II) ion has a tetragonally distorted octahedral geometry40. 

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 ones41. The magnetic moments for copper(II) complexes at room temperature 

were in the 1.61, 4.98, 3.21, 1,71, 1.97, 1.74 and 6.72 BM respectively, supporting that the 

complexes have octahedral geometry42. Nickel (II) complex (4,6,9,18 and 20) displayed bands 

at (280-298)(378-475)(600-738) and (600-738) nm, respectively. The  first bands are 

corresponding to intraligand  thransation, however the other bands due to 3A2g(F)→3T2g (𝜐1), 
3A2g(F) →3T2g(F) (𝜐2) , ,and 3A2g(F) →3T1g(P) 𝜐3 transitions, indicating octahedral The 

complexe 𝜐2/𝜐1 1.04-1.22 range indicating distorted octahedral structure42. The values of 

magnetic moments for Nickel (II) complexes (4, 6,9,18 and 20) were 2.64, 2.98, 3.21, 3.12 

and 3.2 BM respectively, which is consistent with two unpaired electrons state, confirming 

octahedral geometry for nickel (II) complex43. Manganese(II) complexes  (2,16,18,19 and 21) 

displayed bands at (280-298) (310-460)(560-600) and (610-738) nm range  the first bands are 

due to intraligand transitions, however the other bands are assigned 6A1g →4Eg, 6A1g →4T2g, 

and 6A1g →4T1g transitions, respectively, corresponding to an octahedral structure for 

manganese(II) complex43,46. 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 moments for manganese (II) 

complexes (2,16,18,19 and21)  are 5.27,6.11, 3.12, 6.13,and 6.21BM which is consistent with 

high spin octahedral geometry for manganese(II) complexes41,47 Cobalt(II) complex (12) 

shows bands at 280,297,316,470,570,605 nm,the first bands are within the ligand are due to 

intraligand transitions , however the other bands are corresponding to 4T1g(F) →4T2g(P), 4T1g 

→4A2g(F), and 4T1g(F) →4T1g(F) transitions respectively, indicating octahedral geometry 

around Co (II) ion which confirmed by the value of magnetic moment 4.36 B.M43.The 

observed bands for zinc(II)  complex (5), cadmium(II) / strontium(II) complex (7) , Silver(II) 

complex (11) and (II)  strontium(II) complex (14), (Table 4) are due to intra ligand transitions 

within the ligand and showed diamagnetic property43. (Table 4). 
 

Table 4. The electronic absorption spectral bands (nm) and magnetic moments (B.M) for the 

ligand [H4L] and its complexes. 

No. λmax
  (nm) eff in B.M. 𝜐2/𝜐1 

(1) 280,300,320 - - 

(2) 280,295,310, 410,460 ,560 , 610 5.27 - 

(3) 280,298,435,498,565,605 1.61 0.9 

(4) 282,295,473,560,602,750 2.64 1.2 

(5) 280,300,360 Diamag. - 

(6) 280,298,318,465,570,600,742 2.98 1.2 

(7) 280,297,320 Diamag. - 
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(8) 280,298,317,575,605 4.98 - 

(9) 280,298,318,445,580,608 3.21 1.04 

(10) 280,297,316,478,565,603 1,71 - 

(11) 280,298,318 Diamag. - 

(12) 280,297,316,470,570,605 4.36 1.06 

(13) 280,298,318,475,565,603 1.97 1.06 

(14) 280,298,320 Diamag.  

(15) 280,326, 430,510, 560,600 1.74 1.07 

(16) 280,298,316,410,570, 610 6.11 - 

(17) 280,297,318,435,570,605 6.72 - 

(18) 280,298,317,475,565,600,738 3.12 1.23 

(19) 280,298,318,465,570,602 6.13 - 

(20) 280,298,316,455,556,600,740 3.2 1.2 

(21) 289,298,318,475,562,603 6.21 - 

 

Electron spin resonance (ESR ) of metal complexes 
 

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 (3,8,10,13,15,and 17) 

(Table 5) have been carried out.44. The spectra Cu(II) complexes (3,8,10,13,15,and 17) 

showed that, the complexes exhibited anisotropic signals with g values g 2.19,2.13,2.18, 

2.19,2.14 =, g  = 2.05,2.03,2.04,2.28,2.09 and 2.08 respectively. These values are 

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

state44,45. 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-axis45. 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 geometry46. The range reported for square-planar complexes are 105-

135 cm-1 and for tetrahedrally distorted complexes 150-250 cm-1 47. The g /A  values for the 

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

copper(II) complexes 47. 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 complexes48. 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 bonding47.  

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 character57-59. 
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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 

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 showed 
2

1 values 0.86 and 0.6 and 0.57 indicating a moderate 

degree of covalent character in the in-plane -bonding, while β2 are 0.61,1.5 and 0.43 

indicating covalent character in the out - of-plane -bonding except complex(6) shows ionic 

bond character. However, Ni (II) (9) and Sr (II) complex (10)  and Co(II) complex (12)showed 

isotropic type with g iso = 2.13,2.07 and 2. 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 complexes (3, 15) are 97%, 88%, respectively, indicating a d (x2-y2) 

ground state49.   

a) 3giso= g  + 2g┴ b) 3Aiso =A  + 2A┴        c) G = g  -2 /g┴-2 
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Table (5).  ESR data for the metal complexes 
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) - - 2.09 - - - - - - - - - - - - - - - - 

(3) - 2.05 2.08 90 15 40 3.13 17688 20080 0.94 0.66 0.91 0.84 244.5 0.57 1.65 1.16 2.22 97.02 

(8) - - 2.13 - - - - - - - - - - - - - - - - 

(9) - - 2.09 - - - - - - - - - -  - -  - - 

(10) - - 2.07 - - - - - - - - - - - - - - - - 

(12) - - 2.05 - - - - - - - - - - - - - - - - 

(13) 2.19 2.28 2.31 35 50 45              

(15) 2.14 2.09  105  40 4.4 17857 19608 1.04 1.07 1.02 1.05 615.4 0.59 1.76 1.81  88.92 

(17)  2.08                  

(19)  2.03 - - - - - - - - - - - - - - - - - 

(21)  2.05 - - - - - - - - - - - - - - - - - 

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

 

Thermal Analyses (DTA and TGA) 
 

Since the IR spectra indicate the presence of water molecules, thermal analyses (DTA 

and TGA) were carried out to certain their nature. The thermal curves in the temperature 27 - 

800°C range for complexes (2), (3), (11), (15) and (16) show the complexes are thermally 

stable up to 35°C. Dehydration is characterized by endothermic peaks within the temperature 

75 - 90°C range, corresponding to the loss of hydrated water molecules34,35. The decomposition 

step for complex (2) starting with the breaking of H-bondings accompanied with endothermic 

peak at 45 oC, followed by the elimination of one hydrated water molecule (H2O) at 75°C with 

8.9% weight loss (Calc. 8.7%). Loss of two coordinated water molecules (2H2O) was recorded 

in the third step as an endothermic peak at 120-140 oC range with 4.21% (Calc. 4.04%) weight 

loss. Another thermal decomposition peaks at 260°C with 27.21% weight loss (Calc. 27.69%), 

which could be due to the loss of four coordinated acetate groups. Also, endothermic peak 

observed at 360°C with no weight loss may be due to melting point. Finally, the complex 

showed exothermic peaks in the 410-650°C range, corresponding to oxidative thermal 

decomposition which proceeds slowly with final residue at 650°C, assigned to 2(MnO)34,35.  

The decomposition step for complex (3) starting with the breaking of H-bondings 

accompanied with endothermic peak at 50 oC, followed by the elimination of two hydrated 

water molecules (2H2O) at 90°C with 3.9% weight loss (Calc. 3.82%). Loss of two coordinated 

water molecules (2H2O) was recorded in the third step as an endothermic peak at 120-150 oC 

range with 3.2% (Calc. 3.9%) weight loss. Another thermal decomposition peaks at 310 °C 

with 29.5% weight loss (Calc. 29.9%), which could be due to the loss of four coordinated 

acetate groups. Also, Endothermic peak observed at 350°C with no weight loss may be due to 

melting point. Finally, the complex showed exothermic peaks in the 450 - 650°C range, 

corresponding to oxidative thermal decomposition which proceeds slowly with final residue 

at 650°C, assigned to 2(CuO)34,35. The decomposition step for complex (11) starting with the 

breaking of H-bondings accompanied with endothermic peak at 55 oC, followed by the 

elimination of two hydrated water molecules (2H2O) at 90°C with 4.12% weight loss (Calc. 

4.08%). Another thermal decomposition peaks at 280 °C with 14.62% weight loss (Calc. 

14.65%), which could be due to the loss of two coordinated nitrate groups. Also, Endothermic 

peak observed at 370°C with no weight loss may be due to melting point. Finally, the complex 

shows exothermic peaks in the 440-600°C range, corresponding to oxidative thermal 
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decomposition which proceeds slowly with final residue at 600°C, assigned to 2(AgO)34,35. 

The decomposition step for complex (15) starting with the breaking of H-bondings 

accompanied with endothermic peak at 45oC, followed by the elimination of two hydrated 

water molecules (2H2O) at 75°C with 3.81% weight loss (Calc. 3.85%). Another thermal 

decomposition at 90C with 8.1% weight loss (Calc. 8.02%), which could be due to the loss of 

four coordinated water molecules (4H2O). Also, the complex shows endothermic peaks at 

280°C with 23.5% weight loss (Calc. 23.27%), corresponding to the loss of two sulphate 

groups. Endothermic peak observed at 360°C with no weight loss may be due to melting point. 

Finally, the complex shows exothermic peaks in the 440-630°C range, corresponding to 

oxidative thermal decomposition which proceeds slowly with final residue at 630°C, assigned 

to 2(CuO)34,35. The decomposition step for complex (16) starting with the breaking of H-

bondings accompanied with endothermic peak at 50 oC, followed by the elimination of three 

hydrated water molecules (3H2O) at 90°C with 5.71% weight loss (Calc. 5.78%). Another 

thermal decomposition at 140°C with 8.85% weight loss (Calc. 8.18%), which could be due 

to the loss of four coordinated water molecules (4H2O). Also, the complex shows two 

endothermic peaks at 310°C with 23.7% weight loss (Calc. 23.9%), corresponding to the loss 

of two sulphate groups. Endothermic peak observed at 350°C with no weight loss may be due 

to melting point. Finally, the complex shows exothermic peaks in the 450-650°C range, 

corresponding to oxidative thermal decomposition which proceeds slowly with final residue 

at 650°C, assigned to 2(MnO)36,40, these data showed in table (6). 

 
Table( 6). Thermal data for the metal complexes 

        Compound No. 

Molecular formula 

Temp. 

(oC) 

DTA (peak)          TGA (Wt.loss 

%) 

Assignments 

Endo       Exo     Calc.  Found 

Complex (2) 

 

[ (H4L) (Mn)2(OAc)4(H2O)2]. 

H2O 

C32H38Mn2N4Na2O17 

45 endo - -     - Broken of H-bondings 

85 endo - 8.7 8.9 Loss of (H2O) hydrated water 

molecul 

120-140 endo - 4.04 4.21 Loss of 2(H2O) coordinated water 

molecules 

260 endo - 27.69 27.21 Loss of  coordinated 4( OAc) group 

360 endo  - - Melting point 

410,450,530,600,620,650 - exo 24.02     

24.10 

Decomposition process with the 

formation of 2(MnO) 

Complex (3) 

[ (H4L) 

(Cu)2(OAc)4(H2O)2].2H2O 

C32H40Cu2N4Na2O18 

50 endo - - -     Broken of H-bondings 

90 endo - 3.82 3.91 Loss of 2 (H2O) hydrated water 

molecules 

120-150 endo  3.9 3.2 Loss of 2 (H2O) coordinated water 

molecules 

310 endo - 29.9     9.51 Loss of  coordinated 4( OAc) group 

350 endo - - -     Melting point 

450,530,600,620,650 - exo 28.6 28.2 Decomposition process with the 

formation of 2( CuO) 

Complex (11) 

[(H4L) (Ag)2(NO3)2].2H2O 

C24H24Ag2N6Na2O14 

55 endo - -    - Broken of H-bondings 

90 endo - 4.08    4.12 Loss of 2(H2O)  hydrated  water 

molecules 

280 endo - 14.65 14.62 Loss of  coordinated 2(NO3) group 

370 endo - - -      Melting point 

440,480,500,520,600 - exo 34.07 34.1 Decomposition process with the 

formation of 2 (AgO) 
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Continue Table( 6). Thermal data for the metal complexes 
 

 

In vitro chemotherapeutic activity 
 

The chemotherapeutic activity of the ligand and some of its complexes against of 

HepG-2 (human liver cancer) cell lines was evaluated by using the Sulfo-Rhodamine-B-stain 

(SRB) assay method under concentrations ranged from 1.0 µg/ml –500 µg/ml41-48. The IC50 

values obtained of ligand and its complexes are depicted in figure (2) and (3), table (7) After 

the tumor cells were incubated in the presence of the tested compound for 48 h, the IC50 values 

for all of ligand and its complexes ranged from 0.44-60.4 µg/ml against HepG-2, indicating 

varying degree of antitumor activity of the ligand and its metal complexes. It was reported that 

compounds exhibiting IC50 values more than 10 – 25 µg/ml indicate weak cytotoxic activities 

while compounds with IC50 values less than 5 µg/ml are considered to be very active. Those 

having intermediate values ranging from 5 to 10 µg/ml are classified as moderately active49-53. 

Accordingly, the IC50 values refer to a worth cytotoxic activities against HepG-2 by order as: 

complex (5) with IC50 (60.4) then followed by complex (11) with IC50 (52.6) and finally the 

ligand with IC50 (43.9), In is worth noting, the cytotoxic activity was enhanced upon 

complexation of the ligand with  metal ions54-63. It was interestingly found that, the complexes 

Cu(II) complex (3) , Cd(II)/Ni(II) complex (6) and Cu(II) complex (13), recorded the highest 

cytotoxicity against HepG-2 with IC50 0.44, 0.8 and 2.99 respectively. The cytotoxicity of both 

the ligand and some of  its metal complexes was found to be concentration dependent, the cell 

viability decreased with increasing the concentration of the compounds63-67. The resulting 

concentration–effect obtained with continuous exposure for 48 hr are depicted in Figure(7). 

The histograms of the ligand and some of its complexes are shown in figure(8). 

        Compound No. 

Molecular formula 

Temp. 

(oC) 

DTA (peak)          TGA (Wt.loss 

%) 

Assignments 

Endo       Exo     Calc.  Found 

Complex (15) 

[(H4L) 

(Cu)2(SO4)2(H2O)4].2H2O 

C24H32Cu2N4Na2O20S2 

45 endo - -     - Broken of H-bondings 

75 endo - 3.85 3.81 Loss of 2(H2O) hydrated water 

molecules 

90 endo - 8.02 8.1 Loss of 4(H2O) coordinated water 

molecules 

280 endo - 23.27 23.50 Loss of  coordinated 2( SO4 ) group 

360 endo  - - Melting point 

440,470,560,630 - exo 24.96     

24.91 

Decomposition process with the 

formation of 2(CuO) 

Complex (16) 

[(H4L) 

(Mn)2(SO4)2(H2O)4].3H2O 

C24H34Mn2N4Na2O21S2 

50 endo - - -     Broken of H-bondings 

90 endo - 5.78 5.71 Loss of 3 (H2O) hydrated water 

molecules 

140 endo  8.18 8.85 Loss of 4 (H2O) coordinated water 

molecules 

310 endo - 23.9     23.7 Loss of  coordinated 2( SO4) group 

350 endo - - --    Melting point 

450,530,600,620,650 - exo 12.52 12.01 Decomposition process with the 

formation of 2( (MnO) 
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Figure (2): Mean inhibition zone of the ligand [H4L],(1) and some of its metal against Liver carcinoma HepG2. 
 

 
Figure (3): IC50 for the ligand [H4L],(1) 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. 

 43.9 [H2L] Ligand (1) 

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

 60.4 [ (H4L)(Zn)2(OAc)4(H2O)2].2H2O Complex (5) 

 0.8 [ (H4L)(Cd)(Ni)(Cl)4(H2O)2]. 3H2O Complex (6) 

 52.6 [(H4L)(Ag)2(NO3)2].2H2O Complex (11) 

 2.99 [(H4L)(Cu)2(Cl)4(H2O)2].2H2O Complex (13) 

 3.6 Sulfo-Rhodamine-B-stain (SRB) Standard 
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HepG cells Nontreated Control        HepG cells treated with  complex (3) at500µg 

 

  
        HepG cells treated with complex (3) at 0.8 µg      HepG cells treated  complex (3) at 100 µg 

 

  
 

        HepG cells treated with  complex (3) at 4 µg             HepG cells treated with Sample  complex (3) at 20 µg 
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HepG cells Nontreated Control    HepG cells treated with complex (6) at 500µg 

 

 
       HepG cells treated with complex (6)  at 0.8 µg      HepG cells treated with complex (6) at 100 µg 

 

    
HepG cells treated with Sample with complex (6 )at 4 µg       HepG cells treated with with complex (6) at 20 µg 

 

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 hydrazone ligand were prepared. 

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

fashion; 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 

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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