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ABSTRACT 

 

New binary metal (II) /(III) complexes derived from N-(3-(hydroxyimino) -

4-oxo penten-2-ylidene)-4-(2-((2z)-2-(3-(hydroxyimino)-4-oxopentan-2-ylidene) 

hydrazinyl)-2-oxoethoxy)benzohydrazide ligand were prepared. Physicochemical 

studies (IR, UV - Vis, Mass,1HNMR, Magnetism, DTA and TGA, conductivity, ESR) 

revealed that, the ligand coordinates to the metal ion in a unidentate or a tridentate 

mode through nitrogen atoms of imino and oxime groups and oxygen atom of the 

amide group. All metal complexes are non-electrolytic in nature as suggested by 

molar conductance measurements. The complexes are adopted to be a linear as Ag(I) 

complex or tetragonal distorted octahedral geometry around the metal ions. The 

cytotoxic activity of the ligand as well as some of its metal complexes was evaluated 

against human liver cancer (Hep-G2). It is worth noting, the cytotoxic activity was 

enhanced upon complexation. Also, it was interestingly found that, the Cu(II) 

complex (2) which formed in (1L: 2M)  molar ratio, recorded the highest cytotoxicity 

against Hep-G2. On the other hand, the Co(II) complex (3) and Zn(II) complex (7) 

recorded moderate IC50 value against Hep-G2. However, the other tested complexes 

showed a weak cytotoxicity against the same cell line compared with a standard drug 

(vinblastine sulfate). 
 

Keywords: Hydrazon oxime, Complexes, Spectra, Magnetism, ESR, Cytotoxicity. 
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INTRODUCTION 

 

Coordination chemistry field is the discovery of compounds possessing a high degree 

of selectivity and identification of the causes underlying such selectivity. These include 

adjustment of the pH, and the use of masking agents which form complexes. The element in 

the organic molecule through which the metal is bonded is generally oxygen or nitrogen, less 

usually it is sulphur. The oxygen containing groups most often met in organic reagents were -

OH, -CHO, -COOH. In which bonding tends to be coordinated to the nitrogen instead of 

replacement of hydrogen and azo groups. 
 

Many of physiologically active hydrazones found applications in the treatment of 

diseases like tuberculosis, leprosy and mental disorders1,2. Hydrazones also act as herbicides, 

insecticides, nematocides, rodenticides and plant growth regulators. Hydrazones have both 

analytical and biological applications, which attract so many researchers to prepare and 

characterized metal complexes of new hydrazon oxime and this biological activity. Schiff 

bases are interesting compounds due to their variety of applications in the biological field as 

well as industrial applications. They have been found to own wide range of pharmacological 

activities such as antibacterial, antifungal, antineoplastic, anti- inflammatory, antimalarial, ant 

tubercular, and antiviral activity. They also can be utilized in the synthesis of various 

heterocyclic compounds3,4. It is well known that, the presence of metal ions linked to 

pharmacologically active Schiff base compounds may improve their activities5,6. The synthesis 

of Schiff-base ligand by the condensation of amoxicillin trihydrate and nicotin aldehyde and 

its metal complexes with cobalt(II), nickel(II), copper(II), and zinc(II) salts had been 

published7. Although the considerable advance in both diagnosing and treatment of cancer, the 

problem of drug resistance and the consequences toxicities joined with the high-dose uptake 

represent one of the major obstacles for treatment this type of diseases1,2. Hence, the demand 

for synthesis of anticancer agents with more efficient activity is a global desire. In accordance 

with this demand, much concern was directed toward preparation of metallo-organic drugs 

derived from biologically active ingredient8. Schiff base complexes are a class of bio-inorganic 

compounds that draw much attention in the field of medicinal chemistry as many of these 

compounds could be used serve as models for biologically important species. Due to their wide 

scope of applications in medicine, materials science and environmental chemistry9-12, these 

compounds have a pivotal role in the coordination chemistry because of their ability to bind 

with a wide range of metal ions forming stable complexes having a wide of applications. 

Oxime-Schiff bases and their derivatives represent an important class of chelating agents; they 

have been used for many important pharmaceutical and synthetic chemistry applications, and 

usually perform as chemical building blocks for the synthesis of pharmaceuticals and bioactive 

agents. They are attracted due to their biological activities as fungicides13,14, bactericides15, 

analgesic and anti-inflammatory16, antioxidant17,18, antitumor1,19,20 and insecticidal21. The 

oxime (N-OH) functional group can facilely bind to a variety of important organic groups such 

as: >C=O, -NH2, -NO3 and >C=N groups and form new compounds with a prospective 

biological activity22. Mononuclear nickel(II), copper(II), copalt(II) and zinc(II) complexes 
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derived from dioxime ligand with hydrazone moiety have been published23. The work was 

extended to prepare new dioxime hydrazone ligand and its metal complexes and also to study 

the anticancer activity of these compounds against human liver cancer HepG2 cell line. 

 

EXPERIMENTAL 

 

Instrumentation and measurements  

 

The ligand and its metal complexes were analyzed for C, H, Cl and N at the Micro 

analytical center, Cairo University, Egypt. Standard analytical methods were used to determine 

the metal ion content24. 1H-NMR spectra were obtained on bruker 400 MHz spectrometer. 

Chemical shifts (ppm) are reported relative to TMS. FT-IR spectra of the ligand and its metal 

complexes were measured using Kerr discs by a Jasco FT/IR 300E Fourier transform infrared 

spectrophotometer covering the range 400-4000 cm-1. Electronic spectra in the 200-900 nm 

regions were recorded on a Perkin-Elmer 550 spectrophotometer. The thermal analyses (DTA 

and TGA) were carried out on a Shimadzu DT-30 thermal analyzer from room temperature to 

800 ºC at a heating rate of 10 ºC/min. Magnetic susceptibilities were measured at 25oC by the 

Gouy method using mercuric tetrathiocyanatocobaltate(II) as the magnetic susceptibility 

standard. Diamagnetic corrections were estimated from Pascal’s constant 30. The magnetic 

moments were calculated from the equation:  

(µ eff = 2.828 (Ӽn× T) 1/2)                                     (1)                                            

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

with a Bibbyconductometer type MCl. The ESR spectra of solid complexes at room 

temperature were recorded using a varian E-109 spectrophotometer, DPPH was used as a 

standard material. The TLC of all compounds confirmed their purity.  
 

Synthesis of the ligand 
 

(4-(2-(oxo-2-(propan-2-ylidene)hydrazinyl)ethoxy)-N(Propan-2ylidene)benzo hydrazide 

ligand (H2L) was synthesized by mixing (10.0 g, 0.08 mol) ethyl chloroacetate with sodium 

methyl benzoate. The solution was refluxed with stirring for three hours at 80 oC, then left to 

cool at room temperature. The precipitated yield was filtered off then dried under vacuum over 

anhydrous CaCl2.  (3.0g, 0.013 mol) of yield reacts with (1.34 g, 0.026 mol,) of hydrazine 

hydrate in the presence of 50 cm3 of methanol solution. The solution was refluxed for another 

three hours with stirring at 80 oC, then left to cool at room temperature. The precipitate was 

filtered off, and then dried. This product (1.0g ,0.0045 mol) was added to (4.6 g, 0.008mol) of 

oxime in the presence of 50 cm3 of methanol solution The mixture was refluxed for two hours 

with stirring at 80 oC, then left to cool to room temperature. Filtered off and the product collect 

to give the ligand (FW) 446,Yield: 70%, Color: yellow. Elemental Anal. Found.: C, 51.02; H, 

4. 7; N, 18.73.: Calc C, 51.1; H, 4.9; N, 18.8.IR,(KBr,cm-1): 3234 cm-1 (OH)oxime, 3620-3230 

cm-1, 3220-2620 cm-1 (H-bonding), 3234 cm-1 ν((NH), 1692 cm-1 (C=O), 1615 cm-1 

(C=N),1590 cm-1 (C=NO),1237,1119,956 cm-1 (N-OH), 1517,753 cm-1 ν(Ar).1H-
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NMR(DMSO-d6,400MHz,ppm): 8.09 and7.2 [s,1H] (OH)oxime and υ(NH) respectively.; 

Protons signals of aromatic and methyl groups appeared around 6.7[3H] and 3.6[3H] ppm 

respectively, these signals are disappeared upon adding D2O. Finally, the multiples set 

observed in the ranges (6.81-7.09) ppm assignable to the protons the aromatic ring.  

 

Synthesis of metal complexes 
 

Preparation of complexes (2-17) 
 

Synthesis of complexes (2-17) were synthesized using (1L: 2M) molar ratio, by 

refluxing of (1.0g, 0.002 mol) of the ligand in 30 cm3 ethanol with 30 cm3 ethanloic solution 

of the metal salts of (0.89 g, 0.004 mol) Cu(OAc)2.H2O   complex (2), (1.1 g, 0.0044 mol) 

Co(OAc)2.4H2O complex (3), (1.09 g, 0.004 mol) Mn(OAc)2.4H2O complex (4), (1.1 g, 0.0045 

mol) CuSO4.5H2O  complex (5), (0.75 g, 0.0044 mol) CuCl2.2H2O   complex (6), (0.98 

g,0.0044 mol) Zn(OAc)2.2H2O complex (7), (1.1 g, 0.0044 mol) CdSO4.2H2O complex (8), 

(1.17g 0.0044 mol) TlOAc complex (9), (0.65 g, 0.004 mol) CaCl2.2H2O complex (10),(0.74 

g ,0.044 mol) AgOAc complex (11) (1.8 g, 0.0044 mol) Pb(NO3)2.4H2O  complex  (12), (1.04 

g,0.044 mol) Ni(CO3)2 .3H2O  complex (13), (1.24g ,0.0044 mol) FeSO4.7H2O complex (14), 

(0.44g, 0.002 mol) Cu(OAc)2.H2O complex adding to (0.55 g, 0.0022 mol) Co(OAc)2.4H2O 

to give complex (15), (0.55 g, 0.0022 mol) CuSO4.5H2O complex adding to (0.64 g, 

0.0022mol) ZnSO4.7H2O complex to give complex  (16), (0.44 g, 0.0022 mol) Cu (OAc)2. 

H2O complex adding to(0.49 g, 0.0022 mol) Zn (OAc)2.2H2O to give complex (17), for 3 hour 

under continuous stirring at 80 °C. The obtained precipitate were filtered off and dried in 

desiccators over CaCl2 to give anew complexes. 
 

Cu(II) complex (2) C32H58N6O19Cu2 (FW = 958), Yield: 63%, Color: Dark green, Elemental 

Anal. Found.: C, 40.49; H, 6.3; N, 8.9;Cu, 13.5; Calc: C, 40.1; H, 6.3; N, 8.9; Cu, 13.5, IR 

(KBr, cm-1): 3510-3110 cm-1 (bra) (H2O), 3560-3170 cm-1, 3160-2610 cm-1 υ (H-bonding) 

1675 cm-1 (C=O), 1610 cm-1 (C=Nimine),1585 cm-1(C=NO),1500,774 cm-1 ν(Ar), 1223, 

1035, 975 cm-1 ν(NOH) 1480,1375 cm-1 ν(OAc), 615 cm-1 (M-O), 585 cm-1 (M←N), Molar 

conductance () is 0.523 -1cm2 mol-1 
 

Co(II) complex (3)  C32H60N6O20Co2 (FW = 967), Yield: 70%, Color: Red brawny. Elemental 

Anal. Found: C, 40.06 H, 6.4; N, 9.01; Co, 12.5; Calc.: C, 39.7; H, 6.2; N, 8.7; Co, 12.2, IR 

(KBr, cm-1): 3550-3115 (H2O), 3560-3170, 3160-2610  υ(H-bonding), 1685 (C=O), 1608 

(C=Nimine), 1580 (C=NO), 1175, 1097, 990 (N-OH),1453,1352 ν(OAc), 610 (M-O), 570 

(M←N). Molar conductance () is 0.643 -1cm 2 mol-1. 
 

Mn(II) complex (4) C32H60 N6O20Mn2 (FW = 958), Yield: 65%, Color: Dark brown. 

Elemental Anal. Found: C, 40.4 ; H, 6.5 ; N, 9.1; Mn, 11.7; Calc: C, 40.1; H, 6.3; N, 8.8; Mn, 

11.5, IR (KBr, cm-1): 3650-3270 (H2O), 3590-3300, 3150-2720 υ(H-bonding), 1683 

(C=O),1610 (C=Nimine), 1594(C=NO), 1550,1154,750 ν(Ar), 1175, 1097, 990 ν(NOH), 

1432, 1323, ν(OAc), 620 (M-O), 575 (M←N). Molar conductance () is 0.563-1cm 2 mol-1. 
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Cu(II) complex (5) C23H52N6O23Cu2S2 (FW = 969), Yield: 70%, Color: Dark green, 

Elemental Anal. Found: C, 28.9; H, 4.9; N, 9.4; Cu,14.0; Calc: C, 28.5.; H, 5.4; N, 8.7; Cu , 

12.2 IR (KBr, cm-1): 3350-3150 (H2O), 3560-3290,3100-2700 υ(H-bonding) 1680 (C=O), 

1607 (C=Nimine), 1585 ( C=NO), 1550, 767 ν(Ar), 1280, 1113, 885 ν( (NOH), 1282, 

1153,845,670 ν(S04), 615 (M-O), 590 (M←N). Molar conductance () is 0.27 -1cm 2 mol-1. 
 

Cu(II) complex (6) C24H48N6O12Cu2 Cl2 (FW = 809), Yield: 70%, Color: Green, Elemental 

Anal. Found.: C 35.8, H, 6.1; N, 10.9;Cu, 15.0;: Calc C, 35.6.; H, 5.9; N, 10.4; Cu 14.6, IR 

(KBr, cm-1): 3450-3125 (H2O), 3520-3310,3300-2700 υ (H-bonding) 1680 (C=O), 1635 

(C=Nimine), 1595 ( C=NO), 1560,760 ν(Ar), 1194, 1085, 950 ν( (NOH)  435 υ(M-CL)  610 

(M-O), 530 (M←N). Molar conductance () is 0.45 -1cm 2 mol-1. 
 

Zn(II) complex (7) C32H58N6O19Zn2 (FW = 962), Yield: 53%, Color: Brown, Elemental Anal. 

Found; C, 40.32; H, 6.58; N, 9.08;Zn,14.0; Calc :C, 39.9.; H, 6.0; N, 8.7; Zn, 13.5 IR (KBr, 

cm-1): 3567-3120 (bra) (H2O), 3530-3310,3300-2650 υ (H-bonding), 1655 (C=O), 1613 

(C=Nimine), 1590 ( C=NO), 1569,753 ν(Ar), 1180,1030,976 ν( (NOH), 1472,1335 ν(OAc), 

618 (M-O), 522 (M←N),. Molar conductance () is 0.264-1cm 2 mol-1 
 

Cd(II) complex (8) C23H48N6O21Cd2S2 (FW = 1034), Yield: 70%, Color: White gray, 

Elemental Anal. Found: C, 27.1; H, 4.9; N, 8.2; Cd, 20.7; Calc: C, 26.7; H, 4.6; N, 8.1; Cd, 

20.5, IR (KBr, cm-1): 3500-3165 (H2O), 3540-3210, 3200-2700 υ (H-bonding), 1652 

(C=O),1607(C=Nimine),1580(C=NO),1560,765 ν(Ar), 1167, 1029, 965 ν(NOH), 

1270,1145,1107,780,650 ν(S04), 619 (M-O), 515(M←N),. Molar conductance () is 

0.27-1cm 2 mol-1 
 

Tl(I) complex (9) C32H60 N6O20 Tl2 (FW = 1256), Yield: 60%, Color: Yellowish Brown, 

Elemental Anal. Found: C, 31.0; H, 5.1; N, 6.9;Tl, 32.7; Calc: C, 30.6.; H, 4.8; N, 6.7; Tl, 32.5, 

IR (KBr, cm-1): 3620-3350 (H2O), 3550-3200, 3190-2665 υ (H-bonding), 1662 (C=O), 

1610 (C=Nimine), 1590 ( C=NO), 1536, 770 ν(Ar), 1168, 1035,910 ν( (NOH) ,1448, 

1335ν(OAc), 606(M-O), 518(M←N). Molar conductance () is 0.34-1cm 2 mol-1 
 

Ca(II) complex (10) C24H48N6O12Ca2Cl2 (FW = 762), Yield: 85%, Color: Brown, Elemental 

Anal. Found: C 38.2 H, 6.7; N, 11.5;Ca, 10.9; Calc: C, 37.8.; H, 6.3; N, 11.0; Ca,10.5;IR (KBr, 

cm-1): 3520-3310 (bra) (H2O), 3570-3220, 3210-2700 υ (H-bonding) 1670 (C=O), 

1607(C=Nimine),1585 ( C=NO), 1540, 760 ν(Ar), 1181,1059,970 ν( (NOH), 430 υ(M-CL), 

620 (M-O), 570 (M←N). Molar conductance () is 0.76 -1cm 2 mol-1 

 

Ag(I) complex (11) C26H40 N6 O12Ag2 (FW = 8 44), Yield: 70%, Color: Gray, Elemental Anal. 

Found: C, 37.21; H, 4.9; N, 10.4; Ag, 25.9; Calc: C, 37.0.; H, 4.7; N, 10.0; Ag, 25.4, IR (KBr, 

cm-1): 3490-3190 (bra) (H2O), 3530-3210, 3200-2750 υ (H-bonding) 1655 (C=O), 1610 

(C=Nimine), 1575 ( C=NO), 1530, 775 ν(Ar), 1170, 1035, 985 ν( (NOH), 1450, 1335 

ν(OAc), 617 (M-O), 520 (M←N). Molar conductance () is 0.445-1cm 2 mol-1 
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Pb(II) complex (12) C24H48N6O21Pb2 (FW = 1170), Yield: 60%, Color: White, Elemental 

Anal Found: C, 24. 8; H, 4.4; N, 7.4; Pb, 35.9; Calc: C, 24.6.; H, 4.1; N, 7.2; Pb, 35.4, IR (KBr, 

cm-1): 3600-3150 , 3620-3320 (bra) (H2O), 3670-3320, 3310-2700 υ (H-bonding) ,1660 

(C=O), 1605 (C=Nimine), 1590 ( C=NO), 1550, 850 ν(Ar), 1176, 1032, 940 ν( (NOH) , 

1740,1390, 1276, 850 ν(Co3), 619 (M-O), 512 (M←N). Molar conductance () is 0.56-

1cm 2 mol-1 

 

Ni(II) complex (13) C24H46 N6 O20Ni 2 (FW = 856), Yield: 60%, Color: White green, 

Elemental Anal. Found: C, 33.9; H, 5.86; N, 10.32;Ni, 12.8; Calc: C, 33.6.; H, 5.4; N, 9.8; Ni, 

12.64, IR (KBr, cm-1): 3490-3170 (bra) (H2O), 3510-3230,3120-2675 υ (H-bonding) 1667 

(C=O), 1608 (C=Nimine), 1580 ( C=NO), 1570, 773 ν(Ar), 11701025,950 ν( (NOH) , 

1750, 1440, 1120, 870 ν(Co3), 620 (M-O), 519 (M←N). Molar conductance () is 0.477-

1cm 2 mol-1 

 

Fe(III) complex (14) C23H48N6O19Fe2S2 (FW = 919), Yield: 75%, Color: Green, Elemental 

Anal. Found: C, 30.5; H, 5.6; N, 12.7; Fe, 12.43; Calc: C, 30.0.; H, 5.2; N, 12.2; Fe, 12.2, IR 

(KBr, cm-1): 3530-3170 (bra) (H2O),3620-3220,3210-2700 υ (H-bonding), 1665 (C=O), 

1605 (C=Nimine), 1590 ( C=NO), 1560-750 ν(Ar), 1155,1020, 970 ν( (NOH) 1281, 1120, 

850, 670 ν(S04), 616 (M-O),519 (M←N).Molar conductance() is 0.45-1cm 2 mol-1.  

 

Co(II) Cu(II) complex (15)  C32H58N6O19 CO Cu (FW = 953), Yield: 60%, Color: Vilot, 

Elemental Anal. Found: C, 40.7; H, 6.53; N, 9.04; Cu, 6.22; Co, 6.35; Calc: C, 40.3.; H, 6.1; 

N,8.8; Cu,6.12, Co,6.18; IR (KBr, cm-1): 3510-3320 (bra) (H2O), 3520-3210,3200-2620 υ 

(H-bonding), 1650 (C=O), 1605 (C=Nimine), 1567 ( C=NO), 1578, 774 ν(Ar), 1144, 1010, 

985 ν( (NOH), 1410, 1349 ν(OAc), 619 (M-O), 520 (M←N). Molar conductance () is 

0.387-1cm 2 mol-1 

 
Cu(II) Zn(II) complex (16)  C23H48N6O21 Cu Zn S2 (FW = 938), Yield: 70%, Color: Oily 

Green, Elemental Anal. Found: C, 30.14; H, 5.62; N, 9.12; Cu, 6.9; Zn, 7.1;Calc: C, 29.4 .; H, 

5.1; N, 9.0 Cu, 6.7, Zn, 6.9; IR (KBr, cm-1): 3520-3315 (bra) (H2O), 3530-3255, 3150-2650 

υ (H-bonding) 1670 (C=O), 1609 (C=Nimine), 1590 ( C=NO), 1570, 769 ν(Ar), 1159, 1107, 

988 ν( (NOH), 1280, 1159, 1107, 1000, 670 ν(S04), 610(M-O), 513 (M←N). Molar 

conductance () is 0.445-1cm 2 mol-1 

 
Cu(II) Zn(II) complex (17) C32H58N6O19CuZn (FW = 960), Yield: 60%, Color: Green , 

Elemental Anal. Found: C, 40.41; H, 6.39; N, 8.92;Cu, 6.97 Zn, 7.02; Calc: C, 40.0; H, 

6.0;N,8.8;Cu,6.6,Zn,6.8;IR(KBr,cm-1): 3450-3320 (bra) (H2O), 3530-3220,3210-2800 υ (H-

bonding) 1660 (C=O), 1605 (C=Nimine), 1595 ( C=NO), 1560, 778 ν(Ar), 1170, 1036, 950 

ν( (NOH) , 1447, 1343 ν(OAc), 630 (M-O), 520 (M←N). Molar conductance () is 0.205-

1cm 2 mol-1. 
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Table 1:-Analytical and Physical Data of the Ligand [H2L] and its Metal Complexes 

 

No Ligands/Complexes Color FW 
M.P 

(OC) 

Yield 

(%) 

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

conductance* 

C H N M  

(1) (H2L) C19H22N6O7 Yellow 446 >350 70 
51.02 

(51.1) 

4. 

7(4.9) 

18.73 

(18.8) 
-  

(2) 
[(H2L)Cu2 (OAC)2].2H2O 

C32H58N6O19Cu2 
Dark green 958 >350 63 

40.49 

( 40.1) 

6.3 

(6.1) 

8.9  

(8.5) 

13.5 

(13.4) 
0.523 

(3) 
[(H2L)Co2 (OAC)2].2H2O 
C32H60N6O20Co2 

Red brawny 967 >350 70 
40.04 
( 39.7) 

6.4 
(6.2) 

8.7  
(8.5) 

12.5 
(12.2) 

0.643 

(4) 
[(H2L)Mn2 (OAC)2].2H2O 

C32H60N6O20Mn2 
Dark brown 958 >350 65 

40.4  

( 40.1) 

6.5 

(6.3) 

9.1  

(8.8) 

11.7 

(11.5) 
0.563 

(5) 
[(H2L) Cu2 (SO4)2]. 

4H2O C23H52N6O23Cu2S2 
Dark green 969 >350 70 

28.9  

(28.5) 

5.7 

(5.4) 

9.1 

(8.7) 

12.8 

(12.2) 
0.27 

(6) 
[(H2L) Cu2 ( CL)2]. 

3H2O C24H48N6O12 Cu2 Cl2 

Green 

 
809 >350 70 

35.8 

(35.6) 

6.1 

(5.9) 

10.9 

(10.4) 

15.0 

(14.6) 
0.45 

(7) 
[(H2L)(Zn)2 (OAc)2].2H2O 

C32H58N6O19Zn2 
Brown 962 >350 53 

40.32 

(39.9) 

6.58 

(6.0) 

9.08  

(8.7) 

14.0 

(13.5) 
0.264 

(8) 

[(H2L) Cd2 

(SO4)2.2H2O] 

C23H48N6O21Cd2S2 

White gray 1034 >350 70 
27.1 

(26.7) 

4.9 

(4.6) 

8.2  

(8.1) 

20.7 

(20.5) 
0.27 

(9) 
[(H2L)Tl2 (OAc)2].3H2O   
C32H60N6O20 Tl2 

Yellowish 
brown 

1256 >350 60 
31.0 

(30.6) 
5.1 

(4.8) 
6.9 

(6.7) 
32.7 

(32.5) 
0.34 

(10) 
[(H2L) Ca2 ( CL)2].3H2O 

C24H48N6O12 Ca2 Cl2 
Brown 762 >350 85 

38.2 

(37.8) 

6.7 

(6.3) 

11.5 

(11.0) 

10.9 

(10.5) 
0.76 

(11) 
[(H2L)Ag2 (OAc)2].H2O 

 C26H40 N6 O12Ag2 
Gray 844 >350 70 

37.21 

(37.0) 

4.9 

(4.7) 

10.4 

(10.0) 

25.9 

(25.4) 

 

0.445 

(12) 

[(H2L)Pb 2  

(CO3)2].4H2O   

C24H48 N6 O21 Pb2 

White 1170 >350 60 
24.8 

(24.6) 

4.4 

(4.1) 

7.4 

(7.2) 

35.9 

(35.4) 0.56 

(13) 
[(H2L) Ni 2  (CO3)2].3H2O 

 C24H46 N6 O20 Ni 2 

White 

green 

 

856 >350 60 
33.9  

(33.6) 

5.86 

(5.4) 

10.32 

(9.8) 

12.8 

(12.64) 0.477 

(14) 
[(H2L) Fe2 (SO4)2].2H2O 

C23H48N6O19Fe2S2 
Green 919 >350 75 

30.5 

(30.0) 

5.6 

(5.2) 

12.7 

(12.2) 

12.43 

(12.2) 0.45 

(15) 
[(H2L)CuCo(OAc)2].2H2OC32H58 
N6O19 COCu 

Vilot 953 >350 60 
40.70 
(40.3) 

6.53 
(6.1) 

9.04 
(8.8) 

6.22(6.12) 
6.35(6.18) 

0.387 

(16) 
[(H2L) Cu Zn(SO4)2].2H2O 

C23H48N6O21 Cu Zn S2 
Oily green 938 >350 70 

30.14 

(29.4) 

5.62 

(5.1) 

9.12 

(9.0) 

6.9(6.7) 

7.1(6.9) 
0.445 

(17) 
[(H2L)Cu Zn(OAc)2].2H2O 

C32H58 N6O19 Cu Zn 
Green 960 >350 60 

40.41 

(40.0) 

6.39 

(6.0) 

8.92 

(8.8) 

6.97(6.6) 

7.02(6.8) 
0.205 
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RESULTS AND DISCUSSION 

 

The ligand and its metal complexes are non-hydroscopic, colored, crystalline and air-

stable at room temperature. They are soluble in both dimethylformamide (DMF) and 

dimethylsulfoxide (DMSO) but insoluble in water, ethanol, methanol, benzene, toluene, 

acetonitrile and chloroform. The analytical and physical data (table1) and spectral data (tables 

2 and 3) are consistent well with the proposed structures (Figures1-10). Many attempts were 

carried out to prepare single crystal but unfortunately they were failed. The analytical data 

indicated that, all complexes formed in 1L: 2M molar ratio. 

 

Conductance measurements 

 

1x10-3 molar solutions of the ligand and its metal complexes in DMSO were used for 

molar conductivities measurements. The compounds recorded low molar conductivities values 

(listed in the experimental section) referring that, both the ligand and metal complexes have 

non-electrolytic nature25 which confirmed coordination of the anions to the metal ions. 

 

Mass spectra 

 

The mass spectrum of the ligand showed a molecular ion peak at m/e 446. amu, 

corresponding to its formula weight (F.W.446) and supporting the proposed structure, and the 

purity of the ligand prepared. The prominent mass fragmentation peaks observed at m/z = 59, 

76, 93, 135, 155, 178, 192, 196  213, 240, 256, 354, 417 and 446 amu corresponding to C4H11, 

C5H16, C6H7N, C9H13N, C10H7N2, C12H6N2, C12H6N3, C12H10N3, C13H14N3, C14H15N4, C14H18N5, 

C14H18N5, C17H14N4O5, C17H19N6O7 and C19H22N6O7 moieties respectively  and also support the 

suggested structure of the ligand while mass spectrum of the Zn(II) complex (7) showed a 

molecular ion peak at m/e 962amu corresponding to its formula weight (F.W. 962) and 

supporting the proposed structure, and the purity of the complex prepared. The prominent mass 

fragmentation peaks observed at m/z = 386, 388, 393, 426, 460, 468, 560, 576, 580, 710, 780, 

815, 962 amu corresponding to C12H10N4O11, C12H12N4O11, C12H17N4O11, C12H18N4O13, 

C12H20N4O15, C12H28N4O15, C18H32N4O17, C18H36N4O17, C28H46N4O17, C31H50N5O18, C31H55N6O19, 

C32H58N6O19Zn2 , moieties respectively and also support the suggested structure of the this 

complex. 
 

1H-NMR spectra 
 

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

ligand showed two peaks at 10.09 [s, 1H] and 7.8 [s, 1H] assigned to protons of (OH)oxime and 

υ(NH) respectively. Protons signals of the methyl and acetyl groups appeared at 3.0[3H] and 

3.52[3H] ppm respectively. Finally, the multiples set observed in  the (6.61-7.02) ppm range 

assignable to the protons of the aromatic ring26. These finding is go consistent with the 

proposed structure of the ligand (figure 1). 
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N-(3-(hydroxyimino)-4-oxopenten-2-ylidene)-4-(2-((2z)-2-(3-(hydroxyimino)-4-oxopentan-2-ylidene) 

hydrazinyl)-2-oxoethoxy)benzohydrazide 
Figure 1: Structure representation of the ligand [H2L] (1) 

 

IR spectra 
 

The IR spectral data of the ligand and its metal complexes are represented in table (2) 

the spectrum of ligand showed broad band centered at 3371 cm-1 which assigned to υ(OH). 

However, strong broad bands appeared in the 3620-3230 and 3220-2620 cm-1 ranges confirm 

the presence of non-equivalent intra and intermolecular hydrogen bondings27. Also, the 

spectrum of ligand displayed three bands at 1692, 1615 and 1590 cm-1 assignable to υ(C=O), 

υ(C=N) and υ(C=NO)oxime respectively28-31 Medium bands were observed at 1517 and 753 cm-

1 which are related to vibration of ν (Ar) ring. The υ(NH) of the ligand appeared at 3234 cm-1, 

however, the (NOH) group was observed at 1237,1119 and 956 cm-1 and these bands appeared 

in the same position in metal complexes indicating non-participating in coordination process 

.The mode of bonding of the ligand can be predicted by comparison the IR spectra of the 

complexes with that of the free ligand. The complexes show a broad band in the 3650 -3110 

cm-1 range, assigned to the presence of hydrated or coordinated water molecules. However, 

the bands appeared in the 3620 -2600 cm-1 range is due to intra-and intermolecular hydrogen 

bondings. The υ(NH) group appears in the 3380 -3170 cm-1 ranges. The complexes show 

υ(C=O) and υ(C=N) at 1675-1610 cm-1 range. These bands were shifted to lower frequency 

suggesting the participation of the carbonyl and azomethine groups in the coordination 

process. IR spectral data of complexes (2)- (17) revealed the presence of the υ (OH) oxime 

except complex(14), however, it subjected to a negative shift to higher or lower wavenumber 

comparing to the ligand referring to its participation in the metal coordination. Furthermore, 

υ(OH)oxime, υ(C=N) and υ(C=NO)oxime were also shifted to lower wave numbers suggestion 

their participation in the metal bonding26,27. The appearance of two characteristic bands at 

(1480,1375) , (1453,1352),(1432,1323) (1472,1335) (1448, 1335) (1450, 1335) (1440, 1339) 
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and (1447, 1343) cm-1 in the spectra of  the complexes (2), (3), (4), (7) , (9) ,(11), (15) and 

(17)  were attributed to υas(COO-) and υs(COO-) respectively, indicating the participation of 

the acetate oxygen in the complex formation29. The mode of coordination of acetate group has 

often been deduced from the magnitude of the observed separation between the υas(COO-) and 

υs(COO-) .The separation value (Δ) between υasym(COO-) and υsym(COO-) for these 

complexes were in the (105-112) cm-1 range suggesting the coordination of acetate group in a 

monodentate fashion28,29 The spectra of carbonate complexes (12) and (13) showed vibrations 

at (1740,1390,1276 and 850) and (1750, 1440 ,1120 and 870) cm-1 assigned to  coordinated 

carbonate group30. The chloro complexes (6) and (10) showed new bands at 435 and 430 cm-1 

respectively, this band was assigned to υ (M–Cl). The sulphat complexes (5), (8), (14) and 

(16) show bands at (1282, 1153, 845, and 670), (1270, 1145, 1107, 780 and 650) (1281, 1120, 

850 and 670) and (1280, 1159, 1107, 1000 and 670) cm-1, these values indicate that, the sulphate 

ion is coordinated to the metal ion31. The mode of coordination is supported by presence of 

additional bands in the 630-605 and 590-519 cm-1regions corresponding to υ (M-O) and              

υ (M-N) bands respectively32-33. 
 

Table 2. IR Frequencies of the Bands (Cm-1) of Ligand [H2L] (1) and its Metal Complexes and 

their Assignments 
 

No. 
ν((OH)/ 

H2O) ν(Hbonding) ν((NH) ν(C=O) ν(C=N) ν(C=NO) ν(Ar) ν(NOH)/NO 
ν(OAc,SO4, 

NO3,Co3) 
υ(M-

O) 

υ(M-

N) 

υ(M-

CL) 

(1) 
3371 

-  

3620-3230 

3220-2620 
3234 1692 1615 1590 

1517, 

753 

1237, 
1119,  

956 

 
- - - - 

(2) 

3350 
3510-

3110 

3560-3170 

3160-2600 
3170 1675 1610 1585 

1500, 

774 

1223, 
1035, 

975 

 
1480,1375 

 

615 585 - 

 (3) 

3372 

3550-
3115 

3560-3170 

3160-2610 
3210 1685 1608 1580 

1565, 

762 

1175, 

1097, 
990 

 

1453,1352 
 

610 570 - 

 (4) 

3380 

3650-
3270 

3590-3300 

3150-2720 
3210 1683 1610 1594 

1550, 

1154, 
750 

1175, 

1097, 
990 

 

1432,1323 
 

620 575 - 

 (5) 

3270 

3350-

3150 

3560-3290 
3100-2700 

3160 1680 1607 1585 
1550, 
767 

1280, 

1113, 

885 

 

1282,1153, 

845,670 

615 590 - 

 

 (6) 

3250 

3450-

3125 

3520-3310 

3300-2700 

 

 3265 1680 1635 1595 
1560, 
760 

- 
 

 

1194,1085, 

950 

610 530 435 

(7) 

3320 
3567-

3120 

3530-3310 

3300-2650 
3270 1655 1613 1590 

1569, 

753 

1180, 
1030, 

976 

 
1472,1335 

 

618 522 - 

(8) 

3360 
3500-

3165 

3540-3210 
3200-2700 

 

3250 1652 1607 1580 
1560, 

765 

1167, 
1029, 

965 

 
1270,1145, 

1107,780,650 

619 515 - 

(9) 

3370 
3620-

3350 

3550-3200 
3190-2665 

 

3260 1662 1610 1590 
1536, 

770 

1168, 
1035 

910 

 
1448, 1335 606 518 - 

(10) 

3275 

3520-
3310 

3570-3220 

3210-2700 
 

3250 1670 1607 1585 
1540, 

760 

1181, 

1059, 
970 

 

 
- 

620 570 430 
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(11) 

3280 

3490-
3190 

3530-3210 

3200-2750 
 

3257 1655 1610 1575 
1530, 

775 

1170, 

1035, 
985 

 

1450,1335 617 520 - 

(12) 

3350 

3600-

3150 

3620-3320 

3310-2700 

 

3210 1660 1605 1590 
1550, 
850 

1176, 

1032, 

940 

 

1740,1390, 

1276,850 

619 512 - 

(13) 

3370 

3490-

3170 

3510-3230 

3120-2675 

 

3265 1667 1608 1580 
1570, 
773 

1170,  

1025,  

950 

 

1750,1440, 

1120,870 

620 519 - 

(14) 

3345 
3530-

3170 

3620-3220 
3210-2700 

 

3270 1665 1605 1590 
1560

-750 

1155, 

1020 

 
1281,1120, 

850,670 

616 519  

(15) 

3375 
3510-

3320 

3520-3210 

3200-2620 
3380 1650 1605 1567 

1578, 

774 

1174, 
1040, 

985 

 
1440,1339 

 

619 520 - 

(16) 

3360 

3520-
3315 

3530-3255 

3150-2650 
3372 1670 1609 1590 

1570, 

769 

1159, 

1107, 
988 

1280,1159, 

1107,1000, 
670 

610 513  

(17) 

3370 

3450-
3320 

3530-3220 

3210-2800 

3380 

 
1660 1605 1595 

1560, 

778 

1170 

1036,  
950 

 

1447,1343 630 520  

 

 

 
 

 

 
 

 

M=Cu(II)       X=OAc           (2)               n=2 

M=Co(II)       X=OAc           (3)   n=3 

M=Mn(II)       X=OAc           (4)               n=3 

M=Zn(II)       X=OAc            (7)               n=2 

 
Figure 2: Structure representation of Cu(II), Co(II), Mn(II) and Zn(II) complexes 
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 Figure 3: Structure representation of Tl(I) complex (9) 
 

 

 
Figure 4: Structure representation of Ag(I) complex (11) 

 

 
 

 
M=Cu(II)      X=SO4       (5)     n= 4           

M=Cd(II)      X=SO4       (8)     n=2                   
Figure 5: Structure representation of Cu(II) and Cd(II) complexes 
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Figure 6: Structure representation of Fe(III) complex (14) 

 

 

 
M=Cu(II)  X=Cl         (6)   n=3           

M=Ca(II)   X=Cl        (10)  n=3    
Figure 7: Structure representation of Cu(II) and Ca(II) complexes 

 

 
M=Pb(II)   X= CO3          (12)     n=4           

M=Ni (II)   X= CO3          (13)     n=3           
Figure 8: Structure representation of Pb(II) and Ni(II) complexes 
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M=Cu(II)    M= Co(II)   X=OAc       (15)     n=2           

M=Cu(II)    M= Zn (II)   X=OAc       (17)   n=2          
Figure 9: Structure representation of [Cu(II)Co(II)] and [Cu(II)Zn(II)] complexes 

 

 

 
Figure 10: Structure representation of [Cu(II)Zn(II)] complex(16) 

 

Electronic transition 
 

The electronic absorption data of the ligand and its complexes in dimethylformamide 

(DMF) are given in Table 3. The ligand showed three bands at 275, 315and 350 nm due to 

* transitions within the aromatic moieties, n* transition of chromophore moieties 

present in the ligand, and CT transitions, respectively29-31 The electronic absorption spectra of 

Cu(II) complexes (2), (5) and (6) showed bands at 270, 340, 355, 490, 550,610 and 260, 305, 

570, 615 and 255, 280, 305, 550, 608 nm respectively, the first bands are due to intraligand 

transitions however, the other bands correspond to 2B1g(dx2-y2)→2A1gdz2 (ν1) 2B1g(dx2-
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y2)→2B2g(dxy) (ν2) and 2B1g(dx2-y2)→2Eg(dzy,dxz) (ν3) transitions. The position as well as the 

broadness of these bands suggest that these complexes have a tetragonal distorted octahedral 

geometry32,33. 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 ones34,35. Magnetic moment values are in the range (1.65-1.67) 

B.M. corresponding to one unpaired electron, spin-only value. The spectra of Co(II) complex 

(3) showed signals at 265, 280, 310, 435, 595, 610 nm assignable to intra ligand transitions 

and the other bands are due to 4Tlg(F)→4T2g(F)(ν1), 4Tlg(F)→4A2g(F)(ν2) and 4Tlg(F)→4T2g 

(P)(ν3) transitions, suggesting octahedral Co(II) geometry. The magnetic moment value of 

cobalt complex is 1.69 B.M.  which is corresponding to one unpaired electrons and close to a 

low spin cobalt(II) (d7) 36, 37. The electronic absorption spectra of Ni(II) complex (13) displayed 

bands at 580, 610 and 740 nm, attributable to intraligand transitions and the other bands are 

assigned to 3A2g(F)→3T2g(F)(ν1), 3A2g(F)→3T1g(v2) and 3A2g(F)→3T1g(P)(ν3) transitions 

respectively, which are consistent with octahedral stereo chemistry 37, 38. This observation is 

further confirmed by µeff value (3.18 B.M) corresponding to two unpaired electrons37. The 

ν2/ν1 ratio is 0.95 which is less than the usual range of octahedral nickel(II) complex (1.5–

1.75), indicating that, the nickel(II) complex has adistorted octahedral geometry36-39 The bands 

observed for the diamagnetic: zinc(II) complex (7), cadmium(II) complex (8), Ca(II) complex 

(10), Ag(I) complex (11), Pb(II) complex (12) are due to intraligand transitions (table3). 
 

Table 3. The electronic absorption spectral bands (nm) and magnetic moments  B.M.) for the 

ligand and its complexes. 
 

No. 
(nm)  maxλ 

 
in B.M. effM 

(1) 275, 315, 350  

(2) 270,350,335,490,550,610 1.66 

(3) 265,280,310,435,595,610 1.69 

(4) 265,305,495,571,620 6.1 

(5) 260,305,430,570,615 1.65 

(6) 255,280,305,435,550,608 1.67 

(7) 290,340,350 Diamagnetic 

(8) 255,270,295 Diamagnetic 

(10) 255,298,315 Diamagnetic 

(11) 250,300,325 Diamagnetic 

(12) 260,305,320 Diamagnetic 

(13) 250,265,290,460,580,610,745 3.18 

(14) 255,300,325,435,550,605 6.3 

(15) 260,305,330,435,560,600,610 1.62 

(16) 290,340,350,380,430 1.66 

(17) 265,298,320,432,565,602 1.67 

 

Thermal analyses  
 

The thermal data of complexes (3, 6 and 7) are listed in Table (4). These complexes 

were introduced as representative examples. Thermogram of complex (3) [(H2L) (Co)2(OAc)  
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Table 4. Thermal analyses for some metal (II) complexes 

 

4(H2O) 2].3H2O showed a decomposition in six steps, the first step involving breaking of H-

bondings accompanied with  endothermic peak at 45 oC. In the second step, three molecules 

of hydrated water were lost endothermically with peak at 80 accompanied by 5.9% (calc 5.6%) 

weight loss. Such a low temperature endothermic dehydrations indicated that the water 

molecules were not coordinated to the metal. Loss of two coordinated water molecule was 

recorded in the third step as an endothermic peak at 120 oC with 4.2 (calc. 3.9) weight losses. 

The 40.1% weight loss (calc 39.2%) accompanied by an endothermic peak at 220 oC was 

assigned to loss of four acetat groups (OAc), whereas the endothermic peak observed at 350 
oC refers to the melting point of the complex. The final step observed as exothermic peaks 

420,510 and 560◦C with 28.9% weight loss (Calc 28.1%), refers to complete decomposition of 

the complex which exoed up with the formation of 2CoO. The first step observed in the 

thermogram of complex(6) [(H2L)(Cu)2(Cl)4(H2O)2].3H2O involves breaking of H-bondings 

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

water were lost endothermically with a peak at 85 oC accompanied by % 6.9 (Calc 6.7%) 

weight loss. The third step involved loss of one coordinated water molecules accompanied 

with an endothermic peak at 120oC with 5.1 (Calc. 4.8%). weight loss 20.1% (Calc 19.5%) 

weight loss accompanied by an endothermic peak was observed at 225 oC, which was ascribed 

to loss of a coordinated four chloride group (Cl), while the endothermic peak appearedat 370 
oC refers to the melting point of the complex. The final step observed at 390, 430 and 470 oC 

with 28.0% weight loss (Calc 27.3%)as exothermic peaks, refers to complete oxidative 

decomposition of the complex which ended up with the formation of 2CuO. The first step 

Compound No. 

Molecular formula  

 

Temp. 

(oC) 

    DTA (peak)       TGA  

(Wt.loss %) Assignments 

Endo    Exo   Calc  Found 

Complex (3) 

[(H2L)(Co)2(OAc)4(H2O)2].3H2O 

C32H60N6O20 Co2 

45 endo - - - Broken of H-bondings 

80 endo  5.6 5.9 Loss of 3(H2O) hydrated water molecules 

120 endo - 3.9 4.2 Loss of 2(H2O)coordinated water molecules 

220 endo - 39.2 40.1 Loss of coordinated 4(OAc)group 

350 endo - - - Melting point 

420,510, 

560 

- exo 28.1 28.9 Decomposition process with formation of 

2(CoO) 

Complex (6) 

[(H2L)(Cu)2(Cl)4(H2O)2].3H2O 

C24H48N6O12 Cu2 Cl2 

50 endo - - - Broken of H-bondings 

85 endo  6.7 6.9 Loss of 3(H2O) hydrated water molecules 

120 endo - 4.8 5.1 Loss of 2(H2O) coordinated water molecules 

225 endo  19.5 20.1 Loss of coordinated 4(Cl)group 

370 endo -  - - Melting point 

390,430, 

470 

- exo 27.3 28.0 Decomposition process with the formation of 

2(CuO) 

Complex( 7) 

[(H2L)(Zn)2(OAc)4(H2O)2].2H2O 

C32H58N6O19Zn2 

50 endo - - - Broken of H-bondings 

80 endo  3.7 3.9 Loss of 2(H2O) hydrated water molecules 

120 endo - 3.9 4.2 Loss of 2(H2O) coordinated water molecules 

225 endo  38.7 39.3 Loss of coordinated 4(OAc) group 

350 endo  - - Melting point 

420,460, 

500 

- exo 29.8 30.3 Decomposition process with the formation of 

2(ZnO) 
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K
2

┴ = (g┴- 2.002) ∆Exz /2λo            (4) 

K2
|| = (g|| - 2.002) ∆Exy /8λo  (5) 

K2 = (K2
|| +2K2

┴)/3    (6) 
 

observed in the thermogram of complex (7) [(H2L)(Zn)2(OAc)4(H2O)2].2H2O involving 

breaking of H-bondings accompanied with endothermic peak at 50 oC.  In the second step, two 

molecules of hydrated water were lost endothermically with peak at 80 oC. accompanied by 

4.2% (Calc 3.9%) weight loss. Such a low temperature endothermic dehydrations indicated 

that, the water molecules were not coordinated to the metal. Loss of two coordinated water 

molecules was recorded in the third step as an endothermic peak observed at 120 oC with 4.2 

(Calc. 3.9) weight loss. The 39.3% weight loss (Calc 38.7%) accompanied by an endothermic 

peak appears at 250 oC was assigned to loss of four acetate groups (OAc), whereas the 

endothermic peak observed at 350 oC refers to the melting point of the complex. The final step 

observed in 420,460 and 500◦C with 30.3% weight loss (Calc 29.8%), refers to complete 

oxidative decomposition of the complex which exoed up with the formation of 2 ZnO.  

 
Electron spin resonance (ESR) 
 

The ESR spectral data for complexes (2, 3, 4, 5, 6 and 16) are presented in Table5. 

The spectra of copper(II) complexes (2, 5, 6 and 16) are characteristic of species 

d9configuration having axial type of a d(x2-y2) ground state which is the most common for 

copper(II) complexes40-44. The complexes show g||>g┴>2.0023, indicating octahedral geometry 

around copper(II) ion45,46. The g-values are related by the expression G = (g||-2)/ (g┴-2)45,47, 

where G) exchange  coupling  interaction  parameter  (G).  If G < 4.0, a significant exchange 

coupling is present, whereas if G value > 4.0, local tetragonal axes are aligned parallel or only 

slightly misaligned. Complexes(2), (5) , (6) and (16)  show 2.71, 2.44 ,2.25 and 2.8 values 

indicating spin- exchange interactions takeplace between copper(II) ions. This phenomena is 

further confirmed by the magnetic moments values in the (1.65– 1.67 B.M.) range. The g||/A|| 

value is also considered as a diagnostic term for stereochemistry48, the g||/A|| values in the (150-

246.6 cm-1) range are expected for distorted octahedral copper(II) complexes(Table5). The g-

value of the copper(II) complexes with a 2B1g ground state (g||>g┴) may be expressed by49: 
 

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

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

 

Where  k||   and  k┴   are  the  parallel  and  perpendicular  components  respectively  of  the  

orbital reduction factor (K), λ° is the spin-orbit coupling constant for the free copper, ∆Exy 

and ∆Exz  are the electron transition energies of 2B1g→2B2g and 2B1g→2Eg. From the above 

relations, the orbital reduction factors (K||, K┴, K), which are measure terms for covalency50, 

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. 
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K values (Table 5), for the copper(II) complexes (2), (5) ,(6) and (16) are indicating covalent 

bond character34,50. Kivelson and Neiman noted that, for ionic environment g||≥2.3 and for a 

covalent environment g||<2.3 51. Theoretical work by Smith seems to confirm this view51. The 

g-values reported here Table 5 show considerable covalent bond character34. Also, the in-plane 

σ-covalency parameter, α2(Cu) was calculated by  

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

The calculated values Table 5 suggest a covalent bonding34,51. The in-plane and out of-plane 

π- bonding coefficients β1
2 and β2 respectively, are dependent upon the values of ∆Exy 

and∆Exz in the following equations45. 

α2β2 = (g┴- 2.002) ∆Exy/2λo                                  (8) 

α2 ß1
2 = (g|| - 2.002) ∆Exz/8λo                                 (9) 

In this work, the complexes (2), (5), (6) and (16) show β1
2 values 0.59, 1.74, 0.89 and 0.95 

indicating moderate degree of covalency in the in-plane π-bonding51,52.  except complexes (5) 

β2 value complexes(2), (5), (6) and (16) are 0.94, 2.0, 1.94 and 1.68  indicating ionic character 

of the out-of-plane, except complex (2) is 0.94 indicating a covalent bonding character out-of- 

plane π-bonding51,52. It is possible to calculate approximate orbital populations ford orbitals29 

by 

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

α 
2 

=2B/ 2B°                                                              (11) 

Where A° and 2B° is the calculated dipolar coupling for unit occupancy of d orbital 

respectively. When the data are analyzed, the components of the Cu hyperfine coupling were 

considered with all the sign combinations29. The only physically meaningful results are found 

when A||and A⊥ was negative. The resulting isotropic coupling constant was negative and the 

parallel component of the dipolar coupling 2B are negative (-140, -209.7,-202.9 and -209). 

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) complexes52. The |Aiso| value was relatively 

small. The 2B value divided by 2B
o

(The calculated dipolar coupling for unit occupancy 

of dx2-y2  using equation (10) suggests all orbital population close to 60-89.2 % d-orbital 

spin density, clearly the orbital of the unpaired electron is dx2-y2 
52. Complexes (3) and (4) 

show isotropic spectra with giso= 2.07 and 2.03 respectively indicating Co(II) and Mn(II) 

octahedral structure52. 
 

Table 5 ESR. Data for some metal (II) complexes 

 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 

Aa2d% 

55 (%) 

(2) 2.19 2.07 2.11 130 10 50 2.71 18182 20408 0.83 0.52 
 

0.85 
0.73 168.5 0.88 0.94 0.59 140 60 

(3)  2.07                 

(4)  2.03                 

(5) 2.22 2.09 2.13 90 15 40 2.44 17544 23256 1.1 0.58 0.96 0.93 246.6 0.55 2.0 1.74 209.7 89. 2 

(6) 2.18 2.8 2.11 100 10 40 2.25 18182 22988 1.07 
0.49 0.93 0.87 198.2 0.55 1.94 0.89 202.9 86

 86 

(16)2.25 2.09 2.14 150 15 60 2.8 18868 23256 1.23 0.7 1.02 1.05 150 0.73 1.68 0.95 209 89 
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In vitro cytotoxicity  
 

The cytotoxic activity of the ligand and some of its complexes against cell line of Hep-

G2 (human liver cancer) was evaluated by using the Sulfo-Rhodamine-B-stain (SRB) assay 

method under concentrations ranged from 0.1 µg/ml –100 µg/ml. The IC50 values obtained of 

the ligand and its complexes are depicted in figures (10 and 11). 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 3.01 to 138 µg/ml against Hep-G2, 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 active52. the IC50 

values refer to a weak cytotoxic activity of the ligand against both Hep-G2 with IC50 (37.7 and 

24.9 µg/ml) respectively .It was interestingly found that Cu(II) complex (2) formed in (L: 2M)  

molar ratio, recorded the highest cytotoxicity against Hep-G2 with IC50 3.01. On the other 

hand, complexes Co(II) complex (3) and Zn(II) complex (7) recorded moderate IC50 values 

(47.5 and 41.7 respectively) against Hep-G2 in the time that other tested complexes showed a 

weak cytotoxicity against the same cell line. 
 

 
Figure 11:  IC50 values of the ligand, H2L (1) and some metal complexes against human liver HEP-G2 cancer cell lines. 

 
Control HepG2 

a=( g+2 g)/3 

c= ( g-2)/( g-2)

 

 

Figure 11:  IC50 values of the ligand, H2L (1) and some metal complexes against 

human liver HEP-G2 cancer cell lines. 
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5
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Cu (II) complex (2) at concentration 500 

 

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 µ g/ml   (2)> std. > (3) > (7)> (L) > (6) 

125µ g/ml                       (2)> std. > (7) > (3)> (L)>(6) 

31.25µ g/ml                       (2)> std. > (7) > (3)> (L)>(6) 

7.8µ g/ml                        std. >(2) > (7) > (3)> (L)=(6) 

2.0µ g/ml                        (2)> std. > (7) = (3)= (L)=(6) 

1.0µ g/ml                        std. > (2) > (7) = (3)= (L)=(6) 
 

The cytotoxicity of both the ligand and its metal complexes was found to be 

concentration dependent, the cell viability decreased with increasing the concentration of the 

compounds. The resulting concentration–effect obtained with continuous exposure for 48 h 

are depicted in Figure (11). 

 
Figure 12:  Cytotoxic activity of ligand, H2L (1) and its metal complexes against human liver Hep-G2 cancer 

cell at different concentration. 
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CONCLUSION 

 

New hydrazone oxime ligand as well as its metal complexes were prepared and 

characterized using different spectroscopic and analytical methods, elemental and thermal 

analyses. The data suggested that, the ligand coordinates to the metal ion through the two 

nitrogen atoms and one oxygen atom of the azomethine and oxime groups,and oxygen atom 

of amide group in the time that, the metal complexes adopt distorted octahedral geometry. The 

ESR spectra of solid copper(II) complexes demonstrated that, the complexes exhibited 

anisotropic signals characteristic for a species of d9 configuration with an axial symmetry type 

of ad(x
2-y

2) ground state and a tetragonal distorted octahedral geometry. The cytotoxic activity 

was found to be enhanced upon complexation of the ligand to the most metal ions. Metal 

complex (Cu(II) complex (2) adopting the ML2 mode recorded the highest cytotoxicity against 

Hep-G2 with IC50 (3.01), whereas Co(II) complex (3) and Zn(II) complex (7) recorded 

moderate IC50 values (47.5 and 41.7 respectively). The cytotoxicity of both the ligand and its 

metal complexes was found to be concentration dependent, the cell viability decreased with 

increasing the concentration of the compounds. 
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