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ABSTRACT 

 
Recently, there has been an upsurge of activities relying on the structural 

information aimed at improving and developing other forms of metal-based 
compounds and nonclassical platinum complexes. In line with this many metal(3-((2-
((E)-(3-(hydroxyimino)-4-oxopentan-2-ylidene)amino)phenyl)amino)-3,4-dihydro-
quinoxalin-2(1H)-one) (Mn(II), Cu(II), Co(II), Ni(II), Zn (II), Cd(II), Pb(II))- based  
compounds of new bioactive oxime  have been synthesized and characterized using 
1H-NMR, Mass spectra, IR, UV-VIS and ESR spectra, Magnetism and Conductance 
measurements as well as Elemental and Thermal analysis ( DTA and TGA ). Molar 
conductance in MF indicates non-electrolytic in nature. The ESR spectra of Cu(II) 
complexes show anisotropic spectral (a dx2-y2) with covalent bond character, 
However Mn(II) and Co(II) complexes show isotropic type with covalent bond 
character. The elemental analysis and spectral data confirmed octahedral structure for 
the prepared complexes. The antitumor activity of the ligand and some of its 
complexes show high to moderate inhibitory effect (IC50) against hepatocellular 
carcinoma comparing to standard drug (Sulfo-Rhodamine-B-stain (SRB)). 
 

Keywords: Bioactive oxime – Complexes – Spectra – Magnetism – ESR – Antitumor 
activity. 

 
INTRODUCTION 

 

There is a growing interest in oxime-hydrazone and their coordination compounds 

http://www.chemistry-journal.org
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caused by their biological activity1,2. Many clinically successful anticancer drugs were either 
naturally occurring molecules or have been developed from their synthetic analogs. Metal 
complexes have unique properties enhancing their role as antitumor agents. An important 
property is the ability of metals to form positively charged ions in an aqueous solution that can 
bind to negatively charged biological molecules3,4. The high electron affinity of metal ions can 
significantly polarize groups that are coordinated to them, leading to the generation of 
hydrolysis reactions4 Furthermore, metal ions also has the ability to coordinate ligands in a 
three dimensional configuration, thus allowing functionalization of groups that can be tailored 
to defined molecular targets5,6. Recently, considerable attention has been drawn to oximes, 
hydrazones, and their coordinated compounds due to their biological activities as fungicides7,8, 
bactericides9, analgesic and anti-inflammatory10 antioxidant11,12, antitumor13-15, and 
insecticidal16. Metal complexes of bis-hydrazone derived from isatin monohydrazone and 2-
hydroxy-l-naphthaldehyde had been reported and they demonstrated interesting biological 
properties17 Oxime hydrazones can react with metal(II) salts to produce either mono- or 
binuclear complexes. The keto hydrazone moiety may coordinate to metals in the ketoamide 
or deprotonated enolimine form. Compounds containing both oxime and hydrazone groups are 
typically act as tridentate, mono- or biprotic ligands coordinating through the amide oxygen, 
imine, and oxime nitrogen atom depending on the reaction conditions18. Considerable interest 
has been attracted to synthesize oxime-hydrazide compounds as important target structures 
and evaluated their biological activities. These observations have been guiding the 
development of new compounds that possess varied biological activities. In view of interest 
and importance of oxime-hydrazide complexes, we reported here synthesis and 
characterization of new metal complexes derived from (3-((2-((E)-(3-(hydroxyimino)-4-
oxopentan-2-ylidene)amino)phenyl)amino)-3,4-dihydroquinoxalin-2(1H)-one). The work 
was extended to study the anticancer activity of the ligand and some of its metal complexes 
against human liver cancer HepG2. 
 

EXPERIMENTAL 
 

Instrumentation and measurement: The ligand and its metal complexes were analyzed for 
C, H,N  and Cl at the Microanalytical center, Cairo University, Egypt. Standard analytical 
methods were used to determine the metal ion content.20 Mass 1H-NMR spectra were obtained 
on BRUKER 400 MHz spectrometers. Chemical shifts (ppm) are reported relative to TMS. 
FT-IR spectra of the ligand and its metal complexes were measured using KBr discs by a Jasco 
FT/IR 300E Fourier transform infrared spectrophotometer covering the range 400-4000 cm-1. 
Electronic spectra in the 200-900 nm regions were recorded on a Perkin-Elmer 550 
spectrophotometer19. Mass spectra of the ligand and some of its metal complexes were 
recorded using JEULJMS-AX500 mass spectrometer provided with data system. The thermal 
analysis (DTA and TGA) was carried out on a Shimadzu DT-30 thermal analyzer from room 
temperature to 800 ºC at a heating rate of 10 ºC/min. Magnetic susceptibilities were measured 
at 25oC by the Gouy method using mercuric tetrathiocyanatocobaltate(II) as the magnetic 
susceptibility standard. Diamagnetic corrections were estimated from Pascal’s constant20. The 
magnetic moments were calculated from the equation:  
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The molar conductance of 10-3 M solution of the complexes in DMSO was measured at 25ºC 
with a Bibby conductometer type MCl. The resistance measured in ohms and the molar 
conductivities were calculated according to the equation: 

푴 =
푽	푲	품
푴풘 ∗

 

Where: M = molar conductivity /-1cm2mol-1, V = volume of the complex solution/ mL, K = 
cell constant (0.92/ cm-1), Mw = molecular weight of the complex, g = weight of the 
complex/g,  = resistance/.ESR spectra were recorded using a varian E-109 spetrphotometer 
DPPH was used a standard material.  
Synthesis of ligand: The ligand, (H2L) was prepared by dropwise addition of (10.0 g, 0.08 
mol) oxalic acid dissolved in 20 mL of absolute ethanol solution to-phenylene diamine(20.0 
g, 0.16 mol)  in a ethanolic solution (I;2) then the product added to ethanolic solution of 
(hydroxyimino)pentane-2,4-dione oxime (11.75g, 0.08 mol). The mixture was stirred and 
refluxed for three hours at 80 oC, then left to cool at room temperature. The solid product was 
filtered off, then dried under vacuum over anhydrous CaCl2.  
 

Synthesis of metal complexes 
Preparation of complexes (2-10): Synthesis of complexes (2-10) as (1L:1M) were carried 
out by refluxing a hot ethanolic solution of the ligand (1.0g, 0.002 mol) with a hot ethanolic 
solution of the metal salts of  (1.0 g, 0.002mol) Mn(OAc)2.4H2O complex (2), (1.0 g, 0.002 
mol) Co(OAc)2.4H2O complex (3), (0.65 g, 0.002 mol) Ni(OAc)2.4H2O complex (4), (0.53 g, 
0.002 mol) Cu(OAc)2.H2O complex (5), (0.74g , 0.002 mol ) CuSO4.5H2O complex (6), (0.66 
g,0.002 mol) CuCl2.2H2O complex (7), (0.4 g,0.002 mol) Zn(OAc)2.4H2O  complex (8), (0.63g 
0.002 mol ) Cd(OAc)2.4H2O complex (9), (0.66 g, 0.002 mol) Pb(OAc)2.H2O complex (10), 
for 1-3 hour under  range depending on nature of metal salts continuous stirring at 800C. The 
obtained precipitates were filtered off, washed  with ethanol and dried in a desiccator over CaCl2. 
 

Biological Activity 
Cytotoxic activity:- Evaluation of the cytotoxic activity of the ligand and some of its metal 
complexes was carried out in the Pathology Laboratory, Pathology Department, Faculty of 
Medicine, El-Menoufia University, Egypt. The process was carried out invitro using the Sulfo-
Rhodamine-B-stain (SRB) assay published method21. Cells were plated in 96-multiwell plate 
(104 cells/wll) for 24 hrs. Before treatment with the complexes to allow attachment of cell to 
the wall of the plate. Different concentrations of the compounds under test in DMSO (1, 2, 
3.9, 7.8, 15.6, 31.25, 62.5, 125 and 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 using 5% CO2. After 48 hrs. Cells were fixed, washed and stained 
with Sulfo-Rhoda mine-B-stain. Excess stain was wash with acetic acid and attached stain was 
recovered with Tris EDTA buffer. Color intensity was measured in an ELISA reader. The 
relation between surviving fraction and drug concentration is plotted to get the survival curve 
for each tumor cell line after addition the specified compound. 
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RESULTS AND DISCUSSION 
 

All metal complexes are colored, crystalline solids, non-hygroscopic, and are very air 
stable solids at room temperature without decomposition for a long time22. The complexes are 
insoluble in water, ethanol, methanol, benzene, toluene, acetonitrile and chloroform, but 
appreciably soluble in both dimethylformamide (DMF) and dimethylsulfoxide (DMSO)23. 
Many attempts were made to grow a single crystal, but unfortunately, they were failed.  The 
analytical and physical data (table 2) and spectral data, (tables 3-6) agree well with the 
proposed structures (Figure 1). The elemental analyses indicated that, all complexes were 
found to be composed in 1L: 1M molar ratio. 
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Figure. 1: Proposed structures of the ligand and its metal complexes 
 
Conductance measurements: The molar conductivities measurements of metal complexes 
were measured in DMSO solvent with 1.0×10-3 mol concentration. The low magnitudes of 
molar conductivities -1cm2mol-1 (listed in Table 1) indicated that, all of complexes possess 
non-electrolytic nature31-33. These values agree well with the analytical data assigned to the 
involvement of the anions groups in the metal coordination. 
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Mass spectra: Mass spectrometry was used to confirm the molecular ion peaks of Schiff base 
and investigate the fragment species. The recorded mass spectrum of H2L ligand revealed 
molecular ion peak confirms strongly the proposed formula. It showed a molecular ion peak 
at m/z 365 amu, confirming its formula weight (F.W. 365) and the purity of the ligand prepared. 
The prominent mass fragmentation peaks  observed at m/z = 57, 71, 97, 122, 184,231, 244, 
256,297,310,345 and 365 amu corresponding to C4H9, C5H11, C6H6O3, C7H13, C9H14, 
C10H18NO2, C12H13N3O2, C13H14N3O2, C14H14N3O2, C15H15N5O2, C16H15N5O2, C19H15N5O2 
and C19H19N5O3 moieties respectively supported the suggested structure of the ligand. The 
data are shown in table (1,i) 
 

Table (1): i. Mass spectrum of the ligand [H2L](1) 
m/z Rel. Int. Fragment 
57 88 C4H9 
71 100 C5H11 
97 15 C7H13 
122 18 C9H14 
184 15 C10H18NO2 
231 20 C12H13N3O2 
244 22 C13H14N3O2 
256 16 C14H14N3O2 
297 18 C15H15N5O2 
310 15 C16H15N5O2 
345 13 C19H15N5O2 
365 12 C19H19N5O3 

 
The mass spectrum of the [(H2L)Cu)(OAc)2].3H2O complex (5) showed the molecular ion 
peak at m/z 601 amu, confirming its formula weight (F.W. 601).The mass fragmentation 
patterns observed at m/z = 55, 76, 102, 189, 246, 321, 338, 370, 421,445,479,536 and 601 amu 
correspond to C4H7, C6H4, C8H6, C11H11NO2, C15H9N2O5 C17H9N2O5 C18H14N2O5 
C18H14N2O7 C19H23N3O8, C21H23N3O8, C21H27N4O9, C23H30N5O10 and C23H30N5O10Cu 
moieties, respectively, supported the suggested structure of the complex the data  are presented 
in table ( 1,ii)  

ii. Mass spectrum of Cu (II) complex (5) 
m/z Rel. Int. Fragment 
55 15 C4H7 
76 20 C6H4 
102 22 C8H6 
189 27 C11H11NO2 
246 100 C15H9N2O5 
321 39 C17H9N2O5 
338 16 C18H14N2O5 
370 18 C18H14N2O7 
421 17 C19H23N3O8 
445 34 C21H23N3O8 
479 15 C21H27N4O9 
536 18 C23H30N5O10 
601 15 C23H30N5O10Cu 
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The mass spectrum of the [(H2L)Zn(OAc)2].3H2O complex (8) showed the molecular ion 
peak at m/z 602 amu, confirming its formula weight (F.W. 602).The mass fragmentation 
patterns observed at m/z = 70, 100, 177, 233, 289, 325, 351, 369, 409,457,487,537and 602 
amu correspond to C5H10 , C7H16, C13H21N2O, C14H21N2O , C16H21N2O3 , C19H21N2O3 , 
C21H23N2O3 , C21H25N2O4 , C23H25N2O5 , C23H27N3O7, C23H27N4O8, C23H31N5O10 and 
C23H31N5O10Zn  moieties, respectively, supported the suggested structure of the complex the 
data are shown in table (1,iii)  

iii. Mass spectrum of Zn (II) complex (8) 
m/z Rel. Int. Fragment 
70 15 C5H10 
100 18 C7H16 
177 20 C13H21N2O 
233 26 C14H21N2O 
289 78 C16H21N2O3 
325 94 C19H21N2O3 
351 16 C21H23N2O3 
369 15 C21H25N2O4 
409 27 C23H25N2O5 
457 23 C23H27N3O7 
487 18 C23H27N4O8 
537 15 C23H31N5O10 
602 13 C23H31N5O10Zn 

 
1H-NMR Spectra: The 1H-NMR spectrum of the 1igand was recorded in DMSO-d6. The 
spectrum showed broad peaks at 10.1[s, 1H] and 9.8[s, 1H] assigned for protons of (OH)oxime 
group. The two peaks were weaken in the spectra of the Zn (II) complex (8) confirming 
coordination of oxime group to Zn(II) ion through the oximino nitrogen group . Protons signals 
of acetyl and methyl groups appeared at 3.82 [3H] and 3.30 [3H] ppm respectively24-26. 
However in Zn (II) complex (8), the peakes appeared 3.79 and 3.21 ppm, these signals are 
disappeared upon adding D2O; However, the aromatic signal protons appear in the 6.32-7.42 
ppm region. The proton of NH group appears at 5.82 ppm27, 28, and in Zn (II) complex observed 
at 5.62 ppm. 
 

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

No. Ligand/Complexes Color FW M.P 
(OC) 

Yield  
(%) 

Anal. /Found (Calc.) (%)  

Molar 
condu-
ctance* 

(∆) 
C H N M Cl  

(1) [H2L] 
C19H19N5O3 

Reddish 
brown 365.39 >300 75 62.44  

(62.46) 
5.20 

(5.24) 
19.20 

(19.17) - -  

(2) 
[H2L (Mn) 
(OAc)2].3H2O 
C23H31MnN5O10 

Purple  
gray 592.46 >300 79 46.55 

(46.63) 
5.52 

(5.27) 
 11.51 
(11.82) 

9.13  
(9.27) - 6.45 

(3) 
[H2L (Co) 
(OAc)2].3H2O 
C23H31CoN5O10 

Pale 
Yellow 596.45 >300 80 46.55 

(46.31) 
5.22 

(5.24) 
 11.61 
(11.74) 

9.73  
(9.88) - 4.30 

(4) [(H2L) (Ni) (OAc)2]. 
2H2O C23H29N5NiO9 blue 578.2 >300 70 47.80 

(47.78) 
5.14 

(5.06) 
12.23 

(12.11) 
10.01 

(10.15) - 6.08 
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(5) [(H2L) Cu) (OAc)2]. 
3H2O C23H31CuN5O10 

Greenish 
yellow 601.07 >300 76 45.98 

(45.96) 
5.13 

(5.20) 
11.42( 
11.65) 

10.65 
(10.57) - 4.97 

(6) 
[(H2L) (Cu) 
(SO4)(H2O)].2H2O 
C19H25CuN5O10S 

Gray 579.04 >300 70 39.39 
(39.41) 

4.30 
(4.35) 

12.14 
(12.09) 

10.90 
(10.97) - 8.64 

(7) 
[(H2L) (Cu) 
(Cl)2].2H2O 
C19H23Cl2CuN5O5 

Brown 535.87 >300 73 42.55 
(42.59) 

4.31 
(4.33) 

13.09 
(13.07) 

11.8  
(11.86) 

13.20 
(13.23) 7.37 

(8) 
[(H2L)(Zn)(OAc)2]. 
3H2O 
C23H31N5O10Zn 

light  
green 602.91 >300 75 45.78 

(45.82) 
5.29 

(5.18) 
11.60 

(11.62) 
10.75 

(10.85) - 4.45 

(9) 
[(H2L) (Cd) (OAc) 2]. 
H2O 
C23H27CdN5O8 

Gray 613.9 >300 75 45.12 
(45.00) 

4.40 
(4.43) 

11.65 
(11.41) 

18.59 
(18.31) - 8.71 

(10) [(H2L) (Pb) (OAc)2]. 
3H2O C23H31N5O10Pb 

Dark  
brown 
 

744.72 >300 68 36.92 
(37.09) 

4.25 
(4.20) 

9.34 
(9.40) 

27.70 
(27.82) - 5.80 

*m(-1cm2mo-1) 
 
IR spectra: The bonding of the ligand to the metal ions has been judged by a careful 
comparison of the infrared spectra of the metal complexes with those of the free ligand. A few 
significant bands have been selected to observe the effect on vibrations of the ligand’s groups 
upon complexation. The ligand showed broad bands centered at 3440, 3420 cm-1 which could 
be assigned to υ(OH)phenolic and υ(OH)oxime, respectively. The two strong bands at 1212, 1073 
and 954cm-1 are assigned to υ(N-O). The ligand spectrum also displayed three bands at 1650, 
1605,1620 and 1598 cm-1 assignable to υ(C=O), υ(C=N) imine and υ(C=N)oxime respectively29.  

In complexes (2-10), the presence of υ (OH)oxime bands in metal complexes indicates 
its protonation during complexation (C=NOH). This is further confirmed by simultaneous 
increasing in (NO) bands in theses complexes which are appearing in the 1235-1280 cm-1 

range30. The υ(OH) phenolic was considerably shifted to lower frequency by 30-32 cm-1 

indicating the participation of this group in metal coordination. Furthermore the υ(C=N)imine 
and υ(C=N)oxime bands observed at 1620 and 1598 cm-1  in the ligand spectra, respectively, 
were shifted to lower frequency by 5-15 and 16–30 cm-1 suggesting the participation of 
azomethine groups and imino –oxime group in the coordination  process. IR spectral data of 
complexes (2-10) revealed the presence of the υ (OH)oxime, 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)imine and υ(C=N)oxime were also shifted 
to lower wave numbers suggestion their participation in the metal bonding31. These finding 
suggest that the ligand coordinate to the metal via ON donor sites. The appearance of two 
characteristic bands in the (1480-1420) and (1370-1320) cm-1 ranges in the spectra of 
complexes (2-5),(8-10) 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. The chloro complexe (7) showed 
new band at 407 cm-1, this band was assigned to (M–Cl), whereas sulfate complex (6) 
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exhibited band at ( 1272,1130,764 and 653) cm-1 , these value, indicate that the sulphate ion is 
coordinated to the metal ion in a unidentate chelating fashion34-36. The mode of coordination 
is supported by presence of additional bands in 531-463 and 631-611cm-1 regions corresponding 
to (M-N) and (M-O) bands respectively37. Broad bands appeared in metal complexes 3635-
3320 and 3340-3100 cm-1 ranges are due to hydrated and coordinated water molecules60. 
However, the complexes show hydrogen bondings in the 3660-3270 and 3340-2680 cm-1  
ranges6. The IR data of the ligand and its metal complexes are shown in table 3. 
 

Table 3:- IR Frequencies of the Bands (cm-1) of Ligand [H2L], (1) and its Metal Complexes 

No. ν(H2O) ν(OH) υ(H-
bonding) ν(C=O)) ν(C=N)imine ν(C=N)oxi

me ν(N-O) 
 

ν(NH) ν(Ar) 
ν(OAc
)/ 
SO4/) 

υ(M
-O) 

υ(M
-N) 

υ(M-
Cl) 

(1) - 3440, 
3420 

3660-
3229, 
3220-
2894 

1650 1620 1598 
1212, 
1073, 
954 

 
3210 1490, 

745 - - -  
- 

(2) 

3550-
3340 
3330-
3160 

3420, 
3340 

3520-
3285, 
3280-
2865 

1637 1610 1580 
1261, 
1026, 
939 

 
3195 1465, 

765 

1420, 
1320 

 
616 473  

- 

(3) 

3550-
3350 
3330-
3160 

3420, 
3405 

3620-
3340, 
3340-
2920 

1650 1615 1560 
1263, 
035, 
960 

 
3200 1450, 

752 
1460, 
1320 611 463 - 

(4) 

3530-
3380 
3300-
3100 

3430, 
3405 

3620-
3280, 
3280-
2730 

1653 1616 1570 1257,1015,
1052,952 

 
3185 1450, 

735 
1450, 
1370 616 505 - 

(5) 

3555-
3320 
3300-
3150 

3430, 
3410 

3660-
3280, 
3280-
2680 

1649 1605 1575 1280,1100,
1055,985 

 
3180 1460, 

753 
1470, 
1330 620 531 - 

(6) 

3520-
3375 
3330, 
3130 

 

3420, 
3380 

3610-
3270, 
3260-
2785 

1651 1610 1580 1295,1120,
1020,985 

 
3180 1475, 

774 

1272, 
1130, 
764, 
653 

631 484 - 

(7) 

3330-
3340 
3340, 
3120 

3400, 
3425 

3560-
3310, 
3300-
2850 

1652 1605 1584 1265,1124,
1114,980 

 
3180 1460, 

765 - 618 454 407 

(8) 

3620-
3320 
3300, 
3180 

3420, 
3405 

3650-
3280, 
3270-
2950 

1650 1610 1578 1260,1125,
1000,961 

 
3178 1460, 

762 
1480, 
1320 614 514 - 

(9) 

3625-
3340 
3325, 
3120 

 

3418, 
3407 

3650-
3320, 
3310-
2870 

1652 1612 1587 1240,1126,
1090,960 

 
3181 1450, 

750 
1480, 
1350 618 463 - 

(10) 

3635-
3320 
3325, 
3117 

 

3422, 
3405 

3650-
3330, 
3320-
2950 

1654 1610 1585 1235,1125,
1085,939 

 
3175 1480, 

755 
1460, 
1320 612 475 - 
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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 295, 310 and 325 nm. 
The first band may be assigned to 휋 →휋∗	transition which is nearly unchanged upon 
complexation, however, the second  and the third band may be assigned to the n → 휋∗	
and charge transfer transitions of the azomethine and 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) complex (5-7) were nearly identical and showing  
bands in the (320-275),(480-450,(590-570) and (620-610)cm-1 ranges. The first two 
bands are assigned to intraligand transitions, however the other bands are assigned to 
2B1g →2A1g 휐1(d푥2-푦2 → d푧2 ),2B→2B2g, 휐2(d푥2-푦2 → d푥푦), and 2B1g →2Eg, 휐3(d푥2-푦2 
→ d푥푦, d푦푧) 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 1.68-1.70 range BM, supporting that the complexes have octahedral geometry42. 
Nickel (II) complex (4) displayed bands at 280,295 ,320 ,465,572,670 and,745 nm, 
respectively. The  first bands are corresponding to intraligand  thransation, however 
the other bands due to 3A2g(F)→3T2g (휐1), 3A2g(F) →3T2g(F) (휐2) , ,and 3A2g(F) 
→3T1g(P) 휐3 transitions, indicating octahedral The complexe 휐2/휐1 1.22 indicating 
distorted octahedral structure42. The values of magnetic moments for nickel (II) 
complex (4) were 3.12 BM, which is consistent with two unpaired electrons state, 
confirming octahedral geometry for nickel (II)43. Manganese(II) complex  (2) 
displayed bands at 285,302,315,585,618 nm  the first bands are due to intraligand 
transitions, however the other bands are assigned to these bands were assigned to 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) complex (2) is 6.2 BM which is cons41,istent 
with high spin octahedral geometry for manganese(II) complex41,47Cobalt(II) 
complexes shows bands at 285,298,310,450,560 and 608 nm,the first bands are within 
the ligand 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 
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magnetic moment 4.98 B.M43. The observed bands for zinc(II)  complex (8), 
cadmium(II) complex (9) and Lead(II) complex (10) (Table 4) are due to intra ligand 
transitions within the ligand and showed diamagnetic property43.  
 
Table 4: The electronic absorption spectral bands (nm) and magnetic moments (B.M.) for the ligand [H2L] 
(1), and its complexes 
 

No. λmax
  (nm) eff in B.M. 

(1) 290 nm (log  =3.98), 310 nm ( log  =4.25), 
325 (log  =4.45) - 

(2) 285,302,,315,435,585,618 6.2 
(3) 285,298,310,450,565,608 4.98 
(4) 280,295,325,465,572,610,745 3.12 
(5) 285,295,320,480,575,615 1.69 
(6) 280,300,315,450,490,590,620 1.68 
(7) 275,300, 313,435,570,610       1.70      
(8) 280,300,310     Diamag. 
(9) 285,298,315     Diamag. 
(10) 285,298,317     Diamag. 

 
Electron spin resonance (ESR) 
 

To obtain further information about the stereochemistry and the nature the metal 
ligand bonding, ESR spectra of solidMn(II), copper(II) complexes (5-7) (Table 5) have been 
carried out.44. The spectra Cu(II) complexes (5-7) showed that, the complexes exhibited 
anisotropic signals with g values g = 2.19, 2.13 and 2.18, g = 2.03, 2.04 and 2.02 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) complexes47. 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 3.8,3.25 and 3.6 respectively [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 
covalency in the metal-ligand bonding47.  
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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. 
 

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, manganese (II) (2) and cobalt (II) complex (3) showed isotropic type with g iso = 
2.03 and 2.08 indicating octahedral structure around manganese (II) ions and cobalt(II). 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 (5-7) are 88.92% and 92.6% and 95% respectively, 
indicating a d (x2-y2) ground state49. 
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Table 5. ESR data for some metal (II) complexes 
N
o. 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) - - 2.03 - - - - - - - - - - - - - - - - 
(3) - - 2.08 - - - - - - - - - - - - - - - - 
(5) 2.19 2.05 2.09 100 10 40 3.8 17391 20833 0.35 0.49 0.63 0.4 199 0.57 0.61 0.86 208.9 88.92 
(6) 2.13 2.04 2.07 120 15 50 3.25 16949 20408 0.83 0.33 0.81 0.66 165.4 0.55 1.5 0.6 218 92.7 
(7) 2.18 2.05 2.09 130 10 50 3.6 17094 21053 0.23 0.3 0.5 0.25 148.7 0.53 0.43 0.57 227.8 96.95 

a) giso = (2g┴ + gǁ)/3,  b) Aiso = (2A┴ + Aǁ)/3,  c) G= (gǁI - 2)/ (g┴ - 2) 
 
Thermal analyses: The thermal data of the complexes are given in Table 6 Such data 
corroborate the stoichiometric formula, number of water molecules, and end products DTA-
TGA curves of complexes (4,8, 9 and 10) were introduced as representative examples. 
Thermogram of complex (4) [(H2L)(Ni)(OAc)2].2H2O exhibited five-steps decomposition, 
the first step involving breaking of H-bondings accompanied with endothermic peak at 50 oC.  
In the second step, two molecules of hydrate water were lost endothermically with peak at 80 

oC accompanied by 6.1% (Calcd 6.2%) weight loss. Such a low temperature endothermic 
dehydrations indicated that the water molecules were not coordinated to the metal. The weight 
loss 21.3% (Calcd 21.7%) accompanied by an endothermic peak at 275 oC was assigned to 
loss of two acetate groups (OAc). The endothermic peak observed at 374 oC refers to the 
melting point of the complex. The final step observed in 450-620 0C range with 17.5% weight 
loss (Calcd 17.1%), refers to complete decomposition of the complex which ended up with the 
formation NiO44-50. Complex (8) [(H2L)(Zn)(OAc)2].3H2O exhibited multiple decomposition 
steps, the first step involving breaking of H-bondings accompanied with endothermic peak at 
48 oC.  In the second step, molecules of hydrate water 3(H2O) were lost endothermically with 
a peak at 85 oC accompanied by 8.51% (Calcd 8.97%) weight loss. 21.10% (Calcd 21.50%) 
weight loss accompanied by an endothermic peak at 270 oC was assigned to loss of coordinated 
two acetate groups (OAc), The endothermic peak at observed 360 oC refers to the melting 
point of the complex. The final step observed at 410-650 0C with 22.85% weight loss (Calcd 
22.80%), refers to complete decomposition of the complex which ended up with the formation 
ZnO. Complex (9) [(H2L)(Cd)(OAc)2].H2O exhibited multiple decomposition steps, the first 
step involving breaking of H-bondings accompanied with endothermic peak at 55 oC.  In the 
second step, molecules of hydrate water were lost endothermically with a peak at 95 oC 
accompanied by 2.5% (calcd 2.9%) weight loss. 19.4% (calcd 19.8%) weight loss 
accompanied by an endothermic peak at 280  oC was assigned to loss of two coordinated 
acetate groups (OAc). The endothermic peak observed at 390 oC refers to the melting point of 
the complex. The final step observed at 440-610 0C with 26.1% weight loss (calcd 26.8%), 
refers to complete decomposition of the complex which ended up with the formation 
CdO.Complex (10). [(H2L) (Pb) (OAc)2].3H2O exhibited multiple decomposition steps, the 
first step involving breaking of H-bondings accompanied with endothermic peak at 50 oC.  In 
the second step, three molecules of  hydrate water were lost endothermically with a peak at 90 
oC accompanied by 7.13% (Calcd 7.25%) weight loss. 17.25% (Calcd 17.1%) weight loss 
accompanied by an endothermic peak at 320  oC was assigned to loss of two coordinated 
acetate groups (OAc). The endothermic peak observed at 350 oC refers to the melting point of 
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the complex. The final step observed at 470-660 0C range with 38.43% weight loss (Calcd 
38.98%), refers to complete decomposition of the complex which ended up with the formation 
PbO. 
 

Table 6: Thermal analyses for some metal (II) complexes 

 
Cytotoxic Activity 
 

    The cytotoxic activity of the ligand H2L, (1) and some of its metal complexes (4), (5) 
and ( 9) was evaluated against human liver HepG2 cancer cell within 1.0–500 휇g/L 
concentration range as shown in figure (2). The IC50 values were calculated for each compound 
and the results are presented in Figure (3) and Table (7). As shown, most complexes displayed 
significantly cytotoxic activities compared to (Sulfo-Rhodamine-B-stain (SRB )standard drug. 
Cytotoxicity activity of the complexes may be attributed to the central metal atom which was 
explained by Tweedy’s chelation theory51. Cytotoxicity results indicated that, all tested 

Compound No. 
Molecular formula 

    Temp.(0C) 
 

      DTA (peak)         TGA 
(Wt.loss %)                              Assignments Endo               Exo          Calc   

Found 

 
Complex (4) 

[(H2L) ( Ni) (OAc)2].2H2O 
C23H29N5NiO9 

 

50 endo - - - Broken of H-bondings 

80 endo  6.2 6.1 Loss of 2(H2O) hydrated water 
molecules 

275 endo - 21.7 21.3 Loss of  coordinated 2 (OAc ) 
group 

374 endo  - - Melting point 

450,530,610,620 - exo 17.1 17.5 Decomposition process with the 
formation of (NiO) 

 
Complex (8) 

[(H2L) (Zn) (OAc)2].3H2O 
C23H31N5O10Zn 

48 endo - - - Broke\aan of H-bondings 

85 endo - 8.97 8.51 Loss of 3(H2O) hydrated water 
molecules 

270 endo - 21.52 21.10 Loss of  coordinated 2( OAc) 
group 

360 endo  - - Melting point 

410,450,530,610,620,650 - exo 18.8 18.3 Decomposition process with the 
formation of (ZnO) 

 
               Complex (9) 
[(H2L) (Cd) (OAc)2].H2O  

C23H27CdN5O8 
 
 
 

55 endo - - - Broken of H-bondings 

95 endo - 2.9 2.5 Loss of  (H2O) hydrated  water 
molecules 

280 endo - 19.8 19.4 Loss of  coordinated 2(OAc) 
group 

390 endo - - - Melting point 

440,480,500,520,610 - exo 26.8 26.1 Decomposition process with the 
formation of  (CdO) 

 
Complex (10) 

[(H2L) (Pb) (OAc)2]3H2O 
C23H31N5O10Pb 

50 endo - - - Broken of H-bondings 

90 endo - 7.25 7.13 Loss of 3(H2O) hydrated water 
molecule 

320 endo - 17.1 17.25 Loss of coordinated  2(OAc) 
group 

350 endo - - - Melting point 

470,530,600,630,660 - exo 38.98 38.43 
Decomposition process with the 
formation of 
 (PbO) 
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compounds (IC50 = 93-114 휇M) (except complex (9) with IC50 = 7.2 휇M) demonstrated potent 
cytotoxicity against HepG2 cancer cells. Cadmium (II) complex (9) showed the highest 
cytotoxicity effect with IC50 value of 7.2 휇M, followed by complex (4) with IC50 value 93 휇M 
and then complex (5) with IC50 value 114 휇M. It was observed that, all complexes are more 
active than the free ligand. This indicated enhancing of the antitumor activity upon 
coordination. The enhancement of cytotoxic activity may be assigned to that the positive 
charge of the metal increased the acidity of coordinated ligand that bears protons, leading to 
stronger hydrogen bonds which enhanced the biological activity52,53. It seems that, changing 
the anion, coordination sites, and the nature of the metal ion has a pronounced effect on the 
biological behavior by altering the binding ability of DNA54. Gaetke and Chow had reported 
that, metal has been suggested to facilitate oxidative tissue injury through a free radical 
mediated pathway analogous to the Fenton reaction.  

By applying the ESR-trapping technique, evidence for metal - mediated hydroxyl 
radical formation invivo has been obtained55. Reactive oxygen species are produced through a 
Fenton-type reaction as follows: 
 

LM(II) + H2O2 → LM(I) +.OOH + H+ 
 

LM(I) + H2O2 → LM(II) +.OH + OH- 
                    Where L, organic ligand 

Furthermore, metal could act as a double-edged sword by inducing DNA damage and 
also by inhibiting their repair56-57. The OH radicals react with DNA sugars and radicals react 
with DNA sugars and bases, resulting in the release of free bases and strand break occurs. 
Bases and the most significant and well characterized of the OH reactions is hydrogen atom 
abstraction from the C4 on the deoxyribose unit to yield sugar radicals with subsequent β-
elimination. By this mechanism strand break occurs as well as the release of the free bases. 
Another form of attack on the DNA bases is by solvated electrons, probably via a similar 
reaction to those discussed below for the direct effects of radiation on DNA58-61. Histograms 
of complexes(3) and (9) at concentrations 31.25 and 500 Mg /ml are shown in figure 4. 

 
Figure (2): Mean inhibition zone of the ligand [H2L],(1) and some of its metal  complexes (4), (5), and (9) 
against  Liver carcinoma HepG2. 
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Figure (3): IC50 for the ligand [H2L] ,(1) and some of its metal complexes (4), (5), and (9) 

 

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

 

 
Control HepG2 

            
   (a)       (b) 

[A] Histogram of complex(3)_ at concentration 31.25 µg/ml 
[B] Histogram of complex(9)_ at concentration 31.25 µg/ml 

(IC50) HepG-2/ml) Compound Compound No. 
 179 [H2L] Ligand (1) 
 93.7 [H4L (Cu) (OAc)2].2H2O Complex (4) 
 114 [(H4L) Cu (Cl)2] Complex (5) 
 7.2 [(H4L) Zn (OAc)2] Complex (9) 
 3.6 Sulfo-Rhodamine-B-stain (SRB) Standard 
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(c)       (d) 

[C] Histogram of complex (3) _ at concentration 500 µg/ml 
[D] Histogram of complex (9)_ at concentration 500 µg/ml 

Figure (4): Histograms of cytotoxicity of control HepG2 and some tested complexes 
 
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 binary metal (II) complexes derived from oxime ligand were 
prepared. Structural and spectroscopic properties revealed that the ligand adopted a 
tetradentate 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 through a phenolic OH, NH-imine nitrogen, and oxime-nitrogen atoms forming five-
membered rings including the metal ions. The antitumor activities of the ligand as well as some 
of its metal complexes were assessed against Hep-G2 cell lines, the toxicity of the ligand and 
some metal complexes was found to be concentration dependent, the cell viability decreased 
with increasing the concentration of complexes. 
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