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ABSTRACT
New series of homobimetallic CuII, NiII, CoII, MnII, FeIII, ZnII, CdII, PbII complexes of 2,3-dihydroxy-N’1,N’4-bis((2hydroxynaphthalen-1-yl)methylene)succinohydrazide have been prepared and analytically and spectroscopically
characterized by elemental and thermal (differential thermal analysis and thermal gravim analysis) analyses,
infrared (IR), ultraviolet-visible spectra, magnetic moments,1H-nuclear magnetic resonance, mass spectra, molar
conductance, and electron spin resonance (ESR) measurements. The analytical and spectral data show that the
dihydrazone ligand behaves as a neutral, monobasic or dibasic hexadentate ligand bonded to the metal ions
through enolic or ketonic carbonyl oxygen atoms, azomethine nitrogen atoms and protonated or deprotonated
naphthanolic hydroxyl oxygen atoms adopted either tetrahedral, square planer or tetragonally distorted octahedral
geometries. Molar conductance in dimethylformamide solution indicates that the complexes are non-electrolytes.
The ESR spectra of solid CuII complexes (9-10) and 12 show axial type indicating a d(X2-y2) or d(Z2) ground state
with significant covalent bond character. However, MnII complex (2) and CuII complex (11) show isotropic type.
Cytotoxic evaluation of the ligand and its complexes has been carried out. Complexes show enhanced activity as
compared to the parent ligand.
Key words: Hexadentate, Succinohydrazide, Dihydrazone, Erythrocyte sedimentation rate, Cytotoxic behavior.
1. INTRODUCTION
The interaction of transition metal ions with
biologically active ligands is one of the most
wonderful and potentially useful areas of coordination
chemistry [1-3]. Metal chelation has promoted a great
interest in the present day medicine and chemical
investigations [2,4,5]. Recent years witnessed an
intensive investigation of the coordination chemistry
of hydrazone due to their interesting coordination
properties and diverse applications [6-8]. The chemistry
of di-hydrazone ligands has received considerable
interest due to their versatility as polyfunctional
chelating agents toward different metal ions forming
homo- or heterobimetallic complexes [9-11].
Dihydrazone ligands are characterized by the presence
of two hydrazonic groups (two interlinked nitrogen
atoms) which has made it a good polydentate chelating
agents that can form different modes of complexes
*Corresponding Author:
E-mail: asaeltabl@yahoo.com

with transition metals leading to biological [12],
analytical, and catalytic applications. For example
oxalyl bis(3,4-dihydroxybenzylidene)hydrazone acts
as a reagent for the separation and concentration of
ZrO2+ ions from different water samples using flotation
technique while its complexes have a high effect
degraded the DNA of eukaryotic completely [13].
The catalytic potential of dinuclear V(IV), Cu(II),
Mn(II) and Ti(IV) complexes of dichelating ligands,
bis(2-hydroxybenzylidene)oxaloand
bis(2hydroxybenzylidene) terephthalohydrazide were
evaluated for oxidation of hydrocarbons including
cycloalkenes, cyclic alkanes and benzyl alcohol using
H2O2 as terminal oxidant. The titanium complex of
bis(2-hydroxy benzylidene)oxalohydrazide showed
the best selectivity and activity as catalyst [14]. In-vitro
anti-proliferative activity of a series of trisubstituted
3,5-triazine-2,4,6-triyltris(oxy) tris(benzene-4,1-diyl)
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tris(methanylylidene)) tri(benzohydrazide) derivatives
against human liver carcinoma (HepG2) and human
cervix carcinoma (HeLa) cell have been studied. The
activity showed that these compounds exhibited lower
activity against HeLa cell lines but reasonably moderate
in vitro cytotoxicity against HepG2 cell lines [15].
VO2+, Mn2+, Co2+, Ni2+, Cu2+ and Zn2+, complexes
of 2,5-hexanedione bis(isonicotinylhydrazone) have
been prepared and characterized by various analytical
and spectrophotometric techniques The molecular
modeling of the ligand showed intramolecular
hydrogen bonding. It behaves as a dibasic, monobasic
or neutral tetradentate ligand bonded to the metal ions
via enolic or ketoic carbonyl oxygen, azomethine
nitrogen atoms. The magnetic moments and electronic
spectra of all complexes provide a square-planar
square pyramidal octahedral [16]. Heterometallic
trinuclear Cu(II) and Zn(II) complexes bis(2‑hydroxy1-naphthaldehyde) oxaloyldihydrazone have been
prepared, characterized [17]. The ligand acts as a
tetrabasic hexadentate bridging ligand coordinating to
the metal center through enolate, naphtholate oxygen
atoms and azomethine nitrogen atoms. Chlorido
and perchlorato groups function as bridging ligands
while nitrato group functions as a monodentate
ligand. Metal centers have tetragonally distorted
octahedral, octahedral or distorted square-pyramidal
stereochemistry. Heterometallic Mn2+ and Ru3+
complex of bis(2-hydroxynaphthlen-1-yl)methylene)
oxaloyldihydrazide has been synthesized and studied
using analytical and spectroscopic measurements [18].
Inspired by the interesting results reported in the previous
reports, this manuscript is devoted to the preparation
of a new dihydrazone hexadentate ligand, namely,
2,3-dihydroxy-N’1,N’4-bis ((2-hydroxynaphthalen-1yl)methylene)succinohydrazide (H6L). The new ligand
is designed for metal complexation and the formation
of highly stable homobimetalic CuII, NiII, CoII, MnII,
FeIII, ZnII, CdII, PbII, and FeIII complexes. The ligand
and its complexes were characterized using various
spectroscopic such as infrared (IR), mass, nuclear
magnetic resonance (NMR), electronic absorption
and electron spin resonance (ESR) spectra, as well
as conductivity and magnetic moment measurements
in addition to analytical techniques as elemental and
thermal analyses.

method was used to determine metal ions [19-21].
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 conductance(10−3 M) of the complexes in
dimethylformamide (DMF) were measured at 25°C
with a Bibby conductimeter type MCl.1H-NMR
spectra of the ligand and its CdII complex were obtained
with Perkin-Elmer R32-90-MHz spectrophotometer
using tetramethylsilane as an internal standard. Mass
spectra were recorded using JEULJMS-AX-500 mass
spectrometer provided with the data system. The
thermal analyses (differential thermal analysis [DTA]
and thermal gravim analysis [TGA]) were carried out
in air on a Shimadzu DT-30 thermal analyzer from
27 to 800°C at a heating rate of 10°C per minute.
Magnetic susceptibilities were measured at 25°C by
the Gouy method using mercuric tetrathiocyanato
cobalt(II) as the magnetic susceptibility standard.
Diamagnetic corrections were estimated from Pascal’s
constant [22]. The magnetic moments were calculated
from the equation: µeff = 2.84 χ corr
M ⋅ T . The ESR
spectra of solid complexes at room temperature were
recorded using a varian E-109 spectrophotometer,
2,2-Diphenyl-1-picrylhydrazyl was used as a standard
material. The TLC of all compounds confirmed their
purity.
2.3. Preparation of the ligand, (N’1,N’4)-2,3dihydroxy-N’1,N’4-bis((2-hydroxynaphthalen-1-yl)
methylene)succinohydrazide
The di-hydrazone ligand, (N’1,N’4)-2,3-dihydroxyN’1,N’4-bis((2-hydroxynaphthalen-1-yl)methylene)
succinohydrazide (H6L) was prepared by refluxing
(1.78 g, 1 mmol) of 2,3-dihydroxysuccinohydrazide
dissolved in 40 cm3 of methanol with (3.44 g, 2 mmol)
2-hydroxy-1-naphthaldehyde dissolved in 40 cm3 of
methanol (Scheme 1). The mixture refluxed for 2 h
with stirring. After cooling, the formed solid product
filtered off then washed several times with cold
methanol and finally dried at room temperature. Ligand

2. EXPERIMENTAL
2.1. Materials
All the reagents employed for the preparation of
the ligand and its complexes were synthetic grade
and used without further purification. Thin layer
chromatography (TLC) is used to confirm the purity
of the compounds.
2.2. Physical Measurements
The ligand and its metal complexes were analyzed
for C, H and N analyses at the Microanalytical Unit,
Cairo University Egypt. A standard gravimetric

Scheme 1: Preparation of (N’1,N’4)-2,3-dihydroxyN’1,N’4-bis((2-hydroxynaphthalen-1-yl)methylene)
succinohydrazide.
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(1): Yield 83%; m.p. >300; color is yellow; Anal.
Calcd. for C26H22N4O6 (FW=486.49): C, 64.19; H,
4.56; N, 11.52. Found (%) C, 63.86; H, 4.75; N, 11.32;
IR (KBr, cm−1), 3446,3398 υ(OH), 3315, 3210 υ(NH),
1658 υ(C=O), 1630 υ(C=N), 1288, υ(C‑OH14,36),
1240 υ(C‑OH18,19), 988 υ(N-N);1H-NMR (270 MHz,
dimethyl sulfoxide [DMSO]-d6, δ/ppm): 12.95,
(s, 2H, OH14,36), 9.98 (s, 2H, NH13,23), 9.67, (s, 2H,
OH18,19), 8.88 (s, 2H,11,25H-C=N), 7.15-8.10 (m, 12H,
aromatic), 4.76 (d, 2H, HOC-CH16,17OH). The mass
spectrum of the ligand (H6L) revealed molecular ion
peak at m/z 498.
2.4. Metal Complexes (2)-(19) Preparation
The metal complexes 2-19 were prepared by
refluxing with string a suitable amount (2 mmol) of
a hot ethanolic solution of the following metal salts:
Mn(CH3COO)2·4H2O, FeSO4·7H2O, CoCl2·6H2O,
Co(CH3COO)2·4H2O,
CoSO4.5H2O,NiSO4·6H2O,
Ni(CH3COO)2·4H2O, Cu(NO3)2.2H2O, CuCl2·2H2O,
CuSO4·5H2O, Cu(CH3COO).2H2O, Zn(CH3COO)2.
ZnSO4.7H2O,
CdSO4·H2O,
Cd(OAc)2.2H2O,
CdCl2.2H2O, Cd(NO3)2.2H2O and Pb(NO3)2·2H2O
with a hot ethanolic suspension of the ligand (2.43 mg
1 mmol, 30 ml ethanol) in presence or absence of 3 ml
of diethyl amine for 4 h respectively. The precipitates
which formed were filtered off, washed with ethanol
then by diethyl ether and dried in vacuum desiccators
over P4O10. Analytical data for the prepared
complexes are:
Complex (2): [(H4L)Mn2(CH3COO)2(H2O)4].H2O:
Yield: 65%; m.p. >300°C; color: Beige; molar
conductivity (Lm): 7.1 ohm−1 cm2 mol−1. Anal. Calcd.
(%) for C30H38N4O15Mn2 (FW=804.5): C, 44.79;
H, 4.76; N, 6.98, Mn, 13.69; Found (%) C, 44.15;
H, 4.49; N, 7.80, Mn, 13.35; IR (KBr, cm-1), 3433,
3300 υ(OH), 1620 υ(C=N), 1603 υ(N=C-N=C),
1268, υ(C-OH14,36), 1241 υ(C-OH18,19), 1011 υ(N-N);
650 υ(M-O), 530 υ(M←O), 456 υ(M←N); 1570,
1383 υsymCH3COO, υasymCH3COO (∆=187 cm−1).
Complex (3), [(H4L)Fe2(SO4)2]: Yield: 75%; m.p.
>300°C; color: Dark brown; molar conductivity
(Λm): 23.3 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H22N4O14S2Fe2 (FW=790.29): C, 39.51; H, 2.81; N,
7.09, Fe, 14.13; Found (%) C, 39.50; H, 3.26; N, 7.41,
Fe, 13.97; IR (KBr, cm−1), 3346, 3303 υ(OH), 3270
υ(NH), 1650 υ(C=O), 1617 υ(C=N), 1305, υ(C-O14,36),
1244 υ(C-OH18,19), 1022 υ(N-N); 605 υ(M←O),
525 υ(M←N)1194, 1141, 830, 665 υ(SO4).
Complex (4), [(H2L)Co(H2O)]: Yield: 69%;
m.p. >300°C; color: Yellow; molar conductivity
(Λm): 9.3 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H22N4O7Co (FW=561.41): C, 55.62; H, 3.95;
N, 9.98, Co, 10.50; Found (%) C, 56.00; H, 4.26;
N, 10.41; Co, 10.30; IR (KBr, cm−1), 3320 υ(OH),
1619 υ(C=N), 1579 υ(N=C-N=C), 1319, υ(C-O14,36),

1247 υ(C‑OH18,19), 1021 υ(N-N); 619 υ(M-O),
530 υ(M←O), 500 υ(M←N).
Complex (5), [(H4L)Co2(CH3COO)2(H2O)4]: Yield:
55%; m.p. >300°C; color: Brown; molar conductivity
(Λm): 12.3 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C30H32N4O14Co2 (FW=792.48): C, 45.47; H, 4.32;
N, 7.07, Co, 14.87; Found (%) C, 44.99; H, 4.26; N,
7.25.41; Co, 15.01.30; IR (KBr, cm−1), 3406, 3300
υ(OH), 1618 υ(C=N), 1595, υ(N=C-C=N), 1260,
υ(C-OH14,36), 1245 υ(C-OH18,19), 1030 υ(N-N); 657
υ(M-O), 539 υ(M←O), 487 υ(M←N); 1555, 1355
υsymCH3COO, υasymCH3COO (∆=200 cm−1).
Complex (6), [(H6L)Co2(SO4)2]: Yield: 70%;
m.p. >300°C; color: Beige; molar conductivity
(Λm): 33.7 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H24N4O14Co2S2 (FW=798.48): C, 39.11; H, 3.03; N,
7.02, Co, 14.76; Found (%) C, 40.09; H, 3.26; N, 7.00;
Co, 13.92; IR (KBr, cm−1), 3432, 3325 υ(OH), 3280
υ(NH), 1650 υ(C=O), 1623 υ(C=N), 1269, υ(C-OH14,36),
1240 υ(C-OH18,19), 1006 υ(N-N); 645 υ(M←O), 530
υ(M←O),476 υ(M←N)1184, 1140, 869, 685 υ(SO4).
Complex (7), [(H6L)Ni2(SO4)2]: Yield: 70%; m.p.
>300°C; color: Light green; molar conductivity
(Λm): 24.1 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H24N4O14Ni2S2 (FW=798.00): C, 39.13; H, 3.03;
N, 7.02, Ni, 14.71; Found (%) C, 40.12; H, 3.14; N,
7.09; Ni, 15.15; IR (KBr, cm−1), 3433, 3407 υ(OH),
3270 υ(NH), 1656 υ(C=O), 1620 υ(C=N), 1263,
υ(C-OH14,36), 1242 υ(C-OH18,19), 1014 υ(N-N); 618
υ(M-O), 559 υ(M←O),530 υ(M←N);1185, 1122,
832, 669 υ(SO4).
Complex (8), [(H4L)Ni2(CH3COO)2(H2O)4]: Yield:
79%; m.p. >300°C; color: Beige; molar conductivity
(Λm): 14.2 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C30H36N4O14Ni2 (FW=794.01): C, 45.38; H, 4.57; N,
7.06, Ni, 14.78; Found (%) C, 46.55; H, 4.90; N, 7.15;
Ni, 14.89; IR (KBr, cm−1), 3455, 3300 υ(OH), 3265
υ(NH), 1645 υ(C=O), 1619 υ(C=N), 1282, υ(C-O14,36),
1241 υ(C-OH18,19), 1012 υ(N-N); 650 υ(M-O), 581
υ(M←O),534 υ(M←N); 1561, 1383 υsymCH3COO,
υasymCH3COO (∆=178 cm−1).
Complex (9), [(H4L)Cu2(NO3)2(H2O)4]: Yield: 80%;
m.p. >300°C; color: Light green; molar conductivity
(Λm): 15.7 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H30N6O16Cu2 (FW=809.64): C, 38.57; H, 3.73; N,
10.38, Cu, 15.70; Found (%) C, 40.05; H, 3.90; N, 9.67;
Cu, 15.89; IR (KBr, cm−1), 3290 υ(OH), 3275 υ(NH),
1651 υ(C=O), 1620 υ(C=N), 1292, υ(C-O14,36), 1244
υ(C-OH18,19), 1002 υ(N-N); 530 υ(M-O), 500 υ(M←O),
462 υ(M←N); 1460, 1383, 870, υ(NO3) (∆=77 cm−1).
Complex (10), [(H4L)Cu2Cl2(H2O)4]: Yield: 78%;
m.p. >300°C; color: Olive; molar conductivity
(Λm): 9.5 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
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C26H28N4O10Cu2 (FW=754.52): C, 41.39; H, 3.74; N,
7.43, Cu, 16.84; Found (%) C, 41.64; H, 3.95; N, 7.00;
Cu, 16.10; IR (KBr, cm−1), 3320 υ(OH), 3275 υ(NH),
1648 υ(C=O), 1619 υ(C=N), 1312, υ(C-O14,36),
1260 υ(C-OH18,19), 1010 υ(N-N); 653 υ(M-O), 550
υ(M←O),511 υ(M←N).
Complex (11), [(H2L)Cu2(H2O)2]: Yield: 60%;
m.p. >300°C; color: Green; molar conductivity
(Λm): 72.7 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H30N6O16Cu2 (FW=645.57): C, 48.37; H, 3.43;
N, 8.68, Cu, 19.69; Found (%) C, 48.05; H, 3.90; N,
8.67; Cu, 18.89; IR (KBr, cm−1), 3290 υ(OH18,19),
1616 υ(C=N), 1589 υ(N=C-C=N), 1331, υ(C-O14,36),
1250 υ(C-OH18,19), 1026 υ(N-N); 600 υ(M-O), 534
υ(M←O), 499 υ(M←N).
Complex (12), [(H6L)Cu2(SO4)2(H2O)4]: Yield: 85%;
m.p. >300°C; color: Light green; molar conductivity
(Λm): 26.8 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H32N4O18S2Cu2 (FW=879.77): C, 35.50; H, 3.67; N,
6.37, Cu, 14.45; Found (%) C, 35.05; H, 3.88; N, 6.67;
Cu, 14.09 IR (KBr, cm−1), 3433, 3335 υ(OH), 3265
υ(NH), 1654 υ(C=O), 1620 υ(C=N), 1276, υ(C-OH14,36),
1255 υ(C-OH18,19), 999, υ(N-N); 617 υ(M-O), 555
υ(M←O), 525 υ(M←N);1184, 1118, 832, 670 υ(SO4).
Complex (13), [(H4L)Cu2(CH3COO)2(H2O)4].H2O:
Yield: 59%; m.p. >300°C; color: Red brown; molar
conductivity (Λm): 13.7 ohm−1 cm2 mol−1. Anal. Calcd.
(%) for C30H36N4O15Cu2 (FW=819.72): C, 43.96; H,
4.43; N, 6.83, Cu, 15.50; Found (%) C, 43.05; H, 3.99;
N, 6.97; Cu, 15.09; IR (KBr, cm−1), 3290 υ(OH), 3270
υ(NH), 1639 υ(C=O), 1618 υ(C=N), 1299, υ(C-O14,36),
1254 υ(C-OH18,19), 1011 υ(N-N); 669 υ(M-O), 565
υ(M←O), 530 υ(M←N); 1559, 1383 υsymCH3COO,
υasymCH3COO (∆=176 cm−1).
Complex (14), [(H4L)Zn(CH3COO)2]: Yield: 74%;
m.p. >300°C; color: Yellow; molar conductivity
(Λm): 16.2 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C30H28N4O10Zn2 (FW=735.32): C, 49.00; H, 3.84; N,
7.62, Zn, 17.78; Found (%) C, 49.12; H, 4.00; N, 7.47,
Zn, 17.46; IR (KBr, cm−1), 3307 υ(OH), 3278 υ(NH),
1619 υ(C=O), 1604 υ(C=N), 1305, υ(C-O14,36),
1241 υ(C-OH18,19), 1003 υ(N-N); 616 υ(M-O), 540
υ(M←O), 505 υ(M←N); 1558, 1337 υsymCH3COO,
υasymCH3COO (∆=221 cm−1).
Complex (15), [(H2L)Zn(H2O)2]: Yield: 65 %;
m.p. >300°C; color: Yellow; molar conductivity
(Λm): 12.5 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H26N4O8Zn2 (FW=653.27): C, 47.80; H, 4.01; N,
8.58, Zn, 19.66; Found (%) C, 47.56; H, 3.93; N,
8.47, Zn, 19.76. IR (KBr, cm−1), 3390 υ(OH18,19),
1621 υ(C=N), 1588 (N=C-C=N), 1312, υ(C-O14,36),
1240 υ(C-OH18,19), 1001 υ(N-N); 619 υ(M←O), 531
υ(M←O), 489 υ(M←N).

Complex (16), [(H4L)Cd2(CH3COO)2]: Yield: 58%;
m.p. >300°C; color: Yellow; molar conductivity
(Λm): 12.8 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H22N4O7Cd (FW=829.39): C, 43.44; H, 3.40; N,
6.76, Cd, 27.11; Found (%) C, 42.92; H, 3.10; N, 6.27,
Cd, 26.46; IR (KBr, cm−1), 3310 υ(OH), 3268 υ(NH),
1655 υ(C=O), 1622 υ(C=N), 1321, υ(C-O14,36),
1241 υ(C-OH18,19), 1000 υ(N-N); 684 υ(M-O), 571
υ(M←O), 539 υ(M←N); 1566, 1399 υsymCH3COO,
υasymCH3COO (∆=167 cm−1).1H-NMR (270 MHz,
DMSO-d6, δ/ppm): 9.85 (s, 2H, NH13,23), 9.51, (s, 2H,
OH18,19), 8.68 (s, 2H,11,25H-C=N), 7.0-8.10 (m, 12H,
aromatic), 4.88 (d, 2H, CO-CH16,17OH), 1.95 (s, 6H,
CH3COO).
Complex (17), [(H2L)Cd(H2O)2]: Yield: 76%; m.p.
>300°C; color: Yellow; molar conductivity (Λm): 14.7
ohm−1 cm2 mol−1. Anal. Calcd. (%) for C28H36N4O13Cd
(FW=743.30): C, 42.01; H, 2.98; N, 7.54, Cd 30.25;
Found (%) C, 42.12; H, 2.90; N, 7.67, Cd, 29.46; IR
(KBr, cm−1), 3300 υ(OH), 1622 υ(C=N), 1591 υ(N=CC=N), 1311 υ(C-O14,36), 1260 υ(C-OH18,19), 1018, 993
υ(N-N); 585 υ(M-O), 548 υ(M←O), 487 υ(M←N).
Complex (18), [(H4L)Cd2(NO3)2]: Yield: 60%;
m.p. >300°C; color: Yellow; molar conductivity
(Λm): 15.1 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H22N6O12Cd2 (FW=835.31): C, 37.38; H, 2.65; N,
10.06, Cd, 26.91; Found (%) C, 37.32; H, 2.90; N,
10.07, Cd, 25.99; IR (KBr, cm−1), 3340 υ(OH), 3270
υ(NH), 1657 υ(C=O), 1622 υ(C=N), 1298, υ(C-O14,36),
1244 υ(C-OH18,19), 1023, υ(N-N); 617 υ(M-O), 544
υ(M←O), 524 υ(M←N).1433, 1359, 870 υ(NO3)
(∆=74 cm−1).
Complex (19), [(H4L)Pb2(NO3)2]: Yield: 89%;
m.p. >300°C; color: Yellow; molar conductivity
(Λm): 35.6 ohm−1 cm2 mol−1. Anal. Calcd. (%) for
C26H22N6O12Pb2 (FW=1024.89): C, 30.47; H, 2.16; N,
8.20, Pb, 40.43; Found (%) C, 30.00; H, 2.00; N, 7.90,
Pb, 39.10; IR (KBr, cm−1), 3320 υ(OH), 3275 υ(NH),
1650υ(C=O), 1619 υ(C=N), 1284, υ(C-OH14,36),
1243 υ(C-OH18,19), 1013, υ(N-N); 653 υ(M-O),
576υ(M←O), 533 υ(M←N);1441, 1362, 850 υ(NO3)
(∆=79 cm−1).
2.5. Biological Activity
2.5.1. Cytotoxic activity
The cytotoxic activity of the ligand and its metal
complexes was evaluated in vitro against cell lines of
Hep-G2 (human liver cancer) and A-549 (human lung
cancer) using the SulfoRhodamine-B-stain (SRB)
assay published method in the Pathology Laboratory,
Pathology Department, Faculty of Medicine,
El‑Menoufia University, Egypt [23,24]. Cells were
plated in the 96-multiwell plate (104 cells/well) for
24 h before treatment with the compounds to allow
attachment of cell to the wall of the plate. Different
concentrations of the compounds under test in DMSO
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(0, 5, 12.5, 25 and 50 µg ml−1) were added to the cell
monolayer, triplicate wells being prepared for each
individual dose. Monolayer cells were incubated with
the complexes for 48 h at 37°C and under 5% CO2.
After 48 h cells were fixed, washed and stained with
SRB-stain. Excess stain was wash with acetic acid
and attached stain was recovered with Tris ethylenediamine-tetraacetic acid buffer. Color intensity was
measured in an enzyme-linked immunosorbent assay
reader. The relation between surviving fraction and
drug concentration is plotted to get the survival curve
for each tumor cell line after addition the specified
compound.

3.1. The Molar Conductivity
The molar conductivities of 1 × 10−3 M solutions of
the metal complexes in DMSO at room temperature
were found in the range 7.1-35.6 ohm−1 cm2 mol−1
indicating the non-electrolytic nature of all complexes.
These low values commensurate the absence of any
counters ions in their structure. The considerable high
conductance values for some complexes may be due to
the partial solvoysis of them [25,26].
3.2. IR Spectra
The IR spectrum of the ligand showed a strong
vibration band located at 1658 cm−1 which assigned to
the carbonyl group ν(C=O) group of hydrazide moiety,
whereas the weak and broad bands which observed at
3445, 3398, 3315, 3210 cm−1 assigned to the stretching
vibration of the naphthanolic hydroxyl, aliphatic
hydroxyl and ν(NH) groups associated through
an intermolecular and intramolecular hydrogen
bonding [27-31].These observations confirmed the
presence of the ligand in the ketonic form in the solid
state [29,31]. The spectrum of the ligand also showed
bands at 1630 and 988 cm−1 which may be assigned
to the azomethine groups ν(C=N) [32], and nitrogennitrogen linkages ν(N-N) respectively [33,34].

3. RESULTS AND DISCUSSION
The
ligand,
2,3-dihydroxy-N’1,
N’4-bis((2hydroxynaphthalen-1-yl)methylene) succinohydrazide
(H6L) and its metal complexes (2-19) are stable at
room temperature, non-hydroscopic and are insoluble
in common solvents such as ethanol, acetone, water
and chloroform but soluble in DMF and DMSO. The
elemental analysis confirmed that all complexes are
composed of ligand and metal ions with molar ratios
equal to 1L: 2M. Many attempts were made to grow
single crystal, but unfortunately, they failed. The
analytical, physical and spectral data are presented in
experimental part, and Tables 1-3 are compatible with
the suggested structures (Figures 1-4).

By comparing the IR spectral data of the complexes with
that of the free ligand. It is noted that, in complexes (2),

Table 1: Electronic spectra and magnetic moments for ligand and its complexes.
No.

λmax (nm)

Transitions

Geometry

µeff (BM)

Octahedral

4.33

Tetrahedral

2.80

Tetrahedral

2.11

Octahedral

2.82

Tetrahedral

5.26

(1)

265, 295, 315

(2)

265, 293, 305, 490, 565, 613

(3)

265, 285, 300, 485, 535, 600

(4)

256, 290, 303, 465, 622

4

(5)

256, 292, 305, 460, 518, 600

4

(6)

265, 290, 302, 470, 630

4

(7)

265, 292, 305, 485, 605

3

Tetrahedral

2.32

(8)

265, 290, 306, 490, 530, 600, 835

O→Ni, 3A2g (F)→3T1g (P) (ν3),
3
A2g (F)→3T1g (F)(ν2)

Distorted
octahedral

2.40

(9)

256, 285, 300, 350, 475, 550, 630

O→Cu, 2B1→2E and 2B1→2B2

1.58

(10)

265, 280, 300, 465, 530, 595

Distorted
tetragonal
octahedral

(11)

265, 286, 297, 420, 565

Tetrahedral

1.80

Distorted
tetragonal
octahedral

1.47

(12)

265, 285, 295, 420, 495, 590, 625

(13)

265, 290, 305, 424, 535, 595

(14)

265, 290, 310, 375

(15)

270, 290, 310, 370

(16)

265, 292, 307, 365

(17)

265, 290, 310, 360

(18)

265, 285, 300, 360

(19)

265, 290, 305, 365

π→π*, n→π*

‑

6

A1g→4Eg, 6A1g→4T2g and 6A1g→4T1g
A2→4T1(F) (v2) and 4A2→4T1(P) (v3)
4

4

4

T1g (F)→ T2g (P)(v3), T1g (F)→ A2g (v2)
T1g (F)→4T2g (F)(v1)

4

A2→4T1(F) (v2) and 4A2→4T1(P) (v3)
3

3

3

T1(F)→ A2 and T1(F)→ T1(P)

2

T2(D)→2E (D)
2

2

2

2

O→Cu, B1→ E and B1→ B2

1.53

1.61
Diamagnetic
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Table 2: ESR data for metal (II) complexes.
Complex g||
(2)

‑

g⊥
‑

a

giso A|| A⊥ bAiso cG ∆Exy ∆Exz K⊥2 K||2
(G) (G) (G)
(cm−1) (cm−1)

2.08

‑

‑

‑

‑

‑

‑

‑

‑

K2

K

‑

‑

g||/A|| α2
(cm−1)
‑

β

‑

‑

1

‑2β

a2d
(%)

‑

‑

(9)

2.21 2.06 2.12 150 15

60 3.5 18182 21052 0.68 0.57 0.64 0.8

(10)

2.03 2.2 2.14 170 20

70

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

‑

(11)
(12)

‑

‑

2.11

‑

‑

147

‑

2

β2

0.71 0.95 0.80 154.4 66

2.18 2.05 2.09 135 15G 55 3.6 16,949 20,202 0.58 0.45 0.535 0.73 167.7 0.6 0.96 0.75 146

62

a

giso=(2g⊥+g||)/3, bAiso=(2A⊥+A||)/3, CG=(g||−2)/(g⊥−2). ESR=Electron spin resonance

Figure 1: Suggested formulae of the MnII and CoII
complexes (2,5).

Figure 2: Suggested formulae of the FeIII, NiII, CuII,
ZnII, CdII and PbII complexes (3, 10, 13, 14, 16, 18-19).

Figure 3: Suggested formulae of the CoII, CuII, ZnII
and CdII complexes (4, 11, 15, 17).

Figure 4: Suggested formulae of the CoII, NiII and CuII
complexes (6, 7, 12).
(4), (5), (11), (15) and (17) the bands characteristic to
ν(NH) and ν(C=O) were disappeared. This may be due

to the bonding of the ligand to the metal ions in the
enolic form, via the enolic carbonyl oxygen atoms.
This result is also supported by the appearance of a
new band in the ranges of 1603‑1581 cm−1 which may
be assigned to the C=N-N=C group [31]. In the spectra
of all complexes except (2), (4), (5), (11), (15) and (17)
the absorption frequency of amide carbonyl groups
ν(C=O) was shifted to lower frequency side about
7-39 cm−1 and appeared in the region 1619‑1658 cm−1
with lowering its intensity confirmed the coordination
of oxygen atom of amide ν(C=O) with the metal ions
without undergoing enolization. In the IR spectra
of complexes (3), (4), (8-11), and (13-19), it was
observed that the absence of absorption band due to
naphthanolic hydroxyl group which appeared in the
spectrum of ligand at 3446 indicated to the formation
of bond between metal ion and naphthanolic hydroxyl
oxygen atom via deprotonation. This is further
confirmed by the increase in absorption frequency
about 19‑41 cm−1 of phenolic ν(C-O) which appeared in
the region 1284‑1331 cm−1 indicating the participation
of the oxygen atom of naphthanolic hydroxyl group
in bonding to metal ions [35].31 In the spectra of all
complexes the absorption frequency of azomethine
ν(C=N) function shifted to lower frequency side
about 7-26 cm−1 with decreasing their intensities and
appeared in the region 1604‑1623 cm−1 suggesting the
involvement of nitrogen atom of azomethine function
in complexation with the metal ions [35]. At the same
time, the characteristic band of the ν(N–N) which
appeared in the spectra of the ligand at 988 cm−1
is shifted to lower frequency and appeared in the
989‑1030 cm−1 in the spectra of metal complexes.
These negative shifts of ν(C=N) and positive shifts of
ν(N–N) bands confirmed that the azomethine nitrogen
atoms participated in coordination with the metal
ions [36]. The appearance of new bands appeared in
the ranges 530-684, 510-581 and 456-533 cm−1 for
different complexes may be assigned to the ν(M–O),
(M←O) and ν(M←N), respectively, [30,37]. These
results confirmed that the bonding of the ligand
with the metal occurred via enolic carbonyl oxygen,
azomethine nitrogen and naphthanolic hydroxyl
oxygen atoms. In acetate complexes, the acetate ion
may be coordinate to the metal ion in unidentate,
bidentate, or bridging bidentate manner. The νas(CO2)
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Table 3: Thermal analyses for metal (II) complexes.
Compound no.
molecular formula

Temperature (°C)

DTA
(peak)

TGA
Assignments
(Wt. loss %)

Endo Exo Calcd. Found
Complex (2)
[(H4L)(Mn)2(OAc)
2(H2O)4].H2O

45

Endo ‑

‑

‑

Broken of H‑bonding

65

Endo ‑

2.24

2.00

Loss of (H2O) hydrated water molecules

165

Endo ‑

8.96

8.66

Loss of coordinated 4H2O molecule

250

Endo ‑

14.78 15.03

Loss of coordinated two acetate groups

350

Endo ‑

‑

Melting point

370, 410, 435, 500
Complex (6)
[(H6L) Co2(SO4)2]

Exo 64.14 64.76

50

Endo ‑

‑

Endo ‑

24.05 24.9

Loss of coordinated two SO4 group

340

Endo ‑

‑

Melting point

‑

‑

Broken of H‑bonding

Endo ‑

8.90

8.63

Loss of (4H2O) coordinated water
molecules

250

Endo ‑

14.65 15.32

Loss of coordinated two NO3 group

360

Endo ‑

‑

Melting point

‑

Exo 65.94 65.11

Decomposition process with the
formation of CuO

50

Endo ‑

‑

‑

Broken of H‑bonding

140

Endo ‑

9.55

10.10

Loss of (4H2O) coordinated water
molecules

230

Endo ‑

9.40

9.21

Loss of coordinated two chloride ions

330

Endo ‑

‑

‑

Melting point

Exo 70.51 68.94

Decomposition process with the
formation of CuO

45

Endo ‑

‑

‑

Broken of H‑bonding

60

Endo ‑

2.2

1.97

Loss of (H2O) hydrated water molecules

8.79

9.12

Loss of coordinated four water molecules

130
190

Endo ‑

14.5

14.01

Loss of coordinated two acetate groups

340

Endo ‑

‑

‑

Melting point

‑

Exo 64.80 62.62
‑

Decomposition process with the
formation of CuO

50

Endo ‑

‑

210

Endo ‑

14.33 13.78

Loss of coordinated two acetate groups

345

Endo ‑

‑

Melting point

370, 390, 410, 450, 510 ‑
Complex (19)
[(H4L)(Pb)2(NO3)2]

Decomposition process with the
formation of CoO

Endo ‑

365, 450, 550, 600
Complex (16)
[(H4L)(Cd)2(OAc)2]

Exo 65.32 66.57

50

370, 390, 420, 450, 500 ‑
Complex (13)
[(H4L)(Cu)2(OAc)
2(H2O)4].H2O

‑

Broken of H‑bonding

160

350, 380, 450, 500, 610 ‑
Complex (10)
[(H4L)(Cu)2Cl2(H2O)4]

‑

Decomposition process with the
formation of MnO

250

405, 450, 485, 510, 530 ‑
Complex (9)
[(H4L) Cu)(NO3)2(H2O)4]

‑

‑

Exo 70.18 68.11

Broken of H‑bonding

Decomposition process with the
formation of CdO

60

Endo ‑

‑

‑

Broken of H‑bondings

240

Endo ‑

11.60

12

Loss of coordinated two NO3 groups

320

Endo ‑

‑

‑

Melting point

460

Exo 54.52 52.23

Decomposition process with the
formation of PbO

TGA=Thermal gravim analysis, DTA=Differential thermal analysis
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and νs(CO2) of the free acetate ion are Ca 1560
and 1416 cm−1 respectively. In unidentate acetate
complexes ν(C=O) is higher than νs(CO2) and ν(C-O)
is lower than νas(CO2-). As a result, the separation
between the two ν(CO) is much larger in unidentate
than in free ion but in bidentate the separation is lower
than in the free ion while in bridging bidentate the
two ν(CO) is closer to the free ion [38]. In the case
of acetate complexes (2), (5) (8), (13), (14) and (16)
there are two new bands appeared in the 1555-1570
and 1337-1399 cm−1 ranges which are attributed to the
symmetric and asymmetric stretching vibration of the
acetate group. The mode of coordination of acetate
group has often been deduced from the magnitude
of the observed separation between the νasy.(COO-)
and νsy.(COO-). The separation values (∆) between
νasym(COO-) and νsym.(COO-) in these complexes were
in the 167-221 cm−1 range suggesting the coordination
of acetate group in as a monodentate fashion
[39,40]. The IR spectra of the nitrate complexes (9),
(18) and (19) showed bands in the ν5(1433-1459),
ν1(1359‑1383) and ν2(870‑880) ranges indicating
the nitrate group coordinated to the metal ion. The
differences between the two high bands (υ5-υ1) are in
the 74-78 cm−1 indicating that, the nitrate ion bonded
to the copper(II) ion is unidentate manner [38,40,41].
In the case of sulfate complexes (3), (6), (7), (12) and
(15) there are new bands appeared in the 1184‑1194,
1118-1141, 830-870 ranges for the complexes,
respectively. These bands indicate that the sulfate ion
is coordinated to the metal ion as chelating unidentate
fashion [38,42].
The above results together with elemental analysis
indicates that the ligand behaved as neutral, monobasic
or dibasic hexadentate ligand bonded to the metal
ions through enolic or ketonic carbonyl oxygen
atoms, azomethine and protonated or deprotonated
naphthanolic hydoxyl oxygen atoms.
3.3 1H-NMR Spectra of the Ligand (1) and CdII
Complex (16)
The1H-NMR spectrum of the ligand (H6L) shows
the absence of the signal of the amino group (NH2)
characteristic of the starting material (hydrazide).
The spectrum shows three sets of peaks; the first
one observed as a singlet at 12.90 (s, 2H14,36), 9.98
(s, 2H13,23) 9.67 (s, 2H18,19) ppm which may be
assigned naphthanolic hydroxyl protons, azomethine
protons and aliphatic hydroxyl protons respectively.
These hydrogen resonances appear at high δ values
because of their attachment to highly electronegative
atoms, oxygen and nitrogen, respectively; hence,
they are in a low electron density environment. This
assignment was confirmed by the deuterated spectra
in which the intensity of these bands was considerably
decreased. The position of these peaks in the
downfield region indicates the possibility of extensive

hydrogen bonding involving these groups [40]. The
second set appeared as a singlet at 8.88 (s, 2H11,25),
ppm and corresponded to the azomethine proton
(H–C=N) [36]. The third group appeared as multiplets
in the 7.15-8.11 (m, 12 H) ppm range, which were
attributed to aromatic protons. The signal appeared
at 4.67 ppm may be assigned to (HO-CH16,17). It is
clear from the1H-NMR spectrum of the ligand that
it exists in the keto form only with no evidence for
the presence of the enol form [42,43]. This result
was confirmed by the appearance of the signal of the
azomethine (NH), naphthanolic and aliphatic (OH)
only and the absence of the (OH) signal of the enolic
form. The same conclusion was reported by many
authors [24,36]. Comparing the1H-NMR spectra of the
cadmiumII complexes, 16, with that of the free ligand,
it could be noticed that the signals of the naphthanolic
OH groups had disappeared, indicating that the ligand
bonded to the cadmium ions as a dibasic ligand via
the deprotonated hydroxyl oxygen atoms while the
protons of azomethine were still present. A significant
downfield shift of the azomethine proton signal in
the complexes relative to the corresponding signal
of the free ligand confirmed the coordination of the
azomethine nitrogen atom to the metal [43,44].
3.4. Mass Spectra of the Ligand
The mass spectrum of the ligand supports the
suggested structure of the ligand. It reveals molecular
ion peak m/z at 486 is consistent with the molecular
weight of the ligand. Moreover, the ligand splits
to several fragments which possessed ion peaks
equal to m/z=429, 404, 300, 186, 169, 115, and 89
which corresponding to C16H21N4O10, C14H20N4O10,
C11H14N3O7, C7H12N3O3, C6H7N3O3, C4H7N2O2
andC2H7N2O2, respectively.
3.5. Magnetic Moments
The magnetic moments of the metal complexes
(2)‑(19) at room temperatures are shown in Table 1.
MnII complex (2) and FeIII complex (3) show magnetic
moment values equal 4.33 and 2.8 B.M, respectively.
These values are lower than expected to high spin
manganese(II) and iron(III) configuration (d5). This
phenomenon may be due to antiferromagnetic spinspin interaction between metal(II) ions through
molecular association or hydrogen bonding [45].
CoII complex (4-6) show magnetic moment value in
the 2.11-2.82 B.M, which are lower than expected to
high spin cobalt(II). This lowering in the magnetic
value may be due to antiferromagnetic spin-spin
interaction between cobalt(II) ions through molecular
association. NiII complexes (7-8) show values equal
to 2.32 and 2.40 B.M range. The lowering in these
values may be assigned to the interaction between the
two nickel atom via hydrogen bonding or molecular
association [43,45]. CuII complexes (9-13) show
values in the 1.47-1.61 B.M, range corresponding to
one unpaired electron. The low values of complexes
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are due to spin-spin interactions take place through
hydrogen bonding [43,45]. Zinc(II) complexes (14)
and (15), cadmium(II) complexes (16-18) and lead(II)
complex (19) show diamagnetic property.
3.6. Electronic Spectra
The electronic spectral data for the ligand (1) and its
metal complexes in nujol mull are summarized in
Table 1. The electronic absorption spectra of the ligand
showed that it exhibited three bands located at 265,
295 and 315 nm. The first one assigned to intraligand
π→π*transition in the napthanolic moiety which is
nearly unchanged on complexation. The second and
third bands may be assigned to n→π* and charge
transfer transition of the azomethine and carbonyl
groups. The location of these bands was found to
be shifted to higher energy on complexation. This
finding indicated to the participation of these groups
in bonding and coordination with metal ions [28,46].
In addition, the spectra of the complexes were showed
new bands laid in the range 360-375 nm which
may be attributed to the charge-transfer bands [47].
Manganese(II) complex (2) show bands at 490, 565
and 613 nm, corresponding to6A1g→4Eg,6A1g→4T2g
and6A1g→4T1g transitions which are compatible to an
octahedral geometry around the Mn(II) ions [46,48].
Iron(III) complex (3) shows bands at 485, 535 and
670 nm, are due to charge transfer and6A1→4A1(ν2)
and6A1→4T2(ν3),
transitions,
suggesting
the
tetrahedral geometry around the iron(III) ion [46,49].
Cobalt(II) complexes (4) and (6) show bands at
465, 470 and 622, 630 nm, respectively, these bands
are assigned to4A2→4T1(F) (v2) and4A2→4T1(P)
(v3), transitions, respectively, assuming tetrahedral
geometry around the Co(II) ion [46,50]. However,
cobalt(II) complex (5) show bands at 460, 518, and
600 nm, these bands are assigned to4T1g(F)→4T2g(P)
(v3),4T1g(F)→4A2g(v2)
and4T1g(F)→4T2g(F)(v1)
transitions respectively [46,51]. The electronic
spectrum nickel(II) complexes (7) shows bands at
485 and 605 nm, which are assignable to3T1(F)→3A2
and3T1(F)→3T1(P), respectively, assuming the
tetrahedral geometry around the Ni(II) ions [46,50].
However, nickel(II) complex (8) shows bands in the
490, 530, 600, and 835 nm ranges, the first band is
attributable to O→Ni charge transfer, while the
other three bands are assigned to3A2g(F)→3T1g(P)
(ν3),3A2g(F)→3T1g(F)(ν2)
and3A2g(F)→3T2g(F)(ν1)
transitions, respectively, indicating an octahedral
Ni(II) geometry [46,52].
The ν2/ν1 ratio for the complex is 1.39 which are
less than the usual range of 1.5-1.75, indicating a
distorted octahedral Ni(II) complex [53]. Copper(II)
complexes (9-10) and (12-13) show bands in the
490‑465, 580-540 and 615-600 nm ranges, are
assigned to O→Cu, charge transfer,2B1→2E and
2
B1→2B2 transitions, indicating a distorted tetragonal

octahedral structure [54,55]. However, copper(II)
complexes (11) exhibited one band at 565 nm that
is assigned to 2T2(D)→2E(D) transition, indicating
that, this complex has a tetrahedral geometry [32,56].
The possibility of square planar geometry at metal
center was ruled out because in general square-planar
complexes are known to exhibit two band in the visible
region, around 700‑712 nm and 533-550 nm reported
by El-Tabl et al. [57] was not observed in the case of our
synthesized complex. Zinc complexes (14) and (15),
cadmium(II) complexes (16-18) and lead(II) complex
(19) show bands due to intraligand transitions.
3.7. ESR
The ESR spectral data for complexes (2) and
(9‑12) are presented in Table 2. The ESR spectra of
manganese(II) and copper(II) complexes (2) and (11)
at room temperature give one broad isotropic signal
with giso values at 2.08 and 2.11 for the two complexes,
respectively [42,58]. The ESR spectra of copper(II)
complexes (9) and (12) at room temperature are
characteristic of species d9 configuration having
axial type of a d(x2-y2) ground state which is the
most common for copper(II) complexes [59,60].
These complexes show g||>g┴>2.0023, indicating
octahedral geometry around copper(II) ion [61,62].
The g-values are related by the expression G =
(g||−2)/(g┴−2) [61,63], 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 (9) and (12) show 3.5
and 3.6 values indicating spin-exchange interactions
take place between copper(II) ions. This phenomena
is further confirmed by the magnetic moments values
(1.58 and 1.47 BM). The g||/A|| value is also considered
as a diagnostic term for stereochemistry [64], the g||/A||
values in the (105-135 cm−1) range are expected for
copper complexes within perfectly square planar
geometry and for tetragonal distorted octahedral
complexes are 150-250 cm−1. The g||/A|| values for the
copper complexes (9) and (12) are 147 and 167.7 cm−1
which lie just within the range expected for the
tetragonal distorted octahedral copper(II) complexes
(Table 2). The g-value of the copper (II) complexes
with a2B1g ground state (g||>g┴) may be expressed by
the following equations [65]:
g||=2.002−(8K2|| λ°/ΔExy)(1)
g┴=2.002−(2K2┴ λ°/ΔExz)(2)
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, ΔExy and ΔExz are the electron transition
energies of 2B1g→2B2g and 2B1g→2Eg. From the above
relations, the orbital reduction factors (K||, K┴, K),
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which are measure terms for covalency [66], can be
calculated. For an ionic environment, K=1; while for a
covalent environment, K<1. The lower the value of K,
the greater is the covalency.
K2┴ = (g┴−2.002) ΔExz/2λo(3)
K2||=(g||−2.002) ΔExy/8λo(4)
K2=(K2||+2K2┴)/3(5)
K values (Table 2), for the copper(II) complexes (9)
and (12) are indicating for a covalent bond character
[60,67].42,70 Kivelson and Neiman noted that, for ionic
environment g||≥2.3 and for a covalent environment
g||<2.3 [68]. Theoretical work by Smith [66] seems to
confirm this view. The g-values reported here (Table 2)
show considerable covalent bond character [69].
Furthermore, the in-plane σ-covalency parameter,
α2(Cu) was calculated by:
α2 (Cu) = (A||/0.036)+(g||−2.002)+3/7(g−2.002)+0.04
(6)
The calculated values (Table 2) suggest a covalent
bonding [40,43,57,59]. The in-plane and out ofplane π-bonding coefficients β12 and β2, respectively,
are dependent on the values of ΔExy and ΔExz in the
following equations [61].
α2β2=(g┴−2.002) ΔExy/2λo

(7)

α2 β12 =(g||−2.002) ΔExz/8λo(8)
In this work, the complexes (9) and (12) show β12
values 0.80 and 0.75 indicating a moderate degree
of covalency in the in-plane π-bonding [67,70]
β2 value forcomplexes (9) and (4) equal 0.95 and
0.96 indicating a covalent bonding character outof- plane π-bonding [67,70]. It is possible to calculate
approximate orbital populations for d-orbitals by [71]:
A||= Aiso−2B[1 ± (7/4) Δg||] Δg||= g||−ge(9)
2
 p,d
=2B/2B°(10)

Where, A° and 2B° is the calculated dipolar coupling
for unit occupancy of d orbital respectively. When
the data are analyzed, the components of the63Cu
hyperfine coupling were considered with all the
sign combinations. The only physically meaningful
results are found when A|| and A┴ were negative. The
resulting isotropic coupling constant was negative,
and the parallel component of the dipolar coupling 2B
are negative (−154.4 and −146 G). These results can
only occur for an orbital involving the dx2-y2 atomic
orbital on copper. The value for 2B is quite normal
for copper(II) complexes [71]. The |Aiso| value was

relatively small. The 2B value divided by 2Bo (The
calculated dipolar coupling for unit occupancy of dx2-y2
(−235.11 G), using Equation (10) suggests all orbital
population are 66 and 62% d-orbital spin density,
clearly the orbital of the unpaired electron is dx2-y2 [69].
The ESR spectrum of copper(II) complex (10) at room
temperature is interesting to note that g┴ is greater
than g||, indicating a compressed tetragonal distortion
along the Z-axis [72,73]. This distortion lowers the
energy of d(x2-y2), and hence it is one of the very few
tetragonal complexes with the unpaired electron in the
dz2 orbital [72,73]. The compression along the Z-axis
results in an increased bond length in the X-Y plane.
The g-values are g||=2.03 with A||=170 G and g┴=2.20
with A┴=20 G respectively [72,73].
3.8. Thermal Analyses (DTA and TGA)
Since the IR spectral data indicates the presence of water
molecules, thermal analyses (DTA and TGA) were
carried out to certain their nature. The thermal curves
in the temperature 27-600° range for complexes (2),
(3), (9), (10), (13), (16), and (19) are thermally stable
up to 45°C. Broken of hydrogen bonding occurs as
an endothermic peak within the temperature 45-50°C
as shown in Table 3. Dehydration is characterized
by endothermic peaks within the temperature
60‑65°C range, corresponding to the loss of hydrated
water molecules as in complexes (2) and (13). The
elimination of coordinated water molecules occur in
130-165°C range accompanied by endothermic peaks
as in complexes (2), (10) and (13) [74,75]. The TGA
and DTA thermogram of manganese(II) complex (2)
showed that this complex decomposed in six step.
The first occurred at 45°C with no weight loss as
endothermic peak, may be due to break of hydrogen
bonding. The second step occur at 65°C with 2.00%
weight loss (Calcd. 2.24%) as endothermic peak which
could be due to the elimination of one hydrated water
molecules. The third step occurred at 165°C with
8.66% weight loss (Calcd. 8.96%) could be due to the
elimination of four coordinated water molecules. The
fourth decomposition step which occurred at 250°C
with 15.03% weight loss (Calcd. 14.78%), could
be attributed to the loss of coordinated two acetate
groups. The complex shows an exothermic peak
observed at 350°C is due its melting point. Finally,
exothermic peaks appear at 370, 410, 435 and 500°C
corresponding to oxidative thermal decomposition
which proceeds slowly with leaving MnO with
64.76% weight loss (Calcd. 64.14%) [76]. The TGA
and DTA thermogram of cobalt(II) Complex (6) show
endothermic peak occurred at 50°C with no weight
loss as endothermic peak, may be due to break of
hydrogen bonding. While the endothermic peak that,
observed at 250°C with 24.05% weight loss (Cacld.
24.90%) are assigned the elimination of two sulfate
ions. Another exothermic peak observed at 340
with no weight loss may be due to its melting point.
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Finally, the complex shows exothermic peaks at 405,
450, 485, 510 and 530°C with 65.32% weight loss
(Cacld. 66.57%) corresponding to oxidative thermal
decomposition which proceeds slowly with final
residue CoO [76]. The TGA and DTA thermogram
of copper(II) complex (9) shows endothermic peak
at 50°C which assigned to the breaking of hydrogen
bonding. Another endothermic peak was showed at
160°C, with 8.60% weight loss (Cacld. 8.9%), due to
loss of four coordinated water molecules. While the
endothermic peak which was showed at 250°C with
weight loss 14.65 (Cacld. 15.32%), may be attributed
to the elimination of two nitrate ions. The complex
displayed another exothermic peak at 360°C may
be assigned to its melting point. Oxidative thermal
decomposition occurs in the 350, 380, 450, 500 and
610°C with exothermic peaks, leaving CuO with
65.11% weight loss (Cacld. 65.94%) [76]. The TGA
and DTA thermogram of copper(II) complex (10)
shows an endothermic peak at 50°C due to break of
hydrogen bonding and another endothermic peak
at 140°C with 10.10% weight loss (Cacld. 9.55%)
is assigned to the loss of four coordinated water
molecules. While the endothermic peak at 230°C
with 9.21% weight loss (Cacld. 9.4%) is due to loss
of two chloride ions. The endothermic peak which
appeared 330 could be due to melting point. Oxidative
thermal decomposition occurs at 370, 390, 420, 450
and 500°C with exothermic peaks, leaving CuO with
68.94% weight loss (Cacld. 70.51%) [76]. The TG and
DTA thermogram of copper(II) complex (13) shows
an endothermic peak at 45°C due to break of hydrogen
bonding and another endothermic beak at 60°C, with
1.97% weight loss (Cacld. 2.20 %) due to loss of
one hydrated water molecule. The endothermic peak
observed at 130°C with 9.12% weight loss (Cacld.
8.80%), is assigned to loss of four coordinated water
molecules. The endothermic peak observed at 190°C
with 14.01% weight loss (Cacld. 14.50%) is due to the
elimination of coordinated acetate groups. Another
exothermic peak observed at 340°C may be assigned
to its melting point. Oxidative thermal decomposition
occurs at 365, 450, 550 and 600°C with exothermic
peaks, leaving CuO with 62.62% weight loss (Cacld.
64.80%) [76].
The thermal analysis curve of cadmium(II)
complex (16) decomposed in four steps. The first
peak was observed as an endothermic peak at 50°C
due to break of hydrogen bonding while the second
endothermic peak observed at 210°C with 13.78%
weight loss (Cacld. 14.33%) is due to the elimination
of coordinated acetate groups. Another exothermic
peak observed at 345°C may be assigned to its melting
point. Oxidative thermal decomposition occurs
at 370, 390, 410, 450 and 510°C with exothermic
peaks, leaving CdO with 68.11% weight loss (Cacld.
70.18%) [76]. The thermal analysis curve of lead(II)

complex (19) decomposed in four steps. The first
beak was observed as an endothermic peak at 60°C
due to break of hydrogen bonding while the second
endothermic peak observed at 240°C with 13.78%
weight loss (Cacld. 14.33%) is due to the elimination
of coordinated nitrate groups. Another exothermic
peak observed at 320°C may be assigned to its melting
point. Oxidative thermal decomposition occurs at
460°C with exothermic peaks, leaving PbO with
52.23% weight loss (Cacld. 54.52%) [76].
3.9. Chemotherapeutic Studies
The cytotoxicity activity of the ligand (1) and its metal
complexes (2), (4), (9), (10), (12), (13), and (18) were
evaluated against either HEPG-2 cell line or MCF-7
cell line and shown in Figures 5 and 6. In this study,
we try to know the chemotherapeutic activity of the
tested complexes by comparing them with the standard
drug (IMURAN (azathioprine)). The treatment of the
different complexes in DMSO showed similar effect
in the tumoral cell line used as it was previously
reported [77]. The solvent DMSO shows no effect in
cell growth. The ligand (1) shows a weak inhibition
effect at ranges of concentrations used, however, the
complexes showed a better effect against HEPG-2
and MCF-7 cell lines. The obtained data indicate the
surviving fraction ratio against HEPG-2 tumor and
MCF-7 cell lines increasing with the decrease of the
concentration in the range of the tested concentrations.
Cytotoxicity results indicated that the tested Fe(II)
complex (2) and Cu(II) (12) (IC50 =0.91, 5.12 µg
ml−1, respectively) demonstrated potent cytotoxicity
against MCF-7 cancer cells while Cd(II) complex (18)
demonstrated the most potent cytotoxicity against
HepG2 cancer cells with IC50 = 3.7 (Figure 6). The
chemotherapeutic activity of the complexes may
be attributed to the central metal atom which was
explained by Tweedy’s chelation theory [77,78]. Also,
the positive charge of the metal increases the acidity
of coordinated ligand that bears protons, leading to
stronger hydrogen bonds which enhance the biological
activity [79,80]. Moreover, Gaetke and Chow had
reported that metal has been suggested to facilitate
oxidated tissue injury through a free-radical mediated
pathway analogous to the Fenton reaction [80]. By
applying the ESR-trapping technique, evidence for
metal - mediated hydroxyl radical formation in vivo
has been obtained [64]. 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 + OHWhere L, organic ligand
Furthermore, metal could act as a double-edged sword
by inducing DNA damage and also by inhibiting their
repair [81]. The OH radicals react with DNA sugars and
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Figure 5: Inhibitory concentration 50% values of the ligand, H2L (1) and its metal complexes against human
hepatic HEPG-2 cell line.

Figure 6: Inhibitory concentration 50% values of the ligand, H2L (1) and its metal complexes against breast
cancer MFC-7 cell line.

Scheme 2: Proposed mechanism of DNA damage. OH
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 (Scheme 2). 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 DNA [66].

4. CONCLUSION
Noval Schiff base ligand, 1,2-bis(phenylamino)vinyl)
hydrazono)methyl)phenol and its copper(II), Nickel(I),
cobalt(II), manganese(II), zinc(II), cadmium(II), lead(II),
stronchium(II), thalous(I) and iron(II) metal complexes
were synthesized. The analytical and physicochemical
data confirmed the composition and structure of the
newly obtained compounds. The ESR spectra of solid
Cu(II) complexes (2-5) show axial type indicating a
d(X2-y2) or d(Z2) ground state with significant covalent bond
character. The ligand behaved as monobasic or neutral
bidentate. The complexes adopted distorted octahedral
geometry around the metal ion. The ligand recorded weak
cytotoxic activity in the time that some complexes were
very prospective compared to ALMURAN (zathiopeine)
standard drug. This indicates enhancing of antitumor
activity upon the coordination process. Fe(II) complex
(2) showed the highest cytotoxic activity against MCF‑7
with IC50 0.91 µg ml−1. This finding indicated to a very
promising candidate as anti-breast carcinoma meanwhile,
Cd(II) complex (18) recorded the highest activity against
Hep-G2 (human liver cancer) with IC50 3.7 µg ml−1.
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