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Abstract
Novel copper(II), cadmium(II) and zinc(II) complexes of general formula,
[M(NNS)2] (NNS = uninegatively charged tridentate ligands formed by
condensation of 6-methyl pyridine-2-carbaldehyde with 2-methylbenzyl
hydrazinecarbodithioate) have been synthesized and characterized using
different physico-chemical techniques. The complexes have tetrahedral
geometry for Zn(II) and Cd(II) complexes while Cu(II) expected to has square
planner structure with the ligands coordinated to the metal ions as uninegatively
charged tridentate chelating agents via the pyridine nitrogen, the azomethine
nitrogen and the mercaptide sulphur atoms. The new compounds expected to
shows bioactivity against bacteria, fungi and against cancer cells.

Introduction
There has been a considerable interest shown to the thiocarbazic acid and
to the ligands derived from it especially those having NNS donor sequences [1].
These compounds warrant additional and further study due to their interesting
properties which can be greatly modified by introducing different organic
substituents, by which they can shows variation in donor properties. Interacting
these ligands with metal ions to give structures of different geometry and
properties and they are often biologically active [2,3]. To date, reports of the
biological properties of these metal-/dithiocarbazato complexes are still lacking
since previous studies concentrated on synthesis and characterization [4-6]. The
presence of both hard nitrogen and soft sulphur donor atoms permits
coordination with a wide range of transition and non-transition metal ions
yielding stable and colored metal complexes, some of which have exhibited
interesting physico-chemical [7-11] and potentially beneficial chemotherapeutic
properties [12-15].
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A new Schiff base benzyl 2-methylbenzyl -2-[(6-methylpyridin-2yl)methylidene] hydrazinecarbodithioate (NNS) from the condensation reaction
of
6-methyl
pyridine-2-carbaldehyde
with
2-methylbenzyl
hydrazinecarbodithioate). The three new metal complexes were prepared using
copper(II) acetate trihydrate, nickel(II) acetate and zinc(II) acetate. The new
compounds were characterized using various physico-chemical and
spectroscopic techniques.

Material and Methods
- Material
All chemicals were used as supplied without any further purification: hydrazine
hydrate (Fluka), potassium hydroxide (BDH), 2-methylbenzyl chloride (Acros),
carbon disulphide (BDH), 6-methyl pyridine-2-carbaldehyde
(BDH),
Copper(II) acetate trihydrate (BDH), Zinc(II) acetate (fluka) and Cadmium(II)
acetate. Dimethyl sulphoxide (DMSO) (99% BDH), Diethyl ether (fluka) and
absolute ethanol (99.99%, BDH).
Methods
- Physical measurements
The melting point of each sample was determined using an Electrothermal
digital melting point apparatus. Magnetic Susceptibility of metal complexes was
measured using a Sherwood Auto Magnetic Susceptibility Balance at 298 K .
The value obtained was then used to calculate the value of μ eff. Only copper
complexes (d9) were done using this method as act as paramagnetic. Molar
conductance of 1 × 10-3 molar solutions of the metal complexes in dimethyl
sulphoxide (DMSO) was measured at 30˚C using a 4310 Jenway Conductivity
Meter and a dip-cell with platinized electrodes. The complexes were dissolved
in DMSO, and the measurements were done on a Shimadzu UV-2501 PC
Spectrophotometer for the range of (200–1100) cm-1 for solutions of 10-3 M and
10-4 M.
Infrared spectra were recorded as KBr discs on a FT-IR Perkin Elmer 1750X
instrument. All the spectra were run in the range of 400 – 4000 cm-1 at room
temperature. Approximately 5mg of Schiff base which dissolved in DMSO was
analyzed using a Jeol JNM (400 MHz) NMR spectrometer. Analysis of carbon,
hydrogen, nitrogen and sulphur were carried out using a LECO CHNS-932
instrument. All the metal complexes were prepared in concentration of 10 ppm.
Miligrams of sample was dissolved in 2-5 ml of nitric acid (65%) and left for 2
days before doing the dilution using the distilled water. The prepared 10 ppm
solution of metal complexes were then been characterized using the Perkin
Elmer Plasma 1000 Atomic Emission Spectrometer.
Preparation of 2-methylbenzyl hydrazinecarbodithioate
This compound was prepared by dissolving potassium hydroxide 5.7 g
(0.1 mole) in 90% of 35ml ethanol [16]. Hydrazine hydrate (NH2NH2.H20) 5 g
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(4.864ml) was added. 7.6 g of Carbon disulfide (6.017 ml) was then added
dropwise using a burette. During this time , two layers formed. The lower light
brown oil layer was separated using a separating funnel and dissolved in
previously cooled 40% ethanol (30ml). 2-methylbenzyl chloride (0.1 mole) was
added slowly into the mixture with vigorous stirring. After the complete
addition of 2-methylbenzyl chloride, stirring was continued until the white
product formed. The product was collected and kept in the freezer.
Preparation of Schiff base
0.1 mol of 2-methylbenzylhydrazinecarbodithioate was dissolved in
acetonitrile (100 ml). To this solution, was added a solution of 6-methylpyridine
(0.1 mole) in minimal volume of ethanol (~5 ml). The resultant mixture was
heated to reduce the volume to approximately 50 ml. The mixture was cooled
and kept in a freezer to get complete crystallization. The crystals formed were
filtered and dried. The recrystallization process was done using acetonitrile.
Preparation of Metal Complexes
Schiff base (0.001 mole) dissolved in 100 ml of acetonitrile. The mixture
was heated while the undissolved compound was filtered. To this solution,
M(ac)2 (0.001 mole) {M = Cu(II) , Zn(II) and Cd(II)} in 95% ethanol. The
resultant mixture was heated to reduce he volume to half. The metal complexes
formed were kept in then freezer for a night and then filtered.

Results and discussions
The synthesis reaction of the novel Schiff base is expressed in scheme 1,
while the physical properties, CHNS data and the metal contains are shown in
Table 1.
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Scheme 1: Synthesis equation of new NNS Schiff base
Table 1: : physical properties of the synthesized compounds
Compound
Melting Colour
%Found (Calculated)
Point
%C
%H
%N
%S
(±1˚C)
NNS

170

Yellow

[Cu(NNS)CH3COO]

298.0

[Cd(NNS)CH3COO]

203.0

dark
green
Yellow

[Zn(NNS)CH3COO]

245.0

Yellow
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58.55
(60.92)
47.03
(49.24)
41.29
(44.31)
52.11
(49.03)

%M

4.93
12.76
18.59
(5.43) (13.32) (20.33)
4.19
8.93
12.23
12,75
(4.82) (9.57) (14.61) (14.47)
4.81
9.02
11.79
21.88
(4.34) (8.61) (13.14) (23.04)
4.29
8.94
12.70
13.65
(4.80) (9.53) (14.54) (14.83)
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All analytical data obtained in Table 1 are in a good agreement with
proposed structures, beside the presence of oxygen in the metal complexes was
detected and approved using CHN apparatus; also the analytical values of
percentage of metal in the metal complexes were found very close to the
calculated value which indicates that the structures are similar as predicted.
Molar Conductivity and Magnetic Susceptibility Analyses
The molar conductivities were determined for 10-3 M solutions of the
complexes in DMSO. The molar conductance data (Table 2) indicated that all
complexes were non-electrolytes, suggesting that the complexes did not
dissociate in solution.
The room temperature magnetic moments of the complexes (Table 2) indicate
that Cu(II) complex is paramagnetic with magnetic moments of 1.60 B.M. The
structure of the Cu(II) complex is proposed to be square planar [17]. The
remaining complexes are diamagnetic with the zinc (II) and cadmium(II)
complexes are tetrahedral species [18].
Table 2: Molar conductivity and magnetic data for the new compounds
Compound
Molar
µeff (B . M)
-1
Conductance (Ω
cm2 mole-1)
NNS
[Cu(NNS)CH3COO]
[Cd(NNS)CH3COO]
[Zn(NNS)CH3COO]

1.60
2.39
5.24
2.01

1.65
Diamagnetic
Diamagnetic

Electronic Spectral Analyses
The electronic spectra of the complexes exhibit intra-ligand bands at ca.
250 nm and from 300 nm to 400 nm corresponding to n to π* and π to π*
transitions within the ligand (the Schiff base) itself. NNS Schiff base spectra
have band at 354 nm indicating the transition of n to π * . The electronic spectra
of the copper complex shows bands at 659 nm,and 624 nm which are
characteristic of square planar stereochemistry of Cu(II) complex [19]. Because
the d9 configuration can be thought of as an inversion of d1, relatively simple
spectra consisting of a single broad band are expected for d9 complexes [20]. A
great majority of Cu(II) complexes are blue or green because of a single broad
absorption band in the region of 600 to 900 nm [21]. For the Cd(II) and Zn(II)
complexes, there were no d-d transitions observed as the diamagnetic nature of
the complexes with the spectra exhibit similarly to the Schiff bases as the
complexes showed bands that were caused by the charge transfer [22]. The
significant electronic spectral of the Schiff bases and their complexes is shown
in Table 3.
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Table 3: Electronic Spectral Analyses Data
UV-Vis Spectra
Compound
(λ max (nm))
NNS
354 (4.6)
[Cu(NNS)CH3COO] 656(1.9), 624(1.9)
[Cd(NNS)CH3COO]
436(3.5)
[Zn(NNS)CH3COO]
409(3.6)

Infrared Analyses
The IR Spectra of the Schiff base given in Table 4 shown strong bands at
3089 cm-1, this attributed to the secondary amine ν(N-H) mode of the free
ligand. The disappearance of ν(N-H) bands in the IR spectra of the metal
complexes suggest deprotonation and consequent coordination through the
thiolate anions. The Schiff base also showed strong bands at 1538 cm-1, this
assigned to the ν(C=N) modes for the free ligand. In the metal complexes, this
stretching band shifted to higher frequencies, due to the lowering of the C=N
bond order as a result of the metal-nitrogen bond formation [23].
For the hydrazinic, ν(N-N) band shifts to lower values in the spectra of
the metal complexes relative to the free ligands , because of the reduction in the
repulsion between the lone pairs of electrons on the nitrogen atoms as a result of
coordination through the azomethine nitrogen atom. The ring deformation mode
of pyridine in the spectrum of the ligand shifts to higher values in the spectra of
the complexes indicating coordination through the pyridine nitrogen atom [24].
The presence of new ν(C-S) bands in the metal complexes spectra attributable to
the bond formation through the sulfur atom [23, 24]. The absence of of ν(S-H)
absorbance at ca. 2570 cm-1 in the spectrum of Schiff bases indicates that in
solid states, they exist primarily in the thione form. These thione groups are
relatively unstable in the monomeric form and tend to convert to the more stable
thiolo forms by enethiolization in solution (Ali, 2004). Selected infrared
absorption bands for the ligand and its metal complexes of Zn(II), Cu(II) and
Cd(II) is shown in Table 4.
Table 4: Significant IR bands of the Schiff bases and their complexes
ν(N- ν(C=N ν(N- ν(C=S ν(CCompound
NNS
[Cu(NNS)CH3COO]
[Cd(NNS)CH3COO]
[Zn(NNS)CH3COO]
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1

H NMR Analyses
The 1H NMR data for the Schiff base shows that the absence of ν(S-H)
absorbance at ca. 2570 cm-1 in the spectrum of Schiff base of indicates that in
the solid state, it exists primarily in the thione form. Therefore, the 1H NMR
spectrum of NNS in DMSO do not show any peak at approximately δ 4.0 ppm
attributable to the S-H proton proving that the thiolo tautomer was not present in
solution, scheme 2 shows thione thiole tautumerism . The multiplet in the range
of δ 7.67–7.73 ppm is assigned to the resonance peaks associated with the
aromatic groups in NNS. The signals at 7.07 ppm is attributed to the N-H group
of NNS Schiff base. The Schiff base containing a methyl group on the pyridine
ring showed a peak δ 2.35 ppm attributed to the methyl hydrogen while the
methyl group on the benzene ring appears at δ 2.55 ppm [25-27].
CH3

CH3
HS

S
HN
H3C

S

HN

N

N

H3C

Thione

N

S

N

Thiole

Scheme 2: Thione thiole tautumerism

Conclusion
New NNS Schiff base was synthesized. Copper (II), Zinc (II) and
Cadmium (II) complexes of the Schiff base above were prepared. All of these
compounds were characterized by various physic-chemical techniques. The
preparation of the complexes from the Schiff base was vey successful due to the
high yield percentage of the metal complexes obtained. The NNS Schiff base
was tridentate, uninegatively charged ligand through the pyridine nitrogen, the
azomethine nitrogen and thiolo sulfur atoms. The new compounds expected to
shows bioactivity against bacteria, fungi and against cancer cells.
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