
INTRODUCTION

In the family of heterocyclic compounds,
nitrogen containing heterocycles with an oxygen
atom and complexes are considered as an
important class of compounds in medicinal
chemistry because of their interesting diversified
biological application1. During the past years
considerable evidences have also accumulated to
demonstrate the efficacy of 1,3,4-oxadiazoles
including antibacterial, anti-inflammatory,
antimalarial, antitubercular, antihypoglycemic,
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ABSTRACT

A ligand 5-(3-chlorophenyl)-1,3,4-oxadiazol-2-thiol (CPoxSH) synthesized by two methods and
its Zn(II), Cd(II), Hg(II), Mn(II), Co(II), and Ni(II) complexes were synthesized. The ligand were prepared
by two methods, microwave and classic method, m-chlorobenzol hydrazine(A) was prepared the
hydrazinolysis of methyl m-chlorobenzoate(B) with hydrazine hydrate in abs. ethanol. Refluxing of m-
chlorobenzol hydrazine(C) in basic medium with carbon disulfide CS2 to give 5-(3-chlorophenyl)-1,3,4-
oxadiazol-2-thiol (D). And complexation with [HgX2] ( X= Cl, Br, SCN)(1:1), and [Hg(OAc)2] (1:2) mole
proportion of ligand. Reaction of MCl2.xH2O [M(II)= Cd, Zn, Mn, Co, Ni] and [M(OAc)2.xH2O [M = Cd,
Zn, Co, Ni] with ligand by (1:2) mole proportion. The preparation ligand and complexes were characterized
by element analysis, IR spectral data , 1H  and 13C-{1H} NMR data.

Key words: Oxadiazole, Transition metal, Thione, complexes, microwave,

anticancer, antileishmanial, antiviral, anticonvulsant
and insecticidal properties1-4. In some cases, metal
complexes of these ligands shown higher anticancer
activity than the free ligand, and some of thes
complexes classified as clinical agents for therapy
of human leukaemias5-10.

The use of microwaves in organic
synthesis has increased dramatically in the last
years, receiving widespread acceptance and
becoming an indispensable tool5. Microwave
technology has become a powerful tool in organic
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synthesis, since by employing this technique it is
generally possible to prepare organic compounds
very fast, with high purity and better yields compared
to other more conventional methods6-7.

In this paper, the first time, the syntheses
of ligand [5-(m-chlorophenyl) -1,3,4-oxadiazole-2-
thione( CPoxSH )] by two methods, in the first
method using the classic synthetic method of the
ligand is depicted in (Scheme 1), while using
microwave technology in the second method
(scheme 2) and syntheses and characterization of
some transition metal complexes with this ligand.

EXPERIMENTAL

General
All chemicals were commercially available

used and received (Except the CPoxSH ligand is
prepared by down method ). Melting  points were
determined on an electrothermal 9300 melting point
apparatus. 1H and 13C NMR spectra in ä units (ppm)
relative to an internal standard of tetramethylsilane
on 1H and 13C NMR in DMSO-d6 (Brucker 400 MHz,
in AL al-Bayt University). IR spectra were recorded
on a shimadzu FT.IR. 8400 spectrometer in the 200
– 4000 cm-1 range using CsI discs. Elemental
analysis were carried out on a CHN analyzer type
1106( Carlo –Erba in AL al-Bayt University ).

Synthesis of 5-(3-chlorophenyl)-1,3,4-
oxadiazole-2-thiol(CPoxSH)
1- By classic method

The ligand 5- (3-chlorophenyl)-1,3,4-
oxadiazole-2-thiol (Scheme 1) was prepared as
follows:
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Scheme 1: Synthesis of the ligand

A mixture of m-chlorobenzoic acid
hydrazide[11] (10mmole, 1.715g) dissolved in
ethanol ( 50cm3 ),KOH ( 20mmole, 0.112 g ) in  (
60cm3 ) ethanol and CS2 (20mmole , 1.2 cm3) was
refluxed on a water bath for 14h, until the evolution
of H2S gas ceased. The resultant mixture was
acidified with acetic acid and the white solid which
separated was filtered and recrystallized from
ethanol. Yield 76 %, m. p. 170-172 °C.

By Micro Wave method
In this new method for ligand 5- (3-

chlorophenyl)-1,3,4-oxadiazole-2-thiol synthesis
using microwave heating. When dipole molecules
such as m-chlorobenzoic acid hydrazide are
exposed to an electric field, they align with the field.
When the field oscillates the molecules realign over
and over. This results in molecular friction, which
produces heating. Because this heating occurs
within the sample, the reactants experience rapid,
uniform heating. In conventional heating, the
reaction vessel is heated first, and the temperatures
are greatest near the walls. Thus reactions occur
more rapidly with microwave heating, and there are
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fewer side reactions, because there are fewer hot
spots that might trigger them. Here with rapid,

efficient microwave heating, reflux for 14h is not
needed as a catalyst, as it is with conventional
heating.
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Scheme 2: Synthesis of the ligand via microwave irradiation

Synthesis of [HgCl2(CPoxSH)]2 complex
A solution of CPoxSH ( 0.1g, 0.47mmole )

in EtOH (10cm3) was added to solution of HgCl2 (
0.128g, 0.47mmole ) in EtOH (10cm3). The mixture
was stirred at room temperature for 2hr. The white
solid thus formed was filtered off and washed with
EtOH and recrystallized from ethanol and acetone
as white powder (yield 87%). The [HgBr2(CPoxSH)]2,
[Hg(SCN)2(CPoxSH)]2 complexes is prepared by
similar method.

Synthesis of [Hg(CPoxS)2] complex
A solution of CPoxSH ( 0.2g, 0.94mmole )

in EtOH (15cm3) was added to solution of Hg(oAc)2

( 0.128g, 0.47mmole ) in warm EtOH (20cm3)
present Et3N (0.3 cm3) as a base. The mixture was
stirred at room temperature for 3hr. The white solid
thus formed was filtered off and washed with EtOH
and recrystallized from ethanol and acetone as
white powder ( yield 76% ).

Synthesis of [CdCl2(CPoxSH)2] complex
A solution of CPoxSH ( 0.2g, 0.94mmole )

in EtOH (30cm3) was added to solution of CdCl2 (
0.09g, 0.47mmole ) in warm EtOH (15cm3). The
mixture was stirred at room temperature for 1.5hr.
The yellow solid thus formed was filtered off and
washed with EtOH and recrystallized from ethanol
and acetone as yellow powder  ( yield 91% ). The
[Cd(NO3)2(CPoxSH)2], [ZnCl2(CPoxSH)2], [NiCl2
(CPoxSH)2], [MnCl2(CPoxSH)2], [CoCl2 (CPoxSH)2]
complexes is prepared by similar method.

Synthesis of [Cd(H2O)2(CPoxS)2] complex
A solution of CPoxSH ( 0.5g, 2.35mmole )

in EtOH (45cm3) was added to solution of

Cd(oAc)2.xH2O ( 0.271g, 1.175mmole ) in warm
EtOH (40cm3) present Et3N (0.3cm3) as a base. The
mixture was stirred at room temperature for 2hr.
The milky solid thus formed was filtered off and
washed with EtOH and recrystallized from ethanol
as milky( off white ) powder ( yield 80% ). The
[Zn(H2O)2(CPoxS)2], [Co(H2O)2(CPoxS)2], [Ni(H2O)2

(CPoxS)2] complexes is prepared by similar method.

RESULTS AND DISCUSSION

Synthesis of ligand and  complexes
The oxadiazole ligand exist as two

toutomeric conformations  exhibiting thiol(I)  –
thione(II) isomers involving  ( -N=C-SH) and ( -NH-
C=S) group in the thiol – thione equilibrium(Fig.1).
On deprotonation the resulting anions can also have
thiol – thione isomerism with negative charge is
either on the thiol sulfur atom or the amide nitrogen
atom.

Reaction of [HgX2]  (X= Cl, Br, SCN ) with
CPoxSH ligand in ethanol solution (1 :1) molar ratio
gave tetrahedral complexes of  the type
[HgX2(CPoxSH)]2 ( Fig.2 ). The halogen and
pesudohalogen  was coordinated as a bidentate
bridging and monodentate to mercury(II) ions , while
the oxadiazole ligand ( CPoxSH) behaves as
monodentate ligand coordinated via sulfur atoms
to mercury(II) ion.

While the react between oxadiazole ligand
with MCl2.xH2O [M = Cd, Zn, Mn, Co, Ni] in ethanol
solution (1:2) molar ratio gave tetrahedral complexes
of the type [MCl2(CPoxSH)2](Fig. 3). The oxadiazole
ligand behaves as monodentate ligand coordinated
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from nitrogen atom of oxadiazole ring and the
chloride ligand coordinate as monodentate ligand
to metal(II) ions.

The deprotonated complexes of the type
[Hg(CPoxS)2] were readily precipitated by reaction
of [Hg(OAc)2] with two mole proportion of CPoxSH
in the presence Et3N as a base. The thionate were
coordinated as monodentate ligand to mercury
through sulfur atom of thione group. But with
[M(OAc)2.xH2O]  give octahedral complexes of the
type [M(H2O)2(CPoxS)2] and the thionate were
coordinated as bidentate ligand to metal ion through
the sulfur and nitrogen atoms.

Characterization of complexes
The prepared complexes were identified

by IR spectra, element analysis and some them by
1H and 13C-{1H} NMR. spectra and their data are
listed in Tables 1-3.

Infrared spectra
The infrared spectra of CPoxSH ligand and

complexes 1-14 recorded in the 4000 – 200 cm-1

range with CsI disk (the data of spectra shown in
table 2 ).  In the IR spectra of the ligand, the band
at 1636 cm-1 was assigned to ν(C=N)12, while that at
3152 cm-1  to ν(N-H). These observations suggest
that the ligand exists in the thione form (Fig. 1) in
the solid state. A strong band at 1092 cm-1 was
attributed to (N-N) of the oxadiazole ring13. Bands
located at 1563, 1110,  950, and 555 cm-1 were
assigned to C=C aromatic ring, C-O-C symmetrical
stretching, C-O-C asymmetrical stretching for
oxadiazole ring and C-Cl band14, respectively.

The spectra of complexes
1. [HgX2(CPoxSH)]2 when ( X = Cl, Br, SCN )(Fig

2), a band due to í(NH) is visible in the region
(3252-3175)cm-1, suggesting the non-
involvement of the nitrogen in the
coordination. The shift of the  (N-N) to high
frequency and positive shift of the C=N band
indicate the coordinated of the ligand to the
metal center through the sulfur atoms, and
show a new medium bands in the region
(303-332) cm-1 assigned to Hg-S[15]. The IR
spectra of the [HgX2(CPoxSH)]2 complex
shown two strong band at 2069cm-1 and
2113cm-1was assigned to SCN terminal and

bridging bond, respectively16

2. [Hg(CPoxS)2] (Fig 4). The IR spectra is show
a strong at 1641 cm-1  was assigned to
(C=N)[12]. A positive shift in C=N and N-N
indicate that the C=N group is uncoordinated,
and a negative shift in C=S and the
appearance of a band at 321cm-1 to Hg-S15

indicate the ligand coordination through the
sulfur atoms.

3. [MCl2(CPoxSH)2] when [M = Cd, Zn, Mn, Co,
Ni]. The IR spectra of complexes show a
bands in the region (2540–2632)cm–1 due to
(SH), suggesting the non-involvement of –
SH in coordination. And the shift of   (N–N)
to lower energy and the weakening of the
(C=N) band indicates the coordination of
C=N to the metal centre through the nitrogen
atoms. This view is further supported by the
appearance of a band corresponding to the
metal–nitrogen stretching vibration17 at
(474–523)cm–1 in the complexes.

4. [M(H2O)2(CPoxS)2] when [M = Cd, Zn, Mn,
Co, Ni](Fig 4). The IR spectra of these
complexes show a bands in the region
(1623-1640)cm-1  was assigned to (C=N)17.
The appearance of a bands in the region
(298-331)cm-1 to M-S 15 and bands in the
region (507-543)cm-1 to M-N17 indicate the
ligand coordination behaves as a bidentate
chelate through the sulfur and nitrogen
atoms. A bands observe in the region (389-
440 )cm-1 die to ( M-O) bond18

1H- and 13C-NMR spectra
The 1H and 13C-{1H} NMR data of some

the prepared complexes are given in Table 3.

The 1H-NMR spectrum of the ligand
exhibits a sharp singlet at 10.7 ppm due to -SH,
indicating the thiol form of the ligand in the solution
state (Fig 1). The aromatic protons were observed
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Fig. 5: The number of carbon atoms
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in the region 7.18–7.53 ppm. The 13C-NMR
spectrum shows peaks at 134.19 (C-3), 128.50 (C-
2,4), 125.0 (C-5) and 131.45  (C-6) ppm for the
aromatic ring19. The peaks observed at 159.71 and
178.81 ppm are due to C-5' and C-2' (C=S)19,
respectively, of the oxadiazole ring (Fig. 5).

In the 1H-NMR spectrum of the
[HgCl2(CPoxSH)]2 and  [Hg(SCN)2(CPoxSH)]2

complexes, the signal due to –SH is no longer
present and a new peak at 8.12 and 7.96 ppm,
respectively, due to –NH is observed.  This suggests
the existence of ligand in the thione form in the
complexes (Fig. 3) and the non-involvement of –
NH in the coordination. The aromatic protons are
observed in the region 7.10–7.59 and 7.23-7.68
ppm respectively. And the negative shift in the
chemical shift in 13C-NMR spectrum of C=S indicate
the ligand coordinated through the sulfur atom with

mercury metal15 and a new beak is appeared in
spectrum of the second complex at 112ppm due to
SCN group and this is indicate the complex is
formation. But in the 1H-NMR spectrum of the
[CdCl2(CPoxSH)2] and [ZnCl2(CPoxSH)2]
complexes, a signal beak at 10.86 and 10.76ppm
due to –SH respectively. This indicate the ligand is
coordinated through nitrogen atom20. The aromatic
protons are observed in the region 7.15–7.79 and
7.35-7.76 ppm respectively.  13C-{1H} n.m.r. spectra
have also been recorded and data  are given in
table 3.
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