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ABSTRACT
The coordination chemistry of thiosemicarbazonesplays an important role in a wide range of biological, pharmaceutical
and material activities. In many cases, the activities of thiosemicarbazones increases many folds after their metalation.
This paper discusses the synthesis and characterization of thiosemicarbazone metal complexes having focus on transition
metals.
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1. INTRODUCTION
Coordination compounds have shown their importance in varied walks of life since their discovery due to
their wide applicability.1The electronegative atoms like nitrogen, sulphur or oxygen plays important role in the
formation of coordination compounds. Out of many versatile ligands possessing these atoms,
thiosemicarbazones(3) are very adaptable and multipurpose ligands.The preparation of thiosemicarbazones (3)
takes place by reacting the thiosemicarbazides (2) and suitable aldehydes or ketones (1) (Scheme 1).2,3For
aldehydes, the hydrogen atom is one of the substituents in the structure 1, while second substituent may be an
alkyl, an aryl or a heterocyclic group. For the ketones, both the substituents may be an alkyl, an aryl or a
heterocyclic group.

Thethiosemicarbazones (3)have been utilized for complex formation due to high coordination tendency and
better selectivity.2When this ligand coordinate with metal, it either interact as neutral molecule (3) or as
anionic ligands(5) (Scheme 2). The bonding usually takes place by using hydrazine nitrogen atom and the
sulphur atom.3The metal complexes of 3 have displayed their utility in different types of industries like
pharmaceutical, agricultural, chemical, polymers and so on.4-9 The metal complex formation of 3 have been
initiated in the early sixties only and later a number of complexes synthesized and studied.9,10 This paper deals
with synthesis and characterization of transition metal complexes of thiosemicarbazones.
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2. SYNTHESIS AND CHARACTERIZATION OF THIOSEMICARBAZONE METAL
COMPLEXES

The synthesis of the ligand 3 have been achieved by traditional as well as environmental methods.11-

14One of the most general method is to dissolve the thiosemicarbazide in methanol (CH3OH) or aqueous
methanol followed by addition of a given aldehyde or ketone. The reaction mixture is refluxed for 10 to 12
hours. The completion of the reaction is checked with thin layer chromatography (TLC). The evaporation of
the solvent gives crude thiosemicarbazone which further recrystallized with methanol to get the pure product.
The reaction was also performed by direct refluxing11 or using microwave irradiation12.

The formation of metal complexes of 3 depends upon the type of metal employed. The metals have
been used as their salts like metal halides, metal nitrates, metal acetates, metal sulfates etc.9 The ligand and the
metal complex have been taken in appropriate solvent and further either refluxed or stirred at appropriate
temperature to form the complexes.15-18 Its difficult to generalize a method for complexation of all types of
metals. There were many metals that requires different starting materials like vanadium.19 The formation of
Cr(III) complex was reported from CrCl3·6H2O in aqueous medium.20Some examples of the formation of
metal complexes are given below followed by the methods of characterization.

Khan et al13 synthesized metal complexes of thiosemicarbazone derivative using the salts of copper,
nickel and cobalt as their chloride or acetate where coordination was reported through the azomethine nitrogen
and thionic Sulphur (Figure 1a).Shawish et al21have synthesized the Ni(II) complexes of
dihydroxybenzaldehydethiosemicarbazones and 1,2-bis(diphenylphosphino)ethane. The complexes possess
have a Square-planar geometry. It was observed that the ligand acted as tridentate ligand with coordination
through S, O, and N atoms. In another study, the Ni(II) complexes of 4-(p-substituted
phenyl)thiosemicarbazonesof salicylaldehyde have been reported (Figure 1b& c).22The study observed that the
redox potential of the complexes have been affected by the substitution at 4-postion in the phenyl ring. The
metal complexes of Fe(III), Ni(II), Hg(II) and Zn(II) with ligand benzyl α-monoxime pyridyl
thiosemicarbazonehave been synthesized by El-Reash et al.23The salts of the metal and the ligand were
refluxed in absolute ethanol to get the complexes that were found to be stable in air. The chloride of Fe(III),
Ni(II), Hg(II) and acetate of Zn(II) were used for the reaction.23

The copper(II) complexes of isopropylmethyl ketone thiosemicarbazone and 4-
aminoacetophenonethiosemicarbazone have been synthesized by refluxing the ligand and the hydrated metal
salt in aqueous ethanolic solution.24The metal complexes of Co(II), Ni(II) and Cu(II) with thiosemicarbazone
(L1) derived from pyrole-2-carboxyaldehyde have been prepared by refluxing the reaction mixture in
ethanol.25The synthesized metal complexes Co(L1)2(NO3)2 and Ni(L1)2(NO3)2 showed tetrahedral geometry
whereas Ni(L1)2(NO3)2 possess tetrahedral geometry. The metal complexes are of high-spin type.25
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Figure 1. General Structures of metal complexes

The preparation of metal ccomplexes belonging to 4d and 5d transition metal series were done by different
routes depending upon the type of metal salt utilized.26-28For the preparation of molybdenum (Mo) complex,
MoO2(acac)2 was used and then the ligand thiosemicarbazone was replaced with acac.26 For metals like
Tungsten (W) and Rhenium (Re), the metal carbonyls such as W(CO)6

27 and ReX(CO)3(CH3CN)2
28 were used

with the ligand.

The characterization of metal complexes of thiosemicarbazones have usually been done with the help
of UV-visible, FTIR, NMR, and ESR spectroscopic methods and elemental analysis.9 In FTIR, the ligand and
the corresponding metal complex exhibit characteristic bands depending upon the bonding behaviour. The
frequency for the presence of N3H group (Figure 2) in FTIR suggests the coordination of neutral ligand (3) to
the metal ion. Its absence, shows the involvement of ligands in the form of 4 or 5 (Scheme 2).The anionic
ligand complexes exhibit vibrational modes due to the N1H group (Figure 2) only, in the rangeof 3300–
3500cm−1.9
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3. CONCLUSIONS
Thiosemicarbazonesare versatile ligands and have always been a focus of research due to their variable donor
properties and diversity in structure with respect to the carbonyl compounds utilized. The bonding for the
formation of complexesusually takes place through the sulphur and hydrazine nitrogen atoms. The
thiosemicarbazone metal complexes have shown potential biological activities and ion sensing properties.
Their synthesis usually performed by refluxing the ligand and metal salts in ethanol or aqueous ethanol as
solvent of choice. The denticity of the ligands depends upon the substituents present with thiosemicarbazone.
The formation of the metal complexes has been characterized with UV-visible, FTIR, NMR and elemental
analysis.
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